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Intravenous ampicillin-sulbactam is effective in the treatment of various infections in adults, but little is
known about the pharmacokinetics (PK) of ampicillin-sulbactam in children. The objective of this study was
to determine the PK of ampicillin and sulbactam in pediatric patients with intra-abdominal infection, skin and/
or skin structure infection, or periorbital-preseptal and facial cellulitis. Intravenous ampicillin and sulbactam
(2:1), 40 to 80 mg/kg of body weight, were given every 6 h for 2 to 6 days to 28 pediatric patients. The ages
ranged from 1 to 6 years for 10 patients, 6.1 to 10 years for 9 patients, and 10.1 to 12 years for 9 patients. Mul-
tiple blood samples were obtained and analyzed for ampicillin and sulbactam in plasma and serum by high-
performance liquid chromatography. The mean maximum concentration of drug in serum ranged from 177 to
200 mg/ml for ampicillin and 82 to 102 mg/ml for sulbactam in the three age groups. The mean total clearance,
steady-state distribution volume, and half-life were 4.76 ml/min/kg, 0.32 liter/kg, and 0.77 h, respectively, for
ampicillin and 4.95 ml/min/kg, 0.34 liter/kg, and 0.81 h, respectively, for sulbactam. Dose or gender did not
affect the PK of ampicillin or sulbactam. The PK of ampicillin and sulbactam in these patients were compa-
rable to those reported in adults. The combination was well tolerated in pediatric patients.

An ampicillin and sulbactam combination (Unasyn) has
been approved by the U.S. Food and Drug Administration
(FDA) for intravenous administration. It is indicated for the
treatment of intra-abdominal, skin and skin structure, and gy-
necological infections in adults. This combination is effective
against various microorganisms, including b-lactamase-pro-
ducing Escherichia coli, Klebsiella species, Staphylococcus au-
reus, and Bacteroides species (2, 18).

Ampicillin-sulbactam was recently approved by the FDA for
children with skin and/or skin structure infections (18). How-
ever, pediatric patients also receive this drug to treat infections
for which it is approved in adults. This is true for many drugs,
including albuterol, captopril, cisapride, digoxin, morphine,
and ranitidine, which are routinely used in pediatric practice
(13, 14).

New FDA regulation for labeling of prescription drugs has
been implemented to facilitate approval of more drugs for
pediatric patients. This regulation would provide a pediatric
approval for a drug already indicated in a similar disease in
adults, based only on pharmacokinetic, pharmacodynamic, and
safety studies in the pediatric population (3).

The pharmacokinetics of ampicillin-sulbactam has been de-
termined in 12 studies, involving a total of 51 Japanese pedi-
atric patients. These studies included various ages (2.4 months
to 17 years), doses (15 to 60 mg/kg of body weight/dose),
administration times (bolus to 60-min infusion), and analytical
methods for measurement of these drugs in serum (5–8, 10, 11,
15–17, 20, 21, 24). Because no studies had been conducted in
the United States, we determined the pharmacokinetics and
safety of ampicillin-sulbactam in children with intra-abdominal
infection, skin and/or skin structure infection, or periorbital-
preseptal or facial cellulitis.

MATERIALS AND METHODS

Hospitalized pediatric patients (3 months to 12 years old, as specified by the
protocol) requiring parenteral antibiotic therapy for an intra-abdominal infec-
tion, skin and/or skin structure infection, or periorbital-preseptal and facial
cellulitis were eligible to be considered for this study. The exclusion criteria
included known or suspected hypersensitivity to penicillin or cephalosporins and
clinically significant renal dysfunction as evidenced by a serum creatinine level of
.2.5 mg/dl, a blood urea nitrogen level of .50 mg/dl, or an estimated creatinine
clearance of ,50 ml/min/1.73 m2 (approximate body surface area). Patients were
also excluded if they were terminally ill; had an underlying disease that might
interfere with evaluation of any adverse experiences; had immunological or
neutrophil function disorders (e.g., chronic granulomatous disease); had a leu-
kocyte count of ,3,000/mm3, platelet count of ,100,000/mm3, and hemoglobin
level of ,9.0 g/dl; had a history of seizures; had poorly controlled diabetes
mellitus; had glycogen storage disease or a strong family history (parents or
siblings) of glycogen storage disease; were in a clinical study of another investi-
gational drug or had received an investigational drug within the preceding four
weeks; were pregnant; or had signs or symptoms of meningitis.

The study protocol was approved by the Human Subjects Research Commit-
tees. A written informed consent was obtained by a parent or guardian of each
patient prior to enrollment into the study.

Ampicillin sodium-sulbactam sodium (2:1) (provided by Pfizer, Inc.) was to be
given at a dose of 37.5 to 75 mg/kg every 6 h by an intravenous infusion over 15
to 40 min by an infusion device. In these open label pharmacokinetic studies,
selection of dose was based on the severity of the infection as determined by the
investigator. The highest dose to be prescribed was 75 mg/kg every 6 h. A
minimum of four doses were administered to assure steady-state conditions.

Blood samples were obtained just prior to a dose (0 h) and at 0.25, 0.50, 1.0,
1.5, 2.0, 4.0, and 6.0 h after initiation of infusion. For some patients, additional
blood samples were collected at 0, 0.25, 2.0, and 6.0 h during a second dosing
interval, at least 1 day after the first pharmacokinetic study.

Ampicillin and sulbactam concentrations in serum or plasma were measured
by high-performance liquid chromatography with UV detection. Some sites pro-
vided only serum samples, while others provided only plasma samples for the
entire study. The method was validated with both serum and plasma and was
found comparable for the two biological fluids. Based on the quality control
serum and plasma samples that were included along with the calibration and pa-
tient samples, both assays were comparable, and hence patient data from serum
samples could be pooled with patient data obtained from the plasma samples.

The method consisted of extracting ampicillin and sulbactam simultaneously
with added cefazolin as an internal standard from serum or plasma after protein
precipitation by acetonitrile. The mobile phase was aqueous tetrabutyl ammo-
nium dihydrogen phosphate-acetonitrile at pH 7.5. The postcolumn derivatiza-
tion was done with 2 N sodium hydroxide and an aqueous methanolic solution of
mercuric chloride. A reversed-phase C8 column and a UV wavelength of 290 nm
were used.
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Good interday precision was demonstrated for analysis of plasma and serum
quality control samples spiked with sulbactam concentrations of 0.75, 7.5, 35,
and 150 mg/ml and ampicillin at 1.5, 15, 70, and 400 mg/ml. These analyses
exhibited coefficients of variation ranging from 0.5 to 7.9% for sulbactam and
from 1.3 to 10.1% for ampicillin for the four quality control samples. Within-day
precision of the back-calculated calibration standards was within a coefficient
of variation of 8.1% for sulbactam and within 11.4% for ampicillin. Accuracy
of the method was determined by comparing the means of the measured
concentrations of the controls with their nominal concentrations. Across all con-
centrations, the mean values were within 11.3% of their expected values for sul-
bactam and ampicillin.

Linearity of the method was demonstrated for sulbactam in the range of 0.5 to
50 mg/ml and for ampicillin in the range of 1 to 100 mg/ml. For instances in which
concentrations exceeded these values, samples were diluted with human plasma
or serum as appropriate and reanalyzed. The correlation coefficient was 0.9978
or greater for all standard curves. The limit of quantitation of the method was 0.5
mg/ml for sulbactam and 1.0 mg/ml for ampicillin. At these concentrations, the
coefficient of variation of the standard did not exceed 9.0% for either compound.
Stability of the compounds at 270°C was demonstrated up to 16 months in serum
and 14 months in plasma.

Data analysis. Pharmacokinetic parameters—maximum concentration of drug
in serum (Cmax), area under the concentration-time curve over the dosing inter-

val t (6 h) (AUCt), clearance (CL), half-life (t1/2), and volume of distribution at
steady state (Vss)—were determined for each drug (ampicillin and sulbactam) as
(units are indicated in parentheses): Cmax (micrograms per milliliter), deter-
mined from visual inspection of the data; AUCt (microgram z hour per milliliter),
determined by the linear trapezoidal method; CL (milliliters per minute per kilo-
gram), determined by the equation CL 5 dose/AUCt; t1/2 (hours), determined by
the equation t1/2 5 ln(2)/b, where the slope of the natural logarithms of the
concentrations versus time is denoted by b, the elimination rate constant calcu-
lated from the linear least-squares regression of the data; Vss (liters per kilo-
gram), determined by the equation Vss 5 MRT 3 CL, where MRT (mean
residence time) is calculated as AUMCt/AUCt 1 [t 3 Cmin]/[b 3 AUCt]
(AUMCt is the first moment of the concentration-time curve over the dosing
interval t, determined analogously to AUCt, and Cmin is the concentration at 6 h
[23]).

The mean concentration-time data of ampicillin and sulbactam in serum were
fit to a single-dose, two-compartment open model (23). The simulation of mul-
tiple-dose levels was obtained by generating the single-dose curve from the fitted
model and applying the superposition method.

Statistical comparisons were made by analysis of variance, with a P value set at
,0.05. The relationship between total clearance and age was analyzed by linear
regression.

FIG. 1. Observed and predicted ampicillin concentrations.

TABLE 1. Pharmacokinetic parameters of ampicillin and sulbactam during the first dosing interval

Drug Parameter

Age group

1–6 yr 6.1–10 yr 10.1–12 yr

n Mean (SD) n Mean (SD) n Mean (SD)

Ampicillin-sulbactam Dose (mg/kg) 10 69.5 (10.2) 9 63.7 (13.2) 9 65.9 (11.2)

Ampicillin Cmax (mg/ml) 10 200 (118) 9 183 (36.5) 9 177 (31.9)
AUCt (mg z h/ml) 9 179 (79.2) 8 159 (42.9) 9 175 (45.5)
CL (ml/min/kg) 9 5.11 (2.36) 8 4.88 (1.49) 9 4.31 (0.92)
t1/2 (h) 9 0.74 (0.07) 8 0.72 (0.11) 9 0.85 (0.18)
Vss (liter/kg) 9 0.34 (0.17) 8 0.30 (0.08) 9 0.32 (0.07)

Sulbactam Cmax (mg/ml) 10 102 (64.2) 9 85.8 (21.2) 9 81.9 (20.7)
AUCt (mg z h/ml) 9 90.5 (42.8) 8 76.8 (25.2) 9 81.8 (15.7)
CL (ml/min/kg) 9 5.10 (2.24) 8 5.17 (1.73) 9 4.60 (1.09)
t1/2 (h) 9 0.77 (0.08) 8 0.76 (0.10) 9 0.89 (0.13)
Vss (liter/kg) 9 0.34 (0.16) 8 0.34 (0.10) 9 0.35 (0.10)
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RESULTS

A total of 28 pediatric patients (19 males and 9 females)
completed this study. The diagnosis was skin and/or skin struc-
ture infection in 15 patients, intra-abdominal infection in 12
children, and periorbital-preseptal and facial cellulitis in 1
patient. The ages ranged from 1 to 6 years for 10 patients,
6.1 to 10 years for 9 patients, and 10.1 to 12 years for 9
patients.

The actual intravenous dose of ampicillin-sulbactam (2:1)
ranged from 40 to 80 mg/kg every 6 h during 2 to 6 days of
therapy. The infusion duration was 15 min in 23 patients, 17 to

25 min in 4 patients, and 40 min in one patient. The mean Cmax

ranged from 177 to 200 mg/ml for ampicillin and 82 to 102
mg/ml for sulbactam in three age groups (Table 1). The Cmax

occurred at the end of the infusion period. The individual
observed and predicted serum concentration-time data for
ampicillin and sulbactam are shown in Fig. 1 and 2, respec-
tively.

The dose or gender did not influence the pharmacokinetics
of ampicillin or sulbactam. The data were analyzed in three age
groups of similar size to determine the influence of age on the
pharmacokinetics of ampicillin and sulbactam. As shown in

FIG. 2. Observed and predicted sulbactam concentrations.

FIG. 3. Ampicillin clearance versus age.

VOL. 43, 1999 AMPICILLIN-SULBACTAM PHARMACOKINETICS IN CHILDREN 1227



Table 1, the mean CL, Vss, and t1/2 were similar in the three age
groups (P . 0.05). Although the Cmax for both ampicillin and
sulbactam appeared to decline with age, the correlations were
not statistically significant. For all patients as a group, the CL,
Vss, and t1/2 for ampicillin (means 6 standard deviations) were
4.76 6 1.67 ml/min/kg, 0.32 6 0.11 liter/kg, and 0.77 6 0.14 h,
respectively; the respective values for sulbactam were 4.95 6
1.70 ml/min/kg, 0.34 6 0.12 liter/kg, and 0.81 6 0.12 h. The
interpatient variability in the pharmacokinetic parameters
could not be explained by any patient factors. Figures 3 and 4
show no apparent trend for a relationship between clearance of
ampicillin or sulbactam and patient age. No significant adverse
effects were associated with the use of ampicillin-sulbactam in
these pediatric patients.

DISCUSSION

Many microorganisms initially susceptible to penicillin have
become resistant due to the formation of b-lactamases. Sul-
bactam is a beta-lactam with little intrinsic antibiotic activity. It
acts primarily by irreversible inactivation of b-lactamases pro-
duced by many bacteria. Since sulbactam is poorly absorbed
after oral administration, it is combined with ampicillin for
intravenous administration for the treatment of various infec-
tions.

The results from this study indicate that the pharmacokinet-
ics of ampicillin and sulbactam are similar in pediatric patients.
The Cmax and AUC for ampicillin were nearly twice those of
sulbactam, as expected from their 2:1 ratio in the intravenous
dose.

The pharmacokinetics of ampicillin and sulbactam in these
patients appeared to be comparable to those in adults (19). In
healthy adults, the mean Vss and t1/2 have been reported to be
about 0.25 liter/kg and 1 h, respectively, for both ampicillin and
sulbactam (4). Another study of healthy subjects found a mean
t1/2 of 1.1 h for ampicillin and 1.14 h for sulbactam (23).

These drugs are eliminated primarily by the kidney, and
their elimination may be decreased in neonates as a conse-

quence of underdeveloped renal function (1, 9, 22). The t1/2
has ranged from 2 to 21 h for ampicillin and 3 to 72 h for
sulbactam in infants less than 1 week old (1). The t1/2 in
children, however, has ranged from 0.8 to 1.0 h for both am-
picillin and sulbactam (6, 10, 11, 17, 24) and is comparable to
the t1/2 observed in our study.

The patients in this study ranged from 1 to 12 years old, and
the age did not appear to affect the pharmacokinetics of am-
picillin or sulbactam. This can be explained by the fact that the
renal function is fully developed for excretion of penicillins by
the end of 1 year after birth (12).

The results of this study with children between 1 and 12
years old showed that the pharmacokinetics of ampicillin-sul-
bactam was independent of dose and gender. The drug was
well tolerated in these patients. These data may be useful in
treating pediatric patients with ampicillin and sulbactam.

Based on the observed Cmax values and published MIC data
(2, 18), ampicillin-sulbactam may be given intravenously at a
dose of 75 mg/kg every 6 h to children 1 year old or older.
Additional studies are needed to determine the dosage regi-
mens for pediatric patients less than 1 year old.
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