
Introduction

Levobupivacaine and ropivacaine are two rela-
tively new long-acting local anesthetics introduced in-
to the market in the last few years, that have been de-
veloped after reports of simultaneous seizure and car-
diac arrest with prolonged resuscitation after acciden-
tal intravascular injection of bupivacaine (1).

Due to their three- dimensional structure, local
anesthetics molecules can also have a stereospecificity,
with two enantiomer molecules that may exist in two
different spatial configurations, like left- and right-
handed gloves. The molecules of local anaesthetics
possess an asymmetric carbon atom which is bound to
four different substitutes. The structures of these com-
pounds are defined as chiral. Enantiomers are optical-
ly active, and can be differentiated by their effects on

the rotation of the plan of a polarized light into dex-
trorotatory [clockwise rotation (R+)] or levorotatory
[counterclockwise rotation (S-)] stereoisomers. A so-
lution of bupivacaine contains equal amounts of the
two enantiomerics and is called racemic solution,
while technological advancements allowed the pro-
duction of solutions containing only one enantiomer
of a chiral molecule, which is optically pure. The
physicochemical properties of the two enantiomeric
molecules are exactly the same, but the two enan-
tiomers can have substantially different behaviors in
their affinity for either the site of action or the sites in-
volved in the generation of side effects.

R- and S- enantiomers of local anesthetics have
been demonstrated to have a different affinity for the
different ion channels of sodium, potassium, and cal-
cium (2), and this results in a significant reduction of
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central nervous system and cardiac toxicity of the S-
enantiomer as compared with the R-enantiomer (3).
Ropivacaine and levobupivacaine are available as opti-
cally pure solutions.

The aim of this review is to provide the reader
with an overview of the clinical pharmacology and
toxicology of these two agents and their clinical appli-
cation in different fields of anesthesia.

Pharmacology and toxicology

Bupivacaine is an amino-amide local anesthetic
which belongs to the family of the n-alkylsubstituted
pipecoloxylidide, which were first synthesized by
Ekenstam in 1957 (4). Its molecular structure is
highly lipid-soluble, and contains a chiral center on
the piperidine ring, resulting in two optically active
stereoisomers. Ropivacaine also belongs to the same
pipecoloxylidide group (Fig. 1), but whereas ropiva-

caine has a propyl group, bupivacaine has a butyl
group on the amine portion of pipecoloxylidide. The
pKa of the three agents are similar, as well as their
protein binding, while ropivacaine is much less
lipophilic than the two other molecules because of
the substitution of the pipecoloxylidine with a 3-car-
bon side-chain instead of a 4-carbon side-chain
(Tab. 1).

Central Nervous System Toxicity

Systemic toxicicty of local anesthetics may occur
as a consequence of unwanted intravascular or in-
trathecal injection, or after the administration of an
excessive dose of these drugs. Systemic toxicity of lo-
cal anesthetic drugs primarily involves the central
nervous system (CNS) and then the cardiovascular
system. Usually, the CNS is more susceptible to the
actions of local anesthetics than the cardiovascular
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Figure 1. Structure of  the three local anaesthetics

Table 1. Physico-chemical and pharmacokinetic properties of the three considered long-acting local anaesthetics

Bupivacaine Ropivacaine Levobupivacaine

Molecular Weighta 288 274 288
Pkaa 8.1 8.1 8.1
Liposolubilitya 30 2.8 30
Partition coefficientb (octanol/buffer) 346,0 115,0 346,0
Protein Bindinga 95% 94% 95%
Vdss (L)c 73 59 54
T 1/2 (min)c 210 111 157
Clearancec (l min-1) 0.58 0.72 0.32
a From Fanelli G, Casati A, Chelly Jacques E, Bertini L. Blocchi Periferici Continui. Mosby Italia, 2001; pag. 31
b From Strichartz GR, Sanchez V, Arthur GR. Fundamental properties of local anesthetics. II. Measured octanol: buffer partition
coefficients and pKa values of clinically used drugs. Anesth Analg 1990; 71: 158.
c From Adams AP, Grounds RM, Cashman Jeremy N. Recent Advances and Intensive Care, Inc NetLibrary, 2002.
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system; thus signs of CNS intoxication are usually ev-
ident before the appearance of cardiovascular toxicity.

Initial signs of CNS toxicity are usually excitato-
ry and include shivering, muscle twitching, and
tremors, which are produced by a preferential block of
inhibitory central pathways. With the increase of the
local anesthetic plasma concentrations, the excitatory
pathway of CNS toxicity is blocked and signs of CNS
excitation are followed by a generalized CNS depres-
sion with hypoventilation and respiratory arrest, and,
finally, generalized convulsions. The convulsive
threshold dose is one of the objective measures of
CNS toxicity.

For ethical reasons, human subjects can only be
given mildly toxic doses when local anesthetics are de-
liberately administered intravenously for research, un-
til initial subjective signs of CNS toxicity are shown
(5-10). Further information on more serious toxicity
should therefore be derived from laboratory animal
“models.” On the other hand, it must be also consid-
ered that specie to specie variability, and differences
between human and animal models can affect the
strength of external validity (11). Table 2 shows the
convulsive local anesthetic doses of bupivacaine, lev-
obupivacaine and ropivacaine in different animal
models: bupivacaine has a 1.5- to 2.5-fold lower con-
vulsive threshold when compared to the two S-iso-
mers (12).

A recent study has confirmed a better neurotoxic
profile of levobupivacaine when compared to racemic
bupivacaine, and this is indicative of a safer profile of
levobupivacaine in clinical practice (12). The authors

compared the neurotoxicity of racemic bupivacaine
and levobupivacaine in a mouse model of NMDA-in-
duced seizures and in a vitro model of excitotoxic cell
death. At high doses (36 mg/kg) both bupivacaine and
levobupivacaine reduced the latency to NMDA-in-
duced seizures and increased seizure severity. Howev-
er, levobupivacaine-treated animals underwent less se-
vere seizures when compared with bupivacaine-treat-
ed animals. At doses of 5 mg/kg, levobupivacaine in-
creased the latency of partial seizures and prevented
the occurrence of generalized seizures, whereas bupi-
vacaine decreased the latency of partial seizures and
did not influence the development of generalized
seizures (12). Convulsant doses of levobupivacaine
and ropivacaine are similar in the anaesthetized venti-
lated rat, but they are slightly higher with ropivacaine
than levobupivacaine in sheep that are awake (11).

The absolute doses of local anesthetic inducing
toxic effects is affected by several factors, including the
way and rate of administration, the rapidity with
which a certain plasma level is achieved, and whether
the animal is under the influence of anesthesia. This
often makes it difficult to compare and extrapolate the
results of animal studies to human patients.

Few clinical studies have evaluated the dose of lo-
cal anesthetics tolerated by human volunteers before
the occurrence of initial signs of CNS toxicity (dizzi-
ness, ear disorder and deafness, tinnitus, speech disor-
ders, circumoral paresthesia, and taste perversion).
Stewart et al (10) compared the CNS and cardiovas-
cular effects of levobupivacaine and ropivacaine given
intravenously to healthy male volunteers in a double-

Table 2. Convulsive doses of racemic bupivacaine, levobupivacaine, and ropivacaine in various animal species and dosing regimens
(modified by Groban [11])

Animal model Route of Dosing of Dosing of Dosing of
administration Bupivacaine Levobupivacaine Ropivacaine

Rat Intravenous infusion 2.8 mg/kg 4.5 mg/kg

Dog Intravenous infusion 9.3 mg/kg 12.8 mg/kg 13.2 mg/kg

Sheep Intravenous infusion 0.014 mmol/kg 0.018 mmol/kg 0.21 mmol/kg
(plasma concentration) 2.49 µg/ml 5.59 µg/ml 4.7 µg/ml

Sheep Intravenous bolus 1.6 mg/kg 3.5 mg/kg
(plasma concentration) 10 µg/ml 17 µg/ml
(total dose) (69 mg) (155 mg)

Sheep Intravenous bolus 69-85 mg 103-127 mg
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blind, cross-over study, and reported that the two left
isomers produced similar CNS effects when intra-
venously infused at equal concentrations, milligram
doses, and infusion rates; without differences in terms
of time of onset of CNS symptoms and in terms of
mean total volume of drug administered at the onset
of the first CNS symptom.

Similar volunteer studies compared CNS toxicity
of ropivacaine and levobupivacaine, and showed that
both left isomers are less neurotoxic than racemic
bupivacaine, with doses of levobupivacaine and ropi-
vacaine inducing initial signs of CNS toxicity 10–25%
larger than those of bupivacaine (9, 13, 14). Lev-
obupivacaine has also been demonstrated to have less
depressant effects on the electroencephalogram than
racemic bupivacaine (15).

Based on animal and volunteer studies, it can be
concluded that both levobupivacaine and ropivacaine
seem to be less neurotoxic than bupivacaine. They
have a higher convulsive threshold in different animal
models, fewer CNS symptoms after intravenous ad-
ministration in human volunteers, and fewer excitato-
ry changes in the EEG than bupivacaine.

Cardiovascular Toxicity

The first signs of cardiac toxicity are related to
the CNS excitatory phase with the activation of the
sympathetic nervous system, which can mask direct
myocardial depression. However, with increasing plas-
ma concentrations of the local anesthetic this stage is
followed by arrhythmias and profound cardiac depres-
sion, resulting in cardiovascular collapse (15).

All three long-acting local anesthetics show a
dose-dependent prolongation of cardiac conduction,
with an increase in the PR interval and QRS duration
on the electrocardiogram. These effects are explained
by the persisting block of sodium channels into dias-
tole, predisposing to re-entrant arrhythmias (15).
Since the dissociation caused by bupivacaine is nearly
10 times longer than that of lidocaine, bupivacaine-in-
duced block can accumulate, resulting in a more
marked cardiac depression (16, 17). Local anesthetics
also affect the conductivity of potassium channels, in-
creasing the QTc interval and enhancing the block of

the inactivated state of the sodium channel (18). The
levorotatory isomer of bupivacaine is seven-fold less
potent in blocking the potassium channel than the
dextrorotatory one (19). Moreover, the potency and
affinity of the R(+) enantiomer for the potassium
channel mostly depends on the length of the alkyl
substitute at position 1, being more marked for the
butylic than propylic and methylic chains (20, 21).
Local anesthetics block adenosine triphosphate-sensi-
tive potassium (KATP) channels, with an approxi-
mately eight-fold higher potency than vascular KATP
channels, and bupivacaine is more potent than both
levobupivacaine and ropivacaine in blocking cardiac
KATP channels (22).

Despite the electrophysiological evidence of
stereoselective binding to sodium and potassium
channels, Groban et al. (23) reported that the plasma
concentrations resulting in a 35% reduction in dP/dt-
max and ejection fraction were 4.0 and 3.0 mg/ml for
ropivacaine, 2.4 and 1.3 mg/ml for levobupivacaine,
and 2.3 and 2.1 mg/ml for racemic bupivacaine. Sim-
ilar results have been reported in awake sheep (24) and
isolated heart preparations (25), and might be related
to the lack of enantiomer-selective inhibition of calci-
um channels (26) or to the different effects of the
three long-acting anesthetics on mitochontrial energy
metabolism (27, 28).

The inhibition of cardiac contractility is also pro-
portional to the lipid solubility and nerve-blocking
potency of the local anesthetics, suggesting a rank or-
der (from lowest to highest) of the cardiotoxic poten-
cy of the three local anesthetics with ropivacaine <S()
bupivacaine <racemic bupivacaine <R(+) bupivacaine
(29).

Royse et al (30) used pressure volume loops to
separate myocardial and vascular effects infusing the
drugs at a ratio of 0.125: 0.2 for levobupivacaine and
bupivacaine/ropivacaine to simulate clinical use. They
found that bupivacaine and levobupivacaine reduced
ejection fraction (EF) and cardiac index, but not ropi-
vacaine. A recent study investigated the influence of
ropivacaine on cardiac contractility confirming the
low cardiotoxic potency of this drug (31).

Groban et al (32) also evaluated cardiac resuscita-
tion after incremental overdose with lidocaine, bupi-
vacaine, levobupivacaine and ropivacaine in anaes-
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thetized dogs, reporting significant differences in the
inability to resuscitate the intoxicated dogs between
racemic bupivacaine- and levobupivacaine-treated an-
imals (50 and 30%, respectively) and ropivacaine- and
lidocaine-treated ones (10 and 0%, respectively). On
the contrary, no differences in the numbers of success-
fully resuscitated animals were reported between ropi-
vacaine, levobupivacaine and bupivacaine in rats (92,
92 and 83%, respectively), even though the cumulative
dose producing cardiac arrest was greater for ropiva-
caine (108 ± 27 mg/kg) than for levobupivacaine (57 ±
8 mg/kg) and racemic bupivacaine (39 ± 9 mg/kg)
(33). However, significantly less adrenaline (epineph-
rine) was required to treat ropivacaine-induced cardiac
arrest than for levobupivacaine- or bupivacaine-treat-
ed rats (33).

When the cardiovascular effects of levobupiva-
caine and ropivacaine are compared after intravascular
injection in healthy volunteers, no differences in mean
percentage changes from baseline to the end of infu-
sion were reported for stroke index, cardiac index, ac-
celeration index, or for PR interval, QRS duration,
QT interval and heart rate (10). Depression of con-
duction and contractility appeared at lower doses and
plasma concentration with bupivacaine than ropiva-
caine (9,13) or levobupivacaine (14).

Relative Potency

Local anaesthetics bind directly to the intracellu-
lar voltage-dependent sodium channels. They block
primarily open and inactive sodium channels, at spe-
cific sites within channel. Lipid solubility appears to
the primary determinant of intrinsic anesthetic poten-
cy. Chemical compounds which are highly lipophilic
tend to penetrate the nerve membrane more easily, so
that less molecules are required for conduction block-
ade resulting in enhanced potency. For this reason, a
strict correlation between the lipid solubility of the lo-
cal anesthetic and its potency and toxicity exists. Brau
et al (34) reported that levobupivacaine or racemic
bupivacaine were nearly 50% more potent than ropi-
vacaine in inhibiting tetrodoxin-resistant sodium
channels; whereas Kanai et al (35) compared the anes-
thetic effects of S(-)bupivacaine, R(+)bupivacaine and

ropivacaine on action potential amplitude and maxi-
mal rate of rise of action potential in crayfish giant ax-
on, and reported that S(-) bupivacaine has a more po-
tent phasic blocking effect than ropivacaine. Sinnott
et al (36) compared three concentrations of either
ropivacaine or levobupivacaine (0.0625, 0.125 and
0.25%) for sciatic nerve block in the rat, and demon-
strated that the duration of block induced by 0.25%
levobupivacaine was nearly 30% longer than that of
ropivacaine.

The evaluation of relative potencies of local anes-
thetics by determining the whole dose–response curve
is not feasible in humans. Alley et al (37) evaluated
three intrathecal doses of levobupivacaine and bupiva-
caine (4, 6 and 8 mg) in healthy volunteers and found
no differences in clinical profile of sensory and motor
blocks and recovery from spinal anesthesia. The same
group also compared the same doses of ropivacaine
and bupivacaine in a similar study on volunteers (38)
and reported that ropivacaine is half as potent as bupi-
vacaine.

The relative potency of these three long-acting
local anesthetics has been also evaluated in patients by
determining the minimum local anesthetic concentra-
tion (MLAC) producing adequate pain control in
50% of patients receiving an epidural block for labor
pain with an up-and-down sequential allocation tech-
nique; clinical findings confirmed results of animal
studies, showing no differences in the MLAC of lev-
obupivacaine (0.083%) and bupivacaine (0.081%)
(39), and nearly 50% higher MLAC values for ropiva-
caine (40, 41). Sia et al (42) reported a minimum ef-
fective dose of intrathecal levobupivacaine of 1.07 mg
(95% CI, 0.88-1.25) as compared with 1.40 mg (95%
CI, 1.20-1.61) for ropivacaine. Accordingly, levobupi-
vacaine was 1.31 times more potent than ropivacaine
(95% CI: 1.04-2.01), but this ratio reduced when the
comparison was based on molar potency.

More recently, Camorcia et al (43) reported that
the ED50 for motor block after spinal injection was
4.8 mg (95% CI, 4.49-5,28) with levobupivacaine and
5.9 mg (95% CI, 4.82-6.71) with ropivacaine, with a
0.85 potency ratio between the two drugs (95% CI,
0.69-0.99).

However, contrasting results have been reported
in other clinical settings. Casati et al (44) evaluated
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the minimum volume of local anesthetic required to
produce an effective block of the femoral nerve in 50%
of patients within 20 min after the injection, similar to
that required when using 0.5% bupivacaine.

Clinical applications

Epidural Anesthesia/Analgesia

Despite the potency ratio issue discussed above,
there is a large number of clinical studies showing
that, when used at clinically relevant concentrations
(0.5-0.75%), epidural ropivacaine produces an epidur-
al blockade, which is substantially similar to that pro-
duced by equivalent concentrations and doses of
racemic bupivacaine (45-50).

When evaluating the use of levobupivacaine for
epidural anesthesia for both lower limb and abdomi-
nal surgery, the first studies reported in the literature
showed that clinical profile of the 0.5% levobupiva-
caine and the 0.75% ropivacaine are similar to that
produced by the same concentrations of racemic bupi-
vacaine (50-52). When injecting up to 25 ml of either
levobupivacaine or racemic bupivacaine at 0.5% con-
centration for elective caesarean section, Faccenda et
al (53) reported that levobupivacaine provided a less
motor block than bupivacaine.

Based on the potency ratio between levobupiva-
caine and ropivacaine reported in MLAC studies dur-
ing epidural labor analgesia, Peduto et al (54) report-
ed that epidural injection of 15 ml of either 0.5% lev-

obupivacaine or 0.75% ropivacaine produced similar
epidural blockade in patients undergoing lower limb
surgery; moreover Casati et al (55) in a similar setting
reported that patients receiving 0.5% ropivacaine had
more frequently an inadequate motor blockade during
surgery than those receiving the same concentration of
either levobupivacaine or racemic bupivacaine. In the
same study, the authors also evaluated the quality of
postoperative analgesia provided with a patient-con-
trolled epidural infusion of 0.125% bupivacaine,
0.125% levobupivacaine or 0.2% ropivacaine, and
showed similar pain relief and postoperative senso-
ry/motor differentiation (Tab. 3). On the contrary,
Bertini et al (56)  reported that epidural infusion of
0.2% ropivacaine after hip replacement provided sim-
ilar pain relief but less motor blockade and higher pa-
tient satisfaction than the same concentration of bupi-
vacaine (Tab. 4).

Pouzeratte et al (57) reported that thoracic
epidural analgesia with 0.125% bupivacaine was more
effective than 0.125% ropivacaine when used in com-
bination with 0.5 µg/ml sufentanil; while 0.2% ropi-
vacaine alone was less effective than the mixture of
0.125% ropivacaine and sufentanil. However, con-
trasting results have been reported by other studies,
showing similar clinical profile of epidural analgesia
produced with ropivacaine and bupivacaine (58-60).

A similar dose-dependent effect was also report-
ed with levobupivacaine for lumbar epidural analgesia
after orthopedic surgery (61). On the other hand, if
the total hourly dose is kept constant, using large-con-
centration/small-volume (3 ml/h of 0.5% levobupiva-

Table 3. Epidural anaesthesia: onset times and duration of the three considered long-acting local anaesthetics 

Reference Dose/Concentration n° pts Type of surgery Onset time Duration of Percentage of
(min) the block (min) motor block

Anaesthesia
[52] 20 ml levobupivacaine 0.75% 28 Abdominal 13.6 ± 5.6 550 ± 87

20 ml bupivacaine 0.75% 28 14.0 ± 9.9 505 ± 71

[54] 15 ml ropivacaine 0.75% 30 Lower limb 25 ± 22 201 ± 48
15 ml levobupivacaine 0.5% 35 29 ± 24 185 ± 77 

[55] 15 ml bupivacaine 0.5% 15 Hip surgery 25 ± 19 213 ± 53 100%
15 ml ropivacaine 0.5% 15 30 ± 24 233 ± 34 60%a

15 ml levobupivacaine 0.5% 15 31 ± 16 214 ± 61 80%
a P < 0.05 versus bupivacaine and levobupivacaine 
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caine) resulted in similarly effective analgesia with less
motor blockade and hemodynamic side effects than
using a small-concentration/ large-volume regimen
(10 ml/h of 0.15% levobupivacaine) (62-64).

Launo et al (65) compared 0.125% levobupiva-
caine and 0.2% ropivacaine in combination with fen-
tanyl 2 µg/ml for thoracic epidural analgesia after aor-
tic surgery, and reported no differences in quality of
analgesia and degree of motor block. Senard et al (66)
compared the efficacy, dose requirements, side effects
and motor block with epidural infusion of 0.1% lev-
obupivacaine or 0.1% ropivacaine with added 0.1
mg/h morphine after major abdominal surgery, and
showed no differences in quality of pain relief and
hourly consumption of the local anesthetic mixture
between the two groups (Tab. 4); however recovery of
unassisted ambulation was quicker with ropivacaine
than levobupivacaine (76% of patients able to ambu-
late on the second postoperative day with ropivacaine
versus 48% with levobupivacaine; P <0.05).

When considering the effects of adding additives
like epinephrine, clonidine and opioids for epidural
anesthesia and analgesia, no advantages were reported
with the addition of epinephrine at 2.5 or 5 µg/ml con-
centrations (67); while the addition of opioids im-
proved the quality of pain relief without affecting the
degree of motor blockade (68-70). On the other hand,
clonidine improves postoperative analgesia with a dose
dependent effect on motor blockade (71), (Tab. 3).

Spinal anesthesia

Racemic bupivacaine has been considered as the
elective long-acting local anesthetic in most of the re-

gional anesthesia procedures, especially for spinal
anesthesia. Moreover, spinal anesthesia requires very
small doses of local anesthetic, making the risk for
bupivacaine-related systemic toxicity not an issue.
Nonetheless, several studies have been published in
the last years on intrathecal use of the two new long
acting anesthetics.

The two dose-finding volunteer studies discussed
above (37, 38) are particularly interesting because they
clearly pointed out that whereas levobupivacaine and
racemic bupivacaine have a similar clinical profile and
potency ratio, intrathecal ropivacaine was half as po-
tent as bupivacaine.

McNamee et al (72) reported that intrathecal ad-
ministration of 17.5 mg plain ropivacaine 0.5% or
plain bupivacaine 0.5% resulted in a similarly effective
spinal anesthesia for total hip arthroplasty (Tab. 5).

Gautier et al (73) compared 8, 10, 12 and 14 mg
ropivacaine with 8 mg bupivacaine for ambulatory
surgery, and concluded that, not only ropivacaine 10
mg induced a shorter-lasting block than bupivacaine 8
mg, but was also associated with a poorer quality of in-
traoperative anesthesia. Whiteside et al (74) compared
15 mg of either 0.5% ropivacaine or 0.5% bupivacaine
in 8% glucose and reported that ropivacaine provided
reliable spinal anesthesia of shorter duration and with
less hypotension than bupivacaine. A more recent
study compared the effects of intrathecal ropivacaine
with bupivacaine in a 2:1 dose ratio for outpatient
arthroscopic knee surgery, and that ropivacaine 15 mg
produced a higher level of sensory block with faster
onset and offset times than 7.5 mg bupivacaine (75).
Similar findings have also been reported when com-
paring ropivacaine and bupivacaine, alone or in addi-

Table 4. Epidural analgesia: percentage of motor block and consumption of the three considered long-acting local anaesthetics

Reference Dose/Concentration Type of Percentage of Consumption of
surgery motor block L.A.

Analgesia
[56] 6 ml/h ropivacaine 0.2% + PCEAc 25 Hip surgery 0% 175 ± 12 ml

6 ml/h bupivacaine 0.2% + PCEAc 26 27%a 178 ± 12 ml

[66] 0.1% ropi. + 0.1 mg/h morphine 25 Abdominal 6 / 25 347 ± 199 mg
0.1% bupi. + 0.1 mg/h morphine 25 13 / 25b 344 ± 178 mg

a P < 0.05 versus ropivacaine;
b P < 0.05 versus ropivacaine;
c PCEA: Patient Controlled Epidural Analgesia
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tion to small doses of morphine, in women undergo-
ing elective caesarean section (76, 77). Breebaart et al
(78) compared 10 mg levobupivacaine and 15 mg
ropivacaine for outpatient knee arthroscopy, and re-
ported L2 regression of sensory block after 173 and
167 minutes, with home discharge after 311 and 305
minutes, respectively. Cappelleri et al (79)  compared
unilateral spinal block produced with 7.5 mg of hy-
perbaric ropivacaine 0.5% or either 7.5 mg or 5 mg of
hyperbaric levobupivacaine, showing that 7.5 mg of
0.5% hyperbaric ropivacaine and 5 mg of 0.5% hyper-
baric levobupivacaine provided adequate spinal block
for outpatient knee arthroscopy, with a faster home
discharge as compared with 7.5 mg of 0.5% hyperbar-
ic levobupivacaine.

On the other hand, levobupivacaine and racemic
bupivacaine show an undistinguishable clinical profile
of spinal block (80-83).

Peripheral nerve blocks

Animal studies on conduction block produced by
bupivacaine, levobupivacaine and ropivacaine on iso-
lated nerves showed that the onset and duration of
nerve block induced by equimolar doses of these three
agents were similar (84).

In agreement with these findings several studies
comparing ropivacaine with other local anesthetics for
different peripheral nerve blocks showed that nerve
blocks produced by ropivacaine have a clinical profile

Table 5. Spinal anaesthesia characteristics with the three long-acting agents

Reference Dose/Concentration n° Type of Onset time Max. Duration of complete Time to 
pts. surgery (min) sensory the block motor walk/void

level block

[72] 17.5 mg plain ropivacaine 0.5% 32 Hip surgery 2 (2-5) 3.0 (1.5.4.6) hours 100%
3.5 ml plain bupivacaine 0.5% 34 2 (2-9) 3.5 (2.7-5.2) hours 100%

[73] Time to walk
8 mg bupivacaine 0.5% 30 Outpatient 14 ± 6 T8 181 ± 4.4 min 73% 192 ± 48 min
8 mg ropivacaine 0.5% 30 knee 15 ± 6 T9 130 ± 27 min 26%a 107 ± 25 min
10 mg ropivacaine 0.5% 30 arthroscopy 18 ± 5 T8 152 ± 44 min 77% 135 ± 31 min
12 mg ropivacaine 0.5% 30 18 ± 6 T8 176 ± 42 min 96%a 162 ± 37 min

[77]
20 mg ropivac. +  0.1 mg morphine 30 Cesarean 12 ± 5 T4 211 ± 48 min 100%
15 mg bupivac.+ 0.1 mg morphine 30 section 8 ± 2 T4 254 ± 76 min 100%

[78] Time to void
60 mg lidocaine 20 Outpatient 6 ± 4 145 ± 30 minc 96%b 245 ± 65 min
15 mg ropivacaine 20 knee 7 ± 4 167 ± 49 min 100% 285 ± 65 min
10 mg levobupivacaine 20 arthroscopy 8 ± 6 173 ± 47 minc 89%b 284 ± 57 min

[79] Time to void
7.5 mg hyperbaric ropivac. 0.5% 31 Outpatient 10 (9-13) T8 135 (126-154) mind 94% 189 (126-154) min
7.5 mg hyperb levobupiv. 0.5% 30 knee 10 (9-12) T7 162 (148-201) min 93% 238 (221-276) min
5 mg hyperbaric levobupiv. 0.5% 30 arthroscopy 10 (9-13) T10 150 (136-185) mind 83% 190 (181-247) min

[80] 3.5 ml plain levobupiv. 0.5% 40 Hip surgery 11 ± 6 T8 237 ± 88 min 100%
3.5 ml plain ropivacaine 0.5% 40 13 ± 8 T8 284 ± 80 min 100%

[83] Time to void
8 mg hyperbaric bupiv. 0.5% 20 Inguinal 10 ± 4 T6 190 ± 51 mine 100% 298 ± 68 min
8 mg hyperbaric levobupiv. 0.5% 20 hernia 10 ± 5 T8 210 ± 63 min 100% 255 ± 58 min
12 mg hyperbaric ropivac. 0.5% 20 repair 10 ± 6 T5 166 ± 42 min e) 100% 302 ± 48 min

a P < 0.05 versus bupivacaine; b P < 0.05 versus ropivacaine; c P < 0.05 versus lidocaine; d P< 0.05 versus 7.5 mg levobupivacaine;
e P < 0.05% versus ropivacaine
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similar to that obtained with racemic bupivacaine and
levobupivacaine, when used at similar concentrations
and doses; on the contrary increasing the concentra-
tion and dose of ropivacaine at 0.75%-1% concentra-
tion shortened the onset time and prolonged the du-
ration of ropivacaine’s nerve block as compared to the
other two agents (85-92).

Cline et al (93) compared 0.5% levobupivacaine
and 0.5% ropivacaine in combination with 1:200,000
epinephrine for axillary brachial plexus block, and
found that sensory analgesia was significantly longer
with levobupivacaine than with ropivacaine, but ropi-
vacaine patients showed a faster recovery of motor
function, while Piangatelli et al (94)  showed a faster
onset of infraclavicular brachial plexus block with
0.5% levobupivacaine than with 0.5% ropivacaine.

Several different studies compared the use of lev-
obupivacaine for sciatic nerve block for foot surgery
with bupivacaine, ropivacaine, and levobupivacaine at
concentrations ranging between 0.5% and 0.75% (95-
97) showing a substantially similar clinical profile at
0.5% concentrations; while the use of 0.75% levobupi-
vacaine provided a shorter onset time and longer du-
ration of postoperative analgesia than the same vol-
ume of 0.75% ropivacaine, also reducing total con-
sumption of rescue tramadol during the first 24 hours
after surgery (97).

In agreement with these findings Piangatelli et al
(98) compared the clinical profile of psoas compart-
ment and sciatic nerve blocks performed with either
0.5% levobupivacaine or 0.75% ropivacaine in patients
undergoing lower extremity surgery, and found that
levobupivacaine showed a faster onset time with a
larger differentiation between the duration of sensory
and motor blocks than ropivacaine, resulting in less
rescue analgesia request postoperatively.

When considering continuous perineural infu-
sion of low concentrations of local anesthetics for
postoperative analgesia, 0.2% ropivacaine was similar-
ly effective in terms of pain relief and anesthetic con-
sumption as an equipotent concentration of racemic
bupivacaine (0.15% concentration), but allowed a bet-
ter sensory motor differentiation (99). On the other
hand, Casati et al (100) compared 0.125% levobupiva-
caine and 0.2% ropivacaine for continuous intersca-
lene analgesia after major shoulder surgery and

showed no differences in the quality of postoperative
analgesia and recovery of motor function, but lev-
ubupivacaine patients consumed less local anesthetic
during the first 24 hours than patients receiving ropi-
vacaine. Borghi et al (101) compared pain relief and
postoperative motor function of 0.25% levobupiva-
caine with either an equivalent (0.25%) or equipotent
(0.4%) concentration of ropivacaine in a similar clini-
cal setting, and reported similar quality of pain relief,
recovery of motor function, and number of patient-
controlled boluses with 0.25% levobupivacaine and
0.4% ropivacaine, while patients receiving 0.25% ropi-
vacaine significantly needed more boluses and rescue
analgesia to achieve the same quality of postoperative
analgesia.

Casati et al (102) also compared the efficacy of
continuous popliteal sciatic nerve block produced with
0.2% ropivacaine with either an equivalent (0.2%) or
equipotent (0.125%) concentration of levobupivacaine
in patients receiving hallux valgus repair, and reported
no differences in degree of pain both at rest and dur-
ing motion, but patients receiving 0.2% levobupiva-
caine less frequently showed a complete recovery of
foot motor function as compared with patients receiv-
ing both 0.2% ropivacaine and 0.125% levobupiva-
caine, suggesting that the 0.125% concentration of
levobupivacaine can be considered a good compromise
between adequate pain relief and no motor block, pro-
viding a sensory/motor differentiation similar to that
provided by 0.2% ropivacaine (Tab. 6).

Conclusions

When new molecules are introduced into the
market, it is not always simple to understand whether
their potential advantages are really relevant to the
daily practitioner and worthy of the increased costs of
the newest agents compared to the previous ones.
Ropivacaine and levobupivacaine have been developed
to offer a safer alternative to bupivacaine, having the
desirable blocking properties of racemic bupivacaine
with a greater margin of safety due to their reduced
toxic potential.

The extensive clinical use of these two local anes-
thetics has confirmed that both of them provide a
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long-lasting block, with a clinical profile of nerve
block very similar to that provided by racemic bupiva-
caine. However, the reduced toxic potential of both
levobupivacaine and ropivacaine is strongly supported
by animal and volunteer studies, resulting not only in
higher plasma concentrations and doses before signs
of systemic toxicity occur, but also in no cardiovascu-
lar toxicity or only minimal signs of cardiac effects af-
ter CNS toxicity occurs. Moreover a higher success
rate of cardiopulmonary resuscitation after cardiac
collapse is induced in animals as compared with
racemic bupivacaine.

As compared with racemic bupivacaine, ropiva-
caine also showed the clinically relevant advantage of
a stronger differentiation between sensory and motor
blocks, which is particularly useful when early mobi-
lization is important to accelerate postoperative recov-
ery. Ropivacaine is 40-50% less potent than bupiva-
caine and levobupivacaine because of its lower lipid
solubility; however, a reduced potency does not imply
that this agent is less effective than the other two, and

using an equipotency ratio of 1.5 : 1 between ropiva-
caine and the two other drugs results in a substantial-
ly similar clinical profile with a good preservation of
motor function.

In conclusion, the reduced toxic potential of both
levobupivacaine and ropivacaine should be carefully
considered when choosing the local anesthetic for re-
gional anesthesia techniques requiring large volumes
and infusion rates, such as for epidural
anesthesia/analgesia, peripheral nerve blocks, and lo-
cal infiltration.
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