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The therapeutic and toxic effects of amikacin are known to depend on its concentration in plasma, but the
pharmacokinetics of this drug in neonates, infants, and children and the influences of clinical and biological
variables have been only partially assessed. Therapeutic drug monitoring data collected from 155 patients (49
neonates, 77 infants, and 29 children) receiving amikacin were analyzed by a nonparametric population-based
approach, the nonparametric maximum-likelihood method. We assessed the effects of gestational and post-
natal age, weight, Apgar score, and plasma creatinine and urea concentrations on pharmacokinetic parame-
ters. There is no specific formulation of amikacin for neonates and infants. We therefore used an error model
to account for errors due to dilution during preparation of the infusion. The covariates that reduced the
variance of clearance from plasma and the volume of distribution by more than 10% were postnatal age (43 and
28%, respectively) and body weight (30.4 and 17.4%, respectively). The expected reduction of clearance was
about 10% for the plasma creatinine concentration. The other covariates studied (Apgar scores, plasma urea
concentration, gestational age, sex) were found to have little effect. Simulations showed that a smaller
percentage of patients had a maximum concentration in plasma/MIC ratio greater than 8 with a regimen of 7.5
mg/kg of body weight twice daily than with a regimen of 15 mg/kg once a day for MICs of 1 to 8 mg/liter.

Amikacin is widely used in neonates and infants, as well as in
adults, for the treatment of severe infections caused by gram-
negative bacteria. Previous studies have shown that both the
therapeutic response and toxic effects depend on plasma ami-
kacin concentrations. Achieving a therapeutic maximum con-
centration of amikacin in plasma is associated with a significant
decrease in the rate of mortality due to infection in critically ill
patients (2, 36, 37), and a relationship has also been found
between the minimum plasma amikacin concentration and re-
nal toxicity (20, 49). Interindividual variability in the pharma-
cokinetics of amikacin may therefore make it difficult to
achieve safe and effective treatment. The pharmacokinetics of
aminoglycosides have been shown to be highly variable in ne-
onates and children. Several factors account for the pharma-
cokinetic variabilities of other aminoglycosides in this popula-
tion (50). The pharmacokinetics of netilmicin and gentamicin
depend on gestational age, postnatal age, weight, renal clear-
ance, and Apgar score (6, 9, 11, 12, 14, 18, 21, 43, 46, 47,
51–53). Very few data are available concerning the effects of
clinical and biological covariates on the pharmacokinetics of
amikacin in neonates and the changes in the pharmacokinetic
profile of amikacin that occur from birth into infancy. The lack
of data on the pharmacokinetics of many drugs in neonates
and children is related to blood sampling limitations for this
population. One way around this problem is to collect a few
samples from many individuals and analyze the data by means
of a population-based approach (7, 10, 13, 14, 29, 34, 51, 54).
The administration of aminoglycosides once daily has been

shown to be as well tolerated as or better tolerated than the
conventional schedules (twice daily or thrice daily) in adults
and children. Once-daily administration also has potential
pharmacodynamic and nursing advantages (15, 16, 38, 44). No
data have been published concerning the plasma amikacin
concentrations in neonates treated with a regimen of once per
day.

The aims of the study were (i) to describe amikacin phar-
macokinetics in populations of neonates, infants, and children
by the nonparametric maximum-likelihood (NPML) method
(30) applied to drug monitoring data routinely collected from
155 patients; (ii) to determine the extent to which various
covariates (gestational and postnatal age, weight, Apgar score,
serum urea and creatinine concentrations) accounted for in-
terindividual variability (30, 31, 44); and (iii) to compare the
performances of a once-daily regimen and a twice-daily regi-
men in our population by simulating concentrations in plasma
at various times from Bayesian individual parameter estimates.

MATERIALS AND METHODS

Patients and treatments. Therapeutic drug monitoring data were retrospec-
tively collected from 155 patients: 49 neonates (23 girls, 26 boys), 77 infants (28
girls, 49 boys), and 29 children (14 girls, 15 boys). These individuals were hos-
pitalized in the Pediatrics Department of Saint-Vincent de Paul Hospital, Paris,
France, and received amikacin for a suspected infection. Descriptive statistics for
the biological and clinical data collected from these patients are given in Table
1. The drug was administered by infusion for a short period of time. The median
dose administered was 7.44 mg/kg of body weight for all patients (dose range,
2.47 to 14.9 mg/kg). The duration of the infusion was not recorded for about 40%
of drug administrations but was recorded for all administrations immediately
preceding the measurement of plasma amikacin concentrations. If the duration
of the infusion was unknown, we assumed that its value was the median value for
both groups (i.e., 0.5 h). For each patient, we assessed the dose received, the
infusion and sampling times, and plasma amikacin concentrations. We measured
plasma amikacin concentrations by a fluorescence polarization immunoassay
(TDx; Abbott). The lower limit of detection was 0.8 mg/liter. The coefficient of
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variation was less than 3.5% for all concentrations. Data were available for a
total of 470 time points for the 155 patients, for a mean of 3.03 samples per
patient, a median of 3 samples per patient, and a range of 1 to 8 samples per
patient. For about 25% of the patients, the plasma amikacin concentration was
determined only once after drug administration. A blood sample was systemat-
ically taken just before the start of the first infusion to determine the plasma
amikacin concentration and to check whether the subject had previously received
amikacin so that this information could be taken into account, if necessary, to
calculate an appropriate drug regimen. This pretreatment sample was not taken
into account in the analysis of the plasma amikacin concentration but was
considered in the modeling study. Most of the other blood samples were drawn
immediately after the first administration. The following information was re-
corded: gestational and postnatal ages; body weights; Apgar scores at 1, 5, and 10
min; and plasma creatinine and urea concentrations.

Pharmacokinetic model. The pharmacokinetics of amikacin in pediatric pop-
ulations are generally described by a two-compartment model (1, 19, 22, 45), and
one three-compartment model has even been developed (1). However, in this
study most of the kinetic data were collected between 5 min and 3 h after the end
of infusion; thereafter, only one further measurement was made, at most, just
before the next drug administration. As a result, the preliminary nonlinear
regressions for each patient, carried out whenever possible with a two-compart-
ment model, produced inaccurate second elimination constants. We therefore
used a one-compartment model to describe our kinetic data, as already proposed
by Botha et al. (4) and Padovani et al. (39) for a previously studied pediatric
population. The two parameters were clearance (CL) and the volume of distri-
bution (V), from which the elimination half-life (t1/2) was derived.

Statistical model. An additive zero-mean normal-error model was assumed for
all measurements. Its variance was modeled as being proportional to the square
of the measurements, and its coefficient of variation was set at 5%. As dilution
is required when preparing infusions for neonates, infants, and children, the
errors in the amount of drug actually administered are in some cases large (42).
Therefore, analytical errors are probably not the largest source of deviation
between predicted and observed values. The coefficient of variation of this dose
error can be estimated by measuring the concentration of the drug in the syringe
after various dilution procedures for several target dose levels. Based on the
results of previous studies on aminoglycoside dose errors due to dilution (42, 51),
the coefficient of variation for dose error was assumed to be 20% for the
neonates. As infants, and children in particular, are much heavier than neonates,
dilution rates are generally lower when preparing the drug for such patients, and
related procedures are simpler. Therefore, dose errors due to dilution are prob-
ably lower for infants and children than for neonates, and the coefficient of
variation of the errors was assumed to be 5%. In any case, errors in the doses
administered were assumed to be uncorrelated, and for a given concentration
measurement, only the dose error for the infusion immediately preceding the
measurement was considered.

Population analysis. Our group of 155 pediatric patients was randomly divided
into a learning sample containing two-thirds of the subjects and a validation
sample made up of the remaining one-third. Kinetic data for the learning sub-
group, eight continuous covariates (gestational age; postnatal age at the start of
treatment; body weight; 1-, 5-, and 10-min Apgar scores; plasma urea and
creatinine concentrations), and one categorical covariate (sex, coded 0 or 1) were
analyzed by the NPML method (31, 42, 51). This method was used to estimate

the joint distribution of the kinetic parameters and covariates in the population
of patients. No assumptions about the shape of this distribution are required.
Moreover, no mathematical relationship between kinetic parameters and covari-
ates needs to be specified. From this distribution estimated by the NPML method,
we obtained descriptive statistics for each kinetic parameter and covariate. We
investigated the extent to which each covariate accounted for the variability of
each parameter by calculating the relative expected reduction of variance of the
parameter distribution associated with each covariate. These values were then
compared, and the relationships between each of the parameter-covariate pairs
were ranked. The relationships (if any) between parameters and covariates were
explored by plotting the conditional mean of each parameter distribution for
several percentiles of each covariate. The shape of the curve representing the
relationship between parameter and covariate were investigated in more detail
by using a Gaussian kernel smoother (40) to smooth the plots and examining the
results by eye (32). Given the large number of possible combinations of param-
eters and covariates in this study, only parameter-covariate pairs with a relative
expected reduction of variance greater than 10% were explored by this graphical
method.

Validation. The goodness of fit of the model was assessed for the learning
group by plotting the predicted concentrations against the observed concentra-
tions and by plotting the weighted residuals against the predicted concentrations.
For each patient, we calculated the predicted concentration from estimated
individual pharmacokinetic parameters obtained from the parameter distribu-
tion provided by the NPML method and from either the patient covariates only
(i.e., population predictions) or both individual concentrations in plasma and
covariates (i.e., Bayesian predictions). The mean and variance of the weighted
residuals, the mean square error, and the root mean square error (RMSE) were
also calculated. The ability to predict the concentration in new patients was
tested with the data from the validation group. Standardized prediction errors,
which for the validation group were equivalent to the weighted residuals, were
also calculated (14). We also plotted predicted concentrations versus observed
concentrations and standardized prediction errors against predicted concentra-
tions for both population and Bayesian predictions. The mean and variance of
the standardized prediction errors, the mean square error, and the RMSE were
also calculated in each case. We used a nonparametric validation approach,
proposed by Mesnil et al. (33) and based on a Kolmogorov-Smirnov test.

Assessment of dosing schedules. Various dosing schedules for amikacin have
been proposed for neonates, infants, and children, but no real consensus exists.
For infants and children, the manufacturer recommends a dose of 15 mg/kg/day
administered intravenously or intramuscularly and divided into two or three
doses. For neonates, a loading dose of 10 mg/kg followed by a maintenance dose
of 7.5 mg/kg every 12 h administered intravenously over 1 to 2 h has been
recommended by the manufacturer, as V of amikacin is higher in neonates than
in infants and children (26, 45). However, many other regimens have been
proposed (23, 41, 45). Once-daily regimens have been suggested for children (20
mg/kg [25] or 15 mg/kg [5]) and neonates (24, 27, 28). We did not aim to assess
every dose schedule mentioned in this nonexhaustive list. Two commonly en-
countered drug dosing regimens were considered for the simulation of the
plasma amikacin concentration. In the first drug dosing regimen, neonates re-
ceived a loading dose of 10 mg/kg followed by a maintenance dose of 7.5 mg/kg
every 12 h administered intravenously over 1 h. For infants and children, a dose
of 7.5 mg/kg every 12 h (no loading dose) given as a 1-h infusion was considered.
In the second drug dosing regimen, we considered an infusion of 15 mg/kg every
24 h given over 1 h for all patients (i.e., neonates, infants, and children). We
planned to measure the minimum concentrations in plasma at three time points:
24, 48, and 72 h after the beginning of the treatment. Maximum concentrations
in plasma were assumed to occur half an hour after the end of a given infusion.
Two determinations of maximum concentrations in plasma were made: at 1.5 and
25.5 h after the beginning of the treatment (48). These dosing schedules were
applied to our group of 155 patients, and the concentrations in plasma at the five
sampling times (two maximum concentrations in plasma and three minimum
concentrations in plasma) were simulated from the one-compartment pharma-
cokinetic model and from Bayesian individual kinetic parameter estimates.
Bayesian kinetic parameters were estimated for each patient from the parameter
distribution estimated by the NPML method and individual kinetic data and
covariates. At each sampling time, descriptive statistics were obtained from these
predicted concentrations. The percentages of Bayesian predicted concentrations
within the therapeutic range (i.e., maximum concentration in plasma/MIC of
greater than 8 [8] and minimum concentration in plasma below 10 mg/liter [48])
were calculated for each regimen and for six MICs (1, 2, 3, 4, 6, and 8 mg/liter).
The ratio of the peak concentration to the MIC is a good indicator of amino-
glycoside activity (8).

TABLE 1. Descriptive statistics for biological and clinical data
collected from patientsa

Characteristic Mean CVb (%) Median Range

Gestational age (wk) 38 6 39 30–41
Postnatal age (days) 450 185 69 1–3,650
Body wt (kg) 7.38 84 4.83 1.35–33
Apgar score at:

1 min 8.93 24 10 1–10
5 min 9.94 2 10 9–10
10 min 9.83 7 10 5–10

Plasma creatinine concn
(mmol/liter)

54 40 49 24–114

Plasma urea concn
(mmol/liter)

4.3 48 3.9 0.9–15.2

a n � 155.
b CV, coefficient of variation.
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RESULTS

Population characteristics. Descriptive statistics for the pop-
ulation kinetic parameters and covariates estimated by the
NPML method for the learning subgroup are presented in
Table 2. In this sample, 49 of the 155 patients were neonates
and 17 of the 49 neonates were 7 days old or younger. The
interindividual variability of CL was very high, as shown by
the coefficient of variation (about 52%) and by the ratio of the
estimated maximum value to the estimated minimum value,
which was about 25. The interindividual variability of V was
lower than that of CL, but it was still high (about 38%). There
was considerable interindividual variability of t1/2, from about
0.5 to 22 h, with the values differing by a factor of more than 40.

Covariate analysis. When calculating the relative expected
reductions of variance of the two kinetic parameter distribu-
tions due to the introduction of each covariate into the anal-
ysis, two variables were found to account for a large proportion
of the interindividual variability of both CL and V: postnatal
age and body weight. Postnatal age gave an expected variance
reduction of 43% for CL and 28% for V. For body weight the
equivalent reductions were 30.4% for CL and 17.4% for V, and
body weight had an effect even if the model parameters were
standardized with respect to this factor. The plasma creatinine
concentration also accounts for a large proportion of interin-
dividual variability in CL, but the effect of this factor is less
pronounced than that of body weight or postnatal age, with an
expected reduction of about 10%. Apgar scores, the plasma
urea concentration, gestational age, and sex were found to
have little effect, inducing reductions of less than 5%. The
pattern of change in mean clearance normalized to body
weight as a function of postnatal age is shown for the whole
population (i.e., neonates, infants and children) in Fig. 1A. It
can be seen that mean CL increases considerably with postna-
tal age. This increase is extremely pronounced during the first
few weeks of life and then becomes more moderate until about
the age of 2 years. During childhood, CL continues to increase
with age, but this trend is not pronounced and CL seems to
reach a plateau at about 7 years of age. The scale of the
postnatal age axis in Fig. 1A makes it difficult to determine
accurately what happens during the very first months of life.
Therefore, in Fig. 1B we restricted our attention specifically to
neonates and infants, which made it possible to plot the data

with a more appropriate x-axis scale. The mean CL increased
very rapidly during the first month of life and continued to
increase, but much less rapidly, thereafter (i.e., when neonates
became infants). Figure 1C shows the pattern of change in
mean V, normalized with respect to body weight, as a function
of postnatal age for the whole population (i.e., neonates, in-
fants, and children). Unlike CL, V decreased rapidly during the
very first weeks of life and continued to decrease thereafter,
although it decreased more slowly. However, there is no
marked break in this trend at about 100 weeks (i.e., when
infants became children), in contrast to what was observed for
CL. If we focused only on neonates and infants, the mean V
was found to decrease rapidly during the first 4 weeks of life
(Fig. 1D). At the end of this period (when neonates became
infants), the trend changed, and mean V then decreased very
moderately until the age of 6 months, when V reached a pla-
teau. CL, even if it was standardized with respect to body
weight, increased with body weight. V decreased unevenly as
body weight increased. CL seemed to decrease linearly as the
plasma creatinine concentration increased.

Model evaluation. The Bayesian individual predicted and
observed concentrations were similar for the learning group:
the 325 datum points in the plot of predicted concentrations
against observed concentrations were close to the line of unit
slope. No trend was observed in the plot of weighted residuals
versus predicted concentrations. The mean of the weighted
residuals was 0.004, which is very close to 0, and its variance
was 2.29, which is not significantly different from 1. The RMSE
was 2.34. Figure 2 summarizes the assessment of the popula-
tion model for the validation sample. The datum points for
population predicted concentrations plotted against observed
concentrations were, with few exceptions, not far from the unit
slope (Fig. 2A). However, the model slightly overestimated
concentration, as confirmed by the plot of standardized pre-
diction errors versus predicted concentrations (Fig. 2B). The
mean of the standardized prediction error was 0.85, its vari-
ance was 4.1, and the RMSE was 3.71. The Kolmogorov-Smir-
nov test statistic was found to be 0.1123, which is just below the
threshold (0.1129) for rejection of the null hypothesis for a
sample of 145 observations and a risk of 5%. Figure 2C shows
a plot of the Bayesian predicted concentrations versus the
observed concentrations for the validation sample, and Fig. 2D

TABLE 2. Population kinetic parameters, t1/2s, and covariates estimated by the NPML method with data from the learning populationa

Parameter or characteristic Mean CVb (%) Median Range

CL (liter h�1 kg�1) 1.23 � 10�1 52 1.16 � 10�1 9.95 � 10�3–2.50 � 10�1

V (liter kg�1) 3.37 � 10�1 39 3.12 � 10�1 1.38 � 10�1–8.46 � 10�1

t1/2 (h) 2.77 98 2.04 0.52–21.76
Gestational age (wk) 38 5 38 34–41
Postnatal age (days) 431 183 75 1–3,283
Body wt (kg) 7.41 80 4.77 1.99–32.94
Apgar score at:

1 min 8.69 10 9 7–10
5 min 9.53 3 10 9–10

10 min 9.54 3 10 9–10
Plasma creatinine concn (mmol/l) 56 36 48 10–100
Plasma urea concn (mmol/liter) 4.6 32 4.5 1.9–7.2

a n � 104.
b CV, coefficient of variation.
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shows the corresponding standardized prediction errors with
respect to the Bayesian predicted concentrations. The points
are less scattered than those for the population predictions,
and the slope of the regression line was not significantly dif-
ferent from 1 (P � 0.76). The mean standardized prediction
error (0.11) and its variance (3.23) were both lower. The same
held true for RMSE, for which a value of 2.70 was obtained.
The Kolmogorov-Smirnov test statistic was 0.097, below the
threshold of 0.1129 for rejection of the null hypothesis, for 145
observations and a risk of 5%.

Assessment of dosing schedules. The results for the first
dosing schedule evaluated (i.e., for neonates, a dose of 10
mg/kg followed by a maintenance dose of 7.5 mg/kg every 12 h
administered intravenously over 1 h; for infants and children, a
dose of 7.5 mg/kg every 12 h [no loading dose] given as a 1-h
infusion) are given in Table 3. The mean and median predicted
minimum concentrations were much lower than 10 mg/liter at
24, 48, and 72 h. Moreover, the percentage of subjects with
concentrations below this limit was close to 100% at the three
time points considered. The mean and median predicted max-
imum concentrations were about 17 mg/liter. The interindi-
vidual variability of the predicted minimum concentration in
plasma was high, whereas that for the maximum concentration
in plasma was moderate.

The results for the second dosing schedule evaluated (i.e., 15
mg/kg every 24 h administered intravenously over 1 h for every
subject) are given in Table 4. Mean and median predicted
minimum concentrations in plasma were below the limit of
quantification at times of 24, 48, and 72 h; and the plasma of all
patients had concentrations of less than 10 mg/liter at these

time points. The mean and median maximum predicted con-
centrations were about 33 mg/liter, about twice those obtained
with the other therapeutic schedule. The interindividual vari-
ability of the predicted maximum concentration in plasma was
lower than that for the predicted minimum concentration in
plasma, as was the case for the first regimen. Figure 3 presents
the percentage of patients whose plasma had concentrations
within the therapeutic range for the two regimens studied and
six MICs. For each MIC, the percentage of patients with con-
centrations within the therapeutic range was higher for the
once-daily regimen than for the twice-daily regimen.

DISCUSSION

Our results reveal the existence of considerable interindi-
vidual variability in pharmacokinetic parameters within the
population studied, as shown by the large coefficient of varia-
tion. Postnatal age reduced the expected relative variance of
the CL distribution by more than 10% in the population stud-
ied. Gestational age gave no major reduction of variance of the
amikacin CL. This may be because the age range of the pop-
ulation was not sufficiently large due to a lack of very prema-
ture neonates. These results are consistent with the results of
previous studies on the pharmacokinetics of netilmicin (51),
gentamicin (17), and amikacin (1, 39, 45) in neonates but not
with the results of others suggesting that gestational age affects
the clearance of gentamicin (43) and amikacin (45). The avail-
able data suggest that gestational age may have an effect only
during the very first days of life (17, 43, 45). Some investigators
have focused on the relationship between amikacin CL and

FIG. 1. (A and B) Variation of mean CL with respect to postnatal age for neonates, infants, and children (A) and for neonates and infants only
(B). (C and D) Variation of V with respect to postnatal age for neonates, infants, and children (C) and for neonates and infants only (D). In every
plot, each dot represents a point estimate of the mean CL or V for a given value of postnatal age. Solid lines correspond to the smoothed data.
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postconceptional age. However, this covariate, which is the
sum of gestational age and postnatal age, is probably not as
relevant as gestational age and postnatal age considered sep-
arately, as the profile of renal function maturation differs dur-
ing the gestational and postnatal periods (6). Few data on

amikacin CL are available for infants and children (22). The
design of our study made it possible to detect age-dependent
changes in amikacin CL after the neonatal period. We found
that the rate of increase in CL varies during the first 7 years of
life, with a sharp increase during the first few weeks of life,
followed by a slow increase until the age of 7 years. Amikacin

FIG. 2. Validation sample. (A) Population predicted concentrations versus observed concentrations. (B) Standardized prediction errors versus
population predicted concentrations. (C) Bayesian predicted versus observed concentrations. (D) Standardized prediction errors versus Bayesian
predicted concentrations. Concentrations are expressed in milligrams per liter.

TABLE 3. Descriptive statistics for Bayesian predicted amikacin
concentrations for the sample of 155 patients at five sampling

times from a standard dosing schedulea

Sample designation Sampling
time (h)b

Statistics for predicted concn

Mean
(mg/liter)

Median
(mg/liter)

CVc

(%)
Range

(mg/liter)

First peak (0.5 h after
end of first infusion)

1.5 17.9 16.5 34 6.6–35.3

First trough level (just
before third infusion)

24 1.4 �0.8 180 �0.8–14.7

Second peak (0.5 h after
end of third infusion)

25.5 17.3 16.4 32 6.8–35.7

Second trough level (just
before fifth infusion)

48 1.5 �0.8 191 �0.8–17.6

Third trough level (just
before seventh infusion)

72 1.6 �0.8 193 �0.8–18.1

a The standard dosing schedules were as follows: for neonates, a dose of 10
mg/kg followed by a maintenance dose of 7.5 mg/kg every 12 h administered
intravenously over 1 h; for infants and children, 7.5 mg/kg every 12 h (no loading
dose) given as a 1-h infusion.

b Time zero was the beginning of treatment.
c CV, coefficient of variation.

TABLE 4. Descriptive statistics for Bayesian predicted amikacin
concentrations for sample of 155 patients at five sampling

times from a standard dosing schedulea

Sample designation Sampling
time (h)b

Statistics for predicted concn

Mean
(mg/liter)

Median
(mg/liter)

CVc

(%)
Range

(mg/liter)

First peak (0.5 h after
end of first infusion)

1.5 32.3 31.6 28 13.2–62.1

First trough level (just
before second infusion)

24 �0.8 �0.8 289 �0.8–9

Second peak (0.5 h after
end of second infusion)

25.5 32.7 32.4 28 13.2–62.3

Second trough level (just
before third infusion)

48 �0.8 �0.8 305 �0.8–10.7

Third trough level (just
before fourth infusion)

72 �0.8 �0.8 308 �0.8–11.1

a The standard dosing schedule was a dose of 15 mg/kg every 24 h adminis-
tered intravenously over 1 hr.

b Time zero was the beginning of treatment.
c CV, coefficient of variation.
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CL, expressed in milliliters per minute per kilogram, was also
affected by body weight. This is consistent with the results
obtained in a previous study on the pharmacokinetics of netil-
micin in neonates (51). This result is of physiological relevance,
as it has been shown that changes in renal clearance, expressed
in milliliters per minute, are not linearly related to body weight
(6). Body weight is strongly correlated with postnatal age, a
more direct measure of maturity.

Apgar score was found to have no effect in our population.
However, most of our neonates were recruited in a neonatal
ward rather than an intensive care unit and therefore had not
experienced a severe perinatal challenge. These data are con-
sistent with those previously obtained with netilmicin for a
population recruited in the same setting (51).

The value of V dramatically decreased during the very first
weeks of life. These pharmacological data are consistent with
physiological observations, such as the fact that amikacin is
hydrophilic and the fact that total body and extracellular water
contents decrease with age during this period of life (3). The V
of amikacin, expressed in milliliters per kilogram, was also
affected by postnatal age.

To ensure the efficacy of amikacin treatment, we aimed to
achieve a peak concentration/MIC ratio of at least 8 for MICs
of 1 to 8 mg/liter, with minimum concentrations of less than 10
mg/liter, as recommended for adults and children (8, 23, 37,
48). With a dose of 7.5 mg/kg given every 12 h in neonates and
children and with a loading dose of 10 mg/kg in neonates, only
50% of patients had adequate plasma amikacin concentrations
for MICs of 2 mg/liter. This regimen therefore seems to be
inappropriate for this population. The use of once-daily dose
administration has been suggested as a means of obtaining
high maximum concentrations. In neonates this regimen has

been shown to be as safe as a thrice-daily or a twice-daily
regimen (24, 27). Indeed, the predicted minimum concentra-
tions obtained with this regimen were below 10 mg/liter for all
patients, and the percentage of patients with a maximum con-
centration/MIC ratio greater than 8 with this regimen was
much lower than the percentage of patients with a maximum
concentration/MIC ratio greater than 8 with a regimen of 15
mg/kg once daily for MICs of 1 to 8 mg/liter. For example, for
an MIC of 2 mg/liter, predicted maximum concentrations were
outside the target concentration range for less than 5% of the
patients with a once-daily regimen, whereas they were outside
the target concentration range for 50% of the patients with a
twice-daily regimen (Fig. 3). These results are consistent with
those obtained by evaluation of a once-daily dosing regimen
for gentamicin in neonates (52). They have important clinical
implications, as the outcome depends on the maximum con-
centration in plasma in patients treated with aminoglycosides
(2, 35–37). The higher the maximum concentration, the better
the outcome. In conclusion, we recommend that neonates,
infants, and children receive the same once-daily dosing regi-
men with a daily dose of 15 mg/kg, as this regimen gives higher
maximum concentrations than the concentrations obtained
with a twice-daily regimen.
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