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Introdugdo: O fenobarbital é um farmaco anticonvulsivante de primeira linha nas convulsGes neonatais. No entanto, durante o
tratamento com hipotermia induzida, tém vindo a ser levantadas preocupagdes com os niveis séricos obtidos devido a altera-
¢Oes na farmacocinética. O objetivo do presente estudo foi a avaliagdo dos niveis de fenobarbital em recém-nascidos tratados
com hipotermia apés terem sido tratados com doses diferentes de fenobarbital na sequéncia das necessidades individuais e de
protocolos de atuagao diversos conforme o hospital de origem.

Métodos: Foram estudados recém-nascidos tratados com hipotermia induzida e que receberam fenobarbital no primeiro dia
de vida. Os doentes foram divididos em dois grupos de acordo com a dose total recebida (< 20 mg/kg ou >20 mg/kg) e foram
analisados os niveis séricos em intervalos consecutivos apds a Gltima administragcdo (12-24 horas, 24-48 horas, 48-72 horas e
mais de 72 horas).

Resultados: Foram estudados 31 doentes, sendo a mediana da dose de fenobarbital de 20 mg/kg. Foram encontradas dife-
rencas significativas entre os grupos em todos os intervalos de tempo estudados. Os doentes que receberam doses <20 mg/
kg apresentaram niveis terapéuticos em todos os periodos e nunca atingiram niveis toxicos. Por outro lado, foram encontrados
niveis toxicos numa proporc¢do significativa de doentes que receberam doses totais > 20 mg/kg.

Discussdo: Existe um risco significativo de niveis toxicos de fenobarbital apds administracdo de doses > 20 mg/kg em doentes
tratados com hipotermia induzida. Nestes doentes, os niveis séricos de fenobarbital devem sempre ser avaliados apds uma
dose total de 20 mg/kg e o uso de anticonvulsivantes alternativos deve ser considerado se o controlo das crises ndo for alcan-
¢ado, a menos que os niveis de fenobarbital sejam subterapéuticos.
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Medicamentos; Recém-Nascido

Abstract

Introduction: Phenobarbital is a first-line anticonvulsant
for neonatal seizures. However, during therapeutic hy-
pothermia, there are concerns about its levels due to
changes in drug metabolism. We aimed to study pheno-
barbital levels in newborns treated with hypothermia
after receiving different phenobarbital dosing schedules
according to different protocols at referring hospitals
and to patients’ needs.

Methods: We studied patients undergoing therapeutic
hypothermia who were treated with phenobarbital du-
ring the first day of life. Patients were divided into two
groups according to the total dose received (€20 mg/kg or
>20 mg/kg) and phenobarbital levels attained were analy-
sed in consecutive time periods after the last dose (12-24
hours, 24-48 hours, 48-72 hours and over 72 hours).
Results: We studied 31 infants. The median phenobarbi-
tal dose was 20 mg/kg. Significant differences were found
between groups at all the time periods studied. Infants
receiving <20 mg/kg had therapeutic levels in all time

periods, never approaching toxic levels. However, toxic
levels were found in a significant proportion of patients
receiving a total dose >20 mg/kg.

Discussion: We found a significant risk of toxic levels with
phenobarbital doses >20 mg/kg in cooled infants. In the-
se infants, serum phenobarbital levels should always be
measured after a total dose of 20 mg/kg and alternative
anticonvulsant drugs should be considered if seizure con-
trol is not achieved, unless phenobarbital levels are below
the therapeutic range.

Keywords: Drug Monitoring; Hypothermia,

Induced; Hypoxia-Ischaemia, Brain; Infant, Newborn;
Phenobarbital/therapeutic use

Introduction

Phenobarbital is a first-line anticonvulsant for neonatal
seizures,! including during therapeutic hypothermia
(TH) in the context of hypoxic-ischaemic encephalopa-
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thy (HIE). The most commonly used initial dose is 20
mg/kg and further 5 mg/kg doses are given to achieve
seizure control, up to a maximum dose of 40 mg/kg.
Optimal phenobarbital levels to achieve seizure control
are above 15 pg/mL, but the upper limit accepted as a
toxic level varies between 30 and 40 pg/mL in different
studies** and units’ protocols.

Phenobarbital toxicity in the developing brain is a mat-
ter of debate between scientists, and conflicting pre-
-clinical® and clinical® results have been published, some
of them indicating that phenobarbital in HIE patients
treated with TH is potentially unsafe.® We are not
aware of any randomised controlled trials addressing
this issue, but we can speculate that, if there is any risk
associated with phenobarbital use in HIE infants treated
with TH, this risk can be considerably increased if toxic
levels are attained.

Hypothermia is associated with physiological changes
to many organ systems, including the liver and kidney,
and modifies the pharmacokinetics of various drugs,
including phenobarbital.” Phenobarbital is metabolised
by cytochrome P450, the activity of which is also known
to be affected by hypothermia,® though some authors
report that the pharmacokinetics of phenobarbital is
not significantly changed by TH.>° Nevertheless, despite
some concern expressed about the use of conventional
dosing schemes, which could lead to toxic phenobarbital
levels in asphyxiated infants,'* especially when under-
going TH,?we are not aware of any change in the dosing
recommendations for phenobarbital in patients treated
with hypothermia. Some authors have described similar
phenobarbital pharmacokinetics between infants with
HIE treated and not treated with hypothermia, further
supporting the use of conventional dosing schemes.>*°
Our neonatal intensive care unit (NICU) introduced TH in
Portugal in 2010,** adopting a protocol that was based
on Total Body Hypothermia for Neonatal Encephalopathy
Trial (TOBY).* In accordance with the international gui-
delines,”™ we implemented a close monitoring system
for clinical variables, including phenobarbital levels.
Since most of our treated patients are outborn and we
have a hospital-independent neonatal transport system,
we are unable to control phenobarbital dosing schemes
given before arrival at our NICU, either at places of birth
or during transport, and we found that different dosing
schemes were used. We also detected phenobarbital
levels above the therapeutic range in some patients,
further increasing our concern that conventional dosing
schedules may need some adjustment to avoid toxic
levels. In this study, we aimed to study phenobarbital
levels in newborns treated with hypothermia after
receiving different initial phenobarbital dosing schemes
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in order to confirm our empirical impression that typical
dosing schemes may be dangerous in this context.

Methods

We retrospectively analysed data from patients under-
going TH in our NICU during a three-year period (2010-
2012). All patients who received phenobarbital during
the first 24 hours of life were included.

Due to lack of uniform guidelines on phenobarbital
doses given at the original hospital or during transport,
patients were treated with different dosing schemes
before arriving to our NICU. Patients were then divided
into two groups according to the total dose received
during the first 24 hours of life:( A) < 20 mg/kg; (B) >
20 mg/kg. At our unit we do not routinely give main-
tenance doses of phenobarbital during hypothermia in
most cases due to concerns about increasing the risk of
attaining toxic levels due to accumulation of the drug.
Clinical data were extracted from our prospectively
collected institutional hypothermia registry. Serum phe-
nobarbital levels for all treated patients were retrieved
from our institutional laboratory database and asses-
sed in four consecutive time periods: 1) 12-24 hours;
2) 24-48 hours; 3) 48-72 hours; 4) >72 hours. When
additional doses were given after 24 hours of life, sub-
sequent levels were not considered.

Phenobarbital levels were measured by particle-enhan-
ced turbidimetric inhibition immunoassay (PETINIA)
(method accuracy 1 pg/mL, range of measurement 0-80
ug/mL). Therapeutic phenobarbital levels were conside-
red to be 15-30 pg/mL, near-toxic levels 30-40 pg/mL
and toxic levels above 40 pg/mL.

Our study was not set out to evaluate seizure con-
trol, but seizure control was ultimately obtained in all
patients with a protocol consisting of phenobarbital,
midazolam and lidocaine (used very rarely). Specific
toxic effects of phenobarbital are very difficult to assess
in these patients, since most described effects are not
easily distinguished from the effects of HIE itself, hypo-
thermia or other drugs used for treatment of HIE, and
thus will not be reported in this paper.

Statistical analysis of numerical variables was perfor-
med using the independent-sample t test or the Mann-
Whitney test after checking for normality of the sam-
ple distribution with the Shapiro-Wilk test. Statistical
analysis of categorical variables was performed with
Chi-squared tests. IBM SPSS 21® software was used for
analysis.
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Results

During the study period 37 patients underwent TH at
our NICU, of whom 34 were outborn. We evaluated 31
patients (84%) who received phenobarbital at a median
dose of 20 mg/kg during the first 24 hours of life due
to seizures or suspected seizures. Most patients (61%)
received total doses of 20 mg/kg or less (minimum dose
received 10 mg/kg, mean dose received 16.8 mg) (group
A), but a significant percentage (39%) received a total
dose above 20 mg/kg (maximum dose received 40 mg/
kg, mean dose received 30 mg/kg) (group B). The distri-
bution of total doses is depicted in Fig. 1. Five patients
received additional doses of phenobarbital, one during
the first 12 hours and four between 48 and 72 hours,
but levels obtained after these additional doses were not
considered for the statistical analysis.

Frequency

0 20 30 50
Total dose (mg/kg)

Figure 1. Distribution of total doses phenobarbital given during
the first 24 hours of life.

There were no significant differences between the groups
regarding initial pH (6.99 vs 6.98), base deficit (16.9 vs
18.7), 10 minute Apgar score (5 vs 5), or admission tem-
perature (33.1 2C vs 33.3 2C). Infants in group B more
often had severe encephalopathy (21% vs 58%, p <0.05)
and higher Thompson scores at 24 hours (11 vs 14, p
<0.05), but not on admission or after 24 hours. Passive
hypothermia was achieved at a median of one hour of
life and active cooling was started at a median of six hours
of life. Rates of hypotension during treatment (57% vs
64%), acute renal failure (16% vs 17%) and coagulation
disturbances (28% vs 28%) were not statistically different
between the groups.

Phenobarbital levels were measured at four consecutive
time periods with mean intervals after the last dose of:
1) 17.4 hours; 2) 35.5 hours; 3) 55.7 hours; 4) 87.8 hours.
Ninety-seven percent of patients contributed to the study
with phenobarbital levels at two or more time periods and
70% contributed with three or more. Individual dose-inter-
val values according to study groups are depicted in Fig. 2.
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Figure 2. Individual phenobarbital levels at different time intervals
after administration, according to total dose administered.

Individually, most phenobarbital levels of patients who
received total doses above 20 mg/kg had levels above
30 pg/mL at all time periods and levels above 40 pg/mL
were identified on seven occasions (Fig. 2). By contrast,
the great majority of patients receiving 20 mg/kg or less
had levels within the therapeutic range.

When we examined the distribution of mean phenobarbi-
tal levels across the groups at different time periods, we
found that mean levels for infants in group B were in the
near-toxic range in all time periods (Fig. 3).
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Figure 3.Progression of mean serum levels of phenobarbital accor-
ding to cumulative dose administered during the first 24 hours.

Analysis of the distribution of phenobarbital levels for
each time period showed that most infants in group A
had levels within the therapeutic range, whereas more
than half of infants in group B had levels in the near-toxic
or toxic range (Figs. 2 and 4). Also, when analysing group
differences for all time periods, we found significant
differences between groups A and B for all the four time
periods studied and these differences were more signifi-
cant between 12-24 hours of life and after 72 hours of life
(Figs. 4a and 4d).
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Figure 4. Distribution of phenobarbital levels at different time periods (12-24 hours, 24-48 hours, 48-72 hours and after 72 hours) after
administration of a cumulative dose, according to the total dose administered.

Discussion

Our data show that there was a significant risk of toxic
levels when total phenobarbital doses above 20 mg/
kg were used in this group of patients treated with
TH. This finding can be explained by delayed clearance
of phenobarbital, which can be partially attributed to
hypothermia.®*?

Most infants with HIE can be successfully treated with
relatively modest doses of phenobarbital, leaving us
with no more than anecdotal evidence of toxic phe-
nobarbital levels in newborns treated with TH.*2 The
absence of a significant pool of newborns treated
with TH and higher dosages of phenobarbital probably
underlies the lack of sufficiently strong evidence to lead
to a change in dosing recommendations. Nevertheless,
39% of our sample received a total dose above 20 mg/
kg, allowing us to draw some additional conclusions on
this issue.

We did not set out to perform a formal pharmacokinetic
study, but only to confirm our clinical impression that
babies receiving extra doses of phenobarbital for seizure
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control had an increased risk of attaining near-toxic or
toxic drug levels, despite the absence of maintenance
doses in our NICU’s protocol.

The theoretical risk of altered phenobarbital metabo-
lism in newborns treated with TH for HIE,”® added to the
potential risk of phenobarbital per se,® and to reports
that confirm important changes in phenobarbital half-
-life in this setting,*? should, in our view, be addressed
carefully.

The attainment of therapeutic levels in our sample with
total doses up to 20 mg/kg and the risk of near-toxic or
toxic levels when a total dose of 20 mg/kg is exceeded
suggest that the contribution of phenobarbital to sei-
zure control in the setting of TH can be safely attained
with lower doses. Although not shown, we separately
compared dosages below 20 mg/kg with dosages equal
to 20 mg/kg and no significant differences in mean
levels were observed between those two subgroups.
Most infants who were given total doses below 20 mg/
kg (10 mg/kg in five and 15 mg/kg in two infants) attai-
ned therapeutic levels and had seizure control.

Given the considerable risks of phenobarbital-induced
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apoptosis,® particularly in these infants with increased
risk of long-term neurodevelopmental sequelae, and
given the easy attainment of therapeutic levels with
total doses of phenobarbital up to 20 mg/kg in our
study, we speculate that using an initial dose of 10 mg/
kg followed by additional doses of 5 mg/kg up to a total
dose of 20 mg/kg may be a safer protocol in infants
undergoing TH. In these infants, serum phenobarbital
levels should always be measured after a total dose of
20 mg/kg and alternative anticonvulsant drugs should
be considered if seizure control is not achieved, unless
phenobarbital levels are below the therapeutic range.

O QUE ESTE ESTUDO TRAZ DE NOVO

e Existe uma grande diversidade de esquemas posoldgicos para
o fenobarbital no contexto de encefalopatia hipoxico-isquémica
perinatal.

* A utilizagdo de esquemas com dose total superior a 20 mg/kg
associa-se a um risco significativo de niveis toxicos.

* Antes de se obter um nivel sérico, desaconselha-se a utilizagdo
de doses totais acima de 20 mg/kg, devendo-se optar por
L anticonvulsivantes alternativos.

J

Conflitos de Interesse
Os autores declaram a inexisténcia de conflitos de interesse na
realizagdo do presente trabalho.

Fontes de Financiamento
N&o existiram fontes externas de financiamento para a
realizagdo deste artigo.

Protegao de Pessoas e Animais

Os autores declaram que os procedimentos seguidos estavam
de acordo com os regulamentos estabelecidos pelos responsa-
veis da Comiss3o de Investigacdo Clinica e Etica e de acordo com
a Declaragdo de Helsinquia da Associagdao Médica Mundial.

Confidencialidade dos Dados
Os autores declaram ter seguido os protocolos do seu centro de
trabalho acerca da publicagdo dos dados de doentes.

Correspondéncia
André Graga
amgraca@campus.ul.pt

Recebido: 19/12/2015
Aceite: 23/02/2016

Referéncias

1. Bartha Al, Shen J, Katz KH, Mischel RE, Yap KR, Ivacko JA, et
al. Neonatal seizures: Multicenter variability in current treat-
ment practices. Pediatr Neurol 2007;37:85-90.

2. Pippenger CE, Rosen TS. Phenobarbital plasma levels in neo-
nates. Clin Perinatol. 1975;2:111-5.

3. Gherpelli JL, Cruz AM, Tsanaclis LM, Costa HP, Garcia TG,
Segre CA, et al. Phenobarbital in newborns with neonatal sei-
zures. A study of plasma levels after intravenous administra-
tion. Brain Dev 1993;15:258-62.

4. Livingston S, Berman W, Pauli LL. Anticonvulsant drug blood
levels. JAMA 1975;232:60-2.

5. Barks JD, Liu Y-Q, Shangguan Y, Silverstein FS. Phenobar-
bital augments hypothermic neuroprotection. Pediatr Res
2010;67:532-7.

6. Sarkar S, Barks JD, Bapuraj JR, Bhagat I, Dechert RE, Schum-
acher RE, et al. Does phenobarbital improve the effectiveness
of therapeutic hypothermia in infants with hypoxic-ischemic
encephalopathy? J Perinatol 2012;32:15-20.

7. Zanelli S, Buck M, Fairchild K. Physiologic and pharmacologic
considerations for hypothermia therapy in neonates. J Perina-
tol 2011;31:377-86.

8. Tortorici MA, Kochanek PM, Poloyac SM. Effects of hypother-
mia on drug disposition, metabolism, and response: A focus
of hypothermia-mediated alterations on the cytochrome P450
enzyme system. Crit Care Med 2007;35:2196-204.

9. van den Broek M, Groenendaal F, Toet MC, van Straaten HL,
van Hasselt JG, Huitema AD, et al. Pharmacokinetics and clini-

cal efficacy of phenobarbital in asphyxiated newborns treated
with hypothermia: A thermopharmacological approach. Clin-
Pharmacokinet 2012;51:671-9.

10. Shellhaas RA, Ng CM, Dillon CH, Barks JD, Bhatt-Mehta V.
Population pharmacokinetics of phenobarbital in infants with
neonatal encephalopathy treated with therapeutic hypother-
mia. PediatrCrit Care Med 2013;14:194-202.

11. Volpe JJ. Neonatal seizures. In: Volpe JJ, editor. Neurol-
ogy of the newborn. 5thed. Philadelphia: Saunders - Elsevier;
2008.p.203-44.

12. Filippi L, la Marca G, Cavallaro G, Fiorini P, Favelli F, Malva-
gia S, et al. Phenobarbital for neonatal seizures in hypoxic isch-
emic encephalopathy: A pharmacokinetic study during whole
body hypothermia. Epilepsia 2011;52:794-801.

13. Sampaio |, Graga AM, Moniz M, Machado MC. Hipoter-
miainduzidanaencefalopatiahipdxico-isquémica: Da evidén-
ciacientifica a implementagdo de um protocolo. Acta Pediatr
Port 2010;41:184-90.

14. Azzopardi D, Strohm B, Edwards AD, Dyet L, Halliday HL,
Juszczak E, et al. Moderate hypothermia to treat perinatal as-
phyxial encephalopathy. N Engl J Med 2009;361:1349-58.

15. Biban P, Filipovic-Grcic B, Biarent D, Manzoni P. New cardio-
pulmonary resuscitation guidelines 2010: Managing the newly
born in delivery room. Early Hum Dev 2011;87:59-11.

16. Kim JS, Kondratyev A, Tomita Y, Gale K. Neurodevelopmen-
tal impact of antiepileptic drugs and seizures in the immature
brain. Epilepsia 2007;48:519-26.

Acta Pediatrica Portuguesa ﬂ'





