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ABSTRACT

Few data exist for preterm infants < 34 weeks gestation concerning gentamycin dosage with only two
studies using longer than 24 hours dosage interval in preterms < 34 weeks gestation. The aim of this study
is to compare potential renal toxicity of both conventional interval dosing (CID) and extended interval
dosing (EID) of gentamycin in preterm infants < 34 weeks gestation. Forty infants < 34 weeks gestational
age treated with ampicillin and gentamycin in the initial 24 hours of life were included. Infants were sub-
divided into two groups according to their birth weight: group I ---- birth weight < 1500 gm, randomized
to CID (2.5 mg/kg/dose given 1V every 24 hours) or EID (5 mg/kg/dose given IV every 48 hours); group 11
---- birth weight 1501-2000 gm, randomized to CID (2.5 mg/kg/dose given IV every 18 hours) or EID (4.5
mg/kg/dose given IV every 48 hours). The duration of therapy was 7 days in both groups. Gentamycin
peak and trough levels, serum creatinine, urine output as well as volume of distribution and clearance of
the drug were obtained. Both in group I and 1, mean gentamycin peak levels were significantly higher
and trough levels were significantly lower in EID compared with CID. Volume of distribution (Vd) in li-
ters per kilogram was similar in CID and EID for both group I and in group ll. Infants randomized to
EID, however, had significantly higher clearance ( in liters / hour / kilogram) than CID in both group |
and Il infants. Serum creatinine level at 7th day of gentamycin therapy increased by >25 % of its initial
level in 20% (2/10) of group 1 "CID" patients and in 10% (1/10) of group 1 "EID" patients. While in
group Il patients, it increased in 40% (4/10) of CID patients and in 30% (3/10) of EID infants. However,
this rise returned to normal at 12" day of study in all previous patients. Results suggest that EID of gen-
tamycin in preterm infants appedrs safe and provides desirable peak and trough levels and less nephro-
toxicity than in the CID schedule. Therapeutic monitoring, however, is still important in this population
as a result of possible unpredictable inter-patient variability. It would be useful in the future to compare

nephrotoxicity and clinical outcome of the dosing methods in a larger sample size.
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INTRODUCTION

Infection is a significant cause of mor-
tality and long-term morbidity in neo-
nates. Antibiotics, thus, are among the
most frequently used drugs in the neona-
tal period. Gentamycin provides synergis-
tic coverage with ampicillin against the
most common pathogens in the first
month of life. Frequent use of therapeutic
alternatives such as the third generation
cephalosporins can result in rapid emer-
gence of cephalosporin-resistant strains,
especially enterobacter cloacae, klebsiella
species, and serratia species in the neona-
tal intensive care unit (NICU) (American
Academy of Pediatrics, 1997).

The side effects most frequently ob-
served with gentamycin are ototoxicity
and nephrotoxicity. The ototoxic reactions
to aminoglycosides are a result of hair-cell
destruction in the cochlear and vestibular
apparatus.

Acute renal failure is a major complica-
tion of aminoglycoside antibiotics (Walker
et al., 1999). Aminoglycoside nephrotoxici-
ty typically presents initially as non-
oliguric renal dysfunction. Serum creati-
nine and blood urea nitrogen concentra-
tions increase as a result of a decreased
glomerular filtration. There is also a de-
crease in the ability of the kidneys to con-
centrate urine as well as to eliminate ami-
reactions

noglycosides. ~ Nephrotoxic
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associated with gentamycin are almost al-
ways reversible upon discontinuation of
the drug and appropriate medical man-
agement (Taylor and Finn, 1982). In hu-
mans, the occurrence of these signs may
be followed by the development of overt
renal failure characterized mainly by a
nonoliguric and even often polyuric hypo-
osmotic fall in creatinine clearance. Pro-
gression to oliguric or anuric renal failure
is infrequent (Gilbert, 1995).

The risk factors that have been associat-
ed with aminoglycoside nephrotoxicity
are total daily dose (mg/kg/day), dura-
tion of therapy, pre-existing renal dys-
function, sustained elevated trough levels
(> 2 pg / ml), elevated peak levels (>12 to
15 ug / ml), concurrent administration of
other nephrotoxic drugs such as cephalos-
porins or diuretics, prior aminoglycoside
exposure and duration of treatment (Wi-
land and Szechinski, 2003).

A potential drawback to gentamycin
therapy is the need to monitor serum drug
levels (SDL) frequently to ensure achieve-
ment of concentrations which are effective
and minimize the likelihood of renal and
eighth nerve damage (McCormack and
Jewesson, 1992).

Gentamycin dosing in the neonates con-
tinues to be a challenge, in view of rapidly
changing and variable pharmacokinetic
parameters in this group of patients, with
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the addition of clinical problems (Thom-
son et al., 1988). The pharmacokinetics of
drugs in the premature neonate are
unique and greatly influenced by’ gesta-
tional age and weight. The distribution of
adrug within the body is influenced by
several factors such as composition of
body fluids, pH, and organ blood flow.
The premature neonate has a large vol-
ume of distribution (Vd) secondary to an
increased volume of extracellular fluid
compartment (Prober et al.,, 1990; Reed
and Besunder, 1989). As such, a higher
mg/kg dose is required to overcome this
increased Vd and attain a target peak. Pre-
mature neonates also have a low glomeru-
lar filtration rate that results in slow renal
clearance of drugs (Skopnik et al., 1992;
Hayani et al., 1997, Murphy et al., 1998).

Aminoglycosides display concentra-
tion-dependent killing (Andes and Craig,
1998) and a post-antibiotic effect (the
length of which is proportional to the peak
concentration) (Rotschafer et al., 1992),
and pathogens develop adaptive resis-
tance (Karlowsky et al., 1997). Therefore,
to maximize clinical efficacy, higher peak
concentrations should result in improved
bacterial killing and a longer post-
antibiotic effect, while a "drug-free" period
should occur in each dosing interval to al-
low the reversal of adaptive resistance
(Stickland et al., 2001).

Aminoglycoside-induced nephrotoxici-
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ty may be reduced by limiting the total ex-
posure per dosing interval to acceptable
levels (Begg et al., 1995), and by ensur-
ing alow concentration or drug free
period in each dosing interval to allow re-
distribution of the aminoglycoside out of
the proximal renal tubules where it is
known to concentrate (Laurent et al.,
1990).

The desire to consistently obtain ther-
apeutic and relatively safe gentamycin
SDL in a dynamic and diverse popula-
tion has led to implementation of com-
plicated dosing schemes for NICU pa-
tients, with recommended dosing
intervals ranging from every 36 hours
to every 8 hours based on gestational
age, postnatal age, and / or weight (Lun-
dergan et al, 1999). Although the ex-
tended-interval dosing for the aminogly-
coside, gentamycin, is recommended in
NEOFAX (Young and Mangum, 2005),
few data exist for preterm infants < 34
weeks gestation to support this recom-
mendation (Mercado et al., 2004; Bartal et

al., 2003).

The aim of this study is to compare the
potential renal toxicity of both convention-
al interval dosing (CID) and extended in-
terval dosing (EID) of gentamycin in pre-
term infants < 34 weeks gestation as well
as to determine the impact on the frequen-
cy of monitoring of serum drug level in
these subjects.
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PATIENTS AND METHODS

This study was conducted in the Neo-
natal Care Unit of Mansoura University
Children's Hospital. Forty infants < 34
weeks gestational age treated with ampi-
cillin and gentamycin in the initial 24
hours of life for early onset sepsis were
included. Infants with conditions that
potentially affected renal function were
excluded: (1) history of asphyxia and
shock; (2) treatment with vasopressors or
_ diuretics; (3) congenital or chromosomal
abnormalities; (4) hemodynamically sig-
nificant patent ductus arteriosus requiring
indomethacin treatment; (5) infants whose
mothers received drugs affecting renal
function.

Infants were subdivided into two
groups according to their birth weight:
group I ---- birth weight < 1500 gm, ran-
domized to CID (2.5 mg/kg/dose given
IV every 24 hours) o_f EID (5 mg/kg/
dose given IV every 48 hours); group
IT ---- birth weight 1501-2000 gm, random-
ized to CID (2.5 mg/kg/dose given IV
every 18 hours) or EID (4.5 mg/kg/dose
given IV every 48 hours) (Lundergan et
al., 1999; Mercado et al., 2004). All infants
were treated with the antibiotics for 7
days.

Gentamycin levels were measured us-
ing the TD (Abbott Laboratories,Abbott
Park, IL. 60064) System which uses Fluo-
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rescence  Polarization = Immunoassay
(FPIA) technology (Jolly, 1981). Levels

were drawn at the second dose for EID
and at the third dose for CID. Gentamycin
trough levels were drawn 30 minutes
prior to the scheduled dose and the gen-
tamycin peak levels were drawn 30 min-
utes after completion of the 30-minutes
dose infusion. Our target serum levels
were peak concentrations of ‘gentamycin
between 5-12 pg/ml and trough levels of <
2 ug/ml (Mercado et al., 2004). Urine out-
put was recorded daily as ml/kg/h dur-
ing the study period.

Serum creatinine levels were measured
on days 1 (prior to gentamycin adminis-
tration) and at day 7 of treatment then 5
days after gentamycin treatment was com-
pleted (day 12). Volume of distribution
and clearance were calculated using stan-
dard pharmacokinetic equations (Bryson
and Bryson, 1996). An informed consent
was obtained from parents of infants in-
cluded in this study.

Statistical analysis:

Data were analysed using SPSS for
Windows Statistical Package (SPSS Inc.,
Chicago, IL, U.S.A.). Summary statistics of
data were expressed as mean + SD, medi-
an and 25th - 75th percentiles (interquartile
range). The Kolmogrov-Smirnov test was
performed to check normal distribution of
data. Non-parametric data were assessed
by the X2 test and the Mann Whitney U
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test for continuous variables. T-test was
used for comparing means of parametric
data. A p value < 0.05 was considered sta-
tistically significant.

RESULTS

Forty infants were enrolled between
January 2005 and January 2006. Twenty
infants were in group I (750 to 1500 gm);
10 in CID and 10 in EID. Twenty infants
were in group II (1501-2000 gm); 10 in CID
and 10 in EID. Patients' clinical character-
istics are summarized in table (1). No sig-
nificant difference was found among CID
and EID patients in either group I or II as
regards sex, gestational age, birth weight
or appropriateness for gestational age.

Tables (2 and 3) demonstrate peak and
trough gentamycin levels in the studied
groups. In group I, mean gentamycin peak
levels were significantly higher and
trough levels were significantly lower in
EID compared with CID ( p 0.0001 in both
comparisons). Similarly, in group II, mean
gentamycin peak levels were significantly
higher and trough levels were significant-
ly lower in EID compared with CID ( p
0.0001 in both comparisons). None of the
infants in CID or EID had subtherapeutic
peak levels (<5 ug/ml) or peak levels ex-
ceeding the upper limit (12 pg/ml ) neces-
sitating dosage adjustment. Five infants in
CID had a trough level slightly exceeding
the upper limit (2 pg/ml ) compared to
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only one infant in EID. Figures (1 and 2)
demonstrate peak and trough gentamycin
levels in CID and EID of group I and II.

Data are expressed as mean + SD except
clearance which is expressed as median

(IQR).

Volume of distribution (Vd) in liters per
kilogram was similar in CID and EID
for both group I (CID 0.4 + 0.04 versus
EID 0.52 + 0.03; p = 0.23) as shown in
table (2) and in group II (CID 0.43 + 0.08
versus EID 0.53 + 0.12; p=0.8) as shown in
table (3). Infants randomized to EID, how-
ever, had significantly higher clearance (in
liters / hour / kilogram) than CID in both
group I and II infants (p 0.001 and 0.003
respectively) as demonstrated in tables
(2 and 3).

We considered renal toxicity if serum
creatinine level following start of gentam-
ycin showed an increase of > 25 % of its
level prior to the start of gentamycin infu-
sion or if serum creatinine level following
start of gentamycin was > 1.4 mg/dl. All
infants had normal serum creatinine levels
(<1mg/dl) prior to gentamycin adminis-
tration. Serum creatinine level at 7th day
of gentamycin therapy increased by > 25
% of its initial level in 20% (2/10) of
group I "CID" patients and in 10% (1/10)
of group I "EID" patients. While in group
II patients , it increased in 40% (4/10) of
CID patients and in 30% (3/10) of EID in-
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fants. However, this rise returned to nor-
mal at 12th day of study in all previous pa-
tients.

All infants had a urine output (1 to 5 ml
/ kg/ hr ) throughout the 12-day study
period except two patients in group II
"CID" who exhibited urine output above 5
ml/ kg/hr in at least one occasion during
the 12-day study period, those patients
were among the 4 cases of group II "CID"
who showed increased serum creatinine
level at 7th day of treatment and they
showed a decrease in urine output to < 4
ml / kg / day in the rest of the study peri-
od.

DISCUSSION

In contrast to the traditional dosing
method of gentamycin in neonates, the ex-
tended interval dosing method enables
concentrations to approach the desired
profile of high peak and low trough gen-
tamycin levels. This should be associated
with increased antibacterial killing and re-
duced toxicity, as has been suggested in
meta-analyses of once-daily dosing (Bare-
lay et al., 1999).

The desire to consistently obtain thera-
peutic and relatively safe gentamycin SDL
in prematures which are considered a dy-
namic and diverse population has led to
implementation of complicated dosing
schemes for NICU patients (Nestaas et al.,
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2005). Few data exist for preterm infants <
34 weeks gestation with only two studies
using > 24 hours dosage interval in pre-
terms < 34 weeks gestation; Gooding et al
(2002) used a 24 hour traditional dosage
(TD) interval and 36 hour EID dosage in-
terval, and Mercado et al (2004) compared
24 hours in the TD group with 48 hours in
the EID group.

This study shows that gentamycin EID
in preterm infants provides higher peaks
(therapeutic target of 5-12 pg/ml) and
lower troughs (normal target < 2 pg/ml)
than CID, a finding consistent with previ-
ous reports (Nestaas et al., 2005; Mercado
et al., 2004; Glover et al., 2001). Nestaas et
al. (2005) reported that the summary risk
ratios for therapeutic serum drug concen-
trations (SDCs) were significantly in fa-
vour of the EID for both peak and trough
SDCs.

The high peak is desirable because a
high peak aminoglycoside concentration
relative to the minimum inhibitory con-
centration of the organism is a major de-
terminant of bacterial killing. The low
trough achieved with EID is desirable be-
cause aminoglycosides exhibit a postantib-
iotic effect; longer durations of low or un-
detectable levels help avoid the rapid
development of microbial resistance (Hay-
ani et al., 1997).

The main benefits from giving gentam-
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ycin in an extended interval are the
achievement of desired gentamycin con-
centrations, a reduction in the frequency
of blood sampling needed with associated
cost savings in gentamycin assays.

Pharmacokinetic analysis in this study
showed no difference between CID and
EID with respect to Vd; however, EID had
significantly higher clearance as compared
with infants in CID. This should result in
less aminoglycoside accumulation in the
proximal renal tubules in EID group.

Increased serum creatinine level was
observed at the 7th day of gentamycin
therapy by > 25% of its initial level in
group I (in 20% of CID infants and 10% of
EID ones) and in group II ( in 40% of CID
infants and 30% of EID ones). The lower
incidence of increased serum creatinine
level among EID patients compared to
CID ones didn't reach a statistically signif-
icant difference, but it could be the result
of accurate peak and trough gentamycin
concentrations in EID group which result-
ed in a lower incidence of nephrotoxicity
(Taylor and Finn, 1982). This rise in serum
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creatinine was found to return to normal
by the 12th day of the study in all previous
patients corresponding to what was re-
ported by Kahn et al. (1980); Taylor and
Finn (1982) and Gilbert (1995) that neph-
rotoxic reactions associated with gentamy-
cin are almost always reversible upon dis-
continuation of the drug and appropriate
medical management. The absence of a
significant difference in toxicity between
traditional dose and EID groups was also
concluded from Nestaas et al. (2005) meta-
analysis.

From this study, we can conclude that
the EID of gentamycin in preterm infants
appears safe and provides desirable peak
and trough levels than in the CID sched-
ule. Therapeutic monitoring, however, is
still important in this population as a re-
sult of possible unpredictable inter-patient
variability. This also enables dose individ-
ualization to be made early in therapy. It
would be useful in the future to compare
outcomes of the dosing method using sen-
sitive indices of nephrotoxicity and ototox-
icity and clinical outcome in a larger sam-
ple size.
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Table (1): Characteristics of study groups.
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CID EID

GrouplI:

No. of patients 10 10

Gestational age (wk) 30.8+3.1 305+ 1.5

Birth weight (gm) 1125+217.8 1302 + 200.8

Sex (M/F) 5/5 4/6
Group II :

No. of patients 10 10

Gestational age (wk) 312+ 1.8 31.7+2.1

Birth weight (gm) 1542.6 + 430 1539 + 305.5

Sex (M/F) 6/4 4/6

Gestational age and birth weight are expressed as mean £ SD

Table (2): Peak and trough concentrations and pharmacokinetic
parameters of gentamycin in group I (CID and EID)

patients.
CID EID P

Peak gentamycin level
(pg/ml) 6.29+ 0.6 9.68 £0.63 0.0001
Trough gentamycin level
( pg/ml) 1.26 £0.37 0.63+0.24 0.0001
Volume of distribution 0.4+0.04 0.52 +0.03 0.23
(L/kg)
Clearance 0.04 0.06 0.001
(L/hr/kg) (0.04—-0.05) (0.05 -0.06)

Data are expressed as mean + SD except clearance which is expressed as median (IQR).

Table (3): Peak and trough concentrations and pharmacokinetic
parameters of gentamycin in group II (CID and EID)
patients.

CID EID p

Peak gentamycin level

(pg/ml) 6.21+ 1.35 8.74 +1.36 0.0001

Trough gentamycin level

(pg/ml) 1.65 +0.82 0.82+0.55 0.0001

Volume of distribution 0.43+£0.08 0.53+0.12 0.8

(L/kg)

Clearance ( L/hr/kg) 0.05 0.06 0.003

(0.038 — 0.05) (0.05 — 0.06)

Data are expressed as mean = SD except clearance which is expressed as median (IQR).
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Fig. 2 : Trough gentamycin levels in CID and EID in group I and group II
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