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Abstract

Background: Acute neonatal seizures are among the most common neurological emergencies during the neonatal period and are
associated with increased mortality and long-term neurodevelopmental impairment. Phenobarbital has remained the conventional
first-line antiseizure medication because of its rapid onset of action, intravenous availability, extensive clinical experience, and
low cost. However, concerns regarding incomplete seizure control, adverse effects, and potential neurodevelopmental toxicity
have raised questions regarding its position as the universal first-line therapy. Objectives: This analytical study aimed to evaluate
the efficacy, safety limitations, and clinical outcomes associated with phenobarbital use in acute neonatal seizures and to compare
its therapeutic profile with newer antiseizure medications, including levetiracetam, fosphenytoin, and lacosamide. Methods: A
structured comparative analysis was performed using published clinical studies, randomized controlled trials, and evidence-based
neonatal seizure management data. The analysis focused on seizure-control efficacy, adverse effects, pharmacological
characteristics, neurodevelopmental concerns, and suitability of different antiseizure medications for individualized neonatal
treatment strategies. Results: Phenobarbital demonstrated superior acute seizure-control efficacy, achieving complete seizure
freedom in approximately 80% of neonates within 24 hours compared with approximately 28% with levetiracetam. However,
20-40% of neonates continued to experience seizures despite appropriate phenobarbital administration, particularly those with
severe hypoxic-ischaemic encephalopathy, prematurity, structural brain injury, or refractory epilepsy. Higher cumulative
phenobarbital exposure was associated with concerns regarding neuronal apoptosis, sedation, respiratory depression,
hypotension, and adverse neurodevelopmental outcomes. Levetiracetam showed improved tolerability with fewer respiratory
effects and less sedation but demonstrated lower immediate seizure-control efficacy. Fosphenytoin remained useful for refractory
seizures but required cardiovascular monitoring, while lacosamide showed potential benefit with limited neonatal evidence.
Conclusion: Phenobarbital remains an effective medication for rapid seizure termination in acute neonatal seizures; however, its
limitations highlight the need for individualized treatment approaches. Future neonatal seizure management should balance rapid
seizure suppression with neuroprotection and long-term developmental outcomes through integration of EEG monitoring,
patient-specific characteristics, and emerging therapeutic options.
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1. Introduction

Neonatal seizures are abnormal electrical activities occur-
ring within the first 28 days after birth and represent one of
the earliest manifestations of neurological dysfunction in new-
borns. The incidence of neonatal seizures varies depending on
gestational age, birth complications, and underlying neurolog-
ical conditions. They occur more frequently among premature
infants and newborns suffering from hypoxic-ischaemic en-
cephalopathy (HIE), intracranial hemorrhage, metabolic ab-
normalities, infections, and congenital brain abnormalities [1].

Unlike seizures in older children and adults, neonatal sei-
zures frequently have subtle clinical manifestations and may
not always present with obvious motor activity. Electro-
graphic seizures detected through continuous electroencepha-
lographic (EEG) monitoring are often more common than
clinically visible events. Therefore, early diagnosis and effec-
tive treatment are essential to prevent prolonged seizure activ-
ity and potential neurological injury [2].

For decades, phenobarbital has been considered the stand-
ard first-line medication for neonatal seizures. Its popularity
is mainly due to its long history of use, familiarity among cli-
nicians, broad availability, and relatively simple administra-
tion. Phenobarbital acts primarily by enhancing GABA-medi-
ated chloride influx through GABA-A receptors, resulting in
neuronal hyperpolarization and reduced excitability.

However, the neonatal brain differs significantly from the
mature brain. During early development, GABAergic neuro-
transmission may have excitatory rather than inhibitory ef-
fects due to differences in chloride transporter expression.
This biological difference may partly explain the reduced ef-
fectiveness of phenobarbital in newborns [3].

Furthermore, emerging evidence has raised concerns re-
garding phenobarbital-related neurotoxicity and poor devel-
opmental outcomes. These limitations have resulted in in-
creasing interest in newer antiseizure medications such as le-
vetiracetam, lacosamide, and fosphenytoin.

2. Evaluation of the Efficacy of
Phenobarbital as First-Line Therapy

2.1. Mechanism of Action

Phenobarbital is a long-acting barbiturate that produces an-
ticonvulsant effects mainly through modulation of GABA-A

receptors. It increases the duration of chloride channel open-
ing, enhancing inhibitory neurotransmission and reducing
neuronal excitability [4].

The standard neonatal loading dose is usually 20 mg/kg in-
travenously, with additional doses administered if seizures
persist. Maintenance therapy commonly ranges between 3-5
mg/kg/day.

Because of its rapid onset of action and intravenous availa-
bility, phenobarbital has traditionally been preferred for emer-
gency seizure control.

2.2. Clinical Effectiveness

Several studies have investigated the seizure-control effi-
cacy of phenobarbital in neonates.

The landmark randomized controlled trial by Sharpe et al.
compared phenobarbital with levetiracetam for neonatal sei-
zure treatment. The study demonstrated that phenobarbital
achieved superior short-term seizure control compared with
levetiracetam.

Approximately, Phenobarbital used in Complete seizure
control in around 80% of infants within 24 hours and Le-
vetiracetam is used in Complete seizure control in approxi-
mately 28% of infants.

These findings confirmed phenobarbital's strong acute anti-
convulsant activity.

However, despite effective initial seizure suppression, con-
cerns remain regarding its long-term safety and incomplete re-
sponse in many newborns.

2.3. Factors Affecting Phenobarbital Response
[5]

The efficacy of phenobarbital varies according to several
neonatal factors. Gestational age is an important considera-
tion, as premature infants may demonstrate reduced drug re-
sponse due to immature receptor development and altered
pharmacokinetics.

The underlying etiology of seizures may also influence
treatment response. Seizures associated with hypoxic-is-
chaemic encephalopathy, intracranial hemorrhage, or stroke
may respond differently to phenobarbital compared with sei-
zures caused by metabolic disturbances.

In addition, altered neonatal neurobiology may reduce the
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effectiveness of GABA-enhancing drugs such as phenobarbi-
tal. The neonatal brain is characterized by increased excitatory
neurotransmission, higher intracellular chloride concentration,
and immature GABA receptor function [6].

3. Current Role of Phenobarbital in
Neonatal Seizure Management

Despite its limitations, phenobarbital continues to play an
important role in neonatal seizure management because of its
decades of clinical experience, rapid seizure-suppressing ef-
fect, low cost, wide availability, and suitability for intravenous
administration. It also remains recommended as an initial ther-
apy in many international guidelines.

However, modern neonatal neurology increasingly recog-
nizes that seizure treatment should extend beyond immediate
seizure termination and consider neurodevelopmental out-
comes, medication toxicity, brain protection, and individual
patient characteristics [7]. Therefore, the position of pheno-
barbital as a universal first-line therapy is increasingly being
reconsidered.

4. Limitations of Phenobarbital as First-
Line Therapy in Acute Neonatal
Seizures

Although phenobarbital remains the most commonly used
first-line antiseizure medication, several important limitations
restrict its effectiveness and safety in neonatal seizure man-
agement.

4.1. Limited Complete Seizure Control

The major limitation of phenobarbital is that it does not pro-
vide complete seizure control in all neonates. Although stud-
ies demonstrate better short-term efficacy compared with
some newer agents, approximately 20-40% of neonates con-
tinue to experience seizures despite receiving appropriate phe-
nobarbital loading doses. Its effectiveness may be particularly
limited in neonates with severe hypoxic-ischaemic encepha-
lopathy, prematurity, structural brain injuries, or refractory ne-
onatal epilepsy. Persistent electrographic seizures may also
occur despite apparent clinical improvement, emphasizing the
importance of continuous EEG monitoring [8].

4.2. Developmental Neurotoxicity Concerns

One of the most significant concerns regarding phenobarbi-
tal is its potential neurotoxicity. Experimental studies have
demonstrated that prolonged exposure to phenobarbital may
increase neuronal apoptosis, reduce synaptic development,
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and alter neuronal connectivity. The immature neonatal brain
may be particularly vulnerable because rapid neuronal growth
and synaptic formation occur during this period [9]. Clinical
studies have also reported associations between higher cumu-
lative phenobarbital exposure and lower cognitive scores, an
increased risk of cerebral palsy, and poorer motor develop-
ment. Therefore, although phenobarbital may effectively ter-
minate seizures, excessive exposure may negatively influence
long-term neurological outcomes.

4.3. Respiratory Depression and
Cardiovascular Effects

Phenobarbital produces central nervous system depression,
which can result in respiratory suppression, reduced alertness,
and hypotension, and may increase the need for mechanical
ventilation. These adverse effects are particularly concerning
in critically ill neonates who may already have respiratory
compromise due to prematurity or birth complications [10].

4.4. Sedation and Difficulty in Neurological
Assessment

Phenobarbital can cause prolonged sedation, which may in-
terfere with neurological examination, assessment of seizure
recovery, feeding ability, and interaction with the infant. Its
long half-life, approximately 80—-120 hours in neonates, can
result in prolonged drug exposure and sustained sedative ef-
fects.

4.5. Pharmacokinetic Variability

Neonates have immature hepatic metabolism, renal elimi-
nation, and protein-binding capacity. Consequently, pheno-
barbital plasma concentrations can vary considerably between
patients. Subtherapeutic concentrations may result in persis-
tent seizures, whereas excessive concentrations can increase
the risk of toxicity. Therefore, therapeutic drug monitoring is
often required to maintain appropriate drug exposure.

4.6. Potential Drug Resistance Due to Neonatal
Brain Characteristics [11]

The neonatal brain differs from adult brains in neurotrans-
mitter function.

In mature neurons: GABA activation — Chloride influx —
Neuronal inhibition

However, in immature neurons: GABA activation may pro-
duce neuronal excitation due to higher intracellular chloride
concentration.

This developmental difference reduces the anticonvulsant
effectiveness of phenobarbital.


http://www.sciencepg.com/journal/ajp

American Journal of Pediatrics

http://www.sciencepg.com/journal/ajp

Table 1. Major Limitations of Phenobarbital Alone [12].

Limitation

Incomplete seizure control
Neurotoxicity concerns

Respiratory depression

Sedation

Long half-life

Variable metabolism

Reduced effectiveness in immature brain

Possible apoptosis

5. Comparative Evaluation of
Phenobarbital with Newer
Antiepileptic Agents

5.1. Phenobarbital vs Levetiracetam in
Mechanism of Action

Levetiracetam has emerged as one of the most extensively
studied alternatives to phenobarbital for the management of
neonatal seizures.

Levetiracetam acts primarily by binding to synaptic vesicle

Clinical Impact

Persistent electrographic seizures
Possible cognitive and motor impairment
Increased ventilation requirement
Difficulty assessing neurological status
Prolonged adverse effects

Difficulty maintaining therapeutic levels
Treatment failure in some neonates

Concern for long-term brain development

protein SV2A, thereby regulating neurotransmitter release [13,
14]. In contrast to phenobarbital, levetiracetam does not di-
rectly enhance GABA-mediated neurotransmission.

5.2. Phenobarbital vs Levetiracetam in
Advantages

Levetiracetam offers several potential advantages over phe-
nobarbital, including a lower risk of respiratory depression,
minimal drug interactions, less sedation, and an overall favor-
able safety profile. It is also associated with fewer concerns
regarding neurotoxicity, making it an increasingly considered
alternative in neonatal seizure management [15, 16].
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Figure 1. Current Approach to Acute Neonatal Seizure Management [17].
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5.3. Phenobarbital vs Fosphenytoin in
Mechanism of Action

Fosphenytoin is a prodrug that is converted into phenytoin
and acts mainly through sodium channel blockade [18]. It re-
duces repetitive neuronal firing by inhibiting voltage-depend-
ent sodium channels.

5.4. Phenobarbital vs Fosphenytoin in
Advantages

Fosphenytoin is effective in refractory seizures and may be
useful when phenobarbital fails. It is also associated with less
sedation compared with phenobarbital. Unlike phenobarbital,

fosphenytoin is not usually preferred as first-line therapy be-
cause of safety concerns during intravenous administration.

5.5. Phenobarbital vs Lacosamide in
Mechanism of Action

Lacosamide is a newer antiseizure medication that en-
hances the slow inactivation of voltage-gated sodium channels.

5.6. Phenobarbital vs Lacosamide in
Advantages

Lacosamide has a novel mechanism of action, minimal drug
interactions, and good tolerability. It may also provide poten-
tial benefits in refractory neonatal seizures.
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Figure 2. Future Individualized Treatment Strategy [20].

Table 2. Comparison of Phenobarbital with Newer Antiepileptic Agents [19].

Parameter Phenobarbital

GABA-A receptor

Primary mechanism
enhancement

Acute seizure efficacy High Moderate

First-line use Commonly recommended
Respiratory depression High risk Low risk
Sedation Significant Minimal

Levetiracetam

Increasing interest

Fosphenytoin Lacosamide

Slow sodium channel
inactivation

Sodium channel
blockade

SV2A modulation

Moderate-high Limited evidence

Usually second-line Mainly refractory cases
Moderate risk Low risk

Moderate Minimal
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Parameter Phenobarbital Levetiracetam Fosphenytoin Lacosamide

Drug interactions Many Few Several Few

Neurotoxicity concern Higher Lower Moderate Unknown

Clinical experience Extensive Increasing Extensive Limited

Long-term neonatal Available but concerning Limited but promis- | ;i Very limited

data ing
mance, increased risk of cerebral palsy, impaired motor devel-
opment, reduced adaptive behavior scores [21].

6. Results

This analytical study evaluated the role of phenobarbital as
first-line therapy for acute neonatal seizures and compared its
efficacy and limitations with newer antiepileptic agents in-
cluding levetiracetam, fosphenytoin, and lacosamide.

The analysis demonstrates that phenobarbital remains one
of the most effective medications for rapid seizure termination
in newborns. However, its clinical advantages are counterbal-
anced by concerns regarding incomplete seizure control, neu-
rotoxicity, sedation, and adverse developmental effects.

6.1. Seizure Control Outcomes

Multiple clinical studies consistently demonstrate that phe-
nobarbital provides superior immediate seizure suppression
compared with several newer agents.

The randomized controlled trial conducted by Sharpe et al.
demonstrated that phenobarbital achieved complete seizure
freedom in approximately 80% of neonates within 24 hours,
whereas levetiracetam achieved seizure control in approxi-
mately 28% of infants.

These findings confirm that phenobarbital remains highly
effective for emergency seizure termination.

However, approximately one-fifth to one-third of neonates
continue to experience seizures despite adequate phenobarbi-
tal administration. This is particularly observed among infants
with Severe hypoxic-ischaemic encephalopathy, brain injury,
prematurity, structural abnormalities.

Therefore, phenobarbital effectiveness varies considerably
depending on underlying neurological conditions.

6.2. Safety and Adverse Outcomes

Although phenobarbital provides rapid seizure control,
safety concerns remain significant.

Clinical evidence suggests that higher cumulative pheno-
barbital exposure is associated with reduced cognitive perfor-
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These observations suggest that seizure suppression alone
should not be the only treatment goal. Protection of the devel-
oping brain and improvement of long-term neurological out-
comes are equally important.

Compared with phenobarbital, newer agents generally
demonstrate improved safety profiles.

6.2.1. Levetiracetam

Levetiracetam has gained attention because of its minimal
respiratory depression, limited drug interactions, less sedation,
and lower neurotoxicity concerns. However, its lower imme-
diate anticonvulsant effectiveness remains a major limitation.

6.2.2. Fosphenytoin

Fosphenytoin remains an effective option for refractory sei-
zures, particularly when phenobarbital fails [22]. However,
concerns include cardiovascular instability, the need for con-
tinuous monitoring, and potential hypotension.

6.2.3. Lacosamide [23]

Lacosamide represents a promising newer option because
of its unique mechanism and favourable tolerability. However,
neonatal evidence remains insufficient, and further clinical tri-
als are required before routine first-line use.

6.3. Overall Comparative Findings

The evidence indicates that no single antiepileptic medica-
tion currently provides the ideal combination of maximum sei-
zure control, minimal toxicity, neuroprotection, and long-term
safety.

Phenobarbital remains the most effective emergency medi-
cation, while newer agents offer advantages in terms of safety
and tolerability [24].

A future treatment model may involve individualized ther-
apy based on neonatal age, seizure severity, EEG findings, un-
derlying cause, and the risk of medication toxicity.
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Table 3. Summary of Evidence [25].

Study/Author Main Finding

Painter et al.

Sharpe et al. (NEOLEV2
Trial)

Maitre et al.
ment

Silverstein & Jensen
therapy

Pressler et al.

7. Discussion

The management of neonatal seizures remains challenging
because clinicians must balance rapid seizure suppression
against potential medication-related harm [26].

Phenobarbital has maintained its position as first-line ther-
apy because of its strong anticonvulsant effect and extensive
clinical experience. However, its limitations have become in-
creasingly apparent with advances in neonatal neuroscience.

The developing brain differs substantially from the adult
brain. Immature neurotransmitter systems, altered receptor
expression, and increased excitability contribute to reduced
responsiveness to traditional GABA-enhancing medica-
tions.

Additionally, neonatal seizure management has evolved
from focusing solely on seizure termination toward improving
long-term neurodevelopmental outcomes.

The introduction of newer agents provides potential alter-
natives. Levetiracetam offers improved safety but currently
lacks comparable acute efficacy. Fosphenytoin remains useful
for resistant seizures but requires careful cardiovascular mon-
itoring. Lacosamide represents a promising future therapy, alt-
hough more neonatal research is necessary [27].

Future clinical practice may move away from a universal
phenobarbital-first approach toward precision medicine strat-
egies where treatment selection depends on individual neona-
tal characteristics [28].

8. Study Limitations

This analysis was based on previously published clinical
evidence rather than a newly recruited patient cohort. Differ-
ences in study populations, treatment protocols, and outcome
measurements may influence comparative interpretation. Fur-
ther prospective multicenter studies are required.

Phenobarbital effective but associated with neurological concerns

Phenobarbital superior to levetiracetam for seizure control

Higher phenobarbital exposure linked with worse neurodevelop-

Neonatal seizures require EEG monitoring and individualized

Seizure burden influences neurological outcome
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Clinical Implication

Need for careful exposure
monitoring

Supports phenobarbital acute effi-
cacy

Limits prolonged use

Continuous assessment required

Early seizure control important

9. Conclusion

Phenobarbital remains an important and effective first-line
therapy for acute neonatal seizures because of its rapid action,
availability, and superior short-term seizure-control ability
[29].

However, its limitations cannot be ignored. Reduced effec-
tiveness in some neonates, prolonged sedation, respiratory de-
pression, pharmacokinetic variability, and potential neurode-
velopmental toxicity represent important clinical challenges.

Newer antiepileptic agents such as levetiracetam, fosphen-
ytoin, and lacosamide provide valuable alternatives with im-
proved tolerability and different mechanisms of action. Nev-
ertheless, current evidence does not support complete replace-
ment of phenobarbital because newer drugs have limitations,
particularly regarding acute efficacy and neonatal clinical ex-
perience.

The future management of neonatal seizures should focus
on individualized treatment approaches combining effective
seizure control with preservation of neurological development.
Further large-scale randomized clinical trials are required to
identify optimal therapeutic strategies that maximize seizure
suppression while minimizing long-term harm [30].
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