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toxicity is 2–3 µg/ml of total (protein bound and unbound) 
and 0.1–0.2  µg/ml of unbound bupivacaine, levobupiv-
acaine and ropivacaine [1, 2]. Notably, the intra-arterial 
concentration of unbound bupivacaine for inducing CNS 
toxicity is approximately 50  % of unbound ropivacaine, 
both of which are three- and four-fold higher, respectively, 
than the intravenous concentration [1]. Cumulative case 
reports and animal experiments have also shown that the 
systemic toxicity of levobupivacaine and ropivacaine is less 
than bupivacaine [3, 4]. Infants are prone to develop CNS 
toxicity by bupivacaine at total and unbound concentrations 
lower than these values [5]. Although the threshold plasma 
concentration for cardiac toxicity is higher than for CNS, 
symptoms such as dysrhythmia and QRS widening due to 
decreased intraventricular conduction by long-acting local 
anesthetics may appear prior to any neurological manifesta-
tions in infants [6]. As neonates and infants have a higher 
heart rate than adults, the intensity of the block is also 
higher (use-dependent block) and they are more prone to 
the toxic effects of bupivacaine, levobupivacaine and ropi-
vacaine than adults. Hypoxia, acidosis, hypothermia and 
electrolyte disorders increase cardiac toxicity [3].

Protein binding and disposition

Amide local anesthetics are predominantly bound to plasma 
alpha1-acid glycoprotein (AAG), and to a minor extent 
to albumin. The plasma concentration of AAG at birth is 
approximately 20–50  % of that in adults. During the first 
6–9 months of life, it progressively increases to reach adult 
levels by the end of the first year [7] (Fig. 1a). Although the 
levels of albumin in neonates are also lower than in adults, 
its affinity to local anesthetics is approximately 5,000–
10,000 times lower than AAG, suggesting that albumin 
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Introduction

With the development of ultrasound-guided regional anes-
thetic techniques, peripheral nerve block has become popu-
lar and is being performed safely in an increased number of 
children. From the point of neuronal toxicity and duration 
of action, long-acting local anesthetics such as bupivacaine, 
levobupivacaine and ropivacaine are more frequently used 
than lidocaine for both neuraxial and peripheral nerve 
block in children. As these anesthetics have higher toxic 
potency than lidocaine, extensive knowledge of their tox-
icity and pharmacokinetics in children would contribute to 
avoiding adverse effects and improving the quality of anes-
thesia practice.

Systemic toxicity

Local anesthetics exert central nervous system (CNS) 
and cardiac toxicity by increasing plasma concentrations, 
with protein unbound fraction playing an important role. 
Although large inter-individual differences exist in plasma 
concentrations for inducing systemic toxicity, studies with 
adult human volunteers revealed that the threshold for CNS 
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plays a minor role in protein binding. Because of low AAG 
levels at birth, the concentration of unbound local anesthet-
ics is higher than in adults and older children. The unbound 
fraction of lidocaine, bupivacaine and ropivacaine in neo-
nates is approximately 60, 20 and 20 %, respectively [7, 8], 
and gradually decreases during the first year of life (Fig. 1a). 
The unbound fraction in children aged >1 year is similar to 
that in adults, approximately 35 % for lidocaine and 5 % for 
bupivacaine, levobupivacaine and ropivacaine.

Because AAG is a stress protein, its concentration 
increases after surgery, resulting in a rapid decrease in the 
unbound fraction. This is of importance for long-acting 
local anesthetics including bupivacaine, levobupivacaine 
and ropivacaine because only the unbound fraction under-
goes metabolism and their hepatic extraction ratio (first-
pass effect) is relatively low, suggesting that an increase in 
AAG concentration decreases the clearance of these anes-
thetics, resulting in an increase in plasma concentration 
over >24 h.

The total amount of local anesthetics administered 
for epidural or peripheral nerve block is considered to be 

absorbed into the systemic circulation [9]. Since they are 
all lipid-soluble and bind to the tissue into which they are 
injected, they undergo a delayed absorption process. Bupi-
vacaine and ropivacaine are more strongly bound to the 
tissue at the injection site and more slowly absorbed into 
the blood vessels than lidocaine [10], suggesting that their 
blood concentration increases slowly and their peak plasma 
concentrations tend to be low. On this basis, repeated epi-
dural administration of lidocaine would result in a rapid 
increase of plasma concentration, leading to systemic 
toxicity.

Metabolism and elimination

Bupivacaine is predominantly metabolized to an active 
metabolite, 2′,6′-pipecoloxylidide by cytochrome P450 
(CYP) 3A4 [11]. Ropivacaine is mainly metabolized to 
hydroxy ropivacaine by CYP1A2 and to a minor extent to 
2′,6′-pipecoloxylidide by CYP3A4 [12, 13]. Unlike lido-
caine, the hepatic extraction ratio of bupivacaine, levobupi-
vacaine and ropivacaine is relatively low (0.30–0.35) and 
their elimination is predominantly dependent on hepatic 
metabolic activity and protein-binding. The content of both 
CYP 1A2 and 3A4 is low in infants. Although CYP 3A7 
is a major isozyme in the fetus that contributes to the bio-
transformation of bupivacaine, the clearance of both bupi-
vacaine and ropivacaine is lower in younger children com-
pared with elderly children and adults.

Pharmacokinetics of bupivacaine, levobupivacaine 
and ropivacaine after epidural administration

Caudal block with local anesthetics has been extensively 
used for laparoscopic minor procedures such as inguinal 
hernia repair. Kundu et al. [14] recently reported the effec-
tiveness of caudal block using bupivacaine combined with 
morphine for analgesia after laparoscopic major abdominal 
surgery in children, suggesting that this technique could be 
more widely applied. However, avoiding accidental dural 
puncture and intrathecal injections by proper placement 
of the needle as well as knowledge of the anatomy of the 
sacral canal, is required to perform this technique safely 
[15]. An understanding of the pharmacokinetics of local 
anesthetics would also be helpful to prevent these adverse 
effects.

After an epidural injection, the time to peak concentra-
tion (tmax) of bupivacaine and levobupivacaine is similar 
among infants, children and adults, i.e., approximately 
30  min after injection, although the clearance is lower in 
infants and young children than in adults. The plasma 
concentration of bupivacaine is higher in children aged 

Fig. 1   a Plasma concentration of alpha1-acid glycoprotein (AAG, 
circle and solid line) and unbound fraction of bupivacaine (trian-
gle and dashed line) [7]. Plasma concentration of AAG progres-
sively increases and the fraction of unbound bupivacaine gradually 
decreases during the first year of life. b Plasma concentration of total 
ropivacaine in children aged 1–2  years (solid line) and 5–8  years 
(dashed line) following caudal block with 2 mg/kg ropivacaine [18]. 
Time to maximum concentration is 115 and 30 min; maximum con-
centration of total ropivacaine is 0.52 and 0.42 µg/ml in children aged 
1–2 and 5−8 years, respectively
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<4 months than older ones after an epidural bolus 0.5 ml/
kg followed by continuous infusion at 0.25  ml/kg/h of 
0.25  % bupivacaine, starting 60  min after the bolus, for 
3 h and longer (0.67 ± 0.24 vs 0.27 ± 0.11 µg/ml at 3 h 
and 0.86 ±  0.36 vs 0.34 ±  0.12  µg/ml at 5  h) [16]. The 
pharmacokinetics of ropivacaine after an epidural injec-
tion (3 mg/kg) in children aged between 4 and 12 years is 
similar to adults, and the maximum concentration (Cmax) of 
total ropivacaine is <2 µg/ml, with no adverse effects [17]. 
On the other hand, the tmax of ropivacaine is profoundly 
longer in younger children than in adults [18]. After an epi-
dural injection of ropivacaine at 2  mg/kg, the tmax is 115 
and 30  min in children aged 1–2 and 5–8  years, respec-
tively (Fig.  1b) [18]; this would probably result from the 
vasoconstrictive effect of ropivacaine in the epidural space 
[19]. Despite this prolonged tmax, the Cmax of ropivacaine in 
children aged 1–2 years tends to be higher than those aged 
5–8  years (0.52 vs 0.42  µg/ml), resulting from low clear-
ance during the first 1–3 years of life.

Pharmacokinetics after other routes 
of administration

The Cmax after bilateral rectal sheath block with a total of 
1.0  mg/kg 0.25  % bupivacaine is approximately 0.6  µg/
ml and the tmax is 45 min in children aged between 2 and 
16 years [20], similar to those reported in adults [21].

There have been few studies elucidating the pharma-
cokinetics of local anesthetics after intrathecal injections. 
Because of the decreased density of vascularities of the pia 
mater and the spinal cord, the rate of absorption of anes-
thetics from the subarachnoid space is much slower than 
after epidural administration [10]. Recently the safety and 
effectiveness of awake spinal anesthesia in neonates at risk 
of postoperative apnea has promoted the use of combined 
spinal and caudal epidural anesthesia for lower abdomi-
nal surgery. It should be noted that neonates are at an 
increased risk of systemic toxicity from long-acting local 
anesthetics.

According to studies describing the pharmacokinetics of 
bupivacaine and levobupivacaine in infants aged <55 weeks 
postconceptual age, the total and unbound concentration 
was 0.3–0.8 µg/ml and 20–70 ng/ml, respectively, and the 
tmax was 30  min, after an intrathecal injection of 0.2  ml/
kg (1 mg/kg) of 0.5 % solution [22, 23]. These results sug-
gest that the plasma concentrations of both bupivacaine and 
levobupivacaine after spinal anesthesia are below the toxic 
level. However, the total plasma concentration of bupiv-
acaine exceeded 2.5 µg/ml with unbound fraction >0.25 µg/
ml in neonates after a supplemental epidural dose of 
1.25 mg/kg of 0.25 % bupivacaine following spinal anes-
thesia with 1 mg/kg of 0.5 % bupivacaine [24], suggesting 

the possibility of inducing systemic toxicity after spinal 
epidural anesthesia.
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