
Cefiazidime pharmacokinetics in preterm 
infants: Effects of renal tinction and 
gestational age 

Objective: The objectives of this study were (1) to determine the effects of gestational age on ceftmidlme 
pharmacoklnetics in the preterm infant, (2) to relate these effects to changes in glomerular filtration 
rate (GFR), and (3) to establish appropriate dosage recommendations for preterm infants on day 3 of 
life. 
Methods: Multiple-dose pharmacoklnetics of ceftazidlme (administered twice daily in a 25 or 50 mg/kg 
body weight intravenous dose) were evaluated in 136 preterm infants on day 3 of life. Blood samples 
were collected from an arterial catheter 0, ‘12, 1, 2, 4, 8, and 12 hours after the intravenous dose. An 
HPLC method was used to determine ceftazidlme concentrations in serum. The GFR was studied 
simultaneously by means of the 24-hour continuous lnulin infusion technique. 
Rewlts: The total body clearance, volume of distribution, and elimination serum half-life of cefiazidime 
(mean f SD) were 55.7 + 34.4 ml/hr (37.3 + 11.9 ml/hr/kg), 496 f 228 ml (350 f 96 ml/kg), and 
6.95 + 2.32 hours, respectively. The mean + SD peak and trough levels were 114.9 f 39.4 and 33.9 + 
17.8 mg/L. All infants had a serum trough level above 5 mg/L. Clearance and volume of distribution 
of ceftazidle and GFR increased significantly with increasing gestational age, whereas serum trough 
levels and serum half-life of ceftazidlme decreased significantly with increasing gestational age. Ceftazi- 
die clearance increased significantly with increasing GFR Prenatal exposure to indomethacln resulted 
in significantly lower GFR values and ceftazidlme clearances. 
Conclusions: Dosage recommendations for ceftazidlme administration in preterm infants during the first 
week of life should be based on gestational age and GER Additional adjustments in dosage are indl- 
cated in preterm infants who are exposed prenatally to lndomethacin. (CLIN PHARMA COL THER 
1995;58:650-9.) 
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Ceftazidime, a third-generation cephalosporin, is 
frequently used for the treatment of bacterial infec- 
tions in newborn infants. It is active against common 
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gram-positive neonatal pathogens such as Strepto- 
coccus agaluctiae (minimal inhibitory concentration 
[MIC],, CO.25 mg/L) and gram-negative bacilli, in- 
cluding Escherichia coli (MIC,, CO.25 mg/L).lT3 De- 
spite the widespread use of ceftazidime in neonatal in- 
tensive care units, the pharmacokinetics of ceftazidime 
in preterm infants with gestational ages of less than 30 
weeks have not been studied. The pharmacokinetic pa- 
rameters of ceftazidime in preteen infants with gesta- 
tional ages above 30 weeks show a large variability in 
kinetic parameters.4-8 The currently recommended 
dosage for ceftazidime in preterm infants less than 4 
weeks of life with a birth weight below 1200 gm is 25 
to 50 mg/kg body weight every 12 hours.4-9 Dosage 
recommendations for ceftazidime are derived from 
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studies that did not stratify patients according to gesta- 
tional age or postnatal age. However, the glomerular 
filtration rate (GFR) of preterm infants increases sig- 
nificantly with advancing gestational age and postnatal 
age. ‘K” This has a major effect on the pharmacokinet- 
its of antibiotics that are eliminated mainly by glo- 
merular filtration, as was demonstrated for amoxicil- 
Iin.” In addition, prenatal exposure to betamethasone 
(a drug prescribed to pregnant women with an in- 
creased risk of preterm delivery with the intention to 
prevent hyaline membrane disease) or indomethacin (a 
drug prescribed to pregnant women to inhibit preterm 
uterine contractions) exerts significant effects on the 
GFR of preterm infants in the first days of life.” 
Ceftazidime has a low level of serum protein binding 
and is eliminated primarily by glomerular filtra- 
tion.l”,14 We therefore hypothesized that the pharmaco- 
kinetic behavior of ceftazidime in pretetm infants in the 
first days of life would be influenced by gestational age 
and GFR, and this might result in higher concentrations 
of ceftazidime in the more preterm infants. The purpose 
of this study was to determine the effects of gestational 
age and GFR on the multiple-dose pharmacokinetics of 
ceftazidime in preterm infants with gestational ages be- 
tween 24 and 37 weeks on day 3 of life and to establish 
appropriate dose and dose-interval recommendations 
for ceftazidime administration in preterm infants during 
the first week of life. 

METHODS 
Patients. One hundred thirty-six preterm infants 

with gestational ages between 24 and 37 weeks, ad- 
mitted to the neonatal intensive care unit with sus- 
pected or documented septicemia, were eligible for 
study. The inclusion criteria were postnatal age of 3 
days, stability of hemodynamic function (diuresis, >I 
ml/kg body weight/hr; systolic and diastolic blood 
pressure above the third percentile adjusted for gesta- 
tional age), and normal liver function. Infants receiv- 
ing nephrotoxic or inotropic drugs were excluded. All 
patients had an indwelling arterial catheter. The partial 
pressure of oxygen in arterial blood was kept at higher 
than 50 mm Hg (6.66 kPa), and the oxygen saturation 
was kept above 92%. The gestational ages of the 136 
infants were estimated from the mother’s menstrual 
history. early ultrasonography if available, and physi- 
cal examination according to the criteria of Dubowitz 
et al.” Preterm infants with gestational ages of less 
than 34 weeks were given ceftazidime (25 mg/kg in- 
travenously) every 12 hours and amoxicillin (25 
mg/kg intravenously) every 12 hours. Preterm infants 
with gestational ages between 34 and 37 weeks as- 

signed to receive therapy were given ceftazidime (SO 
mg/kg intravenously) every 12 hours and amoxicillin 
(50 mg/kg intravenously) every 12 hours. Patients 
with documented invasive bacterial infections received 
at least 10 days of intravenous therapy. Patients with 
sterile blood cultures and only a suspicion of infection 
received a total of 72 hours of therapy. 

Eighty-four infants (group A) were not exposed pre- 
natally to betamethasone or indomethacin. Twenty- 
five infants were exposed prenatally to indomethacin 
but not to betamethasone (group B). Only six infants 
were exposed prenatally to betamethasone but not to 
indomethacin (group C). Twenty-one infants were ex- 
posed prenatally to both betamethasone and indometh- 
acin (group D). Betamethasone was administered in 
two intravenous doses of 12 mg each on 2 consecutive 
days. This dose was repeated every week until deliv- 
ery or until the thirty-second week of gestation. Indo- 
methacin was administered in suppositories of 100 mg 
each, which were given repeatedly in the presence of 
preterm uterine contractions. 

The study protocol was approved by the Medical 
Ethical Committee of the University Hospital Rotter- 
dam. Patients were enrolled only after informed con- 
sent was obtained from the parents. 

Pharmacokinetic study. The multiple-dose pharma- 
cokinetics of ceftazidime were studied on day 3 after 
birth. Blood samples were taken from indwelling arte- 
rial lines before administration of an intravenous bolus 
injection (t = 0) and ‘/2, 1, 2, 4. 8, and 12 hours after 
administration. These sampling times were selected 
based on the known disposition profile for ceftazi- 
dime. Serum samples obtained after centrifugation 
(Merck-type Eppendorf 5414 [Eppendorf-Netheler- 
Hinz GmbH, Hamburg, Germany], 3000~ for I 
minute) were stored at -70” C. 

Measurement of the GFR. The GFR was measured 
by the continuous inulin infusion technique on day 3 
after birth. “‘,’ ’ A 10% glucose-inulin solution contain- 
ing 25 gm inulin/L was infused at a rate of 0.6 ml/kg/ 
hr, beginning at time (t) zero of the pharmacokinetic 
study. After 24 hours, the inulin clearance (CL,,) was 
calculated from the infusion rate (R), the inulin con- 
centration in the infusate (I), and the serum inulin con- 
centration (Pi,) by the equation CL,, = (I X R)/P,,,. 
Determination of the inulin in serum was performed 
after acid hydrolysis in 0.3 mmol/L perchloric acid for 
15 minutes at 70” C. The fructose thus formed was 
measured enzymatically. 

Ceftazidime assay. Analysis of serum ceftazidime 
concentrations was performed according to the method 
described by Ayrton” with minor modifications. 
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Table I. Clinical parameters of infants with or without prenatal exposure to betamethasone or indomethacin 

Group A (n = 84) Group B (n = 25) Group C (n = 6) Group D (n = 21) 
(Indo-IBeta-) (IndoSlBeta-) (Indo-lBeta+) (Indo+lBeta+) Total (n = 136) 

GA (wk) 31.5 -c 2.8* 28.9 2 2.3 30.4 ? 2.0 29.2 ? 1.3 30.6 ? 2.7 
Weight (gm) 1579 + 597” 1133 + 334 1093 2 266 1174 + 265 1413 + 54.5 
AGA (n/%) 72/86 24196 5/83 21/100 122190 
Ventilation (n/%) 66179 17/68 3150 14167 100174 
RDS (n/%) 2613 1 5120 2133 4119 37127 
GFR (mllmin) 0.90 t- 0.19 0.66 ? 0.11 0.93 + 0.16 0.81 ? 0.12 0.85 + 0.19 

Values are means 2 SD or numbers/percent of patients. 
Indo, Indometbacin; Beta, betamethasone; -, no prenatal exposure; f, prenatal exposure; AGA, appropriate for gestational age; GA, gestational age; RDS, respi- 

ratory distress syndrome; GFR, glomerular filtration rate. 
*Significantly different @ < 0.005) from groups B and D. 

Table II. Pharmacokinetic parameters of ceftazidime on day 3 after birth in infants with or without prenatal 
exposure to betamethasone or indomethacin 

Group A (n = 84) Group B (n = 25) Group C (n = 6) Group D (n = 21) 
(Indo-IBeta-) (Indo+lBeta-) (Indo-IBeta+) (Indo+lBeta+) Total (n = 136) 

CL (ml/hr) 67.9 -c 37.6 32.6 2 15.9* 37.9 -c 13.0 39.9 -e 11.0 55.7 ? 34.4 
CL (mlkrikg) 41.0 2 12.2 28.2 -c 9.5* 34.5 ? 7.2 34.0 k 6.2 37.3 + 11.9 
V,,, (ml) 560 2 241 416 k 196 315 ? 54 386 2 120 496 + 228 
Varea WW 356 2 94 366 2 130 294 t 38 326 k 53 350 2 96 
tl/, (W 6.32 2 1.72 9.39 ? 3.15* 6.05 5 1.10 6.83 2 1.57 6.95 + 2.32 

Data we mean values + SD. 
Indo, indomethacin; Beta, betametbasone; -, no prenatal exposure; f, prenatal exposure; CL, Total body clearance; V,,,, volume of distribution: t\/Z, elimination 

half-life. 
*Significantly different from group A after adjustment for differences in gestational age. 

HPLC-grade acetonitrile was purchased from Rath- 
bum (Walkerbum, Scotland). The other chemicals 
were purchased from Aldrich-Chemie (Steinheim, 
Germany). All chemicals applied were of the highest 
grade commercially available. Chromatographic analy- 
sis was performed with a glass-prepacked C,, column 
(100 X 8 mm, Resolve Radial Pak, Waters Chroma- 
tography, Milford, Mass.) combined with a guard col- 
umn. A Waters chromatography pump (model 6000 A, 
Waters Chromatography) was used to deliver the 
eluent: 4.8% (vol/vol) acetonitrile and 13.5% metha- 
nol in 20 mmol/L sodium acetate buffer (pH 3.6) at a 
flow rate of 2 ml/min. The separations were carried 
out at room temperature. The eluate was monitored 
with two Waters absorbance detectors (model 440/ 
wavelength 254 nm and model 484/wavelength 265 
nm; Waters Chromatography). 

To a 50 pl aliquot of the serum sample, an equal 
volume of 6% (vol/vol) perchloric acid containing 50 
mg/L cephaloridine as an internal standard was added. 
Samples were centrifuged at 1500g for 5 minutes (Ep- 
pendorf centrifuge 5412). Subsequently, 25 pl was in- 
jected into the column by a Waters Intelligent Sample 
Processor sample injector. 

A calibration curve was made by dissolving 4, 12, 
25, 50, 100, 200, and 400 pg ceftazidime per milliliter 

in serum. These spiked standard samples were pro- 
cessed according to the procedure mentioned above. A 
linear calibration curve was obtained over a range of 4 
to 400 p,g ceftazidime per milliliter. Because the 
spiked samples of the calibration curve underwent the 
same processing procedure as the clinical samples, the 
clinical samples were converted directly from the cali- 
bration curve to actual ceftazidime concentrations per 
milliliter of serum. The lower limit of detection of 
ceftazidime in serum was 0.5 mg/L. The coefficients 
of interassay variation at different concentrations were 
less than 7%. The intraassay values were less than 5%. 
Recovery of 95% of ceftazidime, which had been in- 
cubated for 24 hours at room temperature, was estab- 
lished. 

Pharmacokinetic analysis. Pharmacokinetics were 
studied on the third day after birth. Kinetic data were 
described according to a one-compartment model. 
Visual inspection of individual model fits gave no in- 
dication that a model more complex than a one- 
compartment open model was required. Pharmacoki- 
netic parameters were calculated with the multiple- 
dose equations described by Rowland and Tozer.17 
The basic equation used was as follows: 

C, = Dose/V,, X (1 - ?)I(1 - r) X epkt 



(‘I.INICAI. PHARMA<:OI.<K?Y & ‘I‘HEiVJELTI(‘S 
VOLUME 5X. NUhlRFK 6 van dent Anbev et al. 653 

O 0 
0 0 0 

0 0 
r-0.83 (Pt0.0011 

10 
I I I 

25 
I 

27 
I I 

29 
I 

31 33 35 37 
Gestational age (weeks) 

Fig. 1. Linear regression analysis of total body clearance of ceftazidime versus gestational age in 
136 preterm infants on day 3 after birth. Note logarithmically transformed vertical axis. 

In this equation, C, is the plasma concentration of 
ceftazidime at time t after each dose, V,,,, is the ap- 
parent volume of distribution, N is the dose number, 
and r = e pk*, in which k is the elimination rate con- 
stant and T is the dosing interval. Because doses were 
given twice daily, the ceftazidime concentration-time 
curve was assumed attributable to the seventh dose 
(and the trough level at t = 0 was assumed to be at- 
tributable to the sixth dose). Total body clearance (CL) 
was calculated with the following equation: CL = k 
V,,,,. Concentration time plots showed a linear de- 
crease over time and no indication of leveling off. 
Scatter was evenly distributed on log scale, indicating 
the need for l/(Ycal)* weighting. All calculations were 
carried out with the nonlinear regression module of 
SPSS/PC + V 4.0.1 (SPSS Inc., Chicago, Ill.), which 
uses a Levenberg-Marquardt algorithm. 

To examine the different dosing strategies, based on 
the assumption that serum trough levels should never 
drop below 5 mg/L, dosage recommendations for 
ceftazidime were calculated according to the following 
equation: 

D.wt mL1 

In this equation C, is the serum trough concentra- 
tion after the first dose, D the prescribed dose per ki- 
logram body weight, wt is the weight, k is the elimi- 

nation rate constant, 7 is the dosing interval, and V,,,,, 
is the apparent volume of distribution of ceftazidime. 

Statistical analjtsis. Data given are mean ? SD un- 
less indicated otherwise. Correlation coefficients given 
are Pearson’s Comparison of groups was done with 
the t test. Least-squares regression was used to evalu- 
ate linear relations between variables. In most of these 
analyses, the dependent variable had to be transformed 
logarithmically to obtain approximately normally dis- 
tributed residuals. All p values CO.05 (two-sided) 
were considered significant. 

RESULTS 
One hundred thirty-six neonates were enrolled in 

the study. Fifty-five infants (40%) had gestational ages 
of less than 30 weeks. The demographic and clinical 
parameters of all patients are shown in Table I. The 
pharmacokinetic parameters of ceftazidime before and 
after normalization for weight and the CL,, data are 
indicated in Table II. The mean t SD of CL, Varea, 
and the elimination serum half-life (tlk) of ceftazidime 
were 55.7 -t 34.4 ml/hr, 496 f 228 ml, and 6.95 2 
2.32 hours, respectively. After correction for body 
weight, the mean i- SD of CL and V,,, of ceftazi- 
dime were 37.3 ? 11.9 ml/h&g and 350 + 96 ml/kg, 
respectively. The mean 2 SD peak and trough levels 
were 114.9 f 39.4 and 33.9 I 17.8 mg/L, respec- 
tively. All neonates had serum trough concentrations 
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Fig. 2. Linear regression analysis of elimination serum half-life of ceftazidime versus gestational 
age in 136 preterm infants on day 3 after birth. 

above 5 mg/L. The serum trough levels of ceftazidime 
were high (>40 mg/L), especially in infants with ges- 
tational ages of less than 28 weeks. 

The CL of ceftazidime (Y = 0.83; p < 0.001) (Fig. 
1) and the V,,, of ceftazidime (r = 0.74; p < 0.001) 
increased significantly with increasing gestational age. 
The CL of ceftazidime (r = 0.88; p < 0.001) and the 
V area of ceftazidime (1. = 0.84; p < 0.001) also in- 
creased significantly with weight. The correlation be- 
tween gestational age and V,,, disappeared 0, = 
0.588) after normalization of V,,, for weight. The CL 
of ceftazidime per kilogram still increased signifi- 
cantly with gestational age (Y = 0.56; p < 0.001). The 
t,,, of ceftazidime decreased significantly with gesta- 
tional age (1. = -0.54; p < 0.001) (Fig. 2), as well as 
with weight (I. = -0.50; p < 0.001). 

CL, (as a parameter of the GFR) increased signifi- 
cantly with increasing gestational age (r = 0.63; p < 
0.001). The CL of ceftazidime increased significantly 
with increasing CL,, (r = 0.73; p < 0.001) (Fig. 3), 
whereas the t,,* of ceftazidime decreased significantly 
with increasing CL,, (r = -0.70; p < 0.001). The re- 
ciprocal of the serum creatinine value, a useful index 
of glomerular filtration in clinical practice, showed a 
positive linear relationship with the CL of ceftazidime 
(r = 0.72; p < 0.001) (Fig. 4). 

Assuming that serum concentrations should not be 

lower than 5 mg/L, appropriate dosing can be 
achieved by administration of 10 mg/kg ceftazidime 
twice daily to infants with gestational ages of less than 
28 weeks, 15 mg/kg twice daily to infants with gesta- 
tional ages between 28 and 32 weeks, and 25 mg/kg 
twice daily to infants with gestational ages above 32 
weeks (Fig. 5). Alternatively, appropriate dosing may 
also be achieved by prolonging the dosing interval to 
24 hours in preterm infants with gestational ages of 
less than 32 weeks with 25 mg/kg. These recommen- 
dations may be applied to all preterm infants in a neo- 
natal intensive care unit irrespective of prenatal expo- 
sure to betamethasone or indomethacin. 

To study the impact of prenatal exposure to beta- 
methasone or indomethacin on the pharmacokinetic 
parameters of ceftazidime, the infants were divided 
into four groups. Table I shows the clinical parame- 
ters of infants in these four groups. The gestational 
age of infants who were exposed to indomethacin pre- 
natally with or without betamethasone (groups B and 
D) was significantly lower compared with the gesta- 
tional age of the infants who were not exposed prena- 
tally to betamethasone or indomethacin (group A). 
Table II shows the pharmacokinetic parameters of 
ceftazidime on day 3 after birth in infants with or 
without prenatal exposure to betamethasone or indo- 
methacin. After adjustment by multiple regression for 
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Fig. 3. Linear regression analysis of total body clearance of ceftazidime versus inulin clearance in 
136 preterm infants on day 3 after birth. 

the difference in gestational age between groups, the 
CL of ceftazidime of the patients in group B (prenatal 
exposure to indomethacin) was still significantly de- 
creased and the t ,,* of ceftazidime was significantly 
prolonged compared with the CL and t, values of the 
patients in group A (not exposed to indomethacin or 
betamethasone). The effect of prenatal exposure to in- 
domethacin was not dependent on the gestational age 
or the severity of illness. No significant difference was 
present between the ceftazidime clearance or t,/, of the 
patients in group D (prenatal exposure to both beta- 
methasone and indomethacin) and group A (not ex- 
posed to indomethacin or betamethasone) when ad- 
justed for gestational age. The number of children in 
group C (n = 6) was considered too small for reliable 
statistical analysis. 

DISCUSSION 
Ceftazidime is eliminated predominantly from se- 

rum by glomerular filtration. Even at relatively high 
concentrations, the tubular excretion of ceftazidime is 
negligible.’ * The pharmacokinetics of ceftazidime in 
adults are dose independent over a dose range of 0.5 
to 2.0 gm intravenously and unaltered by repeated 
dosing. 14.“) 

The pharmacokinetic parameters of ceftazidime are 
different in the newborn compared with those in other 

pediatric age groups and adults.“‘,” Furthermore, in 
preterm infants with gestational ages of more than 30 
weeks, a large variability in these parameters has been 
repo,.ted,4,6,*,2’,24 The major reasons for this variabil- 
ity are differences in gestational age and postnatal age, 
the route of antibiotic administration, and an insuffi- 
cient number of postdose samples to calculate pharma- 
cokinetic parameters reliably. The currently recom- 
mended dosing guidelines are based on these data. We 
questioned the validity of these recommendations and 
designed this study to establish appropriate dosage 
recommendations. 

Our results indicate that twice-daily administration 
of 25 mg/kg to infants with gestational ages of less 
than 34 weeks and 50 mg/kg to infants with gesta- 
tional ages of more than 34 weeks results in high se- 
rum levels during the entire dosing interval. The val- 
ues for t,,, were increased markedly in the less ma- 
ture preterm infants and showed a gestational age- 
dependent decrease. These values were similar to 
those reported previously by others,4-6 whereas one 
study reported lower values.’ However, the latter 
study included only small numbers of slightly older 
neonates. This relationship between gestational age 
and tl,Z was also seen for cefotaxime, but the mecha- 
nism of the decrease of cefotaxime tiIZ with increasing 
gestational age remained speculative.2’ Gouyon et 
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Fig. 4. Linear regression analysis of total body clearance of ceftazidime versus reciprocal of serum 
creatinine values in 136 preteen infants on day 3 after birth. 

a1.26 postulated that cefotaxime CL and tl/, were 
closely dependent on the normal maturation of renal 
function in newborn infants. However, they could not 
provide evidence for this assumption. Other studies on 
the disposition of cefotaxime did not provide suffi- 
cient data to document possible effects of renal devel- 
opment on cefotaxime pharmacokinetics.27-3’ 

The second aim of our study was to relate the ef- 
fects of gestational age on the pharmacokinetics of 
ceftazidime to changes in GFR. Our results demon- 
strate the presence of a gestational age-dependent in- 
crease of the GFR in these preteim infants. These data 
are in agreement with those from other studies in 
which a positive linear relationship between the gesta- 
tional age and the GFR was demonstrated.1’S32,33 The 
positive relationship (Y = 0.73; p < 0.001) between 
the GFR and the CL of ceftazidime indicates that glo- 
merular filtration has an important effect on the CL of 
ceftazidime. However, the variability in the CL of 
ceftazidime exceeds that of the CL,, (Fig. 3). This in- 
dicates that ceftazidime is not eliminated by glomeru- 
lar filtration alone. We propose that tubular reabsorp- 
tion or tubular secretion is involved in the renal 
handling of ceftazidime in preterm infants. 

The third aim of this study was to calculate dose 
recommendations for ceftazidime that may be used 
during the first week of life. An optimal dose regimen 
should result in a high clinical efficacy and a minimal 

chance of toxicity. To ensure clinical efficacy, serum 
concentrations of ceftazidime should be above the 
MIC of ceftazidime for major neonatal pathogens such 
as S. agaluctiae (MIC,, CO.25 mg/L) and E. coli 
(MIC,, < 0.25 mg/L).2,3 In our preterm infants, serum 
concentrations of ceftazidime were sufficiently high to 
obtain maximal clinical efficacy. However, all beta- 
lactam antibiotics are neurotoxic to some extent.34’35 
In adults ceftazidime has been reported to cause en- 
cephalopathy, hallucinations, confusion, and neuro- 
muscular excitability.36-40 In the rat model a dose- 
dependent suppressive effect of p-lactam antibiotics 
has been demonstrated on the differentiation and pro- 
liferation of oligodendroglia.41 In addition to this po- 
tential neurotoxic side effect, high concentrations of 
ceftazidime may also result in inhibition of cell prolif- 
eration in cultured human myeloid precursor and lym- 
phoid cells.42 This may lead to neutropenia and im- 
pairment of cellular and humoral immune responses. 
The above-described toxicity profile indicates that 
modification of the dose of ceftazidime in the preterm 
infant should be considered to prevent potential drug- 
induced toxicity. However, ceftazidime-related side ef- 
fects or differences in efficacy could not be demon- 
strated despite the large variability in levels of ceftazi- 
dime. 

The presence of high serum trough concentrations 
and a prolonged tl/, suggests that dosage adjustments 
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Fig. 5. Serum drug concentration-time profiles of ceftazidime (25 mg/kg body weight) in 27 pre- Fig. 5. Serum drug concentration-time profiles of ceftazidime (25 mg/kg body weight) in 27 pre- 
term infants with gestational ages of less than 28 weeks on day 3 after birth (solid line) versus term infants with gestational ages of less than 28 weeks on day 3 after birth (solid line) versus 
predicted serum drug concentration-time profiles of ceftazidime (10 mg/kg body weight) in same predicted serum drug concentration-time profiles of ceftazidime (10 mg/kg body weight) in same 
infants (broken line). 

are needed in this patient population. Our data indicate 
that the low GFFC is responsible primarily for the de- 
creased ceftazidime CL. However, ceftazidime CL is 
also dependent on gestational age. Because the deter- 
mination of gestational age is much easier than the 
measurement of the GFR, we suggest that dose recom- 
mendations of ceftazidime in the preterm infant should 
be based primarily on gestational age. This approach 
is supported by the stronger correlation between cefta- 
zidime CL and gestational age (1. = 0.83) compared 
with the correlation between ceftazidime CL and Cl,, 
(1. = 0.73). 

To calculate dosage recommendations, infants were 
stratified into three groups: gestational age less than 
28 weeks, 28 to 32 weeks, and 32 to 37 weeks. We 
used a model in which a trough level of 5 mg/L was 
chosen as the minimum level desired for appropriate 
bacterial killing of the major neonatal microorganisms. 
Two different strategies were used for the calculations. 
First, dosage recommendations were calculated ac- 
cording to a fixed dosing interval of 12 hours. Altema- 
tively, appropriate dosing may also be achieved by 
prolonging the dosing interval to 24 hours in infants 
with gestational ages of less than 32 weeks. These rec- 
ommendations may be applied to a broad population 

of preterm infants because they are derived from re- 
sults obtained from all preterm infants in a neonatal 
intensive care unit irrespective of prenatal exposure to 
betamethasone or indomethacin. Further studies will 
be necessary to determine whether invasive bacterial 
infections have a significant effect on the pharmacoki- 
netics of ceftazidime in the first 2 weeks of life. 

We recently reported that prenatal exposure to beta- 
methasone or indomethacin exerted significant effects 
on the GFR of preterm infants in the first days of 
life.” We therefore studied the effects of prenatal ex- 
posure to betamethasone and indomethacin on the 
pharrnacokinetics of ceftazidime. Most pregnant 
women who were treated with betamethasone were 
also treated with indomethacin to inhibit preterm uter- 
ine contractions. The number of patients exposed to 
betamethasone alone was therefore too small to per- 
form a separate analysis. Our analysis indicates that 
the gestational age-adjusted ceftazidime CL of the in- 
fants who were exposed prenatally to both betametha- 
sone and indomethacin was significantly higher com- 
pared with the CL of ceftazidime of the infants who 
were exposed prenatally to indomethacin alone. In ad- 
dition, the gestational age-adjusted CL of ceftazidime 
of the infants who were exposed prenatally to both 
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drugs was not different from the CL of ceftazidime of 
the infants who were not exposed at all (group A). The 
gestational age-adjusted V,, of ceftazidime did not 
show any significant differences between groups A, B, 
and D. Consequently, the gestational age-adjusted t,/, 
of ceftazidime of the infants who were exposed prena- 
tally to both betamethasone and indomethacin was sig- 
nificantly shortened compared with the t,,* of ceftazi- 
dime of the infants who were exposed prenatally to 
indomethacin alone. In addition, the gestational age- 
adjusted ti/, of the infants who were exposed prena- 
tally to both drugs was not different from the tV2 of the 
infants who were not exposed at all (group A). 

These results clearly indicate that prenatal exposure 
to indomethacin alone significantly decreases ceftazi- 
dime CL and increases the t,,* of ceftazidime. The co- 
administration of betamethasone prevents these 
changes. We therefore advocate that additional dosage 
adjustments in the first week of life are needed after 
prenatal exposure to indomethacin, when this is not 
combined with the use of betamethasone. The recom- 
mended dosage for infants with gestational ages of 
less than 28 weeks should be adjusted to 7.5 mg/kg 
body weight every 12 hours, and for infants with ges- 
tational ages between 28 and 32 weeks this should be 
adjusted to 10 mg/kg body weight every 12 hours. 

Prescription of indomethacin as a tocolytic agent is 
much more restricted in the United States than in The 
Netherlands. This has been caused by reports about 
negative effects on fetal and neonatal renal and cardio- 
vascular function.43‘45 Our data demonstrate that there 
is an effect of maternally administered indomethacin 
on renal function in the newborn during the first 3 
days of life. On day 10 after birth, this effect could no 
longer be detected. Although renal toxicity was revers- 
ible, it may result in metabolic and volume derange- 
ments in addition to potential drug overdosing. These 
data are in agreement with the lower urine output and 
higher serum creatinine concentrations that were seen 
during the first 3 days of life in preterm infants deliv- 
ered at or before 30 weeks’ gestation whose mothers 
had been treated with indomethacin.46 Other compli- 
cations seen after prenatal exposure to indomethacin 
are necrotizing enterocolitis, intracranial hemorrhage, 
and a patent ductus arteriosus.46 Indomethacin is an 
effective tocolytic drug that unfortunately also in- 
creases the risk of complications associated with pre- 
term birth. Prospective studies are needed to investi- 
gate whether the efficacy of indomethacin as a 
tocolytic agent outweighs the risk of these complica- 
tions. 

In summary, dosage recommendations for ceftazi- 
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dime in preterm infants for the first week of life 
should be based on gestational age and GFR, and in 
preterm infants who are prenatally exposed to indo- 
methacin, additional dosage adjustments are indicated. 
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