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Abstract

Aim We investigated whether the recommended phenobar-
bital loading dose of 15-20 mg/kg with maintenance of 3—
4 mg/kg/day can safely be administered to very low birth
weight preterm newborns with seizures.

Methods Twenty-four convulsive preterms of <1,500 g
were enrolled in the study. Phenobarbital was administered
intravenously with a loading dose of 15 mg/kg in approxi-
mately 10-15 min. After 24 h, the maintenance dose of
3 mg/kg/day was administered as a single injection. Blood
samples were obtained 2, 24, 48, 72, and 96 h after the
phenobarbital loading dose was administered, immediately
before the next phenobarbital dose was injected.

Results None of the cases had plasma phenobarbital con-
centrations above the therapeutic upper limit of 40 pg/mL
on the 2nd hour; one case (4.7 %), on the 24th; 11 cases
(45.8 %), on the 48th; 15 cases (62.5 %), on the 72nd; and
17 cases (70.8 %), on the 96th hour. A negative correlation
was detected between the serum concentrations of pheno-
barbital and gestational age on the 72th (p, 0.036; r, —0.608)
and 96th hour (p, 0.043; r, —0.769).

Conclusions We suggest that particular attention should be
done while administering phenobarbital in preterms, as
blood levels of phenobarbital are higher than the reference
ranges that those are often reached with the recommended
doses in these groups of babies.
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Introduction

Neonatal seizures are one of the few neonatal neurologic
conditions that require immediate medical attention.
Phenobarbital and phenytoin remain the most widely used
anticonvulsant medications [1, 2]. The half-life of phenobar-
bital ranges from 45 to 173 h in the neonate; the initial loading
dose is recommended as 15-20 mg/kg, with a maintenance
dose of 3 to 4 mg/kg per day. This dose is necessary to achieve
clearly measurable anticonvulsant effect in the newborn which
is consistent with a blood level of approximately 20 pg/mL
[3]. Weight or gestational age does not appear to influence the
dose-blood level relationship although infants of <30 weeks
gestation may require slightly lower doses to achieve the same
blood level. Therapeutic levels are usually suggested to range
from 15 to 40 pg/mL, although there is no consensus with
respect to drug maintenance dosage [4, 5].

Phenobarbital is the most widely used drug to control
seizures, and similar loading doses are administered for all
gestational ages. However, it is not clear whether the
recommended loading dose can safely be administered also
to preterms due to gestational age or birth weight. Therefore,
the aim of this study was to investigate if it is suitable to
administer the same loading dose of phenobarbital in very
low birth weight (VLBW) preterm newborns with seizures.

Methods

This study was conducted between January 2010 and March
2011, in the neonatal intensive care unit of Akdeniz University
Faculty of Medicine Hospital. Preterm infants with <1,500 g
and received phenobarbital for seizure activity were enrolled
to the study. Ethical approval was obtained from the institu-
tional review board of the University Hospital of Akdeniz
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(Turkey), and written informed consent was obtained from
the parents before the study. Neonates, who had additional
seizure activity and needed to administer a second dose of
phenobarbital or a second drug for the treatment of sei-
zure, were excluded from the study. Patients with alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
BUN, and creatinine blood levels, exceeding their refer-
ence ranges due to gestational age, and albumin level with
<2.5 mg/dL or patients receiving drugs that change the
serum concentration of phenobarbital were also excluded.
Furthermore, small and large for gestational age preterms,
patients with pulmonary—cardiac-hepatic and renal congen-
ital anomalies, and whose mothers used antiepileptic drug
were excluded from the study.

Amplitude integrated EEG (aEEG) could not be carried
out in these infants during acute seizure activity as we do not
have aEEG in our NICU; therefore, diagnosis of seizure was
determined based on clinical signs of seizures as repetitive
buccolingual movements, orbital-ocular movements, un-
usual bicycling or peddling (subtle seizures), tonic focal or
generalized, myoclonic focal or generalized contractions of
muscle groups, and flexor/extensor spasms. Patients consid-
ered with seizures activity were administered phenobarbital
regardless of ventilator support, feeding status, and the treat-
ment of other drugs, except those receiving drugs which change
the serum concentration of phenobarbital. Phenobarbital was
administered by intravenous (iv) route. Bolus injection of
15 mg/kg sodium phenobarbital was given as a loading dose,
over approximately 10—15 min. After 24 h of loading dose, the
maintenance dose of 3 mg/kg/day was administered as a single
iv injection. All infants received the drug by iv route through-
out the study period.

Blood samples were obtained from all infants at 2, 24, 48,
72, and 96 h after the phenobarbital loading dose was admin-
istered and immediately before the next phenobarbital dose
was injected. The serum concentration of phenobarbital was
determined by the kinetic interaction of microparticles in
solution known as fluorescence polarization method (Cobas
Integra 400 plus, Roche Diagnostic, Mannheim, Germany)
according to the manufacturer's instructions. Therapeutic
levels of phenobarbital were accepted to range from 15 to
40 pg/mL. Therefore, patients whose blood levels of pheno-
barbital were of >40 pg/mL were discontinued the treatment.

Patients were followed for the side effects of phenobarbital,
including sedation, respiratory depression, hypotension, and
bradycardia. Therefore, heart rate and rhythm, mean arterial
pressure, and respiratory status were monitored continuously
during the treatment period. Bradycardia was defined as a
heart rate of less than 100 beats per min. Hypotension was
defined as a mean arterial pressure of less than 25 mmHg in
neonates weighing <500 g and less than 30 mmHg in neonates
weighing between 501 and 1,500 g. Apnea was defined as an
interval of more than 20 s between breaths.
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Statistical analysis

Patient characteristics were summarized using mean (SD).
Changes over time in phenobarbital serum concentrations
were analyzed using analysis of variance for repeated mea-
sures. The relationship between gestational age, birth weight,
and phenobarbital serum concentrations were determined with
Pearson correlation coefficients (). All analyses were done
using SPSS for Windows version 18.0 (SPSS, Inc., Chicago,
IL, USA). Regression analysis was carried out using the
GraphPad Prism 5.0 software. A p value of <0.05 was con-
sidered statistically significant.

Results

Thirty-eight preterm infants of <1,500 g with neonatal seizure
were admitted to NICU in Akdeniz University Hospital during
the study period. Six neonates with associated hepatic—renal
dysfunction or an albumin level of <2.5 mg/dL and eight
neonates who had additional seizure activity and needed to
administer a second dose of phenobarbital or a second drug
were excluded from the study. Therefore, 24 preterm infants
of <1,500 g were enrolled. Mean gestational age of the pa-
tients was 27.17+2.33 weeks with a mean birth weight of
951.294285.74 g. Serum ALT, AST, BUN, and creatinine
levels were 35.58+16.88 TU/L, 36+15.89 IU/L, 24.04+
7.11 mg/dL, and 0.74+0.26 mg/dL, respectively.

Out of 24 preterms, 14 had generalized clonic seizure; 1,
subtle; 4, generalized tonic; 2, focal clonic; and 3 infants’
seizures were unclassified. Perinatal asphyxia in five cases,
intraventricular hemorrhage in eight, white matter injury in
five, and central nervous system infection in two infants were
determined as the primary diagnosis. Etiology could not be
found in four of them. Nine infants had more than one etiol-
ogy, and none had an isolated metabolic disorder as an etio-
logic factor. The onset time of the treatment was 6.8+5.0
postnatal days (Table 1).

None of the cases had serum phenobarbital concentra-
tions above 40 pug/mL at the 2nd hour; only one case
(4.7 %), at the 24th hour; 11 cases (45.8 %), at the 48th;
15 cases (62.5 %), at the 72th; and 17 cases (70.8 %), at the
96th hour. A significant increase was detected for the serum
concentrations of phenobarbital, after phenobarbital admin-
istration (p, 0.009). A negative correlation was detected
between serum concentrations of phenobarbital and the ges-
tational age of infants at the 72th (p, 0.036; r, —0.608) and
the 96th hours (p, 0.043; r, —0.769) (Fig. 1a, b). There was
no correlation between the serum concentrations of pheno-
barbital and the birth weight of infants.

During treatment, infusion of vasoactive drug (dopamine
5-10 pg/kg/min) was started in seven preterms for circulatory
support or hypotension at the second hour of their postnatal
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Table 1 Baseline patients' characteristics

Characteristic

Gestational age (weeks)?® 27.1742.33 (24-32)

Birth weight (grams)® 951.294285.74 (510-1,484)
Male/female 15/9

6.88+5.00 (1-26)
124+11.51 (98-156)

28.95+4.92 (17-38)

Onset time of treatment (days)*

Heart rate/min®

Mean arterial pressure (mmHg)*
Primary cause of seizure, % (1)

Perinatal asphyxia 20.8 (5)
Intraventricular hemorrhage 33.3(8)
White matter injury 20.8 (5)
Central nervous system infection 8.3 (2)

Undetermined 16.6 (4)

#Mean + SD (min—max)

life. However, their need for inotropic agent was not related
with the side effects of phenobarbital. Their seizure activity
was detected, while they were administering vasoactive drug,
and phenobarbital was given in a few hours after dopamine
infusion in all of them. Two preterms had apnea attacks during
phenobarbital treatment. However, phenobarbital blood levels
were found in normal ranges at the time of apnea attacks in
both of them. Two patients died. One of them had a severe
intracranial hemorrhage and died on the third day of phe-
nobarbital treatment. In his postmortem evaluation, pheno-
barbital blood level was 56.3 pg/mL. The other preterm
was 24 weeks of gestation and died because of pulmonary
hemorrhage. Phenobarbital blood level was 22.6 pg/mL.
Additionally, no changes in heart rate, heart rhythm, mean
arterial pressure, or in respiratory status were detected in
other patients during the study period, which could be
related to high plasma concentrations of phenobarbital.

Discussion

During the last 2 or 3 years, some studies have suggested
that newer agents, such as levetiracetam and topiramate,
seem to be good candidates for the treatment of neonatal
seizures. However, data about their efficacy, side effect pro-
files, and pharmacokinetic properties are limited in new-
borns [6—10]. Phenobarbital is still the most frequently used
anticonvulsant drug for neonatal seizures. In a recent study,
phenobarbital was also found as the most widely used first-
line medication between 193 participants that responded to the
questionnaire, and no differences were apparent for term
versus preterm neonates [11]. It is generally recommended
to administer that drug with iv routes with a loading dose of
15-20 mg/kg and a maintenance dose of 3 mg/kg/day [3, 4].

Although, it is the first choice of drug for neonatal seizures,
there is little information about its doses and safety for
preterm newborns. Therefore, we have evaluated whether
the recommended phenobarbital loading dose is safe or not
for very low birth weight preterm infants with seizures.

In the present study, our results demonstrated that, par-
ticularly in preterm infants, it is not suitable to administer
the current recommended phenobarbital loading and main-
tenance doses those for both term and preterm babies. Since,
the recommended doses frequently increase to the blood
concentrations which are higher than the recommended
therapeutic range in preterm infants that may be a leading
cause of some adverse affects. Additionally, our results
indicated that serum phenobarbital concentrations are rising
in course of time after administration. As none of the cases
had serum phenobarbital concentrations above 40 pg/mL at
the 2nd hour of administration, there was only one case
(4.7 %) at the 24th, but this number increased to 11 cases
(45.8 %) at the 48th, 15 cases (62.5 %) at the 72th, and 17
cases (70.8 %) at the 96th hour of administration in our
study. Therefore, attending physicians in NICU should be
aware of that a significant increase with time was detected in
serum phenobarbital concentrations after phenobarbital ad-
ministration, especially in preterm infants.

Moreover, some studies have performed about usage of
phenobarbital in preterm infants. Nahat et al. [12] reported
that initial maintenance dose during the first month of life
was 3.5-4.5 mg/kg/day for preterms with a gestational age
of <35 weeks and 4-5 mg/kg/day for >35 weeks. Gherpelli
et al. [13] conducted a study with a small sample size of 11
preterm (<2,500 g) and 14 term newborns (>2,500 g). They
administered iv phenobarbital with a mean of 19.4 mg/kg
loading dose, and they have reported that there was no
difference in plasma phenobarbital levels between term
and preterm newborns. They suggested that a mean loading
iv dose of 20 mg/kg was adequate for achievement of
therapeutic plasma levels in most infants, in the first 24 h,
both in term and preterm infants. In the present study, our
study population was smaller than their study population;
therefore, we indicated that even the smaller loading dose of
phenobarbital enriches to higher blood levels more than
therapeutic plasma levels of that drug. We suggest that
loading dose of phenobarbital for preterms may be instituted
for particularly small preterm infants (<1,500 g).

Protein binding is lower in the newborns (33 %) than that
in the older children and adults (41 %); thus, free levels of
the drug are relatively higher in the newborn infants that
cause decreased binding capacity of that drug [5]. Drug
binding in neonates with seizures may change in a sick
neonate with organ dysfunction, and toxic side effects may
result from elevated free fractions of a drug which adversely
affect especially cardiovascular and respiratory functions. To
avoid the untoward effects, both total and free antiepileptic
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Fig. 1 a Correlation between a

serum concentrations of
phenobarbital and the
gestational age of infants at the
72th hours. b Correlation
between serum concentrations
of phenobarbital and the
gestational age of infants at the
96th hours
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drug fractions must be taken into account, in the context of the
newborn's systemic illness. Therefore, routine monitoring of
free phenobarbital levels is optimal for the management of
infants with seizure. The recommended blood levels (15—
40 pg/mL) of phenobarbital generally include both the bound
and free components in guidelines, and administration doses
of this drug are adjusted due to these levels in NICUs [3, 5].
It could not be possible to measure the free fraction of
phenobarbital in our laboratory; so, we preferred to exclude
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patients with serum albumin levels of <2.5 mg/dL and
patients taking medicine that is known to bind proteins, in
order to eliminate those with higher free phenobarbital con-
centrations. However, we frequently reached serum concen-
trations higher than the recommended upper blood limit of
phenobarbital, at the 48th hour in 45.8 % and at the 96th
hour in 70.8 % of preterms, even the lower recommended
dose of phenobarbital (an iv dose of 15 mg/kg as loading
and 3 mg/kg/day as maintenance) has been administered.
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It is well-known that developmental changes affect the re-
sponses to medications and produce a need for age-dependent
adjustments in doses. Adjustment of the drug dose for either
body weight or body surface area is the most common method
used for dosing equations in children and newborns.
Developmental differences in pharmacokinetics and pharmaco-
dynamics due to age-dependent changes in body composition
are very important [14]. However, Pitlick [15] and Gilman [16]
found no correlation between gestational age and phenobarbital
elimination half-life or volume of distribution. In contrast,
Touw [17] reported in a small group study that phenobarbital
pharmacokinetic parameters of Vd, CL tended to decrease with
increasing gestational age and height of the neonates.

It is not clear why phenobarbital frequently reaches to
blood levels higher than the recommended ranges in VLBW
infants. This situation may result either from unidentified
pharmacokinetic properties of the drug or from the lower
protein binding capacity of phenobarbital in this group of
infants. We excluded preterms with albumin levels of
2.5 g/dL; thereby, we tried to eliminate the possibility of
lower protein binding capacity. According to our results, a
negative correlation was detected between serum concentra-
tions of phenobarbital and the gestational age of infants at
the 72th and 96th hours, but not at the 2nd, 24th, and 48th
hours. These results might suggest that immaturity is impor-
tant for the metabolism of phenobarbital. However, it is
necessary to investigate the metabolic pathway of pheno-
barbital in preterms, in order to support this suggestion. In
the present study, we did not aim to perform pharmacoki-
netics study. We just wanted to declare that blood levels of
phenobarbital are higher than the reference ranges that those
are often reached with the recommended doses in this spe-
cial group of babies. Therefore, particular attention should
be done while administering phenobarbital in preterms.

It was also interesting that we did not detect any side effect
of phenobarbital in all of the preterms that had blood levels
higher than the recommended ranges. We probably skipped
the clinical findings of toxicity (sedation and respiratory de-
pression) as most of the patients have been put on mechanical
ventilation. The clinical findings of phenobarbital toxicity
(sedation and respiratory depression) might have overlapped
with the clinical findings of many diseases in our preterms as
intraventricular hemorrhage, sepsis, and metabolic problems.

As far as we know, this is the first pilot study that highlights
the safety of phenobarbital loading dose for very small pre-
term infants even without a very broad study population. Our
results suggest that phenobarbital blood levels should be
followed closely, as blood levels higher than the reference
ranges can often be achieved even in the lower recommended
dose of phenobarbital in preterms without specific clinical
findings of toxicity. Furthermore, our results demonstrated
that it could not be safe for the traditional recommended
loading dose of phenobarbital for very low birth weight

preterm infants (loading dose of 15 mg/kg and maintenance
dose of 3 mg/kg/day). Therefore, we simply suggest that
loading dose of phenobarbital for very low birth weight pre-
term infants might be revised and reinstituted. In this respect,
there seems a need for further studies which are good planned,
with broad participation, multicenter, and including different
loading doses in addition to pharmacokinetic study, in order to
reach a consensus on a new recommended dose of phenobar-
bital for preterm infants with seizures.
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