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Pharmacokinetics of 
lidocaine in children 
with congenital heart 
disease 

Frederick A. Burrows MD FRCPC, 
Jerrold Lerman MD FRCPC, 
Kenneth M. LeDez MD, H. Andrew Strong PhD 

The purpose of tt,is study was to determine the pharmacokinetics 

of lidocaine in children with cot,genital heart disease (CHD). 

Fifteen children with left to right intracardiac shunting of blood 

(acyanotic group) and 15 children with right to left intracardiac 

shunting of blood (cyanotic group) were studied and compared 

with 15 children without CHD (control group). Lidocaine (I .5 

rag. kg -I ) was injected into a peripheral vein over 30 sec and 

serial samples of arterial blood were obtained up to 120 rain 

after completion of the it~sion. Total and free lidocaine were 
analyzed by enzyme immunoassy. The serum concentration of 

alpha i'acid glycoprotein (at-A GP) at indaction of anaesthesia 

was measured in the three groups by radial immunodiffusion. 

The percent free lidocaine (100 x ffree lidocaine] / [total 

lidocaine]) was greater at 30 sec post-it(usion in all three 

groups (35-37%) than it was at any other time but was uot 

significantly different among tire three groups (P < 0.05). There 

was no significant difference in either the percent free or the 

total lidocaine concentration at any sample time or in any of the 
pharmacokinetic variables among the three groups. The serum 

concentration of otFAGP did not differ significantly among tire 

tt, ree groups of patients. We conclude that the presence of 

intracardiac shunts does not alter the pharmaeokinetic be- 
haviour of intravenous lidocaine (I .5 rag. kg- i ) in children. The 
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percent free lidocaine is greatest immediately post-injection and 

this may mitigate against rapid bolus administration of intra- 

venous lidocaine in children. 

Le but de I' Etude Eta# de determiner la pharmacocinEtique de la 

lidocai'ne chez les enfants atteints de maladie cardiaque congd- 

nitale (CHD). Quinze eafants ayant un shunt intracardiaque 

gauche-droit (groupe acyanotique) et quinze enfants avec un 
shunt intracardiaque droit-gauche (groupe cyanotique) ont Etd 

EtudiEs et compares avec 15 enfants sans CHD (groupe 

contrrle). La lidocai'ne (I,5 rag. kg -I ) a EtE irrjectEe dans une 

veine p~riphdrique en 30 sec. et des ~chantillons sEri~s de sang 

artEriel furant obtenus jusqu'd 120 rain. apr~s la ritz de la 

perfusion. La lidocai'ne totale et libre fitrent analysEes par 

immunoessai. La concentration sdrique de I'acide alphat 

glycoprotdine (at-AGP) a l'induction de I'anesthEsie fia mesu- 

r~e clans les trois groupes par immunodiffusion. Le pourcentage 

de lidocaine fibre (100 • [lidocai'ne] / [lidocah~e totale]) fia phts 
grand ~ 30 sec aprEs la perfusion dans les trois groupes (35- 

37%) qu'il n'Etait dans un attcun autre tetnps mais n'Etait pas 

significativement different parmi les trois groupes (P < 0,05). 

II n'y avait aucune difference significative dans soit le pour- 
centage de lidocai'ne libre ou totale dans aucun des ~chantillons 

ni dans aucune des variables pharmacocinEtiques parmi les 

trois groupes. Les concentrations sEriques de at-AGP ne 

diffEraient pas sign~cativement parmi les trois groupes de 
patients. On conclut que la presence de shunt intracardiaque 
n'altOre pas le comportement pharmacocin~tique de la lidocai>le 
intraveineuse (I,5 mg . kg -t ) ch~z les enfants. Le pourcentage 

de lidocaine libre Eta# plus grand immddiatement aprEs 

r injection et ceci nous incite ~ ne pas admiaistrer la lidocaihe 

par un bolus rapide par voie intraveineuse chez les enfants. 

In patients without congenital heart disease (CHD) 6 0 -  
80% of an iv lidocaine bolus is absorbed by the lung on 
a first pass basis and is subsequently released with 
time.~-5 Patients with acyanotic CHD and left to fight 
(L ---} R) intracardiac shunting of blood with increased 
pulmonary blood flow demonstrate an abnormal circula- 
tion in that a proportion of the pulmonary venous blood 
returning to the heart does not pass directly to the systemic 
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circulation but re-enters the pulmonary circulation allow- 
ing for further sequestration of lidocaine in the lung. In 
contrast, patients with cyanotic CHD due to right to left 
(R ~ L) intracardiac shunting of blood demonstrate 
abnormal circulation in that systemic venous blood 
returning to the heart does not pass directly to the lungs 
but enters more directly into the systemic arterial circula- 
tion potentially allowing a higher arterial lidocaine 
concentration. 6 These differences might be expected to 
delay the increase in arterial serum concentration of 
lidocaine in patients with acyanotic CHD and result in a 
more rapid onset and higher peak concentration of 
lidocaine in the patients with cyanotic CHD compared 
with those without CHD. 

To investigate this hypothesis we studied the pharma- 
cokinetics of total and free lidocaine in children with 
acyanotic and cyanotic CHD scheduled for elective 
cardiac surgery and compared the results with those from 
children without CHD, scheduled for elective surgery. 

M e t h o d s  

After approval by the Human Review Committee of The 
Hospital for Sick Children and written informed parental 
consent, 45 unpremedicated children (1-5 yr) ASA 
physical status 1-111 admitted for elective surgery were 
studied. Exclusion criteria included the concurrent treat- 
ment with cardiac medications and the presence of any of 
the factors known to affect the serum concentration of the 
lidocaine binding protein alpha,-acid glycoprotein (ctl- 
AGP) i.e., recent medications, surgery, infectious or 
inflammatory processes, neoplasm, organ dysfunction 
(e.g., renal), metabolic or endocrine disorders. Patients 
were divided into three groups according to cardiological 
diagnosis: (I)  a control group with normal cardiac 
anatomy (n = 15), (2) an acyanotic group with increased 
pulmonary blood flow and L---> R intracardiac shunting of 
blood (n = 15), and (3) a cyanotic group with decreased 
pulmonary blood flow and R---> L intracardiac shunting of 
blood (n = 15). 

The anaesthetic technique was standardized to control 
for anaesthetic effects on drug distribution. 7 Anaesthesia 
was induced with thiopentone 5 mg.kg  -I,  atropine 0.02 
mg. kg- i and pancuronium 0.15 mg. kg- i. The tracheas 
were intubated and the lungs were mechanically venti- 
lated to normocarbia (PaCO2 = 32-38 mmHg). Anaes- 
thesia was maintained with a mixture of nitrous oxide and 
halothane in oxygen. 

To determine the serum concentrations of oq-AGP, 
arterial blood (I ml) was obtained after induction of 
anaesthesia. The blood was stored in glass test tubes that 
were sealed with plastic film. The clotted blood samples 
were centrifuged within one hour of collection. The serum 
was pipetted into a second glass tube and this was sealed 

with plastic film and refrigerated at - 2 0 ~  until analysis. 
The serum concentrations of o~,-AGP were.measured 

by radial immunodiffusion. 8 Five ~1 aliquots of serum 
were incubated for 72 hr commercially prepared plates 
(Behring Inc.) containing rabbit antibodies to human 
etI-AGP. The diameter of the resultant precipitate was 
measured using an optical micrometer supplied by the 
assay manufacturer (Behring Inc.), and the serum concen- 
tration of ot ,-AGP was determined from standard tables. 
Each plate contained 12 wells: one or two wells were used 
to incubate the protein standard solutions, and the 
remainder for patient serum. All of the plates were 
manufactured from the same batch of antibodies. Protein 
standard solutions were used both as standards and to 
confirm the accuracy of the standard tables. The standards 
(90 rag. dl-i) were consistent throughout the study with a 
coefficient of variation --<2%. All assays were performed 
in duplicate and the mean values are reported. Because of 
the range of the serum concentrations of aI-AGP the 
relationship between the serum concentration of etI-AGP 
and the diameter of the precipitate was determined with 
the use of standard solutions between 4 and 90 mg. dl- i 
aI-AGP. The standard solutions were prepared by dilu- 
tion of the standard supplied by Behring Inc. with bovine 
serum albumin (5% wt/vol). Each diluted standard was 
assayed in triplicate. The relationship between the con- 
centration of ~ ,-AGP and the diameter of the precipitate 
was linear (r 2 = 0.98). 

Lidocaine (1.5 mg. kg -I)  iv was administered to each 
patient over a 30-sec interval. Arterial blood samples 
(2 ml) were obtained before and at 0.5, I, 3, 5, 7, 10, 20, 
30, 60 and 120 min after administration of lidocaine. To 
determine free and total lidocaine concentration the blood 
samples were allowed to clot in a sealed glass tube and 
were then centrifuged within 30 min. A protein-free (or 
free) fraction of each sample was obtained by centrifuging 
a portion of the serum for 20 min at a centrifugal force 
of 1800 G in an ultracentrifugation device (Centrifree ~ ,  
Amicon Corporation, Danvers, Massachusetts). Previous 
studies documented the absence of cq-AGP binding to the 
device. The total serum and protein-free fractions were 
stored in sealed glass test tubes at - 2 0 ~  until analysis. 

Total and free lidocaine concentrations were deter- 
mined using EMIq x~ homogeneous enzyme immunoas- 
say (Syva Corporation, Palo Alto, California). 9 This 
equipment included a Stasar 111 spectrophotometer (Gil- 
ford Instruments), an EMIT clinical Processor CP 5000 
(Syva Corporation), and an EMIT Autocarousel (Syva 
Corporation). A minor modification of the EMIT tech- 
nique was used to measure all concentrations less than 1.5 
~g. ml- '.1~ The reliable limit of detection (three times 
background) was 0. I p.g. ml -I .  The intra-assay coeffi- 
cients of variation of a 1.0 ~g.  ml- '  standard measured 
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using the modified assay was <5% (n = 6) whereas the 
intra-assay variation was 7.7% (n = 16). 

All assays were performed in duplicate and the mean 
values are reported. 

Data analysis 
Statistical significance was determined using one-way 
analysis of variance and the Tukey test for multiple 
pairwise comparisons, tu't2 Statistical significance was 
accepted as P < 0.05. 

Plasma concentrations of lidocaine were analyzed 
using both model-dependent and independent methods 
according to the equation: 

Ct = Ae -~'1 + Be -13I 

where Gt is the concentration any any time t, A and B are 
the intercept values for the fast and slow components of 
the concentration-time curve and ct and 13 are the fast and 
slow rate constants, respectively. A two-compartment 
open model with elimination from the central compart- 
ment fit the data best using a weighted (I �9 y-2) non-linear 
least squares regression program, ADAPT. 13 The appar- 
ent volume of the central compartment (Vc), the volume 
of distribution at steady state (Vss) and the initial 
distribution and elimination half-lives (qc~ and t,tt 3 respec- 
tively) were derived according to standard equations.~4 
The area under the blood concentration x time curve 
(AUC) was calculated by the trapezoidal method from 
time 0 to the last blood sample (Cx). The A U C t _ ~  w a s  

calculated using Cx'13-~. The total plasma systemic 
clearance (CI) of lidocaine was calculated using the 
equation: 

CI = Dose �9 AUC0_| -1 

Results 
The demographic and ta ~-AGP data are presented in Table 
1. There was no significant difference in age, weight, or 
cq-AGP concentration among the three groups. The mean 
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FIGURE Total and free lidocaine decay curves for the control, 
acyanotic and cyanotic groups of patients (mean +SD at each lime 
point). The total lidocaine decay curves for the three groups are 
superimposed on the fourth decay plot. All patients received an iv 
infusion of lidocaine, 1.5 mg '  kg- ' ,  over 30 sec. 

haematocrit of the cyanotic group was significantly 
greater than the control and acyanotic groups. The 
pulmonary to systemic flow ratio was significantly greater 
in the acyan0tic patients and significantly less in the 
cyanotic patients compared with the control patients. 

Pharmacokinetic data calculated from the total serum 
lidocaine concentrations for the three groups are shown in 
Table I1. The serum concentrations of lidocaine declined 
rapidly immediately after the 30 sec infusion with an 
average 4et of two to four minutes in all three groups. 
Within 10-20 rain the serum concentrations of lidocaine 
declined more slowly in both groups (Figure). The mean 
ttJ3 and the Vc did not differ significantly among the 
three treatment groups. The percent free lidocaine at 0.5 
min was significantly greater than that at five min 
post-infusion and at all subsequent times but was not 
significantly different among the three groups. There 

TABLE I Demographic and cq-acid glycoprotein data 

Age Weight Haematocrit a t .AGP Qp :Q. s 
( mth ) ( kg) (%) ( mg . d/- t) (ratio) 

Control 39.5 15.9 37.1 53.3 I:11 
(n = 15) -+10.7 +_2,4 +-3.4 -- 13.6 -+0.0 
Acyanotic 42.3 15.5 37.0 57.8 1.78:1 t 
(n = 15) -+-22.6 +-5.8 +-2.1 +-20.1 +-0.62 
Cyanotic 37,3 13.7 47.2* 62.9 0,61:It  
(n = 15) -.+ 19.5 -+-4.6 --.4.0 +_ 13.7 -+0.24 

Data are means _+ SD. 
*P < 0.05 compared with control and acyanotic patients. 
t P  < 0.05. 
Qp:Qs (ratio) = pulmonary to systemic flow ratio (control ratio was not measured but assumed to be I:l ). 
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TABLE II Pharmacokinetic data 

A UCo_,,~ CI Total 
tta t ~  k,,_l (~g' ml-I . (ml.min- j. Lidocainet" 
(rain) (rain) (rain- t) rain- i) kg-~ ) (t, tg. ml-I ) 

Total 
% Free Lidocaine~ % Free Vc Vss 
Lidocainei" (p,g.ml -t) Lidocaine~: (L.kg -I) (L.kg "t) 

Control 2.4 62.2 0.08 120 II .9 
(n = 15) -+0.8 --.15.3 -+0.03 • •  

Acyanotic 2. I 59.7 0.07 105 15.7 
(n = 15) •  • II • • •  

Cyanotic 3.6 57.4 0.10 125 12.9 
(n = 15) •  •  -+0.07 -+38 • 

5,2* 36.2* 2,0 28.2 0.31 I. 18 
+ 1.6 -+7.9 -+-0.6 ---5.5 • -+0.36 

6.6* 37.2* 2.0 24.6 0.23 1.02 
• • +-0.7 --.6.2 +-0.08 -+0.22 

5.4* 35.2* 2. I 26.8 0.32 0.80 
+ 1,9 -+8.6 -+0.6 -+4.2 -+--0.08 -+-.0.24 

Data are means _+ SD. 
*P < 0.05 compared with five min post-infusion. 
"tat 0.5 min. 
:l:at 5 min. 

were no significant differences in any of the other 
pharmacokinetic variables. 

Discussion 
The ot~-AGP and pharmacokinetic data for iv lidocaine in 
the control group in the present study are consistent with 
previously published values in healthy children. 15.16 The 
serum concentration of ett-AGP is an important determi- 
nant of the free fraction of lidocaine. 16-2~ In this study, 
the percent free fraction of lidocaine varied inversely with 
the serum concentration of a r A G P  (r = 0.66, P < 
0.001). There was no difference in the serum concentra- 
tion of e t rAGP among the three groups (Table I) and 
previous work has demonstrated there are no qualitative 
abnormalities of or t-AGP in children with CHD compared 
with children without CHD. 22 Furthermore, previous 
studies have demonstrated that in both surgical and 
trauma patients the serum concentration of ctt-AGP does 
not increase until six to eight hours after skin incision. 23-25 

We found no significant differences in the pharmacoki- 
netic variables of lidocaine among the three groups of 
patients. The tlet and ttl3 in this study are in agreement 
with the results of previous studies. ~5 We are confident of 
our estimates of the distribution phase (q) and the 
volume of the central compartment (Vc) since the 
distribution phase was less than 20 min after lidocaine 
(greater than three half-lives). However, the duration of 
this study was limited by the length of the prebypass 
period in children with CHD. This resulted in our 
restricting the period of blood sampling to 120 min (two 
terminal half-lives) in all patients. Thus, we may have 
underestimated the elimination half-life (q[3) which in 
turn may result in underestimation of the AUC0_,~ and 
overestimation of the total body clearance. 

Our results in healthy children are in agreement with 
previous studies (also studied to 120 min). t5 The t~ct of 
the cyanotic group was slightly, but not significantly, 

longer than either the control or acyanotic CHD patients. 
This may be attributed to the initial bypassing of the 
pulmonary circulation by a portion of the blood contain- 
ing lidocaine, as has been described in animal studies. 6 
The degree of R ~ L shunting is variable between patients 
accounting for the greater variability in qet as expressed 
by the standard deviation values. 

Our results in children with R ~ L shunts differ from 
those obtained in a lamb model of cyanotic C H D .  6 In the 
lambs, (with a surgically constructed R ~ L shunt) the 
maximum serum concentration of lidocaine was signifi- 
cantly greater than that in lambs with an intact cardio- 
vascular system. The discrepancy in results between 
lambs and humans may be explained by differences in the 
doses and methods of administration of lidocaine between 
the two studies. In the lamb study lidocaine was adminis- 
tered as a rapid intravenous bolus (I .0 mg. kg -I)  or as a 
high dose by constant infusion (12 mg. kg -t  over 15 min) 
directly into the right atrium whereas in the present study 
lidocaine was administered iv over a 30 sec period and 
into a peripheral vein. As a consequence the differences 
they observed may not have been apparent with our study 
design. 

Previous work in children without CHD found that after 
the iv administration of lidocaine (! .0 mg. kg -~) over 30 
sec, the peak serum concentrations did not achieve levels 
considered toxic in adult, t5 Our data support the notion 
that the total serum concentration of lidocaine does not 
reach toxic levels. However, it is the free fraction, not 
total serum concentration, that determines the bioavaila- 
bility of a drug and therefore determines the risk of toxicity. 
We found the percent free lidocaine was greatest at 0.5 
min after completion of the infusion (Table 11). This is 
most likely due to overloading of the otI-AGP binding 
capacity. These data suggest that toxic responses to 
intravenous lidocaine are more likely to occur immediate- 
ly after bolus iv injection and could be obviated by 
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administering acceptable doses of  lidocaine by slow 
infusion. 

In conclusion we have demonstrated that the pharmaco- 
kinetics of  lidocaine (I .5 m g . k g - I )  following a 30-sec 
infusion in children with acyanotic CHD and cyanotic 
CHD are not different from those in children without 
CHD. 
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