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Women and Babies: Seizures in Newborns  

1. Introduction  

An epileptic seizure is defined as: “a transient occurrence of signs and/or symptoms due to 
abnormal excessive or synchronous neuronal activity in the brain.” [1] 
    
Seizures are the most common neurological emergency in the neonatal period occurring in 
1–5 per 1000 live births. [2-4] They can be electrographic only or associated with clinical 
manifestations. [2-4] Clinical manifestations include automatisms, clonic seizures, epileptic 
spasms, myoclonic seizures, sequential seizure type, and tonic seizures. [5] 
 
The majority of seizures in the newborn are symptomatic of an acute illness. [2-4] The most 
common acquired causes of newborn seizures are hypoxic-ischemic encephalopathy (38%), 
ischemic stroke (18%), and intracranial hemorrhage (11%). [2] However, a smaller 
proportion will have neonatal onset epilepsy (13%). [6]  
 
The overall management goal for neonatal seizures is to quickly and accurately identify, and 
abolish seizures, while determining the most likely underlying cause [7]. Initial evaluation of a 
neonate with suspected seizures should also focus on rapid identification of the cause 
guided by clinical history and examination. Detailed neuroimaging using magnetic resonance 
is essential to identify underlying injury or developmental abnormalities, and to help 
clinicians and the family to better understand the prognosis.  
 
Seizures are refractory to first-line medications in 2/3rd of cases [8]; with evidence supporting 
rapid treatment to abolish acute symptomatic seizures and early discontinuation of 
medication in the majority of infants.[7] There is a relatively low risk of developing post-
neonatal epilepsy (17.9%) with most associated with other impairments [9]. Prognosis is 
related to aetiology, with current mortality rates 10% (range: 7-16%), and adverse 
neurodevelopmental sequelae including cerebral palsy and developmental delays typically 
46% (range: 27-55%) [10] depending on the underlying cause. 

2. The Aims / Expected Outcome of this Guideline  

 Infants at risk of or with seizures in the newborn period will be recognised, the underlying 
cause diagnosed, and the infant will receive appropriate management of associated 
conditions and treatment of seizures. 

3. Risk Statement 

SLHD Enterprise Risk Management System (ERMS) Risk # 105 Minimise adverse events 

 Seizures in newborns may be associated with apnea and clinical deterioration.  

 Seizures in newborns are associated with a substantial number of acquired and genetic 
conditions, the diagnosis of which may affect the infant’s prognosis and may have 
specific treatments.  

4. Key Performance Indicators and Service Measures 

 Newborn infants with seizures per 1000 deliveries (term ≥37 weeks gestation; preterm 
<37 weeks gestation). 

 Principle diagnosis causing seizure condition. 
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5.  Guidelines  

Seizure definition: An epileptic seizure is defined as a transient occurrence of signs and/or 
symptoms due to abnormal excessive or synchronous neuronal activity in the brain. [1]  
 
Electrical seizure definition:  A neonatal electrographic seizure is defined as a sudden, 
repetitive, evolving, and stereotyped event of abnormal electrographic pattern with amplitude 
of at least 2 mV and a minimum duration of 10 seconds.[11]  
 
Status epilepticus refers to a high seizure burden. In neonates, status epilepticus has been 
defined as a continuous seizure lasting 30 minutes or a series of seizures whose total 
duration exceeds 50% of a given epoch or both. [11] 

5.1 Incidence 

Seizures are the most common neurological emergency in the neonatal period occurring in 
1–5 per 1000 live births. [2-4] Rates of seizures are substantially higher in preterm and low 
birth weight infants than term infants. [3, 4] They can be electrographic only or associated 
with clinical manifestations. [2-4]  

5.2 Aetiology and Risk Factors 

The majority of seizures in the newborn are symptomatic of an acute illness. [2-4] The most 
common acquired causes of newborn seizures are: 

 Hypoxic-ischemic encephalopathy 38%, [see Hypothermia for HIE guideline] 

 Ischemic stroke 18%, and  

 Intracranial hemorrhage 11%. [2] [see Periventricular haemorrhage guideline] 
However, a smaller proportion will have neonatal onset epilepsy (13%), [6] with common 
diagnoses including epileptic encephalopathy, congenital brain malformations, benign 
familial neonatal epilepsy [BFNE], and benign neonatal seizures. 
 
The genetic causes of neonatal epilepsy can be grouped into the following categories [see 
Figure 1]: malformations of cortical development, genetic-metabolic, genetic-vascular, 
genetic- syndromic, and genetic-cellular.   

Neonatal onset epilepsies 

Neonatal-onset epilepsy is heterogeneous from “benign” neonatal epilepsies, in which 
seizures remit without significant developmental impacts, to more devastating epileptic 
encephalopathies. When not related to hypoxic-ischemic encephalopathy (HIE), ischemic or 
haemorrhagic stroke, or acute infection, are frequently due to an underlying genetic 
condition [12]. Among a cohort of 611 consecutive newborns with seizures, 79 (13%) had 
epilepsy, of which 35 had an epileptic encephalopathy (83% with a genetic aetiology), 32 
congenital brain malformations, 11 benign familial neonatal epilepsy and one benign 
neonatal seizures [6]. Pathogenic KCNQ2 variants were the most commonly identified 
etiology of epileptic encephalopathy. The following list some clinical-electrical presentations 
in the newborn period with a genetic aetiology: 

 Benign familial neonatal epilepsy (BFNE): Usual onset form 2 days to 6 months of life 
with clusters of focal clonic or tonic seizures. The seizures usually resolve by 12 months. 
Normal clinical exam between seizures. The EEG background is normal. Seizures been 
reported to respond to carbamazepine / oxcarbazepine / phenytoin / lidocaine. The 
prognosis is for normal development and low risk of seizure recurrence. Benign neonatal 
seizures and benign familial neonatal epilepsy are associated with variants in three 
potassium or sodium channel subunits expressed in the brain (channelopathies) with 
autosomal dominant inheritance: KCNQ2, KCNQ3, and SCN2A. 



  

 

Sydney Local Health District – Royal Prince Alfred Hospital  Policy No: RPAH_GL2020_003 

                                                                                                                                                           Date Issued: June 2020 

Compliance with this Guideline is Recommended 5 

 Early-onset epileptic encephalopathies (EOEE): Most patients show the three main 
features of refractory seizures, severe electroencephalographic abnormalities, and 
developmental delay or intellectual disability. A tendency to be refractory to antiepileptic 
drugs often leads to severe cognitive and behavioural impairment. Identifiable primary 
causes, such as known structural, neurodegenerative, metabolic, genetic, or 
chromosomal disorders, and an increasing number of novel genetic causes. [13, 14] 
Some specific syndromes relevant to the neonate include: 

o Vitamin-responsive epileptic encephalopathies: these are rare but potentially 
treatable causes of refractory seizures. They include Pyridoxine dependent epilepsy, 
Pyridoxal-5-phosphate dependent epilepsy, Folinic acid responsive seizures, Biotinidase 
deficiency, and Vitamin B12 deficiency. [13, 15] 

o Ohtahara syndrome: early infantile epileptic encephalopathy with a characteristic EEG 
pattern including suppression-burst during which higher-voltage bursts of slow waves 
mixed with multifocal spikes alternate with isoelectric suppression phase. EEG shows a 
continuous suppression-burst pattern in both waking and sleeping states. The onset is 
between neonatal period and early infancy, usually within the first 3 months of age, with 
some mothers reporting seizure-like movements of the fetus during pregnancy. 
Structural brain lesions, such as diffuse subependymal band heterotopia or midbrain 
dysplasia, are the most common causes of Ohtahara syndrome.[12, 13] 

o Early myoclonic epileptic encephalopathy: characterized by fragmentary myoclonic 
jerks or violent myoclonic spasms, which generally occur in the neonatal period or early 
infancy. Typical interictal EEG shows a suppression-burst pattern. Vitamin responsive 
epilepsies, such as PDE, pyridoxal-5-phosphate-dependent epilepsy, or folic acid 
responsive epilepsy can show typical clinical and EEG features of EME. Other inborn 
metabolic deficiencies, such as hyperglycinemia, methylmalonic acidemia, or propionic 
acidemia can demonstrate EME features. Concentrations of serum amino acids and 
urine organic acids, as well as amino acid content of the CSF should be analyzed in 
patients with EME. [12, 13] 
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Figure 1: Summary genetic causes of neonatal epilepsy. AVM, arteriovenous malformation; 
ABA, g-aminobutyric acid; DS, deficiency syndrome; TORCH, toxoplasmosis, other agents, 
rubella, cytomegalovirus, and herpes simplex.  
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5.3 Diagnosis 

The clinical assessment requires describing the abnormal movements suspected of being 
clinical seizures. 
1. Note types of movements, including limb and body involvement (see table 1) 
2. Note duration and frequency of movements 
3. Note whether movements occur during sleep or awake state 
4. If the movements are arrested with limb restraint (suppressible), or 
5. Provoked with tactile stimulation (inducible), 
 
Movements that are suppressible and inducible are likely to represent normal 
jitteriness or tremors. 
 
Clinical manifestations include automatisms, clonic seizures, epileptic spasms, myoclonic 
seizures, sequential seizure type, and tonic seizures (see table 1). [5] 
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Table 1: The ILAE Classification of Seizures & the Epilepsies: Modification for Seizures in 

the Neonate.  Reproduced from: 

https://www.ilae.org/files/dmfile/NeonatalSeizureClassification-ProofForWeb.pdf. 

Type Description Special considerations 
for neonates 

Automatisms A more or less coordinated motor activity usually 
occurring when cognition is impaired. 
This often resembles a voluntary movement 
and may consist of an inappropriate continuation of 
preictal motor activity 

Typically oral and usually in 
association with other 
features.  
Normal and abnormal 
behaviour in term and 
preterm infants may mimic 
ictal automatisms. 

Clonic Jerking, either symmetric or asymmetric, that 
is regularly repetitive and involves the same 
muscle groups 

Seizure type best 
recognized clinically. 

Epileptic 
spasms 

A sudden flexion, extension, or mixed extension–
flexion of predominantly proximal and truncal 
muscles that is usually more sustained than a 
myoclonic movement but not as sustained as a tonic 
seizure. Limited forms may occur: Grimacing, head 
nodding, or subtle eye movements. May occur in 
clusters. 

Rare. May be difficult to 
differentiate from myoclonic 
seizures without EMG 
channel. 

Myoclonic A sudden, brief (<100 msec) involuntary single or 
multiple contraction(s) of muscles(s) or muscle 
groups of variable topography (axial, proximal limb, 
distal). 

Clinically difficult to 
differentiate from non-
epileptic myoclonus. 

Sequential 
seizure 

Events with a sequence of signs, symptoms, and 
EEG changes at different times 

No predominant feature 
can be determined, instead 
the seizure presents with a 
variety of clinical signs. 
Several features typically 
occur in a sequence, often 
with changing lateralization 
within or between seizures. 

Tonic A sustained increase in muscle contraction lasting a 
few seconds to minutes. 

Usually focal, unilateral or 
bilateral asymmetric. 
Generalized tonic posturing 
is often not of epileptic 
origin. 

Autonomic A distinct alteration of autonomic nervous system 
function involving cardiovascular, pupillary, 
gastrointestinal, sudomotor, vasomotor, and 
thermoregulatory functions. 

May involve respiration 
(apnea). 
Typically seen with other 
seizure manifestations. 
EEG confirmation 
mandatory. 

Behavioural 
arrest 

Arrest (pause) of activities, freezing, immobilization, 
as in behaviour arrest seizure. 

May be focal and/or 
followed by apnea, other 
autonomic manifestations 
and motor seizures. 

Unclassified 
seizure type 

Due to inadequate information or unusual clinical 
features with inability to place in other categories. 

 

 
The overall management goal for neonatal seizures is to quickly and accurately identify, and 
abolish seizures, while determining the most likely underlying cause [7].  Clinical evaluation 
of seizures is approximately 50% accurate for events detected at the bedside.  
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Whilst conventional continuous EEG (cEEG) is the gold standard for seizure detection, the 
use of aEEG detects a high proportion although with lower sensitivity and specificity than 
cEEG, but with 100% sensitivity for status epilepticus. An aEEG is commonly used to 
evaluate background pattern (see table 2), seizure activity and sleep-wake cycles. For the 
detection of individual seizures (see figure 2), when "aEEG with raw trace" was used, 
median sensitivity was 76% (range: 71-85), and specificity 85% (range: 39-96). When 
"aEEG without raw trace" was used, median sensitivity was 39% (range: 25-80) and 
specificity 95% (range: 50-100). Seizure detection was better when interpreted by 
experienced clinicians. Seizures with low amplitude/ brief duration and those occurring away 
from aEEG leads were less likely to be detected. [16]  
 
Table 2: Classification of aEEG background is by the lower margin amplitude and upper 
margin amplitude of the activity band. Reproduced from: Shah NA, Wusthoff CJ. How to use: 
amplitude-integrated EEG (aEEG). Arch. 2015;100:75-81.[17] 

Background pattern Lower margin Upper margin Comments 

Continuous (C) >5 μV  >10–25 μV  

Discontinuous (DC) <5 μV >10 μV Minimum amplitude 
may be variable 

Burst Suppression 
(BS) 

<5 μV – Bursts with amplitude 
>25 μV 

Low voltage (LV) <5 μV <5μV Some variability 
present  

Flat (FT) <5 μV <5μV Isoelectric 

These values refer to the cross-cerebral aEEG activity band for term neonates. 
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Figure 2: Seizure pattern on aEEG. The upper half demonstrates the raw EEG tracing, 
demonstrating the repetitive seizure pattern (large arrow). The lower half of the display 
shows the abrupt rise in the minimum and maximum amplitude on the activity band that can 
be indicative of seizure activity (small arrow). Reproduced from: Shah NA, Wusthoff CJ. How 
to use: amplitude-integrated EEG (aEEG). Arch Dis Child Educ Pract Ed. 2015;100:75-
81.[17] 

 
 
Initial evaluation of a neonate with suspected seizures should also focus on rapid 
identification of the cause guided by clinical history and examination.  
 

5.3.1 Emergent investigation should identify: 
 Hypoglycaemia,  
 Electrolyte and mineral disturbance (calcium and magnesium), and  
 Exclude meningitis or encephalitis (Full blood count, blood culture, CSF examination, 

culture and viral testing - PCR for herpes virus and enterovirus).  
 A cranial ultrasound may rapidly identify haemorrhages, malformations and 

hydrocephalus, whilst: 
 Detailed neuroimaging using magnetic resonance to identify underlying injury or 

developmental abnormalities and to help clinicians and the family better understand the 
prognosis.  

 Further investigations to identify genetic / metabolic conditions through examination of 
blood, urine and CSF. 

o Dried blood spots acylcarnitine profile, galactose-1-phosphate uridyltransferase screen, 
DNA/PCR etc: at least 1 mL whole blood Lithium Heparin (not EDTA) and store at +4°C; 
OR spot onto all circles of 3 or 4 Guthrie cards. Transport cards in a paper envelope, 
NOT A PLASTIC BAG. 
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o Urine for amino acid profile, organic acid profile, acylglycines, orotic acid etc: 10 mL 
(minimum 3 mL), delivered immediately on ice or frozen within 2 hours of collection and 
transport on dry ice. No added preservative. 

o Plasma for acylcarnitines, carnitine, quantitative amino acids, very long chain fatty acids, 
etc: 1.0 mL (minimum 250 µL), lithium heparin NOT EDTA, separate plasma at +4°C, 
freeze on dry ice within 20 minutes. Storage at -80°C and transport on dry ice. 

o If the patient is hypoglycaemic: Add a request to your laboratory for plasma free fatty 
acids, 3 hydroxybutyrate.  

o CSF for quantitative amino acids, especially glycine or homocarnosine: at least 250 
µLcollected within 1 hour of the matching plasma sample. MUST be free of red cells. 
Freeze and store at -80°C and transport on dry ice.  

o Arterial blood gas. 
o Blood for ammonia, lactate, pyruvate. 
o Additional tests as advised by RPAH Clinical Geneticist and NSW Biochemical 

Geneticist (in hours: 02 9845 3122. After hours: 02 9845 0000. Staff will page the 
Metabolic Physician on-call). 

 
Delivery Address for Couriers: NSW Biochemical Genetics. Level 1, Diagnostic Services 
Building, Loading Dock 9, The Children's Hospital at Westmead, Redbank Road, Northmead 
NSW 2152. 
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Figure 3: Diagnostic approach to neonatal seizures. EEG, electroencephalogram; MRI, 
magnetic resonance imaging; MRS, magnetic resonance spectroscopy; CSF, cerebrospinal 
fluid; 5-MTHFR, methylenetetrahydrofolate reductase; LP, lumbar puncture; 5P5, pyridoxal-
50-phosphate; AA, amino acid; VLCFA, very long chain fatty acid.  [12] 
 

 

 

 

 

 

 

 

 

 

  

History - including family history. 

Examination – head circumference, tone, reflexes, dysmorphic features and skin (including Wood’s lamp). 

cEEG – characterise background and seizures. 

MRI (3T) / DWI / MRS 
Malformation of cortical development: 

Specific genetic +/- metabolic testing 

Acute symptomatic seizures: 

Targeted genetic workup if required or clinical 
course not as expected 

MRI normal or nonspecific 
abnormality History and examination non-specific 

Dysmorphic, other congenital 
malformations or specific 

abnormalities 

Metabolic work up (blood, urine, 
CSF): 

Blood: newborn screen, biotinidase, 
ammonia, pipecolic acid, copper and 
ceruloplasmin, homocysteine. 

Urine: organic acids. 

Urine or blood: alpha-aminoadipic 
semialdehyde, creatine and 
guanidinoacetate. 

CSF: Neurotransmitters, 5-MTHFR, 
P5P. 

CSF + plasma: glucose, lactate, 
pyruvate, aminoacids (with blood 
levels 1 hour prior to LP). 

CSF protein, cell counts, culture, viral 
PCR (HSV1/2, enterovirus, TORCH) 

Genetic testing (blood): 

Epilepsy gene panel. 

Chromosomal microarray +/- 
karyotype 

Consult genetics. 

Consider LP unless other diagnosis 
apparent.  

Consider metabolic workup.  

Specific genetic testing or 
chromosomal microarray. 

Additional testing pending initial results:  

Urine sulphites, blood VLCFAs, glycan panel 

Blood, urine, CSF metabolomics panel 

If evaluation negative, 
consider clinical whole 
exome sequencing. 
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5.4 Management 

The overall management goal for neonatal seizures is to quickly and accurately identify, and 
abolish seizures, while determining the most likely underlying cause [7].   

5.4.1. Immediate: 

Evaluation of ventilation and perfusion with resuscitation to commence immediately if 
required (See resuscitation guideline). 

Hypoglycaemia should be looked for and treated promptly. Check the BGL immediately and 
if hypoglycaemic give 10% dextrose 2ml/kg IV bolus then follow with maintenance (See 
hypoglycaemia guideline). 

5.4.2. If baby is on postnatal ward admit to the Newborn Care. 

5.4.3. Investigations: See ‘5.3.1 Emergent investigation’. 

5.4.4. Underlying cause of seizure should be treated when known 

• Hypoglycaemia (See hypoglycaemia guideline) 

• HIE (See Therapeutic Hypothermia for Neonatal Hypoxic Ischemic Encephalopathy 
guideline) 

• Sepsis (See Bacterial Infection guideline, Herpes simplex type 1 & 2 - (ASID) 
guideline) 

• NAS (See Neonatal Abstinence Syndrome guideline) 

• Hypocalcaemia: Calcium gluconate 10% (0.22 mmol calcium/mL). Give 0.44 to 0.88 
mmol/kg/day (2 to 4 ml of 10% solution/kg/day) as a continuous infusion IV.  

• Hypomagnesaemia: Magnesium Sulfate 50% solution (2 mmol/ml): Give 0.2 to 0.4 
mmol/kg/dose every 12 hours IV or IM.  

• Inborn error of metabolism is suspected: discontinue feeding as feeding may exacerbate 
the seizures and encephalopathy. Institute intravenous dextrose / saline solution. Contact 
NSW Biochemical Geneticist on call (in hours: 02 9845 3122. After hours: 02 9845 0000. 
Staff will page the Metabolic Physician on-call). 

5.4.5. Anticonvulsants / antiepileptic drugs: 

Indications for treatment?  

Antiepileptic drugs (AED) are recommended to only be initiated once seizure activity is 
confirmed, due to a lack of evidence for any positive outcomes if they are administered in the 
absence of seizures [18, 19]. [LOE I GOR B] So treat seizures only if confirmed by aEEG or 
cEEG monitoring or if clinically certain (eg repetitive and/or prolonged tonic and or clonic 
activity that is not induced and not suppressible). 

WHO Neonatal Seizure Guidelines recommend to treat infants with prolonged (> 3 minutes) 
or recurrent (> 3 in 1 hour) clinical seizures [20], or seizures associated with 
cardiorespiratory compromise [21].  

Use of AEDs is recommended to be restricted to treatment of seizures and not prophylaxis 
against first seizure in newborn infants including those with hypoxic ischaemic 
encephalopathy [19]. [LOE I GOR B]  

There are no trials comparing AED treatment to no treatment in newborn infants with clinical 
seizures. A systematic review [19] comparing prophylactic phenobarbital therapy with no 
treatment following perinatal asphyxia found no difference in  death (RR 0.81, 95% CI 0.48, 
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1.35; 7 trials; 398 infants; low quality evidence),  a reduction in seizures (RR 0.53, 95% CI 
0.38, 0.73, 288; 5 trials; 288 infants; low quality evidence), whilst one small trial  reported a 
decrease in severe neurodevelopmental disability (RR 0.24, 95% CI 0.06 to 0.92;17 infants; 
very low quality evidence).  

Should clinical and / or electrical seizures be treated?  

Although additional treatment of electrical seizures detected on aEEG monitoring has been 
shown to reduce seizure burden, there was no effect on mortality, and one of two trials [22, 
23] reported a reduction in cognitive composite score (BSID-III) at 2 years [22]. Both trials 
excluded infants with status epilepticus. Current evidence suggests treatment with AEDs 
should be titrated to control of clinical seizures in newborn infants, and infants with status 
epilepticus on aEEG monitoring. [LOE II GOR B]  

Two trials have compared treatment of clinical seizures versus clinical plus electrical 
seizures in newborn infants [22, 23]. Srinivasakumar et al enrolled infants ≥36 weeks with 
moderate or severe HIE (n=69) assessed an algorithm consisting of phenobarbitone 20 
mg/kg IV loading dose (repeated if required), maintenance 5 mg/kg/day for 3 days, then 
fosphenytoin 20 mg/kg, then midazolam 200 µg/kg IV then 1 to 5 µg/kg/minute infusion 
titrated to control of clinical seizures versus control of clinical and aEEG detected seizures. 
Although a reduction in seizure burden after excluding infants with status epilepticus was 
reported in the aEEG seizure group, no difference in mortality (3/34 versus 3/35) or BSID III 
scores at 18 to 24 months was found. [23] In a larger RCT, Hunt et al enrolled infants ≥35 
weeks and <28 hours age with HIE or seizures (excluding cerebral dysgenesis) (n=211) and 
compared treatment with an algorithm consisting of phenobarbitone 20 mg/kg IV loading 
dose (repeated if required), maintenance 5 mg/kg/day for 3 days, then phenytoin 20 mg/kg, 
then midazolam 200 µg/kg IV then 1 to 5 µg/kg/minute infusion titrated to control of clinical 
seizures versus control of clinical and aEEG detected seizures. No difference in death or 
disability at 2 years [OR, 95%CI 1.76, 0.94]. Again, although a reduction in seizure burden 
was reported, treatment of clinical plus aEEG seizures was associated with a reduction in 
cognitive composite score (BSID-III) at 2 years [-7.02, 95% CI -12.46, -1.58; p=0.012]. [22]  

Which is the first line AED?   

There is no consensus on the optimal treatment protocol for neonatal seizures [18] although 
the WHO Neonatal Seizure Guidelines recommend phenobarbital should be used as first 
line agent for treatment of neonatal seizures [20]. Hypothermia is the current standard of 
care for neuroprotection in hypoxic-ischaemic encephalopathy [24] whilst evidence for novel 
neuroprotective drugs is awaited.  

Phenobarbital (phenobarbitone): remains the commonest first-line anticonvulsant, despite 
suboptimal efficacy in neonates [20]. Phenobarbital enhances inhibitory neurotransmission 
via activation of GABA receptor. The therapeutic target is 15−40 mg/L (65-172 micromol/L) 
[25].  

Clinical trials have reported varying efficacy of phenobarbital compared to other AEDs. 
Painter et al reported phenobarbital (target plasma concentration 25 µg/L) to be similarly as 
effective as phenytoin (target plasma concentration 3 µg/L) for control of electrical seizures 
(43% versus 45%)[26].  Whereas Pathak et al reported phenobarbital 20 mg/kg was reported 
to be more effective than phenytoin 20 mg/kg at controlling clinical seizures (72% versus 
15%) [27]. In contrast, Solanki et al reported phenobarbital was less effective than other 
agents for seizure control in term and late preterm infants with seizures not responsive to 
specific treatment of cause [28]. Seizures subsided less commonly after a single dose of 
phenobarbital (63% versus phenytoin 68% and lorazepam 89%, p=0.03), mortality (34% vs 
9% vs 19%, p=0.02) and post discharge AED treatment (11% vs 17% vs 0%, p=0.04) was 
more common in phenobarbital and phenytoin groups. [LOE II]   
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Which is the second line AED?   

There is currently no consensus regarding second line drug choice. The most frequently 
used AEDs in both term and preterm babies include phenobarbital, phenytoin, midazolam, 
lorazepam, clonazepam, and lidocaine [18].  

Phenytoin: exerts its activity by inhibition of neuronal sodium influx, suppression of sodium 
action-potentials, inhibition of neuronal calcium influx, enhancement of GABA 
neurotransmission, and blockade of inotropic receptors for glutamic acid. The therapeutic 
target for total phenytoin is 10 to 20 mg/L (40 to 80 micromol/L) and for free phenytoin 0.5 to 
1.4 mg/L (2 to 5.6 micromol/L) [29].  

Inconsistent effects have been reported for phenytoin compared to phenobarbital, with one 
trial reporting similar efficacy in control of electrical seizures [26]. A second trial comparing 
phenytoin 20 mg/kg phenobarbital20 mg/kg was reported to be less effective in controlling 
clinical seizures [27]. Another trial reported phenobarbital 20 mg/kg and phenytoin 20 mg/kg 
were less effective than lorazepam 0.05 mg/kg for seizure control [28]. [LOE II] 

Phenytoin was reported to provide about a 10% to 15% increase in seizure control when 
given following phenobarbital failure [26]. [LOE II] In addition, KCNQ2-and KCNQ3-related 
epilepsies have been reported demonstrated to have a selective response to sodium-
channel blocking agents including carbamazepine and phenytoin [30]. [LOE IV] 

Lorazepam: is a sedative and anticonvulsant that modulates the chloride channel in the 
GABAA receptor to increase inhibitory neurotransmission. A single clinical trial reported that 
lorazepam 0.05 mg/kg was more effective than phenobarbital 20 mg/kg and phenytoin 20 
mg/kg for seizure control, preventing seizure recurrence, mortality and use of post discharge 
AEDs [28]. [LOE II] 

Midazolam: is a sedative and anticonvulsant that modulates the chloride channel in the 
GABAA receptor to increase inhibitory neurotransmission. In a case series midazolam was 
effective in neonates with refractory seizures that did not respond to phenobarbital or 
phenytoin [31]. (LOE IV). 

Levetiracetam: The exact mechanism of action of levetiracetam is unclear. Levetiracetam 
appears to act by modulation of synaptic neurotransmitter release (GABA, glutamic acid). In 
term infants, several case series have reported typical 70–80% response rates to 
levetiracetam when used either first line or for seizures refractory to other anti-epileptic 
drugs. Loading doses ranged from 10–50 mg/kg/day and maintenance dose 10 mg/kg/day 
titrated to a maximum of 80 mg/kg/day.[32-37] (LOE IV) 

In preterm infants, case series have reported typical 80% response rates to levetiracetam 
when used either first line or for seizures refractory to other anti-epileptic drugs. Loading 
doses ranged from 10–50 mg/kg/day and maintenance dose 10 mg/kg/day titrated to a 
maximum of 60 mg/kg/day.[37, 38] (LOE IV) 

Lidocaine: Lidocaine acts by inhibiting voltage-gated sodium channels, thereby preventing 
depolarisation. Case series efficacy rates of lignocaine (2mg/kg loading dose, then 6 
mg/kg/hour for 12 hours, 4 mg/kg/hour for 12 hours, then 2 mg/kg/hour for 12 hours) as high 
as 78 % based on aEEG assessment when used to treat seizures refractory to other agents 
[18]. However, there is a risk of adverse events, particularly with plasma concentrations >9 
mg/L, including both bradycardia and ventricular tachycardia. (LOE IV] 

Topiramate: acts by reducing excitatory neurotransmission (glutamatergic synapse) 
preventing depolarisation by inhibiting voltage-gated sodium channels. Responses to 
topiramate 6 mg/kg/day [39] and 10 mg/kg/day [40] have been reported in newborn infants 
with seizures refractory to other drugs. (LOE IV]  Topiramate has also been used in an RCT 
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in 110 infants with HIE undergoing therapeutic hypothermia with non-significant trends to 
reduced seizure burden, use of additional medication, and mortality reported [41].  

Carbamazepine: is a sodium-channel blocker. Case series report response to 
carbamazepine of newborn infants with neonatal onset epilepsy from KCNQ2, KCNQ3 and 
SCN2A mutations [30, 42] and hypoxic ischaemic encephalopathy [43]. [LOE IV] 

How long to treat with AEDs?  

There is a relatively low risk of developing post-neonatal epilepsy (17.9%) with most 
associated with other impairments, and a lower risk in preterm infants (17%) compared to 
full-term infants (30%) [9]. Prognosis is related to aetiology, with current mortality rates 10% 
(range: 7-16%), and adverse neurodevelopmental sequelae including cerebral palsy and 
developmental delays typically 46% (range: 27-55%) [10] depending on the underlying 
cause. A single clinical trial reported no additional benefit in terms of seizure control or 
recurrence, mortality or short term development from stopping phenobarbitone maintenance 
12 hours after the last seizure compared to continuing routinely for 5 days [44]. [LOE II]  
WHO Guidelines for Neonatal Seizures recommend: 

o In neonates with normal neurological examination and/or normal cEEG, consider 
stopping AED if neonatal has been seizure free for >72 hours. Reinstitute AED in case of 
recurrence.  

o In neonates in whom seizure control is achieved with a single AEG, the drug can be 
discontinued abruptly without tapering of dose.  

o In neonates on more than one AED for seizure control, the drugs may be stopped one by 
one, with phenobarbital the last to be withdrawn.  
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5.4.6 Recommended treatment algorithm for newborn infants with clinical seizures 

 

Seizure event: Assess infant clinically.  
If certain recurrent or prolonged clinical seizure, commence treatment. 

Apply 2-channel continuous EEG / aEEG.  
If recurrent or prolonged clinical seizure confirmed on EEG / aEEG, then commence treatment. 

Phenobarbitone 20 milligram/kg 
intravenous bolus, then 5 mg/kg IV or oral 

daily for 3 days 

Continued seizures 20 minutes after 
bolus complete 

Phenobarbitone 20 milligram/kg intravenous to 
total of 40 milligram/kg 

Phenytoin 20 milligram/kilogram intravenous 
over 30 minutes, then 2.5 mg/kg/dose  

[Term infants every 12 hours; Preterm infants 
every 24 hours] 

Midazolam 200 micrograms/kg intravenous bolus 
over 3-5 minutes 

Midazolam intravenous infusion commenced at 1 microgram/kilogram/minute 
and increased by increments of 1 microgram/kilogram/minute with each 

subsequent seizure episode to a maximum of 5 micrograms/kilogram/minute 

If seizures persist, further treatment is at discretion of treating clinician. 
Consider: Lignocaine 2mg/kg loading dose, then 6 mg/kg/hour for 12 hours, 4 mg/kg/hour for 12 hours, then 2 

mg/kg/hour for 12 hours 

Levetiracetam40 milligram/kg intravenous 
over 15 minutes, then 10 mg/kg/dose 12 
hourly 

Continued seizures 20 minutes after 
2nd bolus complete:  

EITHER  
 

Continued seizures 20 minutes after 
bolus complete 

Continued seizures 20 minutes after 
bolus complete 

High probability of infant 
requiring respiratory 

support.  

Ensure availability of 
expertise and facility. 
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5.5: Refractory early onset epileptic encephalopathy 

Infants with refractory early onset epileptic encephalopathy should be screened for 
potentially vitamin responsive conditions including: 

o Pyridoxine dependent epilepsy: Initial treatment = Pyridoxine 100 mg or 30 mg/kg; 
Long-term treatment = Pyridoxine 5–15 mg/kg daily (or add 3–5 mg/kg of folinic acid on 
pyridoxine). 

o Pyridoxal-5-phosphate dependent epilepsy: Initial treatment = Pyridoxal-5-phosphate 
30 mg/kg; Long-term treatment = Pyridoxal-5-phosphate 10–15 mg/kg daily. 

o Folinic acid responsive seizures: Initial treatment = Folinic acid or 5-
methyltetrahydrofolate 3–5 mg/kg; Long-term treatment = Folinic acid or 5-
methyltetrahydrofolate 3–5 mg/kg daily. 

o Biotinidase deficiency: Initial treatment = Biotin 5–20 mg; Long-term treatment = Biotin 
5–10 mg twice daily. 

o Vitamin B12 deficiency: Initial treatment = Hydroxocobalamin or cyanocobalamin 1 mg 
daily to weekly or methylcobalamin 1 mg daily; Long-term treatment = Hydroxocobalamin 
or cyanocobalamin 1 mg every 1–3 months or methylcobalamin 1 mg daily. 

5.6 Follow up 

All infants with a neonatal seizure should have documentation of seizure type and seizure 
burden; underlying cause and associated diagnoses; worst grade of encephalopathy; results 
of investigations and pending investigations; AED treatment including specific medications 
and duration of treatment; and discharge examination including feeding status and full 
neuromuscular examination. 

Infants with neurological concerns including infants with neonatal seizures, CNS infections, 
neonatal stroke and haemorrhage are eligible for The Developmental Follow-Up Clinic: 
nurse coordinator Claudia Schwatlo. 

6.  Definitions 

Epileptic seizure 
A transient occurrence of signs and/or symptoms due to abnormal 
excessive or synchronous neuronal activity in the brain. [1]  

Neonatal 
electrographic 
seizure 

A sudden, repetitive, evolving, and stereotyped event of abnormal 
electrographic pattern with amplitude of at least 2 mV and a minimum 
duration of 10 seconds.[11]  

Status epilepticus 
A high seizure burden. In neonates, status epilepticus has been 
defined as a continuous seizure lasting 30 minutes or a series of 
seizures whose total duration exceeds 50% of a given epoch or both. 
[11] 

AED 
Antiepileptic drug or anticonvulsant. 

7.  Consultation 

Dr David Osborn, Neonatologist, RPAH 

RPA Newborn Care Guidelines Committee 
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8.1 National Safety and Quality Health Service (NSQHS) Standards, 2nd Edition 

 

Clinical Governance Standard 

 

Partnering with Consumers Standard 

 

Preventing and Controlling Healthcare-Associated Infection Standard 
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Medication Safety Standard 

 Comprehensive Care Standard 

 

Communicating for Safety Standard 

 

Recognising and Responding to Acute Deterioration Standard 

 

 

 


