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Abstract

Objectives: To compare two intrathecal anaesthetics, bupivacaine and levobupivacaine, for their
effects on motor and sensory blockade and haemodynamics in patients aged >65 years undergoing
transurethral resection of the prostate (TUR-P) or transurethral resection of the urinary bladder
(TUR-M).

Methods: Patients scheduled to undergo TUR-P or TUR-M were randomized to receive either
3ml (I5mg) 0.5% isobaric levobupivacaine (group L) or 3ml (15mg) of 0.5% hyperbaric
bupivacaine (group B) for spinal anaesthesia. The onset time, maximum level and time to reach the
maximum level of sensory and motor blockade were recorded. Changes to haemodynamic
parameters were also recorded.

Results: The study randomized 100 patients: 57 to group L and 43 to group B. Levobupivacaine did
not cause any significant changes in haemodynamic parameters, including systolic blood pressure,
and showed a similar sensory block onset time compared with bupivacaine, but it had a significantly
longer motor block onset time compared with bupivacaine.

Conclusion: These current findings suggest that levobupivacaine can be used as a substitute for
bupivacaine for spinal anaesthesia in elderly patients >65 years of age undergoing elective TUR-P
or TUR-M operations.
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change in the age distribution curve because
of the addition of elderly to the global
population. There has been an escalation
in the proportion of the population that is
considered to be in old age (or as elderly
people), defined as being >65 years: a rise
from 4% of the total population in 1900 to
13% in 2010.'

Although spinal anaesthesia provides
some advantages for elderly people com-
pared with general anaesthesia, it may still
have some critical disadvantages. For exam-
ple, early mobilization during the post-
operative period, a minimal number of
respiratory complications, continuity of
analgesia and short hospitalization time
are among the advantages of spinal anaes-
thesia compared with general anaesthesia,
but hypotension and bradycardia are the
two major disadvantages associated with
spinal anaesthesia.>

Spinal anaesthesia is frequently used
during urological operations because it
provides some major advantages over gen-
eral anaesthesia, such as a shorter time to
onset of motor block, and it allows for the
use of lower volumes of local anaes-
thetic.>” Although there is a degree of
hypotension risk associated with spinal
anaesthesia, it enables early detection of
excessive fluid load and hyponatraemia.’
Effective spinal anaesthesia is possible with
the correct choice of local anaesthetic.
Suitable local anaesthetics should provide
effective anaesthesia and analgesia during
the operation and should have no side
effects. Levobupivacaine is a local anaes-
thetic that is relatively new to clinical
practice.>'° Levobupivacaine is an S(—)
enantiomer of bupivacaine and both agents
have similar pharmacokinetic proper-
ties.* '° There are several studies that
have reported that the cardiovascular and
central nervous system-related side effects
of levobupivacaine are less frequent than
those experienced with bupivacaine.® '
Some toxic effects can be seen with high

doses of bupivacaine and when it is used
for a long duration.®'° Based on these
reports,* '®  levobupivacaine is recom-
mended as an alternative to bupivacaine
for patients who experience cardiovascular
system-related side effects. However, it has
been emphasized that more studies must be
conducted to investigate the effects of
levobupivacaine in detail.*'° Despite the
fact that levobupivacaine has been widely
used for obstetric and nonobstetric epi-
dural anaesthesia,® there is still a lack of
comparative clinical studies that focus on
intrathecal levobupivacaine administration.

This study aimed to compare these two
intrathecal anaesthetics, bupivacaine and
levobupivacaine, for their effects on motor
and sensory blockade and haemodynamics
in patients aged >65 years who underwent
spinal anaesthesia during transurethral
resection of the prostate (TUR-P) or trans-
urethral resection of the urinary bladder
(TUR-M) operations.

Patients and methods
Patients

This randomized study enrolled patients
who underwent TUR-P or TUR-M oper-
ations under spinal anaesthesia between
January 2006 and March 2008 in the
Department of  Anaesthesiology and
Reanimation, Faculty of Medicine,
Akdeniz University, Antalya, Turkey.
Patients aged >65 years with American
Society of Anesthesiologists physical status
2-3 were included in the study.'' Patients
who were allergic to local anaesthetic agents
were excluded from the study.

The study was approved by the Akdeniz
University Ethics Committee of the
Faculty of Medicine (12.12.2006; no.
Ethics-497). Written consent was obtained
from each patient to receive anaesthesia
and verbal consent was obtained from
each patient before anaesthesia was
administered.
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Anaesthesia and surgical procedures

All patients were closely monitored through-
out the procedure. The monitoring included
electrocardiography, noninvasive blood
pressure monitoring and peripheral oxygen
saturation measurements. Using a sealed
envelope technique, the patients were ran-
domly allocated to receive either bupiva-
caine (Marcaine® Spinal 0.5% Heavy;
AstraZeneca, London, UK) or levobupiva-
caine  (Chirocaine®,  0.5%;  Abbott
Laboratories, Abbott Park, 1L, USA) for
spinal anaesthesia. A 25G spinal needle
(Spinocan®; B Braun, Melsungen,
Germany) was inserted, and after clear
cerebrospinal fluid became visible, one of
these two solutions was injected into the
subarachnoid interspace: 3ml (15mg) 0.5%
hyperbaric bupivacaine or 3ml (15mg)
0.5% isobaric levobupivacaine. In order to
reduce the risk of hypotension, intravenous
prehydration was applied using 500 ml1 0.9%
NaCl given over 10-15min to all of the
patients who were administered either levo-
bupivacaine or bupivacaine. Following pre-
hydration, saline infusion (0.9% NaCl at
4 ml/kg per h) was continued until the end of
the operation.

The TUR-P and TUR-M procedures
were undertaken to allow the resection of
prostate or bladder lesions and they were
carried out in the lithotomy position. The
anaesthetist (D.G.) was blinded to the drugs
used for spinal anaesthesia.

Clinical assessments

The starting time for all of the evaluations
was set as the time when administration of
the intrathecal anaesthetic injection was
completed. Time to onset of sensory block,
time to the onset of the maximum level of
sensory block, and the time and duration of
achieving the maximum level of sensory
block were recorded. The same variables
were measured for motor block. Every 30s
after the intrathecal injection, the levels of

Table |. Scoring system for record-
ing the extent of sensory blockade
based on the sensory dermatomes.

Sensory dermatomes Score

TIO
T9
T8
T7
3
TS
T4

NOoONUT A WN —

T, thoracic.

sensory and motor block were recorded. A
scoring system was used for recording the
extent of sensory blockade based on the
thoracic sensory dermatomes 4-10 at 5, 10,
15, 20, 25, 30, 45 and 60min after the
intrathecal anaesthetic injection and imme-
diately after the operation was completed
(Table 1). The extent of motor block can be
assessed using the Bromage scale at the same
time-points.'* The Bromage scale defines no
motor block as the full ability to flex the
knees and feet (score 0); partial motor block
as the ability to flex the knees and resist
gravity with full movement of the feet (score
1); almost complete motor block as the
inability to flex the knees but retained ability
to flex the feet (score 2); and complete motor
block as the inability to move the legs or feet
(score 3).

Systolic blood pressure (SBP), diastolic
blood pressure (DBP), mean blood pressure
(MBP), heart rate and peripheral oxygen
saturation were measured before the oper-
ation, immediately after the intrathecal
anaesthetic injection, at 5, 10, 15, 20, 25,
30, 45 and 60min after the intrathecal
anaesthetic injection and immediately after
the operation was completed.

Statistical analyses

All statistical analyses were performed using
the SPSS® statistical package, version 11.0
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Table 2. Demographic and clinical characteristics of patients aged over 65 years who
underwent spinal anaesthesia during transurethral resection of the prostate (TUR-P) or
transurethral resection of the urinary bladder (TUR-M) operations, who were enrolled in a
study to compare two intrathecal anaesthetics, 0.5% levobupivacaine (group L) and 0.5%

bupivacaine (group B).

Characteristic Group L, n=57 Group B, n=43
Age,? years 69.95+5.33 69.49 £5.20
Weight,? kg 77.72+9.02 77.16 £10.50
Operation duration,” min 86.28+12.16 8849+ 11.31
Sex,b male/female 54/3 40/3

TUR-P procedure® 40 (70.2) 26 (60.5)
TUR-M procedure® 17 (29.8) 17 (39.5)

Data presented as mean + SD or number of patients (%).

Student’s t-test.
by test.

No statistically significant between-group differences (P > 0.05).

(SPSS Inc., Chicago, IL, USA) for
Windows®. The sample size was calculated
for the power of this study being 50% (effect
size was based on a pilot study of four
patients in whom changes in heart rate and
blood pressure after drug administration
were observed). The two groups were com-
pared using Student’s ¢-test when there was
normal distribution of the data and Mann—
Whitney U-test was used for the rest of the
variables. y’-test was used to compare cat-
egorical variables. Paired z-test was used for
intergroup comparisons and for variables
complying with normal distribution.
Wilcoxon’s test was used for the rest of the
variables. A P-value <0.05 was considered
statistically significant.

Results

Enrolled patients who did not accept spinal
anaesthesia and patients who underwent
general anaesthesia because of unsuccessful
spinal anaesthesia were excluded from the
analysis. The study thus included 100 ran-
domized patients: 57 to group L (0.5%
levobupivacaine) and 43 to group B (0.5%
bupivacaine). The demographic and clinical
characteristics of the study participants are

shown in Table 2. There were no statistically
significant between-group differences in age,
weight, operation duration, sex, and the
proportion of patients that underwent
either TUR-P or TUR-M.

There was no significant difference in the
time to onset of sensory block between the
two groups (Table 3). There was no signifi-
cant difference in the time to onset of
maximum sensory block between the two
groups. The duration of two segment regres-
sion of the sensory block was signifi-
cantly lower in group B (bupivacaine)
compared with group L (levobupivacaine)
(P=0.0001), indicating that sensory block
regressed more rapidly in group B (bupiva-
caine) compared with group L (levobupiva-
caine). There were no statistically significant
differences between the two groups for the
sensory block scores that were recorded at 5,
10, 15, 20, 25, 30, 45 and 60 min after the
intrathecal anaesthetic injection. The sen-
sory block score immediately after the oper-
ation was completed was significantly lower
in group L (levobupivacaine) compared with
group B (bupivacaine) (P = 0.045).

The time to onset of motor block was
significantly longer in group L (levobupiva-
caine) compared with group B (bupivacaine)
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Table 3. Sensory block data for patients aged over 65 years who underwent spinal anaesthesia during
transurethral resection of the prostate (TUR-P) or transurethral resection of the urinary bladder (TUR-M)
operations, who were enrolled in a study to compare two intrathecal anaesthetics, 0.5% levobupivacaine

(group L) and 0.5% bupivacaine (group B).

Group L, Group B, Statistical
Sensory block data n=>57 n=43 significance®
Time to onset of sensory block, min 3.1 £1.01 2.81 +0.66 NS
Time to onset of maximum sensory block, min 7.68+1.89 779+ 144 NS
Duration of two segment regression 82.19 +6.05 76.28+7.16 P=0.0001
of sensory block, min
Sensory block scores
5 min 2.28+7.74 1.98+0.85 NS
10 min 3.07+1.62 328+ 1.62 NS
I5 min 3.16+0.86 328+ 1.62 NS
20 min 3.18+0.86 3.30+ 1.65 NS
25 min 3.12+0.84 3.07+1.50 NS
30 min 3.14+0.87 3.07+1.50 NS
45 min 3.18+0.87 3.10+ 1.49 NS
60 min 3.26+0.84 2.84+1.51 NS
End of the operation 2954091 3.40+0.82 P=0.045

Data presented as mean + SD.

?P < 0.05 group L compared with group B; Student’s t-test.

NS, no statistically significant between-group difference (P> 0.05).

(P=0.0001) (Table 4). The time to onset of
maximum motor block was significantly
longer in group L (levobupivacaine) com-
pared with group B (bupivacaine) (P=
0.0001). When the motor block scores
were compared, those recorded at 5 (P=
0.0001), 10 (P=0.0001), 15 (P=0.011), 20
(P=0.007), 25 (P=0.011), 30 (P=0.0006)
and 45min (P =0.012) after the intrathecal
anaesthetic injection were significantly lower
in group L (levobupivacaine) compared with
group B (bupivacaine). The motor block
scores recorded at 60min after the intra-
thecal anaesthetic injection and immediately
after the operation was completed were not
significantly different between the two
groups.

In group L (levobupivacaine), the motor
block score at Smin after the intrathecal
anaesthetic injection was significantly lower
than the motor block score at 10 min and
I5min and the motor block score taken
immediately after the operation was

completed (P <0.05 for all comparisons).
The motor block scores at 20, 25, 30 and
45 min were similar to the motor block score
taken immediately after the operation was
completed and there were no significant
differences between any of these time-points.
In group B (bupivacaine), starting from
10 min, the motor block score remained
similar throughout the measurements and
there were no statistically significant differ-
ences between subsequent time-points. The
motor block score measured at Smin after
the intrathecal anaesthetic injection was
relatively low and it was significantly lower
compared with the scores recorded at all
time-points and the motor block score taken
immediately after the operation was com-
pleted (P < 0.05 for all comparisons).
Following intrathecal injection of the
anaesthetic, SBP was recorded at pre-speci-
fied time-points (Table 5). There were no
cases of hypotension that required intraven-
ous ephedrine treatment. In group L
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Table 4. Motor block data for patients aged over 65 years who underwent spinal anaesthesia during
transurethral resection of the prostate (TUR-P) or transurethral resection of the urinary bladder (TUR-M)
operations, who were enrolled in a study to compare two intrathecal anaesthetics, 0.5% levobupivacaine

(group L) and 0.5% bupivacaine (group B).

Group L, Group B, Statistical
Motor block data n=>57 n=43 significance®
Time to onset of motor block, min 5.1141.47 3.33+0.83 P=0.0001
Time to onset of maximum motor block, min 9.84+3.10 6.49 +2.28 P=0.0001
Motor block scores
5 min 1.56 +0.82 2.53+0.63 P=0.0001
10 min 242 4+0.53 2.81 +£0.50 P=0.0001
15 min 2.634+0.48 2.86 +0.35 P=0.011I
20 min 261 +£0.49 2.86 +0.85 P=0.007
25 min 2.63+0.48 2.86 +£0.35 P=0.011
30 min 2.634+0.46 2.884+0.32 P=0.006
45 min 2.64+0.48 2.88 +0.33 P=0.012
60 min 2.67 £0.47 2.81 +£0.42 NS
End of the operation 2.63+048 2.84+0.37 NS

Data presented as mean + SD.

?P < 0.05 group L compared with group B; Student’s t-test.

NS, no statistically significant between-group difference (P > 0.05).

Table 5. Systolic blood pressure data for patients aged over 65 years who underwent
spinal anaesthesia during transurethral resection of the prostate (TUR-P) or transurethral
resection of the urinary bladder (TUR-M) operations, who were enrolled in a study to
compare two intrathecal anaesthetics, 0.5% levobupivacaine (group L) and 0.5%

bupivacaine (group B) (n=100).

Systolic blood pressure, mmHg Group L, n=57 Group B, n=43
Preoperative 142.91 £23.31 148.60 +24.37
5 min 134.14 £20.68 127.35+£17.10
10 min 128.14 £ 19.63 124.93 £ 19.56
I5min 126.26 +£20.13 123.12£17.43
20 min 123.16 £ 19.45 121.70 £ 16.32
25 min 122.53 £ 19.91 120.37 £ 15.79
30 min 123.07 £ 19.90 12021 £17.71
45 min 121.69 £+ 18.40 120.98 + 18.20
60 min 124.14 £ 18.31 122.50 £ 19.56
End of the operation 126.46 £ 19.96 122.50 £ 19.56

Data presented as mean + SD.

No statistically significant between-group differences (P > 0.05); Student’s t-test.

(levobupivacaine), the changes in SBP were
relatively small and slow, and a decrease in
SBP was first observed at 5min after the
intrathecal anaesthetic injection. In group B

(bupivacaine), a decrease in SBP was first
observed at Smin after the intrathecal
anaesthetic injection. In group B (bupiva-
caine), significant differences for SBP were
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recorded at 5, 10, 15, 20, 25 and 30 min and
at the end of the operation (P < 0.05 for all
comparisons) compared with the preopera-
tive SBP. In group B (bupivacaine), SBP
decreased until 20 min after the intrathecal
anaesthetic injection and then remained at a
relatively stable level to the end of the
operation. DBP and MBP changes showed
similar changes as those described for the
SBP for both of the study groups (data not
shown). There were no significant differ-
ences in the changes in heart rate between
the two groups during the course of the
observations.

Discussion

In this present study spinal anaesthesia was
administered to patients aged >65 years who
were scheduled to have elective TUR-P and
TUR-M operations. The effects of two
routinely used spinal anaesthetics, 0.5%
isobaric levobupivacaine and 0.5% hyper-
baric bupivacaine, on motor and sensory
block as well as on haemodynamic param-
eters were compared. In terms of sensory
blockade in the current study, the duration
of two segment regression of the sensory
block was significantly lower with bupiva-
caine compared with levobupivacaine; the
sensory block score immediately after the
operation was completed was significantly
lower with levobupivacaine compared with
bupivacaine. In terms of motor blockade in
the current study, levobupivacaine was
associated with significantly longer times to
onset of motor block and maximum motor
block compared with bupivacaine; the
motor block scores for levobupivacaine at
5-45min after intrathecal injection were
significantly lower compared with those for
bupivacaine. In this present study, levobu-
pivacaine resulted in slow changes in SBP
and SBP was not observed to decrease
until 5min after intrathecal injection.
Bupivacaine was also associated with a
decrease in SBP that was first observed at

Smin after intrathecal injection and SBP
continued to decrease until 20min after
intrathecal injection. Bupivacaine anaesthe-
sia was associated with significant differ-
ences in the SBP recorded at 5, 10, 15, 20, 25
and 30 min and at the end of the operation
compared with the preoperative SBP.

A prospective randomized double-blind
study that compared the anaesthetic and
haemodynamic effects of intrathecal levobu-
pivacaine and bupivacaine demonstrated
that levobupivacaine provided a faster
increase in the Bromage score from 0 to 2
compared with bupivacaine, but there were
no significant differences observed in any of
the haemodynamic characteristics.'* In con-
trast to these findings,'® the present study
showed that the time to onset of motor
block was significantly faster with bupiva-
caine compared with levobupivacaine.
Similarly, the time to onset of maximum
motor block was significantly faster with
bupivacaine compared with levobupivacaine
in the present study.

In a study of intrathecally administered
3ml (15mg) of 0.5% levobupivacaine in 18
patients who were scheduled to undergo
elective lower extremity surgeries, it was
observed that the mean time to onset of
sensory block was 3min (range 2—10 min)
and the mean time to onset of motor block
was 5 min (range 2-10 min).'* In this present
study, the time to onset of sensory block and
the time to onset motor block in patients
treated with levobupivacaine were higher
than in patients treated with bupivacaine. A
randomized, double-blind study of spinal
anaesthesia in 60 patients undergoing ingu-
inal hernia repair that compared 8 mg hyper-
baric 0.5% bupivacaine, 8 mg hyperbaric
0.5% levobupivacaine and 12 mg hyperbaric
0.5% ropivacaine found that the onset time
and intraoperative efficacy of levobupiva-
caine and bupivacaine were similar.'> In this
present study of 15mg hyperbaric bupiva-
caine compared with 15 mg isobaric levobu-
pivacaine in patients undergoing TUR-P
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and TUR-M operations, the time to onset of
motor block was significantly longer for
patients treated with levobupivacaine and
the motor block score only reached levels
comparable with those of bupivacaine at
60 min after intrathecal injection.

In terms of haemodynamic parameters, a
comparative study of healthy volunteers
who were administered intravenous injec-
tions of levobupivacaine and bupivacaine
reported that compared with their baseline
values, both the stroke index and ejection
fraction decreases were significantly smaller
for levobupivacaine than bupivacaine; there
was a smaller degree of prolongation in the
PR interval with levobupivacaine than
bupivacaine, but the difference was not
statistically significant.'® Hypotension is a
very frequent side effect after spinal anaes-
thesia and it may cause serious increases
in morbidity: it can even lead to mortal-
ity. #1718 In this present study, intravenous
prehydration with 0.9% NaCl was given to
all patients and saline infusions (0.9% NaCl
at 4ml/kg per h) were continued until the
end of the operation; and there were no
cases of hypotension that required intraven-
ous ephedrine treatment.

It has been shown that the sympathetic
nervous system-related side effects of levo-
bupivacaine are less frequent than those
associated with the use of bupivacaine and
the mean convulsive dose for levobupiva-
caine is higher than that of bupivacaine.'?*
Previous animal studies reported that the
possibility of causing convulsions or apnoea
was lower with levobupivacaine than bupi-
vacaine.'”?! Whereas several cases of central
nervous system toxicity have been reported
after intravascular injection of ropivacaine
and levobupivacaine, no cases of serious
cardiotoxicity or death have been reported
in the literature.”> >* The clinical outcomes
of levobupivacaine in children who under-
went spinal anaesthesia were similar to
those achieved with the same dose of
bupivacaine.”

A randomized, double-blind study of
intrathecally administered 0.5% isobaric
levobupivacaine or 0.5% hyperbaric bupi-
vacaine in 70 patients scheduled to
undergo elective transurethral endoscopic
surgery found similar results between the
two groups for the following variables:
duration of sensory block, duration of
two segment regression, time of onset and
expiration of motor block, side effects, and
pain scores at the beginning of the oper-
ation.”® The authors suggested that 2.5ml
of 0.5% isobaric levobupivacaine and
0.5% hyperbaric bupivacaine provided the
same clinical outcomes for spinal
anaesthesia.?®

In this present study, there were no
significant differences between levobupiva-
caine and bupivacaine in terms of the sen-
sory block scores following intrathecal
injection. A prospective, randomized,
double-blind study conducted in 50 patients
who underwent urogenital surgery found no
statistically significant differences in the
sensory and motor block properties, as
well as the haemodynamic effects, of 0.5%
levobupivacaine and 0.5% bupivacaine; the
authors suggested that Ilevobupivacaine
was an effective substitute for 0.5% bupiva-
caine.”’” Although animal research has
demonstrated that the duration of sen-
sory and motor block was similar for
levobupivacaine and bupivacaine,'® there
is some evidence of a small increase in
duration of sensory block with levobupiva-
caine.® In contrast, there is also evidence
that levobupivacaine is less potent than
bupivacaine.”®

The sensory blocking effects of bupiva-
caine and levobupivacaine were similar
according to these current findings. In the
bupivacaine group, there was a relatively
rapid regression of the sensory block level
although the differences between time-
points were not significant. Some clinical
studies suggest that the local anaesthetic
effects of levobupivacaine are different from
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those of bupivacaine. For example, in
studies in patients undergoing caesarean
section, intrathecal levobupivacaine was
shown to have a similar clinical profile as
bupivacaine, but it provided a lower level of
motor block at the same dose.””** Good
hemodynamic stability with a reduced
prevalence of side effects has been shown
for intrathecal levobupivacaine in elderly
patients.?!3

In this present study, the haemodynamic,
sensory and motor block effects of intra-
thecal levobupivacaine and bupivacaine
injections were compared in 100 patients
>65 years of age undergoing either TUR-P
or TUR-M operations. Levobupivacaine
did not cause any significant changes in
haemodynamic parameters, and showed a
similar sensory block onset time compared
with bupivacaine, but it had a significantly
longer motor block onset time compared
with bupivacaine.

A limitation of the present study is the
small number of patients in the groups.
Further studies should be undertaken with a
large number of patients to confirm the
findings.

In conclusion, these current findings
suggest that levobupivacaine can be used
as a substitute for bupivacaine for spinal
anaesthesia in elderly patients >65 years
of age wundergoing elective TUR-P
or TUR-M operations. In our opin-
ion, hyperbaric bupivacaine is the pre-
ferred option for operations of short
duration.

Declaration of conflicting interest

The authors declare that there are no conflicts of
interest.

Funding

This research received no specific grant from any
funding agency in the public, commercial or not-
for-profit sectors.

References

1. Rastogi R and Meek BD. Management of
chronic pain in elderly, frail patients: finding
a suitable, personalized method of control.
Clin Interv Aging 2013; 8: 37-46.

2. Critchley LA. Hypotension, subarachnoid
block and the elderly patient. Anaesthesia
1996; 51: 1139-1143.

3. Nishikawa K, Yamakage M, Omote K, et al.
Prophylactic IM small-dose phenylephrine
blunts spinal anesthesia-induced hypotensive
response during surgical repair of hip frac-
ture in the elderly. Anesth Analg 2002; 95:
751-756.

4. Hartmann B, Junger A, Klasen J, et al. The
incidence and risk factors for hypotension
after spinal anesthesia induction: an analysis
with automated data collection. Anesth
Analg 2002; 94: 1521-1529.

5. Warner MA, Saletel RA, Schroeder DR,
et al. Outcomes of anesthesia and surgery in
people 100 years of age and older. J Am
Geriatr Soc 1998; 46: 988-993.

6. Pollock JE, Mulroy MF, Bent E, et al. A
comparison of two regional anesthetic tech-
niques for outpatient knee arthroscopy.
Anesth Analg 2003; 97: 397-401.

7. Malhotra V. Transurethral resection of the
prostate. Anesthesiol Clin North America
2000; 18: 883-897.

8. McLeod GA and Burke D.
Levobupivacaine. Anesthesia 2001; 56:
331-341.

9. McCellan KJ and Spencer CM.
Levobupivacaine. Drugs 1998; 56: 355-362.

10. MacKenzie TA and Young ER. Local anes-
thetic update. Anesth Prog 1993; 40: 29-34.

11. ASA Physical Status Classification System,
https://www.asahq.org/For-Members/
Clinical-Information/ASA-Physical-Status-
Classification-System.aspx (2013, accessed 8
November 2013).

12. Bromage PR. A comparison of the hydro-
chloride and carbon dioxide salts of lidocaine
and prilocaine in epidural analgesia. Acta
Anaesthesiol Scand Suppl 1965; 16: 55-69.

13. Glaser C, Marhofer P, Zimpfer G, et al.
Levobupivacaine versus racemic bupivacaine
for spinal anesthesia. Anesth Analg 2002; 94:
194-198.



Gulec et al.

385

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Burke D, Kennedy S and Bannister J. Spinal
anesthesia with 0.5% S(—)-bupivacaine for
elective lower limb surgery. Reg Anesth Pain
Med 1999; 24: 519-523.

Casati A, Moizo E, Marchetti C, et al. A
prospective, randomized, double-blind com-
parison of unilateral spinal anesthesia with
hyperbaric bupivacaine, ropivacaine or
levobupivacaine for inguinal herniorrhaphy.
Anesth Analg 2004; 99: 1387-1392.

Bardsley H, Gristwood R, Baker H, et al. A
comparison of the cardiovascular effects of
levobupivacaine and rac-bupivacaine fol-
lowing intravenous administration to
healthy volunteers. Br J Clin Pharmacol
1998; 46: 245-249.

Atiénzar MC, Palanca JM, Torres F, et al. A
randomized comparison of levobupivacaine,
bupivacaine and ropivacaine with fentanyl,
for labor analgesia. Int J Obstet Anesth 2008;
17: 106-111.

McCrae AF and Wildsmith JA. Prevention
and treatment of hypotension during central
neural block. Br J Anaesth 1993; 70:
672-680.

Mazoit JX, Decaux A, Bouaziz H, et al.
Comparative ventricular electrophysiologic
effect of racemic bupivacaine, levobupiva-
caine, and ropivacaine on the isolated rabbit
heart. Anesthesiology 2000; 93: 784-792.
Gristwood RW and Greaves JL.
Levobupivacain: a new safer long acting
local anesthetic agent. Expert Opin Investig
Drugs 1999; 8: 861-876.

Mather LE, Huang YF, Veering B, et al.
Systemic and regional pharmacokinetics of
levobupivacaine and bupivacaine enantio-
mers in sheep. Anesth Analg 1998; 86:
805-811.

Kopacz DJ and Allen HW. Accidental
intravenous levobupivacaine. Anesth Analg
1999; 89: 1027-1029.

Khan H and Atanassoff PG. Accidental
intravascular injection of levobupivacaine

24.

25.

26.

27.

28.

29.

30.

31.

32.

and lidocaine during the transarterial
approach to the axillary brachial plexus. Can
J Anaesth 2003; 50: 95.

Crews JC and Rothman TE. Seizure after
levobupivacaine for interscalene brachial
plexus block. Anesth Analg 2003; 96:
1188-1190.

Kokki H, Ylonen P, Heikkinen M, et al.
Levobupivacaine for pediatric spinal anes-
thesia. Anesth Analg 2004; 98: 64-67.
Vanna O, Chumsang L and Thongmee S.
Levobupivacaine and bupivacaine in spinal
anesthesia for transurethral endoscopic sur-
gery. J Med Assoc Thai 2006; 89: 1133-1139.
Lee YY, Muchhal K and Chan CK.
Levobupivacaine versus racemic bupivacaine
in spinal anesthesia for urological surgery.
Anaesth Intensive Care 2003; 31: 637-641.
Muguruma T, Sakura S, Kirihara Y, et al.
Comparative somatic and visceral antinoci-
ception and neurotoxicity of intrathecal
bupivacaine, levobupivacaine, and dextro-
bupivacaine in rats. Anesthesiology 2006;
104: 1249-1256.

Gautier P, De Kock M, Huberty L, et al.
Comparison of the effects of intrathecal
ropivacaine, levobupivacaine, and bupiva-
caine for Caesarean section. Br J Anaesth
2003; 91: 684-689.

Vercauteren MP, Hans G, De Decker K,

et al. Levobupivacaine combined with
sufentanil and epinephrine for intrathecal
labor analgesia: a comparison with racemic
bupivacaine. Anesth Analg 2001; 93:
996-1000.

Cuvas O, Basar H, Yeygel A, et al. Spinal
anesthesia for transurethral resection oper-
ations: levobupivacaine with or without
fentanyl. Middle East J Anesthesiol 2010; 20:
547-552.

Erdil F, Bulut S, Demirbilek S, Gedik E,
Gulhas N and Ersoy MO. The effects of
intrathecal levobupivacaine and bupivacaine
in the elderly. Anaesthesia 2009; 64: 942-946.



