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The pharmacokinetics of ceftriaxone were studied in five infants (7 to 15 months
old) and five young children (24 to 70 months old). Both groups received a single
50-mg/kg dose in an intravenous infusion over 5 min. No major pharmacokinetic
differences were observed between the two populations. The total (bound plus
unbound) plasma concentration-versus-time data could be described in each case
by a biexponential equation. Changes in renal clearance indicated time- and dose-
dependent pharmacokinetic behavior. The fraction excreted unchanged in the
urine (ft) and the biological half-life (t1/2(p)) were, however, dose independent. The
average values were 47% forff(0 to 12 h) and 6.5 h for tl/2(p). Weight-corrected
total systemic clearance was Cl5 = 0.71 ml/min per kg; volume of distribution was
VD(p) = 394 ml/kg. The data support intravenous administration of 50 mg of
ceftriaxone per kg of body weight every 12 h in assessing its activity against
Haemophilus influenzae, Streptococcus pneumoniae, and Neisseria meningitidis
in postneonatal-stage pediatric patients.

Standard antimicrobial regimens for child-
hood bacterial meningitis consist of ampicillin,
chloramphenicol, or penicillin G. The therapeu-
tic dilemma of physicians who manage pediatric
patients with bacterial meningitis includes: an
increasing percentage of ampicillin-resistant
Haemophilus influenzae type b strains (13, 24);
potential toxicity and wide variability in the
pharmacokinetics of chloramphenicol (11, 18);
recent reports of clinical isolates of H. influen-
zae type b that are resistant to chloramphenicol
(9, 27); experimental evidence of the antagonis-
tic action of ampicillin plus chloramphenicol
against some strains of pneumococci or menin-
gococci (5); and the emergence of pneumococcal
strains that are "insensitive" (minimal inhibi-
tory concentration, 0.1 to 1.0 ,g/ml) or resistant
(minimnal inhibitory concentration, 1.0 ,g/ml) to
penicillin G (1, 2).

Ceftriaxone with its excellent in vitro activity
against the three major etiological agents of
childhood bacterial meningitis, H. influenzae
type b, Streptococcus pneumoniae, and Neis-
seria meningitidis (4, 14, 22, 28), has the poten-
tial to be an alternative therapy of this disease. A
considerable penetration of ceftriaxone into ce-
rebrospinal fluid (CSF) of infected rabbits and
dogs (10, 19) and preliminary clinical experience
in children and young adults with bacterial men-
ingitis (3; P. Narciso, R. Giannuzzi, G. Tocci, P.
DeMori, and G. Visco, 12th Int. Cong. Che-
mother., Florence, Italy, 1981, abstr. no. 993, p.

222) support the potential usefulness of this
compound in meningitis therapy.
Recent pharmacokinetic studies have shown

that the elimination of ceftriaxone is about two-
thirds renal and one-third nonrenal. The non-
renal clearance appears to be predominantly
biliary (23). The plasma concentration-time data
of ceftriaxone can be described in healthy adult
volunteers by a bi-exponential equation (21, 23).
However, a pharmacokinetic analysis of the
data by a compartmental model was of limited
value since areas under the total (bound plus
unbound) drug concentration-time curves
(AUCO-) did not increase in proportion to in-
creased doses (23). As a consequence, phar-
macokinetic parameters such as total body
clearance (Cls) and volume of distribution
[VD(O)] were not constant but increased with
increasing doses. The deviation from linear
pharmacokinetics was, however, relatively
small for intravenous doses up to 1,500 mg (e.g.,
Cls increased by 28% between a 500-mg and a
1,500-mg dose). The observed non-linearity
could be explained by the concentration-depen-
dent plasma protein binding of the drug. The
pharmacokinetics of free (unbound) ceftriaxone
were linear and dose independent. The two
important pharmacokinetic parameters, half-life
[X2(p) = 8 h] and fraction excreted unchanged in
the urine (fu = 0.65), were found to be indepen-
dent of dose.
The purpose of this study was to compare the
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pharmacokinetics of ceftriaxone in infants and
young children with those previously obtained in
adults (23). Such pharmacokinetic information
should facilitate identification of a suitable dos-
age regimen of this investigational antibiotic for
therapy in invasive bacterial diseases such as

meningitis in pediatric patients.

MATERIALS AND METHODS
Study patients. Pharmacokinetic studies following

the administration of a single intravenous dose of
ceftriaxone were performed in 10 pediatric patients
treated at the Department of Pediatrics, University of
Berne, for viral infections (six patients) or epilepsy
(four patients). They were divided into two categories
according to age: (i) five infants between 7 and 15
months (mean, 12 months) of age, and (ii) five children
between 24 and 70 months (mean, 41 months) of age.
The study participants included nine males and one
female. Patient characteristics and coadministered
drugs are listed in Table 1.
At the time of the trial the study patients had

received no antimicrobial therapy for at least 48 h and
their hydration status was clinically judged as being
normal. They had no medical history of previous
allergy to beta-lactam compounds, nor of renal or
hepatic diseases. Laboratory studies before the trial
(urine analysis; blood urea nitrogen or serum creati-
nine or both; liver enzymes) revealed normal renal and
hepatic functions in all subjects. Informed parental
consent was obtained for all patients in accordance
with the guidelines of the local Institutional Committee
on Human Investigation.
Drug admidnistration. Drug vials contained an equiv-

alent of 1,000 mg of ceftriaxone (free acid) as the
lyophilized disodium salt. The contents of the vials
were dissolved in sterile water to a concentration of 50
mg/ml (free acid). Ceftriaxone (50 mg/kg) was infused
over 5 min via an indwelling catheter into a peripheral
vein. Adverse reactions (local or systemic) to ceftriax-
one were assessed by clinical observation.

Colection of spechmens. Blood samples for drug
assay were collected from an intravenous catheter or
heparin lock before the administration of ceftriaxone
(predose sample) and at 0.25, 0.5, 1.5, 4, 8, 16, 24, 32,
and 34 h after the termination of the infusion. The
blood was immediately mixed with sodium citrate and
centrifuged within 1 h at 1,000 x g for 10 min. Plasma
samples, stored at -20°C, were assayed within 2
weeks of collection.
The total urine was collected from 8 of the 10 study

patients at the following time intervals: -2 to 0, 0 to 3,
3 to 6, 6 to 9, and 9 to 12 h after the dose. Urine was
sampled from either sterile receptacles (five patients)
or urinary catheters (three patients). Volumes and pH
values of voided urine were measured, and the sam-

ples were stored at -20°C until assayed within 2 weeks
of collection.
Plasma protein binding. Plasma for the protein bind-

ing analysis was obtained by pooling all remaining
plasma samples from each patient after completion of
the high-pressure liquid chromatographic assay. To
achieve similar total plasma concentrations among the
plasma pools, small volumes (<10%1, vol/vol) of an
isotonic phosphate buffer solution of ceftriaxone (5
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mg/ml) were added to each pool. The ceftriaxone
concentrations of the individual pools ranged between
135 and 250 ,ug/ml. A plasma pool from six healthy
adults with a total ceftriaxone concentration of 180 ,ug/
ml was used as a reference standard.
Plasma protein binding was determined by equilibri-

um dialysis using Teflon dialysis cells (Dianorm) and
Spectrapor-2 dialysis tubing (presoaked in buffer) with
a molecular weight cut-off of 12,000 to 14,000. One
milliliter of plasma was dialyzed against an equal
volume of isotonic phosphate buffer (pH 7.4). The
cells were rotated at 37°C for 4 h. Aliquots from both
sides of the membrane were removed and assayed for
the free acid of ceftriaxone.

Ceftriaxone assay. Plasma, urine, and buffer samples
were analyzed for free acid of ceftriaxone by a specific
high-pressure liquid chromatographic assay (26). Basi-
cally the method utilized ion-pair reversed-phase chro-
matography with a Lichrosorb RP-18 column and
three mobile phases differing in counter ion, acetoni-
trile, and phosphate buffer concentration. With a vari-
able-wavelength detector at 287 nm, the detection limit
for ceftriaxone was 3 Fg/ml in urine, 0.4 ,u.g/ml in
plasma, and 0.1 Fg/ml in isotonic sodium phosphate
buffer. The accuracy of the single measurements was
within t3% of the actual values. The mean ± standard
deviation recovery of ceftriaxone was 93.4 ± 2.5%
from plasma and 100% from urine and phosphate
buffer.
Estmation of pharmacokinetc parameters. Plasma

concentration-time data after single intravenous doses
were fitted individually to equation 1 using the nonlin-
ear least-squares program NONLIN (12). In all cases a
weighting factor of 1/observed concentrations was
applied.

C = A.e- + B-e- (1)

A and B are the coefficients of the biexponential
equation, and a and ,3 are the disposition constants. In
the pharmacokinetic analysis the short infusion of
ceftriaxone (approximately 5 min) was considered
analogous to a bolus injection.
The total area under the drug concentration time

curve (AUCTOO) was calculated from the coefficients A
and B and the exponents a and ,B of equation 1 as
follows:

AUCT =A+ B (2)a ,3

The total systemic clearance (Cls) and apparent vol-
ume of distribution [VD)(] corrected by weight were
calculated from the relationships:

CIT Di,V(3)Cl AUCT . BW 3

and

V ~~~Di., (4)V)- AUCTOO*BW(4

where Di, is the dose administered intravenously and
BW is the total body weight of the subjects.

The renal clearance during the 3-h collecting inter-
vals was calculated from the following equation:

CITR =AX/At
CPmid

(5)

where AX,4/At approximates the urinary excretion
rates and CPmid represents the total (bound plus un-
bound) plasma concentrations determined at the mid-
point of each urine collection period.
A mean renal clearance during the time interval 0 to

12 h after administration was calculated from equation
6:

CIT = AUCT12 (6)

where X, represents the amount of ceftriaxone excret-
ed during the 12-h collection interval and AUCa12 is
the area under the total drug concentration time curve
for the same time interval.
The area was determined by the trapezoidal rule.

RESULTS
Plasma concentrations. The total (bound plus

unbound) plasma concentration-versus-time
data achieved in infants and children after a 50-
mg/kg dose could be described by a biexponen-
tial equation. The correlation between the calcu-
lated and observed plasma data was in all cases
equal to or greater than 0.993. No distinct differ-
ences were observed in the profile of the total
plasma concentration time data between infants
and young children.

Table 1 shows the measured total plasma
concentrations of ceftriaxone in the individual
patients. The mean total plasma concentrations
achieved 15 min after dosing were 219 ,ug/ml in
infants and 239 Fg/ml in children. After 32 h the
mean plasma levels had fallen to 4.5 and 4.0 ,ug/
ml, respectively. All of the predose samples
were free of any ceftriaxone concentration.
The mean pharmacokinetic parameters calcu-

lated for total drug in infants and young children
are listed in Table 2. There was no significant
difference (P > 0.5) between infants and young
children. The mean terminal half-life was 6.5 h.
Total systemic clearance, corrected for body
weight and based on total ceftriaxone concentra-
tions (CTs), averaged 0.71 ml/min per kg. The
mean volume of distribution [VD(p)], corrected
for body weight and with reference to total drug,
was 394 ml/kg.

Protein binding. The extent of binding of cef-
triaxone to plasma proteins in infants and young
children at similar total plasma concentrations is
presented in Table 3. The mean free fraction
(ratio of unbound to total drug concentrations)
of ceftriaxone was 0.158 + 0.03% in infants
(concentration range, 147 to 161 ,ug/ml) and
0.164 ± 0.03 in young children (118 to 202 ,ug/

ANTIMICROB. AGENTS CHEMOTHER.
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TABLE 2. Comparison of mean pharmacokinetic parametersa in infants and young children

Category tl/2() (h) VD(13) Cag o12 )AUL.(ml/kg) (ml/min per kg) (ma/min per kg) (Ig.h/ml)

Infants 6.5 ± 1.5 386 ± 67 0.71 ± 0.18 0.38 ± 0.1 1,223.9 ± 276
(n = 5) (4.1-7.7) (302-488) (0.56-0.95) (0.26-0.52) (875.8-1487.3)

Young children 6.6 ± 0.6 401 ± 79 0.71 ± 0.15 0.45 ± 0.1 1,225.1 ± 309
(n = 5) (6.0-7.4) (312-509) (0.48-0.86) (0.35-0.58) (965.1-1720.9)
a Mean ± standard deviation (range in parentheses).

ml). As seen from Table 3, the mean total
protein content of plasma was 45 mg/ml in
infants and 50 mg/ml in young children. The
albumin concentrations were 29 and 33 mg/ml,
respectively.
Urine concentrations and renal excretion.

Urine samples over a time period of 12 h were
collected from 8 (4 infants, 4 young children) out
of 10 patients. Table 4 shows the mean urinary
concentrations of ceftriaxone in both infants and
young children after a single intravenous dose of
50 mg/kg. The mean total urinary excretion,
expressed as a percentage of dose recovered
intact in the urine during the 0- to 12-h period,
was 43.4 ± 6.7% in infants and 51.5 ± 4.7% in
young children. The value in infants might be
somewhat low because of inherent difficulties in
total urine collection in this age group.
Renal clearance. Table 4 shows a pronounced

influence of concentration on ClTR in both infants
and young children after the 50-mg/kg dose. The
weight-corrected ClT values declined in infants
from 0.67 m/min per kg at the 0- to 3-h interval
to 0.22 ml/min per kg at the 9- to 12-h interval.
The corresponding values in young children
were 0.75 and 0.25 ml/min per kg. A mean renal
clearance for total drug (Cli) was also calculated

for the 0- to 12-h period and averaged 0.38 ml!
min per kg in infants and 0.45 ml/min per kg in
young children.

Safety. Ceftriaxone administered intravenous-
ly as a 5-min infusion was well tolerated; neither
local nor systemic reactions were observed.

DISCUSSION
In this study, we report the pharmacokinetics

of total (bound plus unbound) ceftriaxone in
infants and young children. For ethical reasons
it was not possible to draw large enough blood
samples from these patient populations to estab-
lish their entire plasma protein binding charac-
teristics. Therefore, we were unable to establish
the relevant pharmacokinetics of ceftriaxone
with respect to free (unbound) drug concentra-
tions in pediatric patients. However, major
changes in the disposition of ceftriaxone as
compared to adults should be detectable from
total plasma concentration-time data, in particu-
lar, changes in t1/2(p) andf. which were found to
be dose independent. To compare dose-depen-
dent pharmacokinetic parameters such as Cls
and VD() between children and adults, plasma
concentration-time profiles of healthy subjects

TABLE 3. Protein binding of ceftriaxone in plasma of infants and children

Patients Total cef- Unbound No Albumin Total protein
triaxone ceftriaxone No fconcn Toaprti

Category No. concn (% ± SD) determinations (mg/ml) (mg/ml)
Infants 1 161 15.9 ± 0.1 2 29.2 44.1

2 146.7 13.4 ± 1.2 3 NDa ND
4 154 20.1 1 26.0 42.7
5 147 13.6 1 32.9 48.0

Young children 6 165 14.5 ± 0.9 2 ND ND
7 118.3 14.9 ± 0.7 3 31.9 46.2
8 177.2 21.6 ± 0.6 5 ND ND
9 202 17.2 ± 1.3 2 34.6 52.7
10 146 13.8 ± 1.0 3 33.8 51.0

aND, Not determined.
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TABLE 4. Urinary concentrations, percent recovery, and weight-corrected renal clearance with reference to
total ceftriaxone (Cli) during selected intervals in four infants and four children

Ceftriaxone CIT
Patient category T(me concn Recovery (ir

(h) (,ug/ml) M (ml/min per kg)

Infants 0-3 3,117 ± 970 27.1 ± 7.1a 0.67 ± 0.12a
3-6 1,336 ± 665 9.7 ± 7.2a 0.29 ± 0.16"
6-9 592 ± 410 4.3 ± 1.6 0.23 ± 0.04
9-12 547 ± 398 2.3b 0.22b

43.4 ± 6.7

Young children 0-3 2,150 ± 1,826 35.6 ± 3.7 0.75 ± 0.09
3-6 740 ± 369 8.6 ± 2.0 0.34 ± 0.11
6-9 476 ± 327 4.6 ± 1.8 0.30 ± 0.13
9-12 230 ± 115 2.7 ± 1.0 0.25 ± 0.09

51.5 ± 4.7

a One patient showed an apparent mixup in the first two collecting intervals.
b Represents the mean of two values only since there was apparently no complete urine collection during this

interval in the two other patients.

were chosen which were similar to those in
pediatric patients. Plasma profiles observed in
healthy volunteers after a 1,500-mg dose (23)
were best suited for comparison purposes.
The plasma concentration-time data for total

drug in infants and children could be described
by a biexponential equation. However, as in the
previous studies (21, 23) the pharmacokinetic
analysis by a simple two-compartment model
was not feasible since clearance changes (partic-
ularly changes in ClIT; see Table 4) occurred in
these infants and children after the 50-mg/kg
intravenous dose. The apparently time-depen-
dent renal clearance was previously attributed to
saturable protein binding of the drug to serum
albumin. The threefold difference in ClT be-
tween the 0- to 3- and the 9- to 12-h periods
indicates that the same saturable binding charac-
teristics can be found in the pediatric patients
after the 50-mg/kg dose. A direct verification of
this saturable binding characteristic was not
possible in the pediatric patients, since the
amount of plasma available was limited. Howev-
er, by pooling plasma samples, a measurement
was possible for each patient at a therapeutically
relevant plasma concentration (120 to 200 ,ug/ml;
Table 3). At these concentrations the plasma
protein binding of ceftriaxone was generally
lower in infants and young children (Table 3)
than in healthy adults. This decrease in binding
corresponded well with a decrease in plasma
concentrations of albumin (Table 3), the major
binding protein of ceftriaxone (23). Consequent-
ly, at comparable total plasma concentrations
the therapeutically important free concentra-
tions should be higher in infants and children
than in adults.
Compared to cefotaxime and moxalactam (7,

8), ceftriaxone showed in the pediatric patients a

comparable volume of distribution (0.4 liter/kg)
but a much lower average clearance (0.7 ml/min
per kg), which resulted in its considerably longer
biological half-life (6.5 h). In comparison, the
reported half-life for moxalactam is 1.6 to 1.8 h
(8, 20), that for ceftriaxone is 0.7 to 1.0 h (7, 15),
and that for cefoperazone is 1.4 h (25). The long
half-life of ceftriaxone is of particular clinical
relevance since it thus requires less frequent
administration in pediatric patients as compared
to other cephalosporins. In comparison to
healthy adults, both the weight-corrected total
systemic clearance (Cls) and volume of distribu-
tion [VD(O)] increased several-fold (Table 2). The
increase was slightly greater for Cls than for
VD(O), resulting in the small reduction of tl/2(p).
The comparative increase in the volume of dis-
tribution in the pediatric patients might be the
result of the lower plasma protein binding (17)
and the relatively larger extracellular space in
this age group (6).
The greater total systemic clearance we ob-

served in these patients cannot be fully account-
ed for by the lower protein binding; a more
effective total systemic clearance in relation to
the body weight must, in addition, be invoked.
Moreover, it is of interest that both components
of ClIs, renal (Cl;) and nonrenal (CINR) clear-
ance, must be larger in the pediatric patients,
since the fraction of ceftriaxone excreted un-
changed in the urine for the 0- to 12-h period
(infants, 43%; young children, 52%) is compara-
ble to what was found before for the same time
period in healthy adults (46% for a 500-mg dose;
52% for a 1,500-mg dose) (23).
On the basis of our pharmacokinetic data in

infants and young children, a dosage schedule of
50 mg of ceftriaxone per kg given intravenously
every 12 h would lead to little accumulation of

ANTIMICROB. AGENTS CHEMOTHER.
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drug in plasma during the steady state (16) and
would give plasma peak concentrations of 200 to
300 jig/ml and plasma trough concentrations of
30 to 40 ,ug/ml. Ceftriaxone penetration into CSF
through inflamed meninges of children was re-
ported to result in CSF levels which are from 5
to 15% of the concurrent plasma levels (3). It is
concluded that after 50-mg/kg doses of ceftriax-
one twice daily, the drug concentrations in both
plasma and CSF will be constantly orders of
magnitude higher than the susceptibilities of the
three principal pathogens (H. influenzae, S.
pneumoniae, and N. meningitidis) that cause
bacterial meningitis in childhood, since minimal
inhibitory concentrations for 90% of these bacte-
ria are '0.1 ,ug/ml (4, 14, 22, 28). It must,
however, be emphasized that this dosage recom-
mendation is only preliminary for this investiga-
tive antibiotic. Once sufficient clinical experi-
ence in treating childhood meningitis has been
accumulated, the long half-life of ceftriaxone
may enable once-daily administration for the
disease.
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