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premature neonates.

Abstract

A pharmacokinetic study of gentamicin was performed on 32 Thai neonates. After a
single intravenous infusion of gentamicin at 2.5 mg/kg body weight, blood samples were col-
lected at 0.5 and 12 hours. Serum gentamicin concentrations were determined with use of fluo-
rescence polarizing immunoassay. None of the neonates with < 28 weeks post conceptional age
(PCA), contrary to most of the more mature neonates, achieved the recommended therapeutic
peak concentrations. The volume of distribution (V4) and elimination half-life (Tq/;) of genta-
micin were found to reversely correlate with the PCA, with significantly larger V4 and longer Ty,
values observed among the premature neonates. Our findings were similar the results previously
reported in Caucasians, and thus strongly indicated the necessity of gentamicin dosage adjustment
among Thai neonates according to their PCA. A gentamicin dosing guideline for Thai neonates has
been proposed, nonetheless, with higher doses and longer dosing intervals recommended among

Gentamicin is one of the most commonly
used drugs in the neonatal nursery for treatment
of neonatal sepsis. A large volume of distribution
(V) together with a low clearance of gentamicin
from the body observed among neonates have
resulted in a prolonged elimination half-life (T1/)
and thus increased the risk of drug accumulation
during treatment(1,2). Several published guidelines
for gentamicin dosing are primarily based on gesta-

tional and/or postnatal age and on body weight(3-8)
since the development of renal function has been
shown to closely correlate with post conceptional
age(9-11), Nonetheless, there has been no general
consensus among physicians providing care for the
neonates, of the most appropriate empiric genta-
micin dosage regimen for neonates in clinical prac-
tice. Some of the gentamicin dosing recommenda-
tions have been demonstrated to produce trough
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concentrations above 2 mg/L,(1,12) thus increasing
the risk of the drug toxicity(13,14). Moreover,
these published dosing guidelines are based on the
pharmacokinetic studies of gentamicin in Cauca-
sians; therefore, the validity of these guidelines for
Thai neonates still needs to be explored. The pur-
pose of this research work was to study the pharma-
cokinetics of gentamicin among Thai neonates and
to determine an appropriate dosing guideline.

METHOD

Thirty-two neonates admitted to the Neo-
natal Unit at the Maharaj Nakhon Chiang Mai Hos-
pital between March and September of 1995, with
an indication for gentamicin treatment, were
recruited in the study. Patients were classified into 3
groups according to their post conceptional age
(PCA): < 28 weeks, between 28-34 weeks, and > 34
weeks. Neonates with severe birth asphyxia or
with the apgar score of less than 2 at 5 minutes,
unstable vital signs, severe septicemia, and those
receiving indomethacin therapy during the study
period, were excluded from the study. Each neo-
nate received a single dose of gentamicin at 2.5
mg/kg body weight by an intravenous infusion drip
over 30 minutes. Serum concentrations of genta-
micin were determined with the use of the TDx
Fluorescent Polarizing Analyzer (Abbott Laborato-
ries, U.S.A), at 0.5 and 12 hours after the end of
the drug infusion. Pharmacokinetic analyses were
performed using gentamicin serum concentrations
collected on all study patients. These calculations
were performed based on a one-compartment,
first-order model using the method described
previously(15). Using each patient's calculated
pharmacokinetic parameters, peak and trough
serum concentrations were simulated(2,15) (o
determine the dosing regimens that would result in
the recommended therapeutic peak (4-10 mg/L) and
trough (< 2 mg/L) concentrations for the treatment
of neonatal sepsis(16,17). One-way Analysis of
Variance for non-repeated measurement was used
to detect a difference in the Tj/y and Vg values
among the groups. P values of less than 0.05 were
considered statistically significant. The study was
approved by the Medical Ethics Committee of the
Chiang Mai University Faculty of Medicine. The
mother of each neonate signed the written informed
consent prior to the study enrolment.
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RESULTS

Of the thirty-two neonates who were
recruited in the study, six were < 28 weeks, ten
were between 28-34 weeks, and sixteen were > 34
weeks PCA. All neonates had an appropriate birth
weight for gestational age (AGA) with the mean
post natal age (PNA) of 0.841.3 days. There was
no significant difference in the apgar score at 5
minutes among the three groups (Table 1). Serum
concentrations of gentamicin after a single intra-
venous infusion at 2.5 mg/kg body weight are
shown in Table 2. None of the neonates with PCA
< 28 weeks achieved the therapeutic peak plasma
concentrations of 4-10 mg/L, whereas, most of the
more mature neonates in the other groups achieved
the therapeutic peak concentrations. The elimina-
tion Ty/p, as well as V4, were significantly in-
creased among the more premature neonates com-
pared to those with PCA > 34 weeks. Both the Ty
and Vg values were shown to reversely correlate
with the PCA, with the coefficient of correlation
of 0.97 and 0.87, respectively. There was no sig-
nificant difference in the mean values of T/, and
V4 among neonates within the group despite some
difference in birth weight: < 1500 vs > 1500 g for
the 28-34 weeks PCA, and < 2500 vs > 2500 g for
the > 34 weeks PCA groups. The simulated peak
and trough concentrations of gentamicin at steady-
state condition using each patient's calculated phar-
macokinetic parameters revealed that higher doses
and longer intervals would be necessary for the
premature compared to the more mature neonates,
in order to achieve the therapeutic gentamicin con-
centrations (Table 3).

Table 1. Demographic data of the neonates enrol-
ing in the study.
Post-conceptional Sex Apgar score
age (M/F) at S minutes
< 28 week 2/4 102 (5-10)b
28-34 week 773 10 (7-10)
> 34 week 5/11 10 (6-10)
a mode
b range
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Table 2. Gentamicin serum concentrations and estimated plasma elimination half-life and volume of dis-
tribution values after a single intravenous infusion of gentamicin at 2.5 mg/kg body weight.
Data represent mean + SD.
Post Serum conc. (mg/L) Estimated
conceptional
age 0.5h 12h Ty/2 () Vq (Lkg)
<28 week 29413* 1.5+0.1 179 + 10.7*€ 3.1+£23*%0
(n=6) 0y
28-34 week 45+18 21408 126 £7.6* 1.4 +0.9*
(n=10) M
> 34 week 50+13 1.4+04 64+ 1.7 0.7+0.2
(n=16) (12)

2 Number of patients with level > 4 mg/L.
* p < 0.5 vs PCA > 34 week

€ p < 0.5 vs PCA 28-34 week

9 p=0.5vs PCA 28-34 week

Table 3. Recommended gentamicin dosing guideline

steady-state,

and predicted peak and trough concentrations at

Post Dose Interval Predicted conc. (mg/L)
conceptional (mg/kg) (h)
age peak trough
< 28 week 45 ql18 40+2.02 12+02
28-34 week 3.0 ql8 42+16 1.3+06
> 34 week 2.5 ql2 48+12 1.4+0.5
2 Mean + SD
DISCUSSION

Even though previously published empiric
neonatal gentamicin dosing regimens were designed
to achieve predictable therapeutic concentrations,
some were published(1.18) when very limited
information regarding neonatal gentamicin pharma-
cokinetics was available and the survival rate of
very premature neonates was still rather low. Thus,
the neonates being treated were of considerably
higher birth weight than at present. Subsequent
guidelines recommended some adjustments in
dosing intervals for premature neonates,(2,8,19)
nonetheless, significant difference in dosing regi-
mens remained (Table 4). In this study, we deter-
mined the pharmacokinetics of gentamicin in Thai
neonates and our findings that PCA reversely cor-
related with Ty_p or V4 were similar to the results

previously reported(1-7). With use of individual's
calculated pharmacokinetic parameters, we deter-
mined an appropriate dosing regimen for each
individual. Our neonatal gentamicin dosing guide-
line classified neonates accordingly based on their
PCA because it best described maturity of renal
function(9:11). Interestingly, we found that a higher
dose and longer dosing interval would be required
for those more premature neonates to achieve the
therapeutic serum gentamicin concentrations (Table
3) comparing to previous published guidelines
(Table 4). Nonetheless, this recommended guide-
line was not designed to replace routine monitoring
of serum gentamicin concentrations, especially in
those with unstable conditions, deterioration of
renal function, fluid and electrolyte imbalance, or
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Table 4. Previously published neonatal gentamicin dosing guidelines.

Source Age Dose
Szefler et al(2) <35 week GA2 25mgkg ql8h
> 35 week GAa 25mg/kg ql2h
Miranda et al(5) < 34 week PCA 25mghkg ql8h
> 35 week PCA 25mgkg ql2h
Lopez-Samblas et al(8) <30 week PCA 3.0mgkg q24h
30-37 week PCA 25mgkg ql8h
Pediatric drug premature: < | week 25mgkg ql8hor

Handbook(19) PNA2
McCracken < | week PCA2
and Nelson(18) > 1 week PCA

3.5 mg/kg/dose

(dosing interval by
formula) dosing interval
=50.5-0.76 x GA in weeks
25mgkg ql8h
25mg/kg q8h

4 Guidelines are for the first week of life only.

GA = gestational age; PCA = post conceptional age; PNA = postnatal age

acidosis, which could result in unexpected varia-
tions of the pharmacokinetics. These conditions
might lead to lower than desirable peak serum con-
centration and thus undertreatment or, on the other
hand, to excessive increases in trough concentra-

tions and thus, toxicity. Gentamicin serum concen-
trations should be routinely monitored for indivi-
dualization of treatment schedules, thus increasing
safety and efficacy of this drug for clinical use
especially in neonates.

(Received for publication on September 4, 1996)
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