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Bupivacaine in Children: Pharmacokinetics Following Caudal Anesthesia

CLAUDE ECOFFEY, M.D.,* JOELLE DESPARMET, M.D.,{ MARTINE MAURY, PHARM.,} ALAIN BERDEAUX, M.D.,{
JEAN-FRANGOIS GIUDICELLI, M.D.,§ CLAUDE SAINT-MAURICE, M.D.Y

Bupivacaine is used for caudal anesthesia in children."?

No study has been devoted to the pharmacokinetic analysis
of bupivacaine administered by this route. Only mean
plasma concentrations following the caudal injection of
bupivacaine are available.® Thus, the aim of our study
was to evaluate the time course of the plasma concentra-
tions and the pharmacokinetic parameters of bupivacaine
following caudal anesthesia in healthy children.

PATIENTS AND METHODS

Six children, ages 7.25 % 0.75 years, weighing 23.3
+ 2.3 kg (mean + SEM), were studied. They were free
of cardiac, renal, or hepatic disease and were to undergo
orchidopexy surgery. This study was approved by the
Human Investigation Committee, and parental consent
was obtained. All patients had fasted 6 h before anesthesia
and received no premedication, Heart rate was recorded
continuously from the electrocardiogram, and arterial
blood pressure was measured by standard sphygmoma-
nometry every 5 min throughout the study. Anesthesia
was induced by inhalation of nitrous oxide 70%, oxygen
30%, and halothane 1.0% in a partial rebreathing system
while patients were in the lateral position. Once the lid
reflex had disappeared, a 22-gauge needle was inserted
in the caudal epidural space, and halothane administration
terminated. A dose of 2.5 mg/kg of bupivacaine HCl in
a 0.25% solution (58.3 £ 5.7 mg) was injected at a rate
of about 1 ml/s. Blood venous samples of 1 ml were drawn
from a catheter inserted in the antebrachial vein. Samples
were collected at 1, 3, 5, 10, 15, 20, 25, 30, 35, 40, 45,
50, 55, 60, 90, 120, 240, 350, 600, and 840 min after
the end of bupivacaine injection. Plasma was separated
by centrifugation at 40° C, stored at —20° C, and assayed
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in duplicate by high-pressure liquid chromatography.*
This method measured bupivacaine between 0.05 and 10
ug/ml with a coefficient of variation of less than 10%.
The best fit of the bupivacaine plasma concentration from
each child was obtained by nonlinear regression least-
squares analysis of the data according to a two-compart-
ment equation model; this model describes the time course
in plasma of bupivacaine following caudal injection assim-
ilate to an extravascular administration model with a first-
order administration model and described by the sum of
at least two exponential terms. The nonlinear least-squares
analysis was done with an iterative GRAPHAKIN pro-
gram and run on Tektronix® 4052 computer. The various
pharmacokinetic parameters, which include maximum
concentration (Cpmax), time to CPmax (tmax), vascular ab-
sorption (t;/sabs) and terminal half-lives (t, /26), steady-
state volume of distribution (Vd,,), and total body clear-
ance (Clt) were computed from the equations describing
the data with the use of standard procedures.” The area
under the plasma concentration time curve (AUC 0 — 0)
was calculated by the trapezoidal rule and the unknown
area to infinity calculated from the slope and the last mea-
sured plasma bupivacaine concentration. All values are
expressed as mean + SEM.

RESULTS

Neither heart rate nor blood pressure was modified
during the caudal anesthesia procedure. Table 1 sum-
marizes the data. Figure 1 shows the mean time course
of the plasma bupivacaine level following caudal anes-
thesia. The maximum concentration of drug in the plasma
was achieved between 19.7 and 388.4 min (tp.x = 29.1
+ 3.1 min), and the level ranged from 0.95 to 1.64 g/
ml (Cpmax = 1.25 £ 0.09 ug/ml). Ty 9abs was 9.1 £ 0.6
min (t; s9abs) (kabs = 4.7 £ 0.4) and t; 26 was 277 + 34
min. The Clt was 10.0 = 0.7 ml- min~' - kg™". There was
no correlation between Clt with weight (r = 0.52, NS) or
surface area (r = 0.45, NS) of the children. Vd,, was
9.7 + 0.2 1/kg. The AUC (0 — o) was 260 * 18
pg+min~' - mi~,

DISCUSSION

Our results show that bupivacaine, like lidocaine,®? is
absorbed rapidly by the caudal route. According to Eyres
et al.,® the short initial half-life of bupivacaine confirms
that it is absorbed rapidly through the caudal epidural
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TABLE 1. Pharmacokinetic Parameters of Each Child and Mean + SEM for the Group
Age CPrasx [ - ty/2 abs [Y: AUC (0 — ) Vda Clt

Weight (kg) (yr) (ug/m)) (min) (min) Kue (min) (ug - min~' e mi™") (1/kg) (ml-min~'-kg™")

1 23 5.5 1.64 21.3 9.6 4.4 175 294 1.6 8.3

2 19 6 1.26 29.5 9.6 4.3 377 270 3.3 10

3 20 6 0.96 29.5 6.6 6.3 240 222 2.7 11.7

4 20 7 1.22 19.7 7.2 5.9 256 252 2.9 10

5 24 9 1.10 38.4 10.8 3.8 238 104 2.7 11.7

6 34 10 1.82 36.6 10.8 3.8 376 318 3.2 8.3
93+93 [ 795 +0.75 | 1.25 +£0.09 | 29.1 £3.1 [ 91206 | 4.7+ 0.4 277 + 34 206 + 18 2.7+ 0.2 10 £ 0.7

space. The maximum bupivacaine concentration is almost
similar to that previously reported by Eyres et al.® in chil-
dren following caudal injection of 3 mg/kg of bupivacaine
0.25% and that reported in adults by Wilkinson and
Lund,” following epidural injection of 2 mg/kg bupiva-
caine 0.5%. However, the maximum bupivacaine concen-
tration is slightly higher than the value reported in adults
following caudal administration of 2.2 mg/kg of bupi-
vacaine 0.75 with epinephrine.® In adults, plasma bupi-
vacaine concentrations greater than 4 ug/ml may cause
convulsions.® In six children, the Cpyax value was far below
this value, and no adverse cardiovascular or central ner-
vous system side effects were observed.

Assuming an epidural bioavailability of 100%, we can
calculate plasma values of total body clearance and volume
of distribution from this study. Total body clearance of
bupivacaine in the present study is of the same magnitude
as previous values reported in adults,'® although these
control values for Clt in adults were obtained with dif-
ferent techniques. The lack of correlation of Clt with
weight or surface area is probably due to individual vari-
ations in metabolism and excretion of bupivacaine, and
since these children are representative of a relatively ho-
mogenous group (7.25 + 0.75 years) and that it is well
known that most maturational changes occur with the
first year of life and then again at puberty. The steady
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FIG. 1. Mean values for plasma bupivacaine following administration
of 2.5 mg/kg into the caudal canal. The line represents the best fit as
determined by nonlinear regression.

state volume of distribution of bupivacaine in children is
as much as three times larger than in adults.'® The ter-
minal half-life of bupivacaine after caudal administration
is longer than the values reported in adults following iv!?
and epidural’ bupivacaine injections. Terminal half-life
is linked closely to volume of distribution (Vd) by the
formula t,» = 0.693 X Vd/Clt.!! Therefore, the com-
bination of similar Clt and a larger Vd,, can explain the
longer terminal half-life, as it has also been reported with
lidocaine in children.®

In summary, we found that our data show that phar-
macokinetic parameters of bupivacaine after caudal anes-
thesia in children are similar to those reported after bu-
pivacaine injection in adults, except for the larger volume
of distribution and the slightly longer terminal half-life.

The authors thank Guylaine Rosine for secretarial assistance.
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