
Introduction 

Levobupivacaine is the pure S(-) enantiomer of
bupivacaine, and has been demonstrated to be less car-
diotoxic than the racemic mixture (1-4). Initial clini-
cal studies reported that epidural levobupivacaine pro-
duces reliable regional anaesthesia in surgical patients,
with an onset of sensory and motor blocks nearly
equivalent to those produced by racemic bupivacaine
(5-7). Postoperative epidural infusion of concentra-

tions of levobupivacaine as low as 0.125% improves
pain relief during the first postoperative day (7-9);
however, little information is available in the literature
concerning its efficacy when prolonging the infusion
up to 72 hours after surgery. The aim of this prospec-
tive, randomised, open-label, controlled, multicentre
investigation was to evaluate the efficacy in terms of
pain relief and degree of motor impairment of a con-
tinuous epidural infusion of 0.125% levobupivacaine
during the second and third postoperative days in pa-
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tients undergoing total knee replacement surgery and
having an effective epidural analgesia during the first
postoperative day.

Methods

Thirteen Hospitals participated in the study in
three different countries (Hungary, Italy, and Spain).
The Ethics Committee of each participating institu-
tion approved the study protocol, and written informed
consent was obtained from all studied patients.

Eligible patients for the study included those with
ASA physical status I-III and arthrosis knee diagnoses,
who were undergoing primary total knee replacement,
and received a continuous epidural infusion of 0.125%
levobupivacaine for the first 24 hours after surgery for
their postoperative pain control. The same operative
technique and the same surgical approach was used in
all hospitals. Patients with a contraindication to
epidural catheter placement, allergies to any drugs that
were to be administered during the study, or who re-
quired treatment with any analgesic other than that
used in the study or PCA morphine during the ran-
domised treatment period were excluded.

As routine in participating Institutions, an-
tithrombotic prophylaxis was given to all patients us-
ing subcutaneous low molecular weight heparin once
a day, starting from the evening before surgery. Pre-
operative medication was obtained with midazolam
0.03 mg/kg. All studied patients had an epidural
catheter placed before surgery at the L2-L3 or L3-L4
interspace using a midline approach and a loss of re-
sistance technique; then surgical anaesthesia was pro-
vided at the discretion of each investigator according
to their Centre standard of care. At the end of surgery
all patients received a 10 ml loading dose of 0.125%
levobupivacaine followed by a continuous infusion of
the same solution (Chirocaine 0.125%, Abbott Labo-
ratories, Abbott Park, IL, USA). The infusion rate
was initially set at 10 ml/h. If the patient did not
complain of pain after 4 hours of infusion, the infu-
sion rate was progressively adjusted downward in 2
ml steps every 4 hours in order to provide adequate
pain relief (VAS ≤ 30 mm) using the minimum infu-
sion rate. If the patient complained of pain, the infu-

sion rate was titrated in 2 ml increments to a maxi-
mum infusion rate of 16 ml/h. No other pain med-
ication such as opioids or nonsteroidal anti-inflam-
matory drugs were given to the patient during the
first 24 hours after surgery, and if adequate pain relief
(VAS ≤ 30 mm) was not achieved despite the use of
the maximum allowed infusion rate with no signs of
effective sensory block (loss of pinprick sensation at
the corresponding dermatomes), the case was consid-
ered as a technical failure, and the patient was with-
drawn from the study.

There were no difference beetween the two
groups about postoperative hospital stay. After a 24-
hour period of effective epidural analgesia, patients
were randomly allocated using a sealed envelope tech-
nique to one of two groups. Patients in the Levobupi-
vacaine group (n = 96) continued the epidural infusion
of 0.125% levobupivacaine at the final infusion rate
from the first 24 hours of infusion. Patients in the
Morphine PCA group (n = 90) had their epidural
catheter removed, and analgesia was provided by IV
PCA morphine alone. For rescue analgesia and to bet-
ter objectivate analgesic efficacy of epidural infusion,
patients of Levobupivacaine group also had a patient-
controlled (PCA) morphine infusion. This constituted
the beginning of the Randomised Treatment Period,
which was continued for other 48 hours. The PCA
pump (Abbott Gemstar, Abbott APM, Abbott Life-
Care 4, Abbott Laboratories, Abbott Park IL., USA;
or Braun Perfuser, B-Braun, Germany) was set to de-
liver 1 mg doses with a 6-minute lockout period and a
maximum allowed dose of 24 mg/4 h.

An independent observer that was not directly
involved in patient care recorded the average hourly
amount of morphine required to maintain an adequate
pain relief following randomisation, as well as pain in-
tensity, and degree of motor blockade. The degree of
pain was measured during motion using a 100 mm vi-
sual analogue scale (VAS). The degree of motor block
was evaluated according to routinely used Bromage’s
scale (0 = able to elevate lower limb with extended
knee; 1 = able to flex the knee against gravity; 2 = able
to move the foot only; 3 = no movement at all). The
presence of a Bromage’s score ≥ 1 during the study pe-
riod was considered as clinically relevant motor block-
ade. Patients were assessed at 6-hour intervals
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throughout the treatment period. The occurrence of
any adverse event requiring unplanned therapy during
the study period, including the incidence of postoper-
ative nausea/vomiting (PONV), was also recorded.

The calculation of the required sample size was
based on results from previous investigations (7, 8,
10). The primary endpoint was the detection of a dif-
ference in mean hourly consumption of morphine of
0.6 mg/h or larger, with an effect size with a standard
deviation ration of 0.5: 64 patients per group were re-
quired accepting a two-tailed α error of 5% and a β er-
ror of 20% (11). Secondary endpoints were the evalu-
ation of the quality of pain relief and recovery of mo-
tor function: 84 patients per group were required to
detect a 10 mm difference in the degree of pain mea-
sured with the VAS with an effect size with a standard
deviation ratio of 0.5, and accepting a two-tailed α er-
ror of 5% and a β error of 10% (11); moreover 82 pa-
tients per group were required to detect a difference in
the proportion of patients with a clinically relevant
motor block (Bromage’s score ≥ 1) from less than 0.05
in patients of Morphine group PCA to 0.2 in patients
of Levobupivacaine group accepting a two-tailed α er-
ror of 5% and a β error of 10% (11). Considering a
10% reduction of power because of dropouts and pro-
tocol violations we planned to enrol at least 90 pa-
tients per group.

Statistical analysis

Statistical analysis was performed using a SAS
statistical software package (SAS 8.2, SAS Institute,
Cary, NC, USA). A centre effect was first excluded,
and then normal distribution of considered data was
evaluated using the Kolgomorov-Smirnov test. Treat-
ment comparison of the mean morphine PCA use per
hour was performed using a non-parametric two-way
ANOVA on ranks with treatment and centre effects.
The Tukey’s and Sheffe’s tests were used for post hoc
analysis. The Bonferroni’s correction was also used as
indicated for multiple testing. The number of PCA at-
tempts per hour was compared using Wilcoxon rank-
sum test. The degree of pain was evaluated using a
non-parametric two-way ANOVA on ranks for re-
peated measures with Tukey’s and Sheffe’s tests for
post hoc analysis. Categorical variables were compared

using the contingency table analysis and the Fisher’s
exact test. The primary analysis population for the ef-
ficacy analyses was the intent-to-treat population,
which included all randomised patients. A P value
≤ 0.05 was considered as statistically significant.

Results

A total of 186 patients were included in the 13
participating hospitals; 12 patients (6%) discontinued
the drug before completing the study for the reasons
given in Table 1. The majority of patients (174/186,
94%) had their surgical procedure performed with an
epidural block alone, while 12 patients (12/186, 6%)
also had general anaesthesia integrated with the
epidural block to complete surgery. All surgical proce-
dures were performed using a thigh tourniquet. No
differences in anthropometric parameters (male dom-
inance is random in both groups), duration of surgery,
and levobupivacaine infusion rate at the end of the
pre-randomisation period were reported between the
two studied groups (Table 2).

Average hourly morphine consumption during
the study period was lower in the Levobupivacaine
group compared with the Morphine PCA group (Fig-
ure 1). When considering the degree of pain recorded
during motion throughout the study in the two
groups, even though the average pain levels were ac-
ceptably low in both groups (targeted VAS ≤ 30 mm),
patients in the Levobupivacaine group consistently re-
ported lower levels of VAS compared to patients in the
Morphine PCA group (Figure 2).

No differences in haemodynamic parameters and
peripheral oxygen saturation values were observed be-
tween the two groups during the study period, with no
differences in the incidence of hypotension. Interest-

Table 1. Patients discontinuing the study in the two groups

Morphine PCA Levobupivacaine
Group Group

(n = 96) (n = 90)

Adverse event 0 1
Technical failure 1 3
Protocol violation 1 2
Withdrew consent 3 1
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ingly, despite the infusion of local anaesthetic through
the epidural catheter, no differences in the proportion
of patients with clinically relevant motor block (Bro-
mage’s score ≥ 1) were reported between the two
groups (Figure 3). No differences in side effects were
reported between the two groups (Table 3).

Discussion

This prospective, randomised, controlled, multi-
centre study evaluated clinical the efficacy of epidural

infusion of 0.125% levobupivacaine for up to 72 hours
after total knee replacement, and showed that pro-
longing epidural infusion after the first postoperative
day resulted in a 50% reduction of hourly morphine
consumption, with better postoperative analgesia and
no clinically relevant effects on recovery of motor
function when compared to intravenous patient con-
trolled morphine analgesia.

Murdoch et al (8) evaluated the clinical use of
0.0625%, 0.125%, and 0.25% concentrations of lev-
obupivacaine epidurally infused for 24 hours after hip
or knee joint replacement, and reported that the
0.25% concentration provided better pain relief, but
was also associated with unacceptable motor blockade
(Bromage 2-3) in up to 50% of patients. Reducing the
concentration of levobupivacaine resulted in less mo-
tor block, but also in worse pain control and increased
morphine consumption. In the present investigation
epidural infusion of 0.125% levobupivacaine from 24
to 72 hours after surgery improved pain control even
if all patients had adequate pain relief (VAS ≤ 30 mm),
and yet was not associated with a clinically different
motor blockade when compared to patients receiving
no local anaesthetic at all.

Unfortunately, in the present investigation motor
block was evaluated using only a “rude” scoring system
such as the Bromage’s scale; since one of the outcomes
of the study was the evaluation of recovery of motor
function a more detailed motor testing could have al-
lowed to better evaluate actual motor strength of the
limbs in the two groups. However the difficulties in
achieving a good standard in motor block evaluation
among the different participating centres prevented us

Table 2 - Anthropometric characteristics of the studied patients

Morphine PCA Group Levobupivacaine Group P value
(n = 90) (n = 96)

Gender (Males/Females) 68/22 73/23 0.99
Age (yrs) 70±8.6 69±8.5 0.60
Weight (kg/m2) 79±13 77±15 0.44
Height (cm) 162±8.3 162±8.2 0.76
Body Mass Index (kg) 30.1±4.9 29.5±5.2 0.76
Duration of surgery (h) 1.9 ± 0.7 1.8±0.5 0.30
Levobupivacaine infusion rate at the end of Pre-Randomisation 11±3 10±3 0.53

Period (ml/h)

Data are presented as number or mean ± standard deviation

Figure 1. Hourly morphine consumption during the study pe-
riod in patients receiving epidural infusion of 0.125% lev-
obupivacaine with PCA morphine for rescue analgesia (Lev-
obupivacaine group, n = 96) and those receiving PCA mor-
phine only (Morphine PCA group, n = 90).
[Values are presented as median (the line across each box plot)
and interquartile range (25% quartiles fall below each median
line, and 75% quartiles above median markers within each box
plot). Lines extending above and below each box plot represent
the range of hourly morphine consumption.]
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Figure 2. Pain intensity recorded during movement at Day 1 and Day 2 in patients receiving epidural infusion of 0.125% lev-
obupivacaine with PCA morphine for rescue analgesia (Levobupivacaine group n = 96 [LEV]) and those receiving PCA morphine
only (Morphine PCA group n = 90 [MOR]).
[Values are presented as median (the line across each box plot) and interquartile range (25% quartiles fall below each median line,
and 75% quartiles above median markers within each box plot). Lines extending above and below each box plot represent the range
of hourly morphine consumption.]

Figure 3 - Proportion of patients with complete recovery of motor function (modified Bromage’s score = 0) during Day 1 and Day
2 in patients receiving epidural infusion of 0.125% levobupivacaine with PCA morphine for rescue analgesia (Levobupivacaine
group, n = 96) and those receiving PCA morphine only (Morphine PCA group, n = 90)
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from applying a more sensitive motor evaluation. For
this reason we considered as clinically relevant motor
block in the statistical analysis the presence of even
the minimum degree of motor impairment (Bro-
mage’s score ≤ 1). For the same reason we accepted a
β-error as low as 10% in the power calculation for this
outcome.

Nevertheless, even if the evaluation system we
used was not very sensitive, it is known that epidural
anaesthetics frequently cause motor block, especially
when administered at a lumbar level (12); in agree-
ment with findings reported by Murdoch et al (8) us-
ing such a low concentration of levobupivacaine min-
imized the effects on motor recovery, which is impor-
tant to accelerate patient mobilization and improve
postoperative rehabilitation. This concept deviates
somewhat from findings reported by Dernedde et al
(13), who evaluated epidural infusion of 15 mg/hr of
levobupivacaine for 48 hours after abdominal surgery
using three different concentrations (0.15%, 0.5%, and
0.75%), and reported no differences in motor blockade
among these three different concentrations. However,
in their study the authors did not change the total
dose of epidural levobupivacaine. Moreover, thoracic
epidural analgesia is associated with less motor block
than lumbar epidural block.

Senard et al (14) reported adequate pain relief
with no motor block using levobupivacaine with a
concentration as low as 0.1%; however, according to
their study design, patients also received a large
epidural infusion of morphine (1 mg/hr), which may

explain the differences if compared to the results re-
ported by Murdoch et al (8).

The average hourly consumption of morphine
observed in the present study was lower than that re-
ported by other investigators (15-17), and was gener-
ally less than 1 mg/hr. Milligan et al (17) reported an
average hourly consumption of morphine of around
1.5 mg/hr during the first 24 hours after total hip
arthroplasty. However, it must be considered that
Milligan et al assessed patients only during the first
postoperative day, which is associated with the high-
est degree of pain after major joint replacement
surgery; on the contrary, in the present investigation
we considered the second and third postoperative
days. This explains the relatively smaller hourly con-
sumption of morphine observed. Despite the low
hourly consumption of morphine, maintaining
epidural infusion on the second and third postopera-
tive days resulted in a further 50% reduction of hourly
morphine consumption, and this was also associated
to a 50% reduction of the intensity of pain reported
by studied patients receiving epidural analgesia if
compared to those receiving only systemic morphine
analgesia.

Another major pitfall of this study is that patients
of the control group did not receive an epidural infu-
sion of placebo, potentially introducing an observer
bias. It is well known that epidural analgesia not only
improves pain relief after surgery both at rest and dur-
ing movement (18, 19), but also reduces maximal
blood catecholamine and cortisol, improves the forced

Table 3 - Incidence of significant adverse events

Morphine PCA Group Levobupivacaine Group P value
(n = 90) (n = 96) 0.213

Acute myocardial infarction 0 1
Unstable angina 0 1
Atrial fibrillation 1 0
Tachycardia 0 3
Hypotension 7 9
Constipation 3 0
Nausea 2 6
Vomiting 4 9
Bladder Distension 1 0
Pruritus 0 1

Data are presented as number (%)
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vital capacity (FVC), reduces the incidence of renal
failure, and overall cardiac morbidity (19, 20). These
advantages counterbalance the potential risk for
epidural catheter related complications, which are also
acceptable low in patients receiving standard an-
tithrombotic prophylaxis, if recommendations on
catheter administration are followed (21, 22).
Nonetheless, our Ethical Committees judged ethical-
ly unacceptable giving the patients an even minimum
risk of epidural catheter-related complications with-
out the advantages of epidural analgesia. For this rea-
son the control group had the catheter removed, and
the study was designed with an open-label design,
rather than a double blinded one.

In conclusion, the results of this prospective, ran-
domised, controlled, multicentre investigation showed
that prolonging epidural infusion of a concentration of
levobupivacaine as low as 0.125% improves postoper-
ative analgesia with a 50% reduction of hourly mor-
phine consumption even on the second and third
postoperative day after total knee replacement surgery,
without relevant effects on motor function.
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