
The estimated rate of seizures in term newborns is 1 to 3 
per 1000 live births [1–3]. The fi rst year of life represents 
the highest risk for seizures (especially acute symptom-
atic seizures) [4], which may refl ect the developmental 
stage–specifi c mechanisms that lead to relative excitabil-
ity in the neonatal brain [5••], as well as the high risk 
for perinatal brain injury. 

Seizures in the neonatal period are often the fi rst sign 
of neurologic dysfunction and frequently refl ect serious 
underlying brain injury. Therefore, a suspicion of sei-
zures in a newborn should prompt a rapid and thorough 
evaluation. Neonatal seizures may be caused by a variety 
of underlying conditions (Table 1). The most common 
cause is hypoxic-ischemic brain injury due to perinatal 
asphyxia [6]. In a Canadian population-based study by 
Ronen et al. [7], 42% of newborns with seizures had 
encephalopathy (mostly following hypoxia-ischemia), 
19% had infections, and 10% had cerebral dysgen-
esis. Additional important causes of neonatal seizures 
include intracranial hemorrhage, perinatal stroke, and 
transient metabolic disturbances such as hypoglycemia 
and hypocalcemia [8]. Epilepsy syndromes are a rare 
but important cause of seizures in the newborn period. 

Benign familial neonatal seizures and benign idiopathic 
neonatal seizures are characterized by seizure onset in 
the fi rst week of life in an otherwise well-appearing child 
and a favorable outcome [8,9]. Early myoclonic epilepsy 
and early infantile epileptic encephalopathy (Ohtahara 
syndrome) are rare epileptic encephalopathies with fre-
quent refractory seizures, characteristic burst-suppres-
sion patterns on electroencephalography (EEG), and 
poor neurodevelopmental prognosis [10,11]. 

Neonates with seizures are at risk for early death, 
and survivors have a high incidence of adverse neuro-
developmental outcome, including motor or cognitive 
disability [6,7]. The outcome depends largely on the 
underlying disease process, with the best prognosis seen 
in infants with late-onset hypocalcemia and subarach-
noid hemorrhage, and the worst outcome in infants with 
intraventricular hemorrhage or brain malformation [8].

The topic of neonatal seizures has gained increas-
ing interest over the past years in light of accumulating 
evidence from animal studies that seizures may impair 
brain development and lead to long-term defi cits in 
learning, memory, and behavior (reviewed in [12•]). 
Although the exact mechanisms are unknown, work in 
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Opinion statement
Seizures in neonates are common and often suggest a serious underlying brain 
injury such as hypoxia-ischemia, stroke, or hemorrhage. There is a lack of evi-
dence regarding optimal monitoring, evaluation, and treatment for newborns with 
seizures. Prolonged video-electroencephalogram (EEG) is the gold standard for 
detecting seizures, whereas amplitude-integrated EEG may be a convenient and 
useful screening tool. Evaluation involves a thorough search for the etiology of the 
seizures and includes detailed clinical history, routine chemistries, neuroimaging 
(preferably MRI), and specialized testing such as screening for inborn error of 
metabolism if no structural cause is readily apparent. There is a lack of consensus 
regarding the relative risk versus benefi t for aggressive medical treatment of neo-
natal seizures. Evidence is increasing that seizures themselves impair brain devel-
opment, but there is evidence in animal models that commonly used medications 
are potentially neurotoxic. We believe that medical management with a goal of 
eliminating electrographic and electroclinical seizures is probably warranted.

Introduction
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Treatment

Evaluation

History and physical examination
The initial history should focus on the details of the pregnancy, delivery, 
and resuscitation. In encephalopathic infants, risk factors for birth 
asphyxia and infection should be sought. In well-appearing newborns, 
the maternal medical history, as well as family history of thrombosis 
and seizures, should be detailed. The general physical examination 
should be comprehensive, including an evaluation of vital signs, cardiac 
and respiratory function and organ size, and fetal growth, dysmor-
phisms, and neurocutaneous stigmata. The neurologic examination 
should include detailed assessments of mental status, the cranial nerves, 
motor fi ndings, and primitive and deep tendon refl exes.

Laboratory tests
Initial laboratory tests should include evaluation of serum glucose and 
lumbar puncture, as hypoglycemia and bacterial meningitis can lead 
to permanent injury if left untreated [8, Class III]. Additional tests 
should include serum calcium, sodium, potassium, phosphorus, and 
magnesium. Further evaluation that may be warranted on a case-by-
case basis could include serum amino acids, urine organic acids, very 
long chain fatty acids, and cerebrospinal fl uid studies for glucose, 
glycine, lactate, ammonia, and neurotransmitters. Such evaluations 
should defi nitely be performed in the setting of medically refractory 
seizures of unknown etiology, especially in the setting of a burst-sup-
pression pattern on EEG.

Imaging
Neuroimaging using cranial ultrasound, CT, or (preferably) MRI is 
essential to the evaluation of neonatal seizures, both to identify underly-
ing injury or developmental abnormalities and to help clinicians and the 
family to better understand the prognosis.

Cranial ultrasound is readily available in most units and is important 
for rapid initial assessment of a sick neonate to identify large space-
occupying lesions such as hemorrhage, arteriovenous malformations, 
or hydrocephalus. Ultrasound may be insensitive for hypoxic-ischemic 
injury, and serial ultrasound is more sensitive than a single study.

Ultrasound should be followed by MRI, where available, to help 
identify the full extent of the injury. CT scans have higher resolution 

animal models of seizure have shown reduced density of 
dendritic spines in hippocampal pyramidal neurons [13], 
decreased neurogenesis [14], delayed neuronal loss [15], 
and changes in hippocampal plasticity such as decreased 
capacity for long-term potentiation, reduced susceptibil-
ity to kindling, and enhanced paired-pulse inhibition 
[16]. Human studies in children with hypoxic-ischemic 
injury show an independent association between sei-
zures and impaired brain metabolism [17], as well as 
poor long-term neurodevelopmental outcome [18•].

There are currently no evidence-based guidelines for 
evaluation and management of neonatal seizures. There 
has been a paucity of high-quality studies in this area, 
so considerable uncertainty remains regarding optimal 

monitoring, investigation, and treatment of neonatal 
seizures. There is also a strong need for well-conducted 
randomized controlled trials of the newer seizure medi-
cations in newborns. In 2007, the members of a National 
Institute of Neurological Disorders and Stroke work-
shop focusing on “Improving the Treatment of Neona-
tal Seizures” highlighted several important themes to 
guide future trials. First, since the developmental stage 
contributes to the pathophysiology of seizures and the 
response to therapy, dedicated trials in newborns are 
essential. Second, conventional EEG should remain the 
gold standard for seizure monitoring. Finally, the under-
lying cause of the seizures should be considered in the 
clinical trial design [19]. 
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than ultrasound, but they expose the infant to ionizing radiation and 
have been replaced by MRI in many centers. MRI has higher resolu-
tion than cranial ultrasound and CT, so it is now considered the gold 
standard for evaluating brain injury or developmental abnormalities in 
newborns [20, Class III]. It is important to consider the timing of the 
MRI when evaluating newborns with seizures. In newborns with stroke 
or hypoxic-ischemic brain injury, conventional T1-weighted and T2-
weighted sequences may be normal in the fi rst 48 hours. Reduced water 
motion on diffusion-weighted imaging (DWI) sequences is apparent 
shortly after the injury but becomes falsely negative (pseudonormal-
izes) within about 7 days [21,22]. Therefore, when imaging newborns 
between the second and fi fth days of life, DWI is an essential part of 
the evaluation, whereas in the second week of life, the extent of injury 
should be apparent on T1-weighted and T2-weighted sequences [23••]. 
If stroke is suspected, vascular imaging (MR venography) with or with-
out gadolinium contrast is essential to accurately diagnose and follow 
venous thrombosis [23••].

Table 1. Etiology of seizures in newborns

Global hypoxia-ischemia

Focal hypoxia-ischemia

Arterial stroke

Venous stroke

Intracranial hemorrhage

Intraventricular

Parenchymal

Subarachnoid

Subdural

Transient metabolic defi cit

Hypoglycemia

Hypocalcemia and hypomagnesemia

Hyponatremia

Infection

Inborn error of metabolism

Amino acidopathy

Organic acidopathy

Mitochondrial disease

Peroxisomal disorders

Pyridoxine-dependent seizures

Folinic acid–responsive seizures

Glucose transporter defi ciency

Molybdenum cofactor defi ciency (sulfi te oxidase/xanthine oxidase defi ciency)

Epileptic syndromes

Benign familial neonatal seizures (KCNQ2, KCNQ3)

Benign idiopathic neonatal seizures

Early myoclonic epilepsy

Early infantile epileptic encephalopathy (Ohtahara syndrome)

Central nervous system malformations



408 Pediatric Neurology

Electroencephalography and long-term monitoring
EEG in the neonatal period is often performed for two reasons: to 
evaluate for background abnormalities to aid in prognosis and to moni-
tor for seizures. It is widely known and accepted that neonatal seizures 
are often subtle and may go undetected by clinical observation alone. 
Furthermore, even when seizures are noted clinically, once treatment has 
been initiated, many neonates may undergo electroclinical dissociation, 
in which overt clinical seizure activity ceases, but subclinical seizures on 
EEG are ongoing [24]. At minimum, neonates at high risk for seizures 
and those with suspicious clinical events should be monitored with a 
full neonatal electrode array and concurrent video monitoring for 30 to 
60 minutes in an attempt to record wakefulness, quiet, and active sleep. 
A more prolonged recording is more sensitive for detecting subclinical 
seizures, and 24 hours of long-term monitoring is recommended, espe-
cially when severe background abnormalities are present, as it has been 
shown that neonates with severely abnormal background patterns have a 
higher incidence of status epilepticus [25]. In the presence of documented 
seizures, long-term monitoring should be continued until the infant has 
been seizure-free for at least 24 hours. If continuous EEG recording is not 
available, serial/sequential EEGs may be an appropriate compromise.

When interpreting a neonatal EEG, the reader should be systematic and 
always evaluate the overall background to assess for the expected patterns 
seen at different gestational ages, including the presence or absence of state 
changes. In the neonatal ICU, many infants are severely ill and receive medi-
cations (eg, benzodiazepines, barbiturates, or narcotics) that may affect the 
EEG background. Documentation, preferably directly on the EEG recording, 
of when such medications are administered is extremely important, as these 
agents may alter the background; therefore the EEG activity may not neces-
sarily be an accurate representation of the true cerebral physiology.

Amplitude-integrated EEG is less accurate than video-EEG for detect-
ing seizures in newborns, especially when seizures are brief, low-voltage, 
or focal [26••, Class II]. However, amplitude-integrated EEG is often 
more readily available and may be a useful tool, especially when there 
may be a delay until video-EEG can be applied and interpreted.

Medical therapy
• There are no evidence-based guidelines for the management of neonatal 

seizures. Expert opinion supports treating clinical and electrographic sei-
zures [27••, Class III], although there is no good evidence regarding the 
relative benefi t and harm of the anticonvulsants currently used to treat 
seizures in neonates. 

• According to international survey data, phenobarbital is widely used as 
the fi rst anticonvulsant (82% in US centers) [28–30, Class III].

• A single randomized controlled trial of phenytoin versus phenobarbital 
as a fi rst-line agent for term infants with seizures found no difference 
in seizure cessation between these medications (RR, 0.97; 95% CI, 
0.54–1.72; P = 0.91). Both agents had poor effi cacy, with seizure control 
(defi ned by the study parameters as an 80% reduction in the severity of 
seizures), in less than half of the infants [31, Class I].

• In North America, phenytoin (or, preferably, fosphenytoin) is commonly 
used in refractory cases, although erratic pharmacokinetics and drug inter-
actions make dosing a challenge. Lorazepam and midazolam may also be 
used as an alternative to or in addition to phenobarbital in refractory cases. 
Lidocaine is widely used for refractory neonatal seizures in Europe [32]. 

• If the underlying etiology of medically refractory seizures is unknown, a 
trial of pyridoxine, together with folinic acid, should be considered, and 
a screening metabolic evaluation should be performed as outlined above.
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• When evaluating the effi cacy of a medication in a given child, it is 
important to remember that phenobarbital and other drugs frequently 
result in electroclinical dissociation (ie, ongoing electrographic seizures 
in spite of termination of clinical events), making medication appear 
effective unless the infant is monitored with EEG [24]. In addition, 
seizures due to acute symptomatic causes such as hypoxic-ischemic brain 
injury and stroke rarely persist beyond a few days, making any add-on 
agent appear more effective than the initial therapy.

• The risk versus benefi t for aggressive treatment of neonatal seizures 
(especially seizures that are electrographic only) is complicated by the 
potentially neurotoxic effects of antiseizure medications, as shown 
in animal studies [33]. In humans, the impact of therapeutic doses of 
these agents on neurodevelopmental outcome in newborns with sei-
zures is not known. In our opinion, all seizure types, including subclin-
ical, electroclinical, and subtle, should be treated. Multicenter neonatal 
seizure trials with long-term developmental follow-up are necessary 
to defi nitively answer the question of whether neonatal seizures affect 
outcomes independent of underlying etiology.

• Most experts suggest early termination of seizure medications, to 
minimize side effects and because neonatal seizures typically abate 
within days, independent of the therapeutic intervention, and have a 
low risk of early recurrence [8,34–36, Class III]. The natural history 
of seizures due to various etiologies may be used to guide duration 
of therapy [8, Class III]. For seizures due to moderate hypoxic-isch-
emic brain injury, subarachnoid hemorrhage, or treatable and revers-
ible metabolic disorders, medical therapy can be discontinued early, 
preferably within 7 days of seizure treatment or prior to discharge. 
Newborns with seizures due to severe hypoxic-ischemic brain injury, 
intraparenchymal hemorrhage, or ischemic stroke may need longer 
treatment. Neonates with a history of status epilepticus have a higher 
risk of developing postnatal epilepsy than those with repetitive sei-
zures, but there is no evidence that treatment with medication has an 
effect on the natural history and outcome [25]. Ongoing treatment 
should be reassessed within 3 months, given the potential negative 
effects on the infant brain of ongoing therapy.

Pharmacologic treatment

Lorazepam

 Standard dosage 0.05–0.1 mg/kg intravenously.
 Contraindications Inability to provide cardiorespiratory support, hypersensitivity.
 Main drug interactions None applicable to acute therapy.
 Main side effects Respiratory depression, depressed level of consciousness, hypotension.
 Special points May cause myoclonus in very-low-birth-weight infants.

Midazolam

 Standard dosage Bolus 0.15–0.2 mg/kg intravenously, followed by continuous infusion (1 mcg/
kg/min) increasing by 0.5–1 mcg/kg per minute every 2 minutes until favorable 
response or a maximum of 18 mcg/kg per minute [37].

 Contraindications Inability to provide cardiorespiratory support, hypersensitivity.
 Main drug interactions None applicable to acute therapy.
 Main side effects Respiratory depression, depressed level of consciousness, hypotension.
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Phenobarbital

 Standard dosage Bolus 20 mg/kg intravenously, repeated once as needed; daily dosing 5 mg/kg 
per day (target level 40–60 mcg/mL).

 Contraindications Hypersensitivity, porphyria, severe liver dysfunction, inability to provide 
cardiorespiratory support.

 Main drug interactions Multiple interactions with other drugs metabolized by the liver.
 Main side effects Respiratory depression, depressed level of consciousness, hypotension, 

hypotonia. Idiosyncratic skin rash, hepatotoxicity, blood dyscrasia.
 Special points Prolonged half-life in fi rst week of life (43–217 hours) limits need for 

weaning phenobarbital in the case of short-term therapy.

Phenytoin and fosphenytoin

 Standard dosage Bolus 20 mg/kg intravenously; daily dosing 5 mg/kg per day (target level 
10–20 mcg/mL).

 Contraindications Hypersensitivity.
 Main drug interactions Multiple interactions with other drugs metabolized by the liver.
 Main side effects Infusion site reaction and arrhythmia with intravenous phenytoin. 

Idiosyncratic skin rash, hepatotoxicity, blood dyscrasia.
 Special points Fosphenytoin is a water-soluble phenytoin prodrug that has fewer cardio-

vascular, central nervous system, and local cutaneous side effects than 
phenytoin. Because of saturable metabolism, small increases in phenytoin 
dose may produce disproportionate increases in concentration. Signifi cant 
variability and changes in pharmacokinetics over the fi rst weeks of life 
may lead to inconsistent drug levels.

Pyridoxine 

 Standard dosage 100 mg intravenously, preferably with EEG monitoring, followed by 
10–100 mg orally per day. (Doses as high as 400 mg/d may be necessary 
in pyridoxine dependency.)

 Contraindications None.
 Main drug interactions None.
 Main side effects Sedation, restlessness, crying, neuropathy, hypotonia, hemorrhagic 

gastritis, rash, respiratory distress, folic acid defi ciency.
 Special points Peripheral neuropathies can occur with relatively low doses (50 mg/d) 

after prolonged use. If pyridoxine-dependent seizures are suspected, 
should co-administer folinic acid (see below).

Folinic acid

 Standard dosage 5–20 mg/d.
 Contraindications Megaloblastic anemia.
 Main drug interactions None.
 Main side effects None.

Emerging therapies

Newer pharmacologic agents
• Although there are few data on their safety or pharmacokinetics in neo-

nates, newer antiseizure agents are increasingly used off-label [38]. The 
use of levetiracetam in several newborns with refractory seizures has been 
reported, with no noted side effects [39,40]; a safety and pharmacokinet-
ics study is enrolling newborns. Topiramate is an interesting option be-
cause it also has neuroprotective effects in animal models of brain injury 
[41], and early studies using an intravenous formulation are under way. 
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• An in vitro study of bumetanide in a rat hippocampal slice preparation 
showed a signifi cant reduction in seizure frequency and duration when 
combined with phenobarbital, compared with phenobarbital alone [42]. This 
effect is attributed to alterations in chloride transport resulting in improved 
effi cacy of phenobarbital in an immature brain. Bumetanide is widely used as 
a diuretic in humans and preterm infants, and a recent case report demon-
strated a drastic reduction in seizures when bumetanide was administered 
for fl uid management [43]. Larger studies are being developed to determine 
optimal dosing and effi cacy in the treatment of neonatal seizures.

• Retigabine is a novel antiepileptic drug that has been shown to act at 
neuronal KCNQ2/3 and KCNQ3/5 potassium channels [44]. Mutations in 
the KCNQ2/3 gene have been found to be a major cause of benign familial 
neonatal seizures [45], and other modulators of KCNQ opening have been 
shown to be effective in preventing and suppressing seizures in an animal 
model of neonatal seizures [46]. Because of this unique mechanism of ac-
tion, retigabine has excellent potential for the treatment of neonatal seizures 
and warrants further study in treatment trials for human neonatal seizure.

Automated seizure detection and trending 
• Amplitude-integrated EEG is one method of displaying a simplifi ed 

rendering of a limited EEG tracing as a means of real-time screening 
for background abnormalities and electrographic seizure activity. Other 
methods of automated seizure detection and trending of digital EEG 
data may also give valuable real-time bedside information for non–EEG-
trained personnel, and these packages are becoming more readily avail-
able as add-on software from many EEG vendors. 

• One method uses compressed spectral array and envelope trending. For 
a small cohort of neonates, experienced users of this method were able 
to identify 88% of prolonged seizures, and inexperienced users were 
able to identify 55% [47]. The ability to identify brief or slowly evolv-
ing seizures was not as high, but the authors suggested that the absolute 
seizure count may not be as clinically relevant as the presence or absence 
of seizures in response to treatment. 

• More complex automated algorithms lack the sensitivity and specifi city 
to be used in clinical practice [48]. Algorithm development is a topic of 
ongoing research, and it is likely that a combination of algorithms will be 
necessary to reliably detect the full range of highly variable neonatal seizure 
patterns. Like any automated algorithm or compressed trending of a com-
plex data set, these are subject to false positive and false negative results due 
to common artifacts. When decisions are made on the basis of any trending 
algorithm, one should always have access to the raw data and be able to 
determine whether common artifacts could be causing a misleading trend. 
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