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ABSTRACT: This study investigates the pharmacokinetics of gentamicin in newborns
in the Special Care Nursery in University Hospital. They were divided into 3 groups
according to gestational age: Group I, 26 to 30 weeks (n=10), Group II, 31 to 35 weeks
(n=27), and Group Ii, 36 to 40 weeks (n=36). Each subject received 2.5mg/kg gen-
tamicin (gentamicin sulphate, David Bull} every 12 h initially. The pharmacokinetic
parameters for each newborn were derived from the measured plasma C__ and C_
levels taken at steady state, according to the Sawchuk-Zaske method. The subsequent
dosage regimen was calculated using these parameters.

Gentamicin trough levels in the newborn ranged from 0.57 to 4.94 {ig/mL while the
peak levels ranged from 4.24 to 12.42 ig/mL. The apparent volume of distribution (V J
{means £ SEM) increased with gestational age, the V, being 0.81 +0.09, 1.00 + 0.06 and
1.49+0.06 L for groups I, IT and III respectively. The differences between the groups
were significant (P<0.01; Student’s t-test).

There was an observable decrease in t , with increasing gestational age, the t , (mean
t SEM) being 10.02 +1.19 h, 8.53 + 0.38 h and 7.10 * 0.31 h for Groups I, II and III
respectively. This decrease in the t,, was accompanied by a similar increase in CL (0.07
+0.02, 0.09 £0.01 and 0.15 £0.01 I/h for Groups I, Il and HI respectively). The changes
int,, and CL were significant {P<0.01) between Groups I and III, and between Groups
IT and III.

These findings show that differences exist in the pharmacokinetic parameters of
newborns when grouped according to gestational age. For the effective monitoring of
gentamicin especially with regard to the initial estimation of drug dosage, the appro-
priate set of pharmacokinetic parameters should be used for the newborn of that ges-
tational age. (JUMMEC 1997 2(1): 35-38)
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Introduction

Aminoglycosides are a cornerstone in the therapy of
severe gram-negative infections, despite their potential
toxicity. Nephrotoxicity and ototoxicity are important
adverse effects clinically, and hence form the basis for
attempts to rationalise therapy (1). The main
aminoglycoside used in the Special Care Nursery (SCN)
Ward of the University Hospital, Kuala Lumpur, is gen-
tamicin.

Peak serum concentration of 4 Lig/ml has been sug-
gested as the minimal inhibitory concentration of gen-
tamicin for most susceptible gram-negative organisms
{2). While a peak serum concentration of 4 to 8 pg/ml
Is considered to be in the therapeutic range, a concen-
tration of more than 10 pg/ml is considered toxic (3).
It has been recommended that the trough serum
concentration be maintained at less than 2 Lg/m! to

prevent toxic effects (2). Therefore, serum gentamicin
coencentrations should be monitored and the dose ad-
justed to maintain the levels within the therapeutic
range.

The fear of the ototoxic and nephrotoxic effects de-
scribed in adults has led several authors to recommend
monitoring of plasma levels of gentamicin in neonates
(4-6). The current recommended dose regimen of gen-
tamicin in the newborn is 2.5 mgfkg every |2 h in the
first week of life and 2.5 mg/kg every 8 h in the second
week (7). This regimen has been established in order
to obtain appropriate gentamicin serum concentrations.
In spite of this, the risk of toxicity or therapeutic failure
is high (8) because there is a large inter-patient variabil-
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ity in the pharmacokinetic parameters of gentamicin
depending on the stage of maturity of the newborn (9).

The aim of this study was to investigate the pharmaco-
kinetics of gentamicin in the newborn, grouped accord-
ing to gestational age.

Method

Patients

The study subjects consisted of newborns admitted to
the Special Care Nursery (SCN}, University Hospital,
Kuala Lumpur. They received an initial bolus parenteral
gentamicin {manufactured by David Bull; marketed as
gentamicin suiphate) at 2.5 mg/kg/12h for 2 days. They
were divided into 3 groups according to gestational age:
Group | comprising newborns of gestational age from
26 to 30 weeks (n=10), Group I, 3| to 35 weeks {(n=27),
and Group ll1, 36 to 40 weeks (n=36).

Dosage Regimens and Blood Sampling

All patients were on a fixed regimen of gentamicin
therapy (2.5 mglkg/|2h, IV/IM) for at least 2 days be-
fore this study, and were therefore considered to be at
steady state. Trough serum samples were collected just
before and peak serum sample at 0.5-1.0 h after gen-
tamicin administration.

Assay

Gentamicin serum concentrations were determined by
immunofluorescent polarization assay (TDx, Abbott).

Calculation of Various Pharmacokinetic
Parameters

The pharmacokinetic parameters for the individual new-
born were derived from the measured peak and trough
tevels according to the Sawchuk-Zaske method (i1).
The subsequent dosage regimens were calculated us-
ing these parameters.

Statistical Analysis

Data are presented as mean * SEM of n determina-
tions. The statistical significance of the difference be-
tween two means was calculated using student’s t-test
for unpaired samples.

Results

The measured gentamicin trough levels in the newbaorn
ranged from 0.57 1o 4.94 g/mt, There was a signifi-
cant difference in the mean trough levels between
Groups | and il {P<0.05),and between Groups Il and Il
(P<0.01), but not between Groups I and |l (Figure [).
The measured peak levels ranged from 4.24 to 12,42
pg/mi, but the mean levels were not significantly differ-
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ent between the three groups (Figure 2).

The apparent volume of distribution (V) increased with
gestational age, the V, being 0.81+0.09, 1.00£0.06 and
.49+ 0.06 L for Groups LIl and il respectively. The
differences between the groups were significant (P<0.05,
Figure 5).

Despite the increase in theV , there was an observable
decrease in t,, with increasing gestational age, the ¢,
being 10.02+1,19 h, 8.53%0.38 h and 7.10£0.31 h for
groups |l and lI. This decrease in the t,, was accom-
panied by an increase in CL (0.07+0.02,0.09% 0.Ci and
0.1540.01 L/h for Groups |l and [l respectively). The
changes in t,,, and CL (Figures 3 & 6} were significant
between Groups | and [l (P<0.02},and between Groups
Il and Il (P<Q.0}). No significant difference was found

between groups | and Il (Figures 3 & 6).

The subsequent recommended dosage regimen in the
form of calculated dose and dosing interval, for each
group of newborns, is shown inTable I. Based on the
pharmacokinetic parameters obtained for each indi-
vidual newborn, a new dosage regimen (dose and dos-
ing interval) was recommended so as to achieve the
desired peak and trough gentamicin levels in these new-
borns, There were no significant differences in the mean
cafculated dose among the three groups (Table 1), There
were, however, significant differences in the mean dos-
ing intervals between Groups | and Il (P<0.02), and
Groups i and Ilf (P<0.01}, but not between Groups |
and Il

Discussion

The measured gentamicin peak levels were within the
therapeutic range ir all the three groups. However, the
measured gentamicin trough levels were found to be
higher than 2 pg/mL, especially in Groups t and Il (Fig-
ure |), hence necessitating an adjustment of dosage
regimen. This finding is consistent with studies done
by Garcia-Delgado et al. (i2) where the initial dosages
of 2.45 £ 0.4 mg/kg were sufficient to atzain potentially
therapeutic blood levels. These authors suggested that
the dose should be administered at different intervals
according to gestational age in order to allow the trough
levels to come down to values which are considered to
be therapeutic.

The measured gentamicin trough levels were found to
decrease with increasing gestational age but the mea-
sured peak levels were not significantly different (Fig-
ures | & 2). This decrease in trough levels was a conse-
quence of a decrease in the elimination haif-life with
increasing gestational age (Figure 3). The elimination
half-life of a drug is a function of its volume of distribu-
tion and clearance. In this study, the volume of distri-
bution was found to increase with gestational age (Fig-
ure 5),but this increase was mainly due to an increase
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Table 1. Subsequent reccmmended dose and dosing intervals for the
newborns grouped according to gestational age presented as means +
SEM of n determinations.

m

Group | ]

Age (weeks) 26-30 31-35
Number of patients (n} |0 27

Dose Calculated (mgtkgy 3.77£0.24 3.74%0.15
range (2.49-4.93) (2.31-5.53}
Dosing tntervals (h) 24.22:£2.87 2061092

range

(11.16-43.14)

36-40
36

3.49+0.14
(1.89-6.17)

[7.15%£0.75

(9.23-29.85) {9.10-28.57)

Weight (kg)

Groups of newhorns

Figure |. Gentamicin trough
fevels in groups of newborns,
divided according to gestational
age. P<0.05 for Group | versus Ill;
P<0.01 in Group Il versus HI.

Gentamicin trouph level (ug/mi)
™~
3

Groups of newhoms

Figure 4. Patients’ weight in
groups of newborns, divided
according to gestational age,
P<0.01 for Group | versus I;
P<0.01 for Group I versus l};
P<0.01 for Group H versus lil.
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Figure 2. Gentamicin peak

levels in groups of newborns,

divided according to gestational
age.
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s
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Figure 5. Gentamicin volume of
distribution (V) in groups of
newborns, divided according to
gestational age. P<0.05 for Group |
versus |l P<0.01 for Group | versus
ill; P<0.01 for Group Il versus ll,
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Figure 3. Gentamicin elimination
half-life (t,) in groups of
newborns, divided according to
gestational age. P<0.02 for Group
I versus Ill; P<Q.01 for Group |l
versus |ll.
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Clearunce (L/A)

o5 =

i1 };}
Groups of newborns
Figure 6, Gentamicin clearance
(CL) in groups of newborns,
divided according to gestational
age. P<0.0t for Group | versus lII;
P<0.01 for Group Il versus |
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in body weight of the neonates (Figure 4). Therefore,
the observed decrease in the gentamicin trough levels
with increasing gestational age was not likely to be
due to a changs in the volume of distribution, but
rather to a change the clearance.

Our study showed that the decrease in the elimina-
tion haif-life with increase in gestational age(Figure
3) was accompanied by a corresponding increase in
plasma clearance (Figure 6).This finding is consistent
with worlk done by Semchuk et al. (1 3), where younger
newborns demonstrated slower elimination half-lives
than did older newborns. The decrease in elimination
half-fife is likely to be due to an increased ability of
the eliminating organs to clear the drug with increas-
ing gestational age.

Substantial changes in physiologic parameters cccur
in neonates, especially in the premature newborn (14).
Cardiac output, renal blood flow, glomerular filtra-
tion rate, and extraceilular fluid are physiologic pa-
rameters that affect gentamicin volume of distribu-
tion, elimination half-life and clearance. Although in
this study it was clear that the decrease observed in
the gentamicin trough levels was likely to be due to
the significant decrease observed in the elimination
half-life, the fact that the pharmacokinetic parameters
can vary substantially from day to day due to changes
in physiologic functions should be taken into
consideration.

In our study, in order to achieve peak ssrum gen-
tamicin concentrations of 8 pg/ml and trough con-
centrations of less than 2 plg/ml younger newborns
(26-30 weeks gestational age) require a larger dose
(3.77 mgikg) with a longer dosing intarval (24.22h).
Semchuk et al. {13) suggested that younger newborns
(less than 34 weeks gestational age) would be likely
to require 4 mg/kg as an initial dose in order to
achieve peak serum gentamicin concentrations of 8
ugfml. YWork dane by Lopez-Samblas et al. {15) found
that dosing protocol based on gestational age was
reproducible and reliable in achieving therapeutic
gentamicin serum concentration in neonates. In their
study, newborns of gestational age less than 30 weeks
were given 3.0 mgfkg/24h and those of gestational
age 30-37 weeks were given 2.5 mg/kg/ 1 Bh/IV.

Conclusion

Our findings show that there are differences in the phar-
macokinetic parameters of the different groups of new-
born grouped according to gestational age. The data
show that the gentamicin dose regimen recommended
in the literature for newborn infants within the first
week of life (2.5mg/kg every 12h) may be more than is
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necessary. These differences should be taken into con-
sideration for the effective monitoring of gentamicin
especially with regard to the initial estimation of drug
dosage.
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