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Abstract

A Levobupivacaine is an enantiomer of the long-acting Features and properties of levobupivacaine

local anaesthetic bupivacaine, which, although cur
rently the most widely used agent in surgery and obste
rics, is associated with potentially fatal cardiotoxicity.

A Levobupivacaine 75to 122mg was less arrhythmogeni
than the same dose range of bupivacaine in healthy vo
unteers. Its effects on the corrected QT interval werg
significantly weaker than those of bupivacaine, and it
tended to have a weaker effect on QRS duration.

A The CNS depressant effect of intravenous levo-
bupivacaine 40mg was less than that of bupivacain
40mg in healthy volunteers, both in terms of the mag-
nitude of the effect and the regions of the cortex af-
fected.

A Clinical studies have demonstrated that epidura
levobupivacaine produces a sensory and motor bloc
clinically similar to that of bupivacaine in patients re-
quiring anaesthesia during surgery. However, the durg
tion of sensory block was significantly longer with
levobupivacaine 0.75% than with levobupdaine
0.5% or bupivacaine 0.5% or 0.75% in one study.

A Levobupivacaine 0.25% was as effective as bupiva
caine 0.25% in women requiring epidural anaesthesi
during labour with respect to time to onset of pain relief,
overall quality of analgesia, extent of sensory blockade
and number of patients reporting motor block.

A Levobupivacaine is as well tolerated as bupivacaine. |
a clinical study involving 88 patients who received ei-
ther drug, intraoperative hypotension was the mos
commonly reported adverse event with levobupiva-
caine and no serious arrhythmias occurred.

Indications

Major and minor nerve block during surgery; postoperative pain

management; obstetrics
Mechanism of action

Local anaesthetic

Dosage and administration
Usual dosage in clinical trials

Route of administration

Motor and sensory blockade

10-30ml of a 0.25%, 0.5% or
0.75% solution

Epidural, spinal, nerve block or
local infiltration

Pharmacokinetic profile of levobupivacaine (dose)

Peak plasma concentration

Time to peak plasma
concentration

Area under the plasma
concentration-time curve

Volume of distribution
Mean residence time

Plasma clearance

Protein binding
Elimination half-life

Excretion
Adverse events
Most frequent

0.582 mg/L (15ml of 0.5%
solution via epidural injection)
0.37h (15ml of 0.5% solution
via epidural injection)

3.561 mg/L * h (15ml of 0.5%
solution via epidural injection)
66.91L (40mg intravenous
injection)

1.423h (40mg intravenous
injection)

39.06 L/h (40mg intravenous
injection)

>97%

2.06h (40mg intravenous
injection)

=70% urine

Intraoperative hypotension
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after washout of levobupivacaine than after wash-

HC HsC
3 (o) . .
_\_\ H out of bupivacainé!l
N 'i' » Levobupivacaine was 3 to 4 times less toxic than
H CHj

equivalent concentrations of bupivacaine in iso-
lated perfused rabbit hearts. QRS widening, as well
as the occurrence of severe arrhythmias, was less
marked in hearts perfused with levobupivacaine
than in those perfused with the same concentration
Racemic bupivacaine is a local anaesthetic wittpf dextrobupivacaine or bupivacaine. The maxi-
advantages over other agents such as lidocain@um increase in QRS duration was 59 msec for
(lignocaine) in that it has a sustained duration oflevobupivacaine, 236 msec for dextrobupivacaine
action and a beneficial ratio of sensory to motorand 194 msec for bupivacaine. Ventricular fibrilla-
blockade. Although currently the most widely usedtion occurred in 0, 83 and 67% of hearts receiving
agent in surgery and obstetrics, its use has someach drug, respectivel§.
times resulted in fatal cardiotoxicity, generally af- o o
ter accidental intravascular injection or sudden cuff* After injection into the nucleus tract solitarius
deflation[t] in rats, the time taken to produce the maximum
The drug has a chiral centre and therefore existgeduction in the cell firing rate was longer for levo-
as a 50 50 mixture of 2 enantiomers, levobupiva- bupivacaine than for dextrobupivacaine (6834
caine and dextrobupivacaieThe preclinical pro- sec; p < 0.05). Whereas all 12 animals died after
file of levobupivacaine suggested that it may be
less cardiotoxic than bupivacaine (section 1); there-
fore, its anaesthetic efficacy has been investigated.

Levobupivacaine

350

1. Pharmacodynamic Profile 300
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Cardiotoxic Potential

2004
* Levobupivacaine had less affinity for myocar-

dial sodium channels than dextrobupivacaine in
isolated guinea-pig ventricular myocy#snd af-
fected the maximal rate of depolarisationmgy
and the action potential duration less than dex-
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trobupivacaine in guinea-pig papillary musBle. =

In normal Tyrode’s solution containing 5.4 mmol/L Q&@\ o@& (\&«0\ @QQ’
potassium ions and at a stimulation frequency of <& 0\@ <& \)@7’
1Hz, Vimax in guinea-pig papillary muscle was re- z@“ +\«°°
duced to 76.7% of control in the presence of ~ &

levobupivacaine 1fimol/L compared with 59.9% | Fig. 1. invitromyocardial effects of levobupivacaine 10pumol/L and
of control in the presence of dextrobupivacaine 1 dextrobupivacaine 10 pmol/L. The direct myocardial effects of
umoI/L (p <0 001) [fig 1}3] In addition. dissoci- levo- and dextrobupivacaine were assessed after 15 minutes’
ation from So'dium chainn.els was fastér with levo- superfusion of isolated guinea-pig papillary muscle using a stand-

. . . . ard microelectrode technique and were compared with those of a
buplvacalne than with deXtrObuplvaca[ﬁ]e' control solution. The preparation was stimulated at 1Hz and per-

. Recovery of contraction amplitude and,a\(in fused Yvith r.normgI]Tyrode’s solution containing 5.4 mmol/L external
isolated guinea-pig papillary muscle was faster Poassum ens.

[ Adis International Limited. All rights reserved. Drugs 1998 Sep; 56 (3)
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dextrobupivacaine injection, 10 of 12 survived venous dose infused to the onset of convulsions
levobupivacaine injection (p < 0.00#). in these animals was 103mg with levobupivacaine

« Both bupivacaine and levobupivacaine had a neg@"d 85mg with bupivacairf®. In addition, excit-
ative chronotropic effect in spontaneously beating?tOrY Signs (generalised excitement followed by nys-
right atrium from male Wistar rats, but atrial arrest'2dmus, hypertonia and clonic-tonic convulsions)
developed at concentrations of bupivacaine lowefP€92an at significantly lower doses of bupivacaine
than those of levobupivacaine (0.03 to 0.1 mmol/Lthan levobupivacaine, and lasted longer with the
vs0.1 to 0.3 mmol/LJ7! In electrically paced left former.

atrium from the same animals, levobupivacaines The CNS depressant effect of intravenous levo-
0.03 to 0.1 mmol/L and bupivacaine 0.01 to 0.1bupivacaine 40mg was less than that of the same
mmol/L induced a 100% decrease in contractiledose of bupivacaine in a double-blind crossover
forcel’] study involving 12 healthy volunteers. Both agents
- Levobupivacaine was not fatal when infused inSignificantly reduced high alpha power at all elec-
doses up to 200mg in sheep, whereas 3 of 7 animaf§°de positions, but the magnitude of the effect of
died of ventricular fibrillation after 150, 150 and !evobupivacaine was less than that of bupivacaine.
200mg doses of bupivacaine. Levobupivacaine-'” addition, levobupivacaine did not cause the in-

induced ventricular arrhythmias spontaneouslycréase in theta power in the parietal, temporal and
returned to sinus rhythff. central regions seen after bupivacdffeThere-

. . . fore, although both agents had similar qualitative
: Levopgplvacame had, less effect on _myoc_ard',aleffects on the electroencephalogram, the threshold
contractility and stroke index than bupivacaine in¢,. iha effects was higher for levobupivacaifie
12 healthy volunteers who received an intravenous

infusion of each drug in a double-blind, crossover® In 11 volunteers who experienced CNS symp-
manner. The drugs were given at a rate of 100ms such as tinnitus, dry mouth and numbness of
mg/min until a maximum of 150mg had been ad-the tongue or lips with bupivacaine, an equivalent
ministered or CNS effects developed. Levobupivaintravenous dose of levobupivacaine was associ-
caine (mean total dose 54.0mg) and bupivacain@ted with fewer central or peripheral nervous sys-
(45.6mg) reduced the myocardial contractility in- tem disorders. 36% of levobupivacaine recipients
dex by 4.5 and 13%, respectively, (p < 0.02) andeported no CNS events at @ll.

the stroke index by 6 and 20% (p < 0.61).

« Single dose intravenous levobupivacaine 75 to Uterine Effects
122mg had a significantly weaker effect on the

corrected QT interval (QT a primary indicator ° Uterine blood flow and intra-amniotic pressure

Jvere not significantly affected by levobupiva-

for arrhythmogenic potential) than the same dose™™, bUDi : : : h hd
of bupivacaine in 22 healthy volunteers. The mearf@/N€, DUPIVacaine orropivacaine wnen each drug
was administered as a 2-step intravenous infusion

maximum increase from baseline with each drug . .
was 0.0030 and 0.0238 sec, respectively, (p £0.07 mg/kg/min for 15 minutes then 0.035 mg/kg/

0.022) In addition, the mean maximum increasernin for 45 minijl'ges).in 30 ”e?r'ter.m pregnant ewes
in QRS duration from baseline tended to be smalleﬁ10 per group}:! This rate of |nfu5|orj was (;hc_Jsen
with levobupivacaine (0.0026s 0.0213 sec: p = to achieve serum drug concentrations similar to

0.097)9! those expected during epidural anaesthesia for
' ' caesarean sBan. Fetal serum concentrations of
CNS Effects levobupivacaine were lower than those of ropiva-

caine and bupivacaine (0.20, 0.51 and é/nl,
» Levobupivacaine had less CNS toxicity thanrespectively) but the differences were not statisti-
bupivacaine in conscious sheep. The mean intracally significant (fig. 212!

[ Adis International Limited. All rights reserved. Drugs 1998 Sep; 56 (3)
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[ Mother 2. Pharmacokinetic Profile
1.6 [ Fetus —

14 » After a 15ml epidural injection of levobupiva-

— caine 0.5% or 0.75% in 18 patients, peak plasma
12 — concentrations (0.582 and 0.811 mg/L) weexhed

in 0.37 and 0.29 hours, respectivél.The area
under the plasma concentration-time curve (AUC)
081 was 3.561 and 4.930 mg/lh for each dose, re-
0.6 spectivelyits!

» Levobupivacaine was highly protein bound
(>97%) in human plasma (data on ffifé).

27 _I  After an 8-minute intravenous infusion of levo-
bupivacaine 40mg in 12 volunteers, the volume of

distribution of the drug was 66.91L, the mean res-

idence time was 1.423 hours and the total plasma

Serum concentration (pg/ml)

0.4+

Levobupivacaine Ropivacaine Bupivacaine

Fig. 2. Maternal and fetal serum concentrations of levobupiva- clearance was 39.06 L/h (data on[ﬁ{b.

caine, ropivacaine or bupivacaine. 30 near-term pregnant ewes . i i .

(10 per group) received a 2-step intravenous infusion (0.07 mg/kg/ * After a 15-minute intravenous infusion éf(”'

min for 15 minutes then 0.035 mg/kg/min for 45 minutes) of 1 of levobupivacaine 40mg in 12 volunteers, the termi-
the drugs; serum drug concentrations were assessed at the end nal elimination half-life of the drug was 2.06 hours
of the infusion.t2 when determined by liquid chromatography mass

spectroscopy (data on filél).
* The vascular effe(_:ts_ of Ievobupivacaine_0.000S. Levobupivacaine undergoes NADPH-dependent
to 3 mmol/L were similar to those of equivalent metapolism in the liver prior to excretion (data on

concentrations of bupivacaine in potassium chlorjjg[19]). No parent compound was detected in urine
ide-contracted human umbilical veins. Both agents

caused concentration-dependent relaxation of all

vein preparations. In contrast, ropivacaine had ag 2007
biphasic effect, causing contraction at lower con- < 4004 ]
centrations (0.0001 to 0.03 mmol/L) and relaxation 2 —
at higher concentrations (0.1 to 3 mmolA3). 8 3004
g
Local Anaesthetic Activity in Volunteers § 200
§ 100+
e The local anaesthetic effect of levobupivacaine %
0.125 to 0.5% did not differ significantly fromthat &
of bupivacaine 0.25% in a double-blind study in- & \933‘\“’ & &°
volving 20 healthy male volunteers who received \&Q' < \&0 5
a 5ml injection in the ulnar nerve. Both agents \@‘? ,@o@ .\&& Q\A"’o
blocked nerve function, with evidence of a dose- &~ §°\ @"& ®<5°0
response relationship for levobupivacaine (fig. 3). N3 ¥ M

The mean durations of blockade of sensory pain Fig. 3. Duration of sensory pain block achieved after local infiltra-

sensory touch and motor function did not differ tion of the ulnar nerve with bupivacaine or levobupivacaine. Male

significantly between group¥¥ With both drugs,  volunteers received a Sml injection of bupivacaine 0.25% (n = 17)

the duration of sensory pain blockade was longe © evobupivacaine 0.125% (n = 6), 0.25% (n = 5) or 0.5% (n =
6).[14]

than that of motor blockad& )

[ Adis International Limited. All rights reserved. Drugs 1998 Sep; 56 (3)
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or faeces after an intravenous dose of radiolabelled ¢ ;-
levobupivacaine 40mg in 12 volunteers (data on
file[18).

» Levobupivacaine metabolites are primarily ex-

creted in the urine=f0%); most£95%) of an ad-

ministered dose is recovered within 48 hours (data

on filel2l),

« The elimination of levobupivacaine (after bu- o® &8° s®

pivacaine injection) was prolonged in liver trans- <
.. .. . - 9 >

plant recipients requiring postoperative analg@&ia. il & Nl

Onset of sensory block (m

3. Therapeutic Trials v

Major and Minor Nerve Block During Surgery Fig. 4. Onset of sensory block achieved with levobupivacaine and
bupivacaine. Time to loss of sensation in patients undergoing elec-

e Evidence suggests that Ievobupivacaine pro tive lower limb surgery under lumbar epidural anaesthesia who
duces a sensory and motor block clinically indis- received 15ml of Ievobu.plvac.:alne 0.5% (n=29),. Ievobuplvacfalne
tinauishable from that of racemic bupivacaine 0.75% (n = 30) or bupivacaine 0.5% (n = 29) in a randomised,
Ing m 1 _ oup N€. Gouble-blind study?2

There was no significant difference in onset time

(fig. 4) and maximum spread of sensory block or
ons_et time and mtensny qf motor blqck betweenstatistically significant (fig. 52
patients undergoing elective lower limb surgery

under lumbar epidural anaesthesia who received EPidural administration of 20ml levobupiva-

15ml of bupivacaine 0.5% (n = 29), levobupiva- c&ine 0.75% produced a similar onset of sensory
caine 0.5% (n = 29) or levobupivacaine 0.75%0lockade (mean 14 minutes) and a similar onset
(n = 30) in a randomised, double-blind st(@y. and duration of motor blockade to that produced

Maximum cephalad spread occurred after 25 minPy 20ml bupivacaine 0.75% in 56 patients under-

utes in all 3 groups and the segmental spread ¢J0ing major lower abdominal surgery in a ran-

sensory block did not differ between treatments domised, double-blind studifl However, the total

The duration of sensory block was significantly duration of sensory blockade was significantly
earjonger with levobupivacaine (554505 minutes;

460 minutes) than in the levobupivacaine 0.50° = 0-02)?¥l The adequacy of abdominal muscle

group (377 minutes) and the bupivacaine 0.594€laxation [measured using the abdominis muscle
group (345 minutes) [p < 0.05]. (RAM) test] was rated as ‘good’ or ‘excellent’ in

91% of the overall patient population.

caine 0.5% (74%), but these differences were not

* In a randomised, double-blind study in 74 pa- . . . .
tients scheduled for elective hand surgery after” N @noncomparative study involving 90 patients

supraclavicular brachial plexus blockade, thereScheduled for primary hip arthroplasty, 15ml of
were no significant differences between groupsIevobuplvacalne 0.75% (administered epidurally in

treated with 0.4 mi/kg of levobupivacaine 0.25%, S dual doses at 5-minute intervals) achieved ade-
levobupivacaine 0.5% or bupivacaine 0.5% withduate sensory blockade within 5 minutes of com-

respect to duration and onset of sensory and motdp'etion of the infusion in all patient®! 84 patients
blockade?8! Complete block was achieved in a (93%) had a bilateral sensory block to at least T10

higher percentage of patients who received levolMmediately after the third injection.

bupivacaine 0.5% (81%) than in those who re-» The efficacy of levobupivacaine 0.75% was
ceived levobupivacaine 0.25% (68%) or bupiva-similar to that of bupivacaine 0.75% in 50 elderly

[ Adis International Limited. All rights reserved. Drugs 1998 Sep; 56 (3)
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1001 [l Levobupivacaine 0.25% was 12 minutes for each drug, and after a 10ml
] Levobupivacaine 0.5% ‘top-up’ injection was 7 minutes for levobupiva-

Bupivacaine 0.5% . . . . .

caine and 6 minutes for bupivacaine. The median

duration of pain relief after the first injection did
not differ significantly between groups (49 and 51
minutes, respectively), although a greater number
of levobupivacaine recipients did not achieve suf-
ficient pain relief (20vs 10; p = 0.039). However,
this may have been related to a higher number of
inductions in the levobupivacaine group {E41).
Overall, the treatment groups did not differ with
respect to overall quality of analgesia, extent of
sensory blockade or number of patients reporting
motor block!28]

B (o] ¢4}
o o o
| | |

Overall quality of block (% of patients)

N
o
|

» Levobupivacaine and bupivacaine demonstrated
similar potencies in a randomised, double-blind

study involving 60 women who required epidural
0 _ _ anaesthesia during labdefl The minimum local
Failure Partal Complete anaesthetic concentrations (MLAC) calculated for

each drug were 0.083% and 0.081%, respectively.

Fig. 5. Overall quality of sensory and motor block in patients re-
ceiving supraclavicular brachial plexus blockade for elective hand
surgery. Patients were randomised to receive 0.4 ml/kg of levo-
bupivacaine 0.25% (n = 25), levobupivacaine 0.5% (n = 26) or Postoperative Pain Management

bupivacaine 0.5% (n = 23).23

* In a study involving 64 patients, the combina-
patients requiring peribulbar anaesthesia duringion of levobupivacaine 0.25% and morphine
ophthalmic surgery. No statistically significant dif- 0.005% (administered as a 4ml epidural bolus fol-
ferences were observed in anaesthetic requirdowed by an additional 2 ml/h upon request)
ments, time to onset of block or quality of bldék.  demonstrated greater postoperative analgesic effi-
cacy after major abdominal surgery than either
agent alon&°! Fewer patients randomised to com-
bination therapy requested analgesic supplements
tion anaesthesia in el inguinal hernia re- or ketorolac rescue compared with those random-

pairl2’l However, levobupivacaine recipients had aised to monotherapy (p < 0.05). In addition, the
slightly higher requirement for postoperative anal-time taken to request additional analgesia was sig-

gesia (equivalent te-300mg ibuprofen per 24 nificantly longer with combination therap!

e The findings of a study involving 69 patients
suggest that levobupivacaine has an efficacy sim
ilar to that of bupivacaine when used for infiltra-

hours; p = 0.041). « Epidural levobupivacaine 0.125% in combina-
tion with fentanyl 0.004% was more effective than
Obstetrics either agent alone when used postoperatively in pa-

tients who had undergone lower extremity ortho-
« Levobupivacaine 0.25% was as effective aspaedic surgerifll The time to first supplemental
bupivacaine 0.25% in 137 women requiring epi-analgesic request was significantly longer with
dural anaesthesia during labdidt.In this multi-  combination therapy than with levobupivacaine or
centre, randomised, double-blind study, the mediarfientanyl monotherapy (10Ms 7.0 or 6.1h, respec-
time to onset of pain relief after a 10ml injection tively; p < 0.05 for both).

[ Adis International Limited. All rights reserved. Drugs 1998 Sep; 56 (3)
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« After total hip replacement surgery, levobupiva-
caine 0.125% and clonidine 0.008% (administered
by epidural infusion at a rate of 6 ml/h) provided

more effective postoperative pain management
than either agent alone, both in terms of supple-
mental morphine requirements and the time to the
first request for supplemental analge8#. 4

» Levobupivacaine (0.25 ml/kg per side operated)
effectively produced ilioinguinal/iliohypogastric
nerve block in children when administered after
surgical hernia repair. Of 35 children aged 6
months to 12 years who were randomised in a
double-blind manner to receive levobupivacaine
or placebo, those who received active treatment
had a longer interval to rescue analgesiavgidl

min; p = 0.015), fewer rescue analgesic doses (0.7
vs1.4; p = 0.058) and lower pain scores at 15, 20, 7.
30 and 60 min compared with those randomised to
placebd32 8

4. Tolerability

(Marcaine): new clinical evidence. Expert Opin Invest Drug
1994 Nov; 3: 1209-12

Valenzuela C, Snyders DJ, Bennett PB, et al. Stereoselective
block of cardiac sodium channels by bupivacaine in guinea
pig ventricular myocytes. Circulation 1995; 92: 3014-24

3. Vanhoutte F, Vereecke J, Verbeke N, et al. Stereoselective

effects of the enantiomers of bupivacaine on the electrophys-
iological properties of the guinea-pig papillary muscle. Br J
Pharmacol 1991; 103: 1275-81

. Harding DP, Collier PA, Huckle RM, et al. Comparison of the

cardiotoxic effects of bupivacaine, levobupivacaine and
ropivacaine. Arin vitro study in guinea-pig and human car-
diac muscle. Region Anesth Pain Med 1998 May-Jun; 23
Suppl.: 6

5. Mazoit JX, Boico O, Samii K. Myocardial uptake of bupivaca-

ine: Il. Pharmacokinetics and pharmacodynamics of bupiv-
acaine enantiomers in the isolated perfused rabbit heart.
Anesth Analg 1993; 77: 477-82

6. Denson DD, Behbehani MM, Gregg RV. Enantiomer-specific

effects of an intravenously administered arrhythmogenic dose
of bupivacaine on neurons of the nucleus tractus solitarius and
the cardiovascular system in the anesthetized rat. Reg Anesth
1992 Nov-Dec; 17: 311-6

Simonetti MPB, Fernandes L. S(-) bupivacaine andtRS(
bupivacaine: a comparison of effects on the right and left atria
of the rat [abstract]. Reg Anesth 1997 Mar-Apr; 22 Suppl.: 58

. Huang YF, Pryor ME, Mather LE, et al. Cardiovascular and

central nervous system effects of intravenous levobupiva-
caine and bupivacaine in sheep. Anesth Analg 1998; 86:
797-804

9. Nimmo W. Evidence of improved safety over bupivacaine in

» Levobupivacaine was as well tolerated as bu-
pivacaine in 88 patients who received a 15ml epi-
dural injection of levobupivacaine 0.5%, levo-
bupivacaine 0.75% or racemic bupivacaine 0i&%6.
Hypotension, which was reported during surgery -
in a total of 18 patients, was the most commonly
reported adverse event. Overall, the effects on car2
diovascular variables (heart rate and blood pres-
sure) did not differ significantly between groups. 13.
No serious arrhythmias occurred; minor ECG ab-
normalities were reported in 3 of 59 levobupivaca-
ine recipients and 2 of 29 bupivacaine recipients. 14

5. Levobupivacaine: Current Status
15.

Levobupivacaine is a local anaesthetic which is
undergoing late phase clinical trials. The drug has
demonstrated anaesthetic efficacy similar to that ofie.
racemic bupivacaine, but has shown a reduced po-
tential for CNS toxicity and cardiotoxicity in lab- 17,
oratory experiments and in healthy volunteers.
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