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harmacokinetics of Levobupivacaine, Fentanyl,
nd Clonidine After Administration in Thoracic
aravertebral Analgesia

rina L. Burlacu, M.Sc., F.C.A.R.C.S.I., Henry P. Frizelle, M.D., F.C.A.R.C.S.I.,
enis C. Moriarty, F.C.A.R.C.S.I., F.R.C.A.,
onal J. Buggy, M.D., M.Sc., F.R.C.P.I., F.C.A.R.C.S.I., F.R.C.A.

Background and Objectives: There is little knowledge of the pharmacokinetics of local anesthetics and
adjunctive analgesics after paravertebral blockade. We evaluated the pharmacokinetics of low-dose levobupi-
vacaine, fentanyl, and clonidine after paravertebral analgesia for breast surgery.

Methods: Thirty-eight patients receiving paravertebral analgesia for breast surgery received a 19-mL para-
vertebral bolus of levobupivacaine 0.25% combined with a 1-mL volume of saline (group L, 13 patients),
fentanyl 50 �g (group LF, 13 patients), or clonidine 150 �g (group LC, 12 patients) followed 1 hour later by
infusion of levobupivacaine 0.1% (L), levobupivacaine 0.05% with fentanyl 4 �g/mL (LF), or levobupivacaine
0.05% with clonidine 3 �g/mL (LC), respectively. Plasma concentrations of study drugs were determined at
intervals up to 24 hours after bolus injection.

Results: There was rapid absorption of levobupivacaine after bolus with mean (standard deviation) maximum
plasma concentration (Cpmax) of 0.51(0.24) �g/mL in a median time to maximum concentration tCpmax of 15
minutes. Mean Cpmax fentanyl and clonidine after bolus were 0.62 (0.37) and 0.79 (0.23) ng/mL, in a median
tCpmax of 15 and 22.5 minutes, respectively. Mean Cpmax levobupivacaine after infusion was 0.47 (0.41)
�g/mL in a median tCpmax of 24 hours. There was progressive accumulation of fentanyl and clonidine at 24
hours with a mean Cpmax of 0.72 (0.33) and 1.74 (0.70) ng/mL, respectively.

Conclusions: After paravertebral bolus and infusion administration, Cpmax levobupivacaine was within the
safe range. Cpmax fentanyl and clonidine were less than the effective levels after IV administration, suggesting
that their analgesic effect may be partly attributed to a peripheral mechanism of action. Reg Anesth Pain Med 2007;
32:136-145.

Key Words: Clonidine, Fentanyl, Levobupivacaine, Paravertebral, Pharmacokinetics.
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espite the expanding clinical use of paraverte-
bral anesthesia and analgesia, pharmacoki-

etic data on local anesthetics after paravertebral
njection are limited. Systemic absorption from the
aravertebral space together with distribution,
inding, and clearance from the systemic circula-
ion will be primarily responsible for the degree of
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ocal anesthetic interaction with ion channels in
xcitable tissues such as central nervous system and
yocardium, potentially leading to toxic side ef-

ects. Levobupivacaine, the pure S-enantiomer of
upivacaine, has less cardiotoxic potential than the
-enantiomer or racemic mixture,1 explained in
art by a reduced affinity to both brain and myo-
ardial tissue. However, the S- and R-enantiomers
re not only pharmacodynamic but also pharmaco-
inetic selective.1 There are very limited data on the
harmacokinetic profile of levobupivacaine when
sed in peripheral nerve blocks.
Different adjuncts to local anesthetics allow a

ecrease of local anesthetic dose to safer nontoxic
evels. We recently showed that 2 adjunctive anal-
esics, fentanyl and clonidine, in combination with
iluted levobupivacaine (0.05%) are effective in
aravertebral analgesia as shown by a significant
ecrease in postoperative supplemental morphine

equirements.2 The pharmacodynamic and phar-

, No 2 (March–April), 2007: pp 136–145
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acokinetic mechanisms underlying the analgesic
ffects of fentanyl and clonidine in peripheral nerve
locks are not completely elucidated. Both drugs
ay exhibit their action at brainstem, spinal,

nd/or peripheral sites. Pharmacokinetic data may
elp distinguish between a local or systemic site of
ction.
Therefore, the objectives of this study were (1) to

etermine the plasma concentrations of levobupi-
acaine after bolus injection followed by continu-
us paravertebral infusion and compare the data to
imilar figures, including previously reported toxic
evels; (2) to determine the effect of addition of
entanyl and clonidine to levobupivacaine onto sys-
emic absorption of levobupivacaine from paraver-
ebral space; (3) to contribute to the understanding
f molecular mechanism of action of fentanyl and
lonidine in paravertebral continuous analgesia by
etermining plasma concentrations of fentanyl and
lonidine and compare figures with previously re-
orted effective analgesic concentrations after sys-
emic administration.

ethods

The Irish Medicine Board and the Mater Miseri-
ordiae University Hospital Research Ethics Com-
ittee approved the research. In a second open-

abel pharmacokinetic stage of a randomized
linical study designed to investigate the efficacy
nd tolerability of fentanyl and clonidine added to
ocal anaesthetic in paravertebral analgesia,2 the
andomization code was broken and plasma levels
f study drugs were determined. Participating pa-
ients were non– day-case American Society of
nesthesiologists I-II patients, undergoing breast
ancer surgery with axillary dissection, and they
ll gave written informed consent for blood sam-
ling. Patients were excluded if paravertebral
lock was refused or contraindicated (severe re-
piratory, cardiac, or hemostatic disorders; infec-
ion at the injection site; and allergies to the
ntended drugs).

Thirty-eight patients received combined paraver-
ebral and general anesthesia for breast surgery.
ifferent mixtures of drugs were administered in

he paravertebral space as follows: group L (13 pa-
ients) received a 19-mL bolus of levobupivacaine
.25% plus 1-mL normal saline before the surgical
ncision, followed by a continuous infusion of
evobupivacaine 0.1%; group LF (13 patients) re-
eived a 19-mL bolus of levobupivacaine 0.25%
lus fentanyl 50 �g (1-mL volume) before the sur-
ical incision, followed by infusion levobupivacaine
.05% with fentanyl 4 �g/mL; and group LC (12

atients) received a 19-mL bolus of levobupiva- t
aine 0.25% with clonidine 150 �g (1-mL volume)
efore the surgical incision, followed by infusion
evobupivacaine 0.05% with clonidine 3 �/mL. All
atients received postoperative intravenous (IV)
orphine patient-controlled analgesia with mor-

hine 2 mg/mL, 1-mg bolus, and a lockout time of
minutes.
The same anesthetist performed all paravertebral

locks. After standard monitoring and venous ac-
ess, patients received IV midazolam 2 to 4 mg for
edation. An ipsilateral paravertebral catheter was
ited under sterile conditions with the patient in the
ateral position at T3 thoracic vertebral level by
sing an 18-gauge Tuohy needle and saline loss-of-
esistance technique to locate the paravertebral
pace. After insertion of the paravertebral catheter,
3-mL dose of the bolus study solution was given

s a test dose to exclude intrathecal placement. The
emaining 17-mL bolus dose of study mixture was
dministered after 5 minutes. The upper- and
ower-sensory spread of pinprick analgesia was tested
ilaterally every subsequent 5 minutes up to 20 min-
tes after paravertebral blockade.
General anesthesia was then induced with IV

ropofol 2 to 3 mg/kg. The airway was managed
ith a laryngeal mask airway or tracheal intuba-

ion. Anesthesia was maintained with sevoflu-
ane 1% to 3% in a mixture of O2 and N2O.
euromuscular blocking agents were adminis-

ered at the discretion of the anesthetist involved
n the case.

The continuous paravertebral infusion of the ran-
omized mixture was started 60 minutes after the
nd of bolus injection. The rate of infusion was
nitially set at 0.15 mL/kg/h and was adjusted ac-
ording to the painful response to surgery up to a
aximum of 15 mL/h. Where an incomplete block

elative to the extension and duration of surgery
as suspected (defined as an increase in intraoper-

tive systolic blood pressure and heart rate to more
han 20% of baseline for longer than 5 minutes),
orphine 1 to 2 mg repeated intravenous boluses
ere allowed, but only after the maximum rate of
aravertebral infusion was reached. The paraverte-
ral infusion was continued for 48 to 72 hours
ostoperatively at a rate of 5 to 15 mL/h, as per our
outine departmental policies.

In designing the previously described research
rotocol, we used a paravertebral dose of fentanyl
lose to that previously reported by Bimston and
olleagues3 (i.e., 5 �g/mL) as being effective while
ssociated with less opioid-induced side effects.
imilarly, the paravertebral bolus of clonidine (i.e.,
50 �g) and concentration of continuous paraver-

ebral infusion (i.e., 3 �g/mL) belong to the clini-
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ally used dose range of 1 to 10 �g/mL of given local
nesthetic.4,5

All patients received a dedicated intravenous line
n the opposite side of the fluids line to allow blood
ampling. Venous blood samples of 10 mL each
ere collected at 15, 30, and 60 minutes and at 2, 4,

nd 24 hours from the completion of the paraver-
ebral bolus injection. Blood samples were placed
n ice and centrifuged at 3,000 rpm for 5 minutes
ithin 1 hour after collection. The supernatant
lasma was stored at �20°C for subsequent
nalysis.

easurement of Study Drugs Plasma
oncentration

Plasma concentrations of levobupivacaine, fenta-
yl, and clonidine were measured by liquid chroma-
ography-mass spectrometry (LC-MS). The method
nvolved the extraction of reference standard and in-
ernal standard from plasma with a liquid-liquid
xtraction before injection onto LC-MS/MS system.
he reference standards were levobupivacaine
Sigma Chemical Co., St. Louis, MO), fentanyl
Cambridge Isotope Laboratories Inc, Andover,
A), and clonidine (Sigma Chemical Co.) for

evobupivacaine, fentanyl, and clonidine assays, re-
pectively. The internal standards were clozapine
Sigma Chemical Co.), fentanyl d5 (Cambridge Iso-
ope Laboratories Inc), and clonidine d4 (Cambridge
sotope Laboratories Inc), respectively.

For measurement of levobupivacaine concentra-
ion, 50 �L of reference standard and internal stan-
ard were added to 500 �L heparinized human
lasma (blank and sample), followed by 50 �L of
.1 mol NaOH in each tube. Furthermore, 4 mL
ther/Hexane 30:70 mixture was added to each
ube. Samples were centrifuged at 3,500 rpm for 10
inutes and dried under a stream of nitrogen (no
eat). Each sample was reconstituted in 200 �L
obile phase and 50 �L injected onto LC-MS/MS

ystem. For measurement of fentanyl concentra-
ion, 50 �L of reference standard and internal stan-
ard was added to 500 �L of human heparinized
lasma (blank and sample), followed by 3 mL hex-
ne to each tube. Samples were mixed for 5 min-
tes and then centrifuged at 3,500 rpm for 10 min-
tes. One milliliter of the upper layer was

ransferred to a clean tube and dried under nitrogen
no heat), followed by reconstitution with 100 �L
f mobile phase. Fifty microliters of the reconsti-
uted mixture were injected onto the LC-MS/MS
ystem. To measure clonidine concentration, 50 �L
f reference standard and internal standard were
dded into tubes containing 500 �L blank and sam-

le human plasma. One hundred microliters of am- i
onium chloride were whirlpooled in each tube
ollowed by 3 mL dicloromethane. After tumble

ixing for 8 minutes, samples were centrifuged at
,500 rpm for 6 minutes. Two milliliters of the top
ayer was transferred to a glass tube and dried using
itrogen (no heat). Dried samples were reconsti-
uted with 200 �L of mobile phase, and 100 �L
ere injected onto the LC-MS/MS system.
The results were quantified by comparing peak

rea ratios of the samples to the calibration line
sing linear regression (weight � 1/concentration2).
ack-calculated concentrations were determined

or each standard of the calibration curves. For
evobupivacaine, the standard curves for the ana-
ytical runs in the study covered the concentration
ange of 5.00 to 500.00 ng/mL with a limit of quan-
ification of 5.00 ng/mL, a coefficient of variation
anging from 2.71% to 5.00% and a mean percent-
ge accuracy ranging from 97.43% to 105.98%.
he standard curve for fentanyl covered the con-
entration range of 0.10 to 10.00 ng/mL with a limit
f quantification of 0.10 ng/mL. The average preci-
ion of the back-calculated calibration standards as
easured by coefficient of variation ranged from

.42% to 9.87% with a mean percentage accuracy
anging from 96.75% to 103.00%. The standard
urve for the analytical run in the clonidine batch
overed the concentration range of 0.05 to 5.00
g/mL with a limit of quantification of 0.05 ng/mL.
he mean percentage accuracy of the standard
urves ranged from 83.38% to 119.30%.

tatistical Analysis

The SPSS v.11 for Windows (SPSS Inc., Chi-
ago, IL) was used for statistical analysis. Results
re presented as mean (SD), median [range], or
umber of patients as appropriate. The signifi-
ance of differences between means was evalu-
ted by using repeated-measures analysis of vari-
nce. A P value of less than .05 was considered
tatistically significant.

esults

Blood was sampled in all 38 patients receiving
aravertebral analgesia. From the intended 228 ve-
ous blood samples, only 215 were obtained and
ade available for drugs assays as per study profile

Fig 1). Incomplete sampling was most common
ecause of difficulties in aspirating blood from the
edicated IV cannula at different time intervals.
Patients in all groups had similar demographic

ata (i.e., mean [range] age was 51 [38-61] years in
roup L, 54 [27-77] years in group LF, and 53
36-73] years in group LC). Mean (SD) body mass

ndex was also similar (i.e., 25.8 [5.9], 28.5 [4.0],
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nd 26.9 [4.8] kg/m2 in groups L, LF, and LC,
espectively). All 38 patients had a complete sen-
ory block of the anticipated operative area (T2-T6
ermatomes) as assessed preoperatively. There was
o contralateral loss of sensation to pinprick, and,
herefore, no epidural spread. A similar small number
f patients (i.e., 2, 1, and 2 patients in groups L, LF,
nd LC, respectively) received supplemental intra-
perative morphine for incomplete block relative to
he duration and extension of surgery, as defined in
ur research protocol.
The initial bolus dose of levobupivacaine, fen-

anyl, and clonidine was identical by protocol. The
ean (SD) levobupivacaine consumption after 24
ours of infusion was 236.2 (52.6) mg in group L,
08.4 (18.6) mg in group LF, and 112.3 (18.1) mg
n group LC. The mean (SD) consumption of fen-

Group L  
13 patients 

Group LF 
13 patients 

Group LC
12 patients 

Drugs 
assays after 
PV infusion: 
96 samples 

11 patients = 
33 samples  

13 patients = 
39 samples

12 patients = 
36 samples 

12 patients = 
36 samples

11 patients = 
33 samples

9 patients = 
27 samples

 38 patients 
228 intended blood samples

Drugs 
assays after 
PV bolus: 
108 samples

ig 1. Study profile.
ig 2. Levobupivacaine plasma concentration-time plot in pati
anyl and clonidine after 24 hours of infusion was
64.0 (148.8) �g and 673.8 (108.6) �g, respec-
ively. Figures 2 to 4 show the levobupivacaine
lasma concentration-time plots in patients in
roups L, LF, and LC over a 24-hour time period.
igures 5 to 6 show the fentanyl and clonidine
lasma concentration-time plot in patients in groups
F and LC.
Table 1 shows the maximum plasma concentra-

ion (Cpmax) and the median time to maximum
lasma concentration (tCpmax) of study drugs in all
aravertebral patients and also in individual groups.
here was rapid absorption of levobupivacaine and
lso fentanyl and clonidine in all patients. The ad-
ition of fentanyl or clonidine to bolus levobupiva-
aine in groups LF and LC, respectively, had no
urther effect on the amount and speed of systemic
bsorption of levobupivacaine because differences
etween Cpmax levobupivacaine after bolus in
roup L (0.53 [0.26] �g/mL) compared with group
F (0.37 [0.15] �g/mL) and group LC (0.64 [0.23]
g/mL) were not statistically significant. The Cpmax

evobupivacaine after bolus in LC patients was statis-
ically significantly higher than Cpmax levobupiva-
aine after bolus in LF patients (P � .02).

Peak plasma concentrations of levobupivacaine af-
er paravertebral continuous infusion were achieved
t 24 hours in groups L and LF (Table 1). In group LC,
he mean Cpmax levobupivacaine was reached in a
edian time of only 4 hours. As expected from the

esearch protocol (i.e., patients in group L received
ents in group L.
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higher dose of levobupivacaine over 24 hours
han LF and LC patients), the Cpmax levobupiva-
aine after infusion was significantly higher in
roup L than group LF or LC (P � .02) (Table 1).
entanyl and clonidine showed progressive accu-
ulation after continuous paravertebral infusion,

ig 3. Levobupivacaine plasma concentration-time plot
ig 4. Levobupivacaine plasma concentration-time plot in pati
ith mean Cpmax of 0.72 (0.33) and 1.74 (0.70)
g/mL, respectively, that were achieved in a me-
ian tCpmax of 24 hours (Table 1).
There was a large variability in Cpmax levobupiva-

aine both after bolus and infusion in all groups. It
ppears from the plasma concentration-time plots

ents in group LF.
ents in group LC.
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Figs 3 and 4) that the systemic absorption is less
redictable in the presence of fentanyl or clonidine
ith a larger variability in plasma concentration of

evobupivacaine. The highest levobupivacaine plasma
oncentration after paravertebral bolus injection in
ny patient was 0.96 �g/mL at 15 minutes in a patient

ig 5. Fentanyl plasma concentration-time plot in patien
ig 6. Clonidine plasma concentration-time plot in patients in
elonging to group LC. The highest levobupivacaine
lasma concentration after continuous paravertebral
nfusion was 1.84 �g/mL at 24 hours in a patient in
roup L. The maximum plasma concentration of fen-
anyl in any patient was 1.54 ng/mL at 15 minutes
fter paravertebral bolus and 1.26 ng/mL at 2 hours

group LF.
group LC.
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fter continuous infusion (not in the same pa-
ient). The maximum plasma concentration of
lonidine in any patient was 1.33 ng/mL at 15 min-
tes after paravertebral bolus and 3.12 ng/mL at 24
ours after continuous infusion (not in the same pa-
ient). Table 2 shows the mean (SD) plasma concen-
rations of study drugs at the measured time intervals.

iscussion

The favorable pharmacodynamic and pharmaco-
inetic profile of levobupivacaine,1 the selective
-enantiomer of bupivacaine, makes it a favorite
ocal anaesthetic for administration in paravertebral
lock, especially when a continuous infusion is con-
emplated. The systemic toxic threshold for levobupi-
acaine was reported as 2.4 to 2.7 �g/mL.6,7 How-
ver, intravenous administration in human
olunteer studies6 and cases of accidental intravas-
ular injection7 do not fairly characterize the sys-
emic absorption of local anaesthetic after perineu-
al infiltration. Furthermore, studies that reported
otential toxic concentrations of levobupivacaine
fter peripheral nerve blocks used high doses of
evobupivacaine. For example, Crews and col-
eagues8 administered a bolus dose of levobupiva-
aine 250 to 300 mg in axillary plexus block that
as followed by mean Cpmax levobupivacaine of
.2 �g/mL (range, 0.8-3.7 �g/mL). The systemic
bsorption from the axilla appeared to be delayed
ith a median tCpmax of 55 minutes (range, 25-
70 minutes). The maximum plasma concentration

Table 1. Maximum Plasma Concentrations and Time
Fentanyl,

Cpmax After Bolus

Levobupivacaine in all PV patients 0.51 (0.24) [0.20-0.96
Levobupivacaine in Group L 0.53 (0.26) [0.21-0.86
Levobupivacaine in Group LF 0.37 (0.15) [0.20-0.80
Levobupivacaine in Group LC 0.64 (0.23)* [0.30-0.96
Fentanyl in Group LF 0.62 (0.37) [0.10-1.54
Clonidine in Group LC 0.79 (0.23) [0.51-1.33

NOTE. The units of measurement for Cpmax are �g/mL for le
Abbreviations: Cpmax, maximum plasma concentration, exp

oncentration, expressed as median [range]; PV, paravertebral.
*P � .02 group LC versus group LF.
†P � .02 group L versus group LF and LC.

Table 2. Mean (SD) Plasma Concentration of Levobupi

15 min 30 m

Levobupivacaine Group L, �g/mL 0.52 (0.25) 0.32 (0
Levobupivacaine Group LF, �g/mL 0.35 (0.15) 0.32 (0
Levobupivacaine Group LC, �g/mL 0.61 (0.25) 0.52 (0
Fentanyl Group LF, ng/mL 0.64 (0.36) 0.43 (0

Clonidine Group LC, ng/mL 0.75 (0.24) 0.68 (0.15)
n any patient was 3.74 �g/mL, which exceeded
oxic levels, fortunately without any central ner-
ous or cardiovascular toxic side effects. More re-
ently, Altermatt and colleagues9 preliminarily re-
orted pharmacokinetic data in patients receiving a
imilar bolus of levobupivacaine (50 mL of 0.5%
evobupivacaine) in combined lumbar plexus and
ciatic block nerve blocks. The median Cpmax in 5
atients was 2.2 �g/mL (range, 1.95-3.10 �g/mL)

n a much shorter tCpmax of only 5 to 10 minutes
fter the end of injections. No toxic systemic com-
lications were encountered, but the study was
topped because it was reasonably thought that lev-
ls were in the range or beyond previously reported
oxic limits.

Rosenberg and colleagues10 recently emphasized
he importance of site of administration in selecting
he dose of local anaesthetic for a peripheral nerve
lock. In particular, the continuous paravertebral
dministration of bupivacaine appears to result in
apid peaks of plasma concentrations after bolus
nd progressive accumulation after continuous in-
usions11,12 leading to potentially unsafe plasma
oncentrations. Our pharmacokinetic study con-
rms that there is rapid absorption of levobupiva-
aine from the paravertebral space, with peak
lasma concentrations at only 15 minutes. How-
ver, because the dose of local anesthetic was small
i.e., a 19-mL bolus of levobupivacaine 0.25% [47.5
g]), low nontoxic plasma concentrations were

chieved in each group (Table 1), with maximum

aximum Plasma Concentrations of Levobupivacaine,
lonidine

tCpmax After
Bolus (min) Cpmax After Infusion

tCpmax After
Infusion (h)

15 [15-60] 0.47 (0.41) [0.17-1.84] 24 [2-24]
15 [15-30] 0.72 (0.59)† [0.21-1.84] 24 [2-24]
15 [15-60] 0.31 (0.11) [0.17-0.48] 24 [2-24]
15 [15-30] 0.34 (0.16) [0.17-0.65] 4 [2-24]
15 [15-60] 0.72 (0.33) [0.20-1.26] 24 [2-24]

22.5 [15-60] 1.74 (0.70) [0.96-3.12] 24 [4-24]

vacaine and ng/mL for fentanyl and clonidine.
as mean (SD) [range]; tCpmax, time to maximum plasma

e, Fentanyl, and Clonidine at Different Time Intervals

60 min 2 h 4 h 24 h

0.22 (0.07) 0.27 (0.10) 0.29 (0.12) 0.68 (0.62)
0.24 (0.11) 0.23 (0.13) 0.25 (0.14) 0.25 (0.13)
0.41 (0.20) 0.32 (0.17) 0.30 (0.15) 0.27 (0.14)
0.38 (0.17) 0.43 (0.37) 0.38 (0.22) 0.61 (0.28)
to M
and C

]
]
]
]

]
]

vobupi
ressed
vacain

in

.11)

.10)

.22)

.19)

0.63 (0.16) 0.72 (0.16) 0.90 (0.20) 1.70 (0.73)
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lasma concentration after bolus levobupivacaine
n any patient below 1 �g/mL (Figs 2-4). No patient
n either group experienced any signs or symptoms
f central nervous and cardiovascular toxicity. The
ntraoperative paravertebral analgesia was effective
s a similar small number of patients in each group
2/1/2 in groups L/LF/LC, respectively) received
ntraoperative supplemental boluses of IV mor-
hine for incomplete analgesia.
Although it did not reach a statistically significant

ifference, it is interesting to comment on the trend
o higher Cpmax levobupivacaine after bolus in LC
atients, a pattern that is further confirmed analyz-
ng the levobupivacaine concentration-time plots in
C patients (Fig 4) and the mean plasma concen-
rations at the studied time intervals (Table 2). Fur-
hermore, after continuous paravertebral infusion
f levobupivacaine with clonidine in LC patients,
he Cpmax levobupivacaine was achieved at a
horter median tCpmax of only 4 hours. It has been
hown previously that levobupivacaine in concen-
ration of 0.125% to 0.75% produces vasodilatation
f blood vessels at the site of administration.13

lonidine in high concentration also produces va-
odilatation through sustained stimulation of alpha
-receptors on endothelial cells.14 Fentanyl has sim-
lar vasodilator effects on the vascular smooth

uscle,15 but probably of a smaller extent as the
pmax levobupivacaine after paravertebral bolus

n LC patients was significantly higher than LF
atients (P � .02). Therefore, although no toxic

evels were achieved at the low doses we used in
his study, we have to be aware of the combined
asodilator effect when clonidine is added to clin-
cal concentrations of levobupivacaine in para-
ertebral block.
We have previously shown that fentanyl and

lonidine are highly effective when added to
evobupivacaine in continuous postoperative para-
ertebral analgesia as shown by a statistically sig-
ificant decrease in postoperative supplemental
orphine requirements.2 Because the concentra-

ion of levobupivacaine that we used in combina-
ion with fentanyl (i.e., 0.05%) is the lowest ever
eported for use in paravertebral blockade, the an-
lgesic effect is attributed to fentanyl and clonidine
hat act through a local peripheral mechanism or
ystemic absorption. There is evidence from animal
tudies that peripheral opioid16 and alpha 2-recep-
ors17 exist in peripheral sensory nerves. A local
nesthetic-like action has been also advocated for
oth fentanyl18 and clonidine.19 Some clinical stud-
es also suggest a peripheral mechanism at the site
f injection. For example, when combined with
idocaine in axillary brachial plexus block, fentanyl

ncreased the success rate and prolonged the dura- i
ion of the sensory blockade, an effect that was not
hown when fentanyl was given intravenously or
lacebo was added to local anesthetic.20 Similarly,
lonidine added to local anesthetic in peripheral
dministration, notably brachial plexus4 and inter-
ostal nerve block,21 prolong the duration and qual-
ty of anesthesia and analgesia. These effects were
ot noticed when clonidine was given systemically
i.e., subcutaneously and intramuscularly) rather
han in a mixture with local anesthetic and there-
ore appears to be attributable to a local inhibitory
ffect on the neuronal transmission.4,21 Finally, the
pparent analgesic effects of fentanyl and clonidine
hen administered peripherally may be the result of

ystemic absorption and action at several central ner-
ous nuclei involved in analgesia.3,22 The alpha-me-
iated vasomotor effects of clonidine14,23 may influ-
nce the degree of this systemic absorption.
Bimston and colleagues3 using a paravertebral

olus of fentanyl 100 �g followed by continuous
nfusion of bupivacaine 0.1% and fentanyl 10
g/mL showed progressive accumulation of fenta-
yl in plasma that reached a maximum of 1.7
g/mL after 72 hours of continuous paravertebral

nfusion. In the previously mentioned study, the
lasma concentration of fentanyl at any measured
ime interval after surgery was greater than the
inimum effective concentration of fentanyl of ap-

roximately 0.63 ng/mL, which was shown to pro-
uce analgesia in postoperative patients (i.e., the
lood concentration at or below which patients will
equest additional patient-controlled analgesia in
he postoperative period24). This suggests a systemic
ffect of fentanyl, secondary to absorption into the
lood stream, rather than a local effect on the sen-
ory nerves in the paravertebral space.

In the present study, continuous paravertebral
nfusion of fentanyl 4 �g/mL for 24 hours resulted
n a mean Cpmax of 0.72 ng/mL (SD 0.33; range,
.20-1.26 ng/mL) in median tCpmax of 24 hours,
uggesting progressive accumulation. This value
losely resembles the minimum effective concen-
ration of IV fentanyl for postoperative pain relief of
.63 ng/ml (SD 0.25) ng/ml demonstrated by Gour-
ey and colleagues after abdominal surgery.24 How-
ver, mean plasma concentrations of fentanyl at
arlier sampled time intervals (Table 2) were below
he systemic-effective level, suggesting that fenta-
yl works through a peripheral effect, in the early
ours of a continuous paravertebral infusion.
No previous study has investigated the pharma-

okinetics of clonidine after peripheral nerve
locks; therefore, comparisons are difficult to make.
ernard and colleagues25 described the require-
ents and corresponding plasma concentration of
ntravenous clonidine to ensure adequate analgesia
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n patients undergoing scoliosis correction surgery.
n this study, patients received opioid-free general
nesthesia and postoperative clonidine patient-con-
rolled analgesia.

The estimated analgesic plasma concentration of
lonidine, accompanied by excellent postoperative
AS pain scores (�25 mm) was 2.5 (0.6) ng/mL. In
ur study, the mean plasma concentrations of
lonidine at any time interval (Table 2) were lower
han the effective plasma concentration for postoper-
tive analgesia. We, therefore, suggest that plasma
oncentrations achieved in our study were insuffi-
ient to provide analgesia through a systemic mech-
nism alone. Because our LC patients experienced
xcellent pain control with less postoperative res-
ue morphine use than the plain local anesthetic
atients (group L),2 our study provides indirect ev-
dence for a clonidine peripherally mediated effect.

In conclusion, after paravertebral bolus and infu-
ion administration, Cpmax levobupivacaine was
ithin the accepted safe range for levobupivacaine.
entanyl and clonidine in paravertebral block re-
ults in Cpmax concentrations less than the effec-
ive levels for these drugs when systemically ad-
inistered, suggesting their mechanism of action is

t least partly attributable to a local effect.
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