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Abstract

Purpose of review: This paper critically reviews the current literature and evidence on
diagnosis, classification, clinical approach, and management of neonatal seizures. A step wise
approach for the treatment of neonatal seizures is presented. Recent findings: In a recent
randomized controlled trial comparing phenobarbital to levetiracetam as a first-choice anti-
seizure medication with primary outcome seizure free for 24 hours, the former was found
superior (80% vs 28%, p<0.001). Summary: Neonatal seizures require immediate diagnostic
and therapeutic interventions. Phenobarbital is the first line anti-seizure drug for neonatal
seizures, but there is little evidence regarding second line pharmacotherapy. There is a need for
more randomized controlled trials for the use of other existing anti-seizure drugs, yet
unlicensed in neonates, and the development of new drugs specifically for neonates.
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Introduction

Seizures are the most frequent neurological emergency in the neonatal period, occurring
in 1.5 to 3 per 1,000 term live births and 10 to 130 per 1,000 preterm live births (1). Neonatal
seizures are mostly acute provoked, attributed to an underlying brain insult, such as hypoxic
ischemic encephalopathy (HIE). Diagnosis cannot be based on clinical observation alone, since
there is poor association between clinical observation and EEG (2). Therefore, the gold
standard for diagnosis and confirmation of neonatal seizures is multi-channel video EEG,
which due to limited resources is only available in few neonatal units. To avoid under- and
over-diagnosis of neonatal seizures and thus correctly guide treatment, one must aim to
correctly detect and classify neonatal seizures, whilst considering underlying causes and effects

of seizures.

The American Clinical Neurophysiology Society defines a neonatal seizure as ‘a
sudden, abnormal electrographic event, characterized by a repetitive and evolving pattern of
discharges with a minimum 2 uV peak-to-peak voltage and duration of at least 10 seconds. The
term ’evolving’ is defined as an unequivocal evolution in frequency, voltage, morphology, or
location (3). This definition does not preclude any clinical component. Seizure burden is
defined as ictal electrographic activity in a set period of EEG recording and expressed as
summed electrographic seizure in seconds per hour (4). High seizure burden is associated with
poor outcome (5-7). There is no consensus on a definition for neonatal status epilepticus. For
the purposes of this review, a neonate is considered in status epilepticus if there is continuous
seizure activity for >30 minutes or a summed electrographic seizures burden of >30 min in any

one hour period (hourly seizure burden range: > 50%) (8, 9).

Neonatal seizures are associated with 7% to 33% mortality (1). Up to 40% to 60% of
surviving neonates will have a form of long term sequelae, such as cerebral palsy, learning

difficulties, and/or epilepsy (6). Whilst the underlying cause of neonatal seizures may



determine rate of mortality and long-term neurodevelopmental outcome, there is growing
evidence that neonatal seizures and seizure burden are associated with poor outcome
independent of the severity of the underlying cause, especially in cases related to perinatal
asphyxia (7, 10-12). A study looking into neonates with HIE prior to and after the era of
therapeutic hypothermia, identified that an abnormal outcome at 24 to 48 months of age was
associated to seizure burden rather than severity of HIE or treatment with hypothermia. A
neonate would have nine times more chance of an abnormal neurodevelopmental outcome if
the seizure burden as >40 minutes per hour and eight times more if the seizure burden was >13
minutes per hour. The incidence of an abnormal neurodevelopmental outcome would (11). The
use of anti-seizure medications in neonates may be non-efficacious and even harmful for the
developing brain, as shown in animal studies (13-15). It is, therefore, essential that the

diagnostic approach and overall clinical management for neonatal seizures is optimized.

Diagnostic evaluation
Etiology

Neonatal seizures may present at any point in the first 28 days with highest incidence
in the first week of life (16, 17). In most cases, neonatal seizures are acute provoked events
secondary to an acute insult, such as HIE (35-45%), cerebral infarction or intracranial
hemorrhage (20-30%), infection (5-20%), and/or electrolyte imbalances (16, 18-21). The
regular use of genetic testing, in recent years has enabled the detection of IEM and neonatal
onset genetic epilepsies early in the life (20), leading to an increased appreciation of such

disorders; responsible for approximately up to 13% of cases (see Fig. 1).

Clinical manifestation
Neonatal seizures are often subtle and difficult to discern from spontaneous movements
or non-epileptic, paroxysmal events, such as jitteriness and myoclonus. Multiple studies have

highlighted the difficulty in the clinical assessment of neonatal seizures (2, 22-24). Murray et



al., showed that only one third of term neonates with EEG-confirmed seizures had associated
clinical manifestations, of which only one third was accurately detected by experienced
neonatal staff (24). Malone et al., demonstrated a poor interobserver agreement amongst
neonatal health care professionals in discriminating between clinical seizures and non-

epileptiform paroxysmal events (2).

Neonates who are at elevated risk of seizures, are often critically ill, sedated and not
infrequently muscle relaxed, thus explaining the high incidence of electrographic-only seizures
(20, 22, 25-31). In addition, it is recognized that some anti-seizure medications (particularly
phenobarbital and phenytoin) can cause ‘uncoupling’; a phenomenon which describes the fact
that electrographic seizures persist despite the suppression of the clinical manifestation. There
is also some evidence that therapeutic hypothermia, a gold standard treatment in moderate to
severe forms of HIE (32), despite overall reducing seizure burden, may contribute to

uncoupling (30, 33).

Role of EEG

As the clinical diagnosis of neonatal seizures is not dependable, neonates at risk or with
clinical suspicion of seizures, should undergo at least one routine video EEG, or preferably
EEG monitoring. Continuous video EEG (CEEG) is considered the gold standard for the
detection of seizures. It also allows detection, quantification (including the calculation of
seizure burden) and classification of neonatal seizures. The latter also aids recognition of status

epilepticus and monitoring treatment success (34, 35).

Certain features and EEG patterns may help determine the underlying etiology. Bursts
of monophasic negative activity, known as comb-like activity, in the central and centro-parietal
regions have been described in maple syrup urine disease (MSUD) (36). Unilateral amplitude

suppression together with focal clonic electro-clinical seizures are highly associated with



perinatal stroke (37). Alternating burst suppression pattern during sleep with a multifocal
attenuation pattern during wakefulness, together with sequential seizures (focal, tonic seizures
with head deviation, sometimes followed by asymmetrical clonic jerks, eye flickering, and
tachypnea) have been described in neonatal epileptic encephalopathy due to variants of

KCNQ2 (38).

Following a therapeutic intervention, EEG is used to monitor changes in the ongoing
activity, seizure burden and seizure frequency, especially in cases of electrographic-only
seizures or electroclinical dissociation. Additionally, these changes can aid prognostication in
terms of mortality and morbidity. A recent comprehensive review of the literature has shown
that burst suppression, low amplitude EEG or flat trace are the key features of the ongoing

activity in neonates that determine neurodevelopmental outcome at 12 months of age (39).

Access to cEEG is limited in most countries (40). In most neonatal units this gap has
been bridged by amplitude integrated EEG (aEEG) which can be easily applied by trained
neonatal staff. One to two channels of EEG are displayed in a filtered and time-compressed
manner. Although interpretation is quicker and easier, a high proportion of seizures may be
missed (41), especially if seizures are of low amplitude or brief. Detection of seizure frequency
can be increased by using two aEEG channels and adding the display of raw EEG channels

(42).

Classification

A task force of the International League Against Epilepsy (ILAE) has recently
published a new classification of neonatal seizures (43). In contrast to the previous neonatal
classification, diagnosis is based on EEG or aEEG thus including both electrographic-only and
electro-clinical seizures. The latter are divided in motor (clonic, tonic, myoclonic, epileptic

spasms, and automatisms) non-motor, (autonomic seizures and behavioral arrest), sequential



seizures and unclassified. In contrast to the classification of seizures in adults or children, the
classification is based on the most dominant element of the seizure and not necessarily the
seizure onset. It is worth highlighting that in the motor seizures, the term ‘subtle’ seizures from
Volpe’s classification (44) is not used. The term ‘sequential” seizure has been introduced as an
extra type of motor seizure. This is characterized by a sequence of clinical features with no

predominant manifestation, often with changing lateralization (43).

Classifying neonatal seizures is an important part of reaching to a diagnosis. For
example, tonic seizures may be associated to underlying genetic disorders (45), sequential
seizures have been described in specific neonatal onset familial and non-familial epilepsies,
such as KCNQ2 and SCN2A (38, 46, 47) and focal clonic seizures have a strong association to

perinatal stroke.

Other investigations

Figure 2 illustrates a series of investigations in establishing the underlying cause of
neonatal seizures. Initial investigations can be performed at the cot-side and may lead to a
treatable cause, such as hypoglycemia or an electrolyte disturbance. Second-line investigations
are undertaken, in the instance of intractable seizures; not responding to first and/or second line
treatment. If neonatal seizures are not responding to first line treatment, other underlying causes

need to be excluded such as genetic epilepsies or IEM.

Treatment
Indications to treat

There is as yet no unified international consensus on when and how to treat neonatal
seizures. The World Health Association (WHO) guideline on neonatal seizures was published

in 2011 (48) and is currently being revised by an ILAE task force.



The current recommendation in a neonate at risk of seizures is to confirm seizure
detection on EEG or aEEG prior to commencing treatment (48, 49). The Brighton collaboration
has produced an algorithm, which defines distinct levels of diagnostic certainties according to
availability of tests (21, 43). More specifically, when the assessment is entirely based on
clinical evaluation, only focal clonic or focal tonic movements can be diagnosed with adequate
certainty and considered ‘probable’ seizures. Clinical events such as motor automatisms (e.g.,
mouthing, eye flickering), autonomic changes and/or behavioral arrest are considered as
‘possible seizures’ and would warrant confirmation with EEG, particularly if they occur in

isolation.

Clinically, it is recommended to commence treatment for neonatal seizures that are
prolonged (longer than 1-2 minutes), and/or frequent (3 or more in one hour). However, if
aEEG or video-EEG monitoring is available, it is ideally recommended to calculate the seizure
burden and treat accordingly. The threshold for treatment does remain low based on a recent
trial design by Soul et al., which recommends initiation of treatment for seizure burden >1
minute per hour (50). Practically, this suggests that one would not necessarily treat a single or
multiple very brief seizures of a summed duration of < 60 seconds per hour. Where possible,
EEG monitoring should continue for at least 24 hours after cessation of seizures to ensure

treatment efficacy (4, 35).

Treatment options

Only a limited number of anti-seizure medications is used in the neonatal period (51).
Phenobarbital is commonly used as a first line drug. Recently, off-label drugs, such as
levetiracetam and topiramate have been increasingly used (52). Treatment for neonatal seizures
varies across the globe but also within countries with little unified consensus. Therapeutic
hypothermia is now used as standard of care in high income countries for neuroprotection in

moderate and severe HIE. It has been shown to reduce seizure burden and reduce the risk of



later epilepsy (32, 33). Based on the authors’ expertise and clinical experience, a proposed
algorithm for the treatment of neonatal seizures can be seen in figure 3 and the choices of

treatment are described below.

First-line Pharmacotherapy: Phenobarbital

Phenobarbital is the most used first line anti-seizure drug in neonates, despite concerns
regarding impaired longer-term neurodevelopment and apoptotic effects (14, 53, 54). A
randomized controlled trial (23) and systematic reviews indicate that phenobarbital is
efficacious in 50% of cases (48, 55, 56). However, a recent, multi-center, randomized,
controlled trial cEEG monitoring evaluated the safety and efficacy of levetiracetam versus
phenobarbital in near-term and term neonates with seizures and found a much better efficacy
of the latter. After 24 hours there was 80% resolution of seizures (n=24/30) with phenobarbital
versus 28% (n=15/53) with levetiracetam (57). These results differ from uncontrolled studies
that have indicated good efficacy of levetiracetam and often better to the one of phenobarbital
(58-60). Studies without EEG-confirmed seizures should not be considered as adequate for

evaluation of drug efficacy (50).

In summary, phenobarbital is recommended as the first line drug of choice for neonatal
seizures. Treatment should be started with a loading dose of 20 mg/kg. As it can cause
electroclinical dissociation, EEG monitoring should be performed for at least 24 hours. If there
is insufficient response or seizures reappear, the loading dose may be repeated at 20 mg/kg or
in two divided doses 10 and 10 mg/kg (in the space of 1 to 2 hours) (maximum total loading
dose 40mg/kg) (61). A multi-center study in the Netherlands also showed that the changes in
phenobarbital levels did not alter significantly when given during therapeutic hypothermia,
concluding that a total of 40 mg/kg can safely be administered prior to initiation of second line
anti-seizure drugs (62). Close and continuous monitoring of vital signs is required. If the

neonate is not intubated and ventilated, need for further respiratory support should be



considered especially if a second loading dose is likely to be needed. The recommended
maintenance dose, if required, is 3 to 5 mg/kg/day in two divided doses according to response

with regular monitoring of plasma drug levels (61).

Second line pharmacotherapy

If seizures persist despite adequate doses of first line treatment or reemerge, second line
drugs should be given without delay, such as phenytoin, levetiracetam, benzodiazepines, and
lidocaine. Of note, most anti-seizure drugs are used as off-license in neonates and only few
studies have addressed superiority or inferiority of either drug. Until there is higher level
evidence to support the use of specific medications, one should employ a practical approach
considering different scenarios of neonatal seizures and aiming to minimize adverse events. At
present, there is no evidence to support the choice of certain second-line pharmacotherapy in
relation to potential underlying causes, other than in cases of suspected IEM or neonatal onset

epilepsies.

Levetiracetam

Levetiracetam is a well-tolerated drug for neonates with a favorable pharmacokinetic
profile, few adverse effects, and little interaction with other medications (63, 64). Unlike
phenobarbital, it does not cause respiratory suppression and unlike phenytoin, it is not reported
to cause any hemodynamic instabilities (59). Levetiracetam has been shown to be effective as
second line pharmacotherapy in adults and pediatric patients with status epilepticus (65),
however, in neonates treated with adequate doses of phenobarbital, add-on treatment with
levetiracetam has not been equally effective (57). Animal studies have demonstrated a possible
neuroprotective effect of levetiracetam (66, 67). In contrast, Griesmaier et al., found that
levetiracetam induces neurotoxicity in the early phases of HIE, whereas this was not observed
when the drug was administered during established therapeutic hypothermia (68). Another

animal study comparing low (7 mg/kg) versus high dose (70 mg/kg) of levetiracetam in HIE,
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showed that exposure to the high dose, alone or with hypothermia induced neuronal apoptosis,

but this was not seen in lower doses (69).

Levetiracetam may be an ideal second-line treatment for seizures in neonates post
cardiac surgery, neonates with observed or known cardiac arrhythmias and/or those with
hemodynamic instability (e.g., on inotropes), where phenytoin is contraindicated. The
variability in dosage for levetiracetam, in the literature, spans from 10 to 40 mg/kg for loading
and from 10 to 80 mg/kg/day divided twice daily for maintenance (70, 71). The recommended
loading dose is 40 mg/kg 1V. A second dose of 20 mg/kg may be given in the same 24-hour

period. The suggested maintenance dose is 30 to 60 mg/kg/day in three divided doses (58, 71).

Phenytoin

In many counties, phenytoin is the preferred second line drug. If the neonate exhibits a
high seizure burden and/or is in status epilepticus, phenytoin has been shown to be efficacious
as an add-on therapy after phenobarbital (23, 72, 73). In a recent pediatric open-label
randomized trial in children with status epilepticus aged 6 months -18 years, levetiracetam and
phenytoin were equally effective as second line treatment, neonatal seizures (65) but no data
for neonatal status epilepticus exist and the findings of the NeolLev2 study are discouraging
(57). As with phenobarbital it has been reported to produce similar levels of electroclinical
dissociation, up to 58% (29), therefore cEEG monitoring is highly advised to exclude ongoing
electrographic seizures. Adverse effects include irritation at infusion site, apnea, hemodynamic
instability, cardiac arrhythmias. Hence, it is important to consider the neonate’s respiratory and
hemodynamic status as well as any previous history of cardiac arrhythmias. There are some
indications from pediatric studies, that phenytoin during therapeutic hypothermia may decrease
its metabolism (74) and consequently increase the risk of bradycardia (75); therefore extra
precautions should be taken if given during therapeutic hypothermia. The recommended

loading dose is 20 mg/kg over 20-minute and the recommended maintenance dose is 2.5-5
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mgs/kg/day in 2 divided doses; regular monitoring plasma drug levels are necessary due to a
narrow therapeutic window and the relationship between dose and serum phenytoin

concentration is non-linear (61).

Third line pharmacotherapy

As athird line treatment option midazolam or lidocaine may be considered. This should
be evaluated based on the clinical scenario, local pharmacy policies and clinical expertise, but
also the choice of previous drugs as lidocaine is contraindicated in neonates which have

received phenytoin.

Midazolam

Several studies have evaluated midazolam as a second- and third- line drug with
variable efficacy (55, 76, 77). In studies using aEEG monitoring, midazolam has been reported
up to 50% effective as a second line anti-seizure drug with its efficacy (78, 79). Midazolam is
administered as a bolus of 150 to 200 micrograms/kg (over 10 minutes), followed by a
continuous intravenous infusion at 60 micrograms/kg/hour, increased in steps of
60 micrograms/kg/hour every 15 minutes until seizure controlled (61). Higher doses (at a
maximum infusion rate of 300 micrograms/kg/hour) may be considered in refractory seizures
where some effect has been noted in reduction of seizure frequency and seizure burden (80). It

is recommended to wean Midazolam gradually over a day or two.

Lidocaine

Lidocaine is used in some European countries as second- or third-line drug. There is
some evidence that in refractory seizures in neonates with HIE, lidocaine is more effective than
midazolam as a third-line drug (78, 81). The main concern is the narrow therapeutic window
and the potential cardiac toxicity in the form of dysrhythmias, sinus bradycardia, and widening

of the QRS complex. It is also reported to cause sino-atrial node suppression in combination



12

with other sodium channel blockers, such as phenytoin. Lidocaine is contraindicated in
neonates with underlying cardiac conditions, hemodynamic instability, arrhythmias or having
been on phenytoin in the last few days. A new dosing regimen has recently been published for
preterm and term neonates (82). The recommended neonatal doses are the following: bolus of
2 mg/kg, over 10 minutes, followed by infusion at 6 mg/kg/hour for 6 hours and then reduced
to 4 mg/kg/hour for 12 hours; then reduced to 2 mg/kg/hour for a further 12 hours (61). The
dose needs to be adapted for preterm or small for gestational age neonates as well as for

therapeutic hypothermia (83).

Considerations for channelopathies

It has been suggested that some neonates with seizures related to neonatal-onset genetic
epilepsies respond well to sodium channel blockers such as phenytoin, carbamazepine, or
lacosamide (84). Few studies have shown that oral carbamazepine is safe and effective at low
does in neonates with self-limited (familial) neonatal epilepsy, KCNQ2 encephalopathy or
SCN2A-related neonatal seizures (85-87). The dose is typically titrated to maintenance dosing
of 10-20 mg/kg/day. However, no PK or safety studies have been conducted so far in this
patient group. Intravenous phenytoin is preferable if the neonate is critically ill, or not tolerating

oral feeds.

Considerations for inborn errors of metabolism

Acute metabolic disturbances like hypoglycemia, hypocalcemia or hyponatremia and
inborn errors of metabolism (IEM) can be associated with neonatal seizures. Acute metabolic
disturbances can easily be diagnosed by point of care techniques and treated. However,
diagnosis of IEM still requires time consuming metabolic and genetic tests. Nevertheless, IEM
presenting with neonatal encephalopathy and seizures may be treatable, thus making rapid

recognition and initiation of treatment crucial.
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Vitamin B6-dependent epilepsies comprise of genetically different disorders leading to
a reduction of intracellular pyridoxal-5-phosphate and impaired amino acid and
neurotransmitter metabolism (88). The most frequent genetic entities are Aldehyde
Dehydrogenase 7A1 (ALDH7AL) deficiency, Pyridoxamine 5’- Phosphate Oxidase (PNPO)
deficiency, and Pyridoxal Phosphate Binding Protein (PLPBP) deficiency. Neonates typically
present with seizures, especially spasms and myoclonic seizures (43). Vitamin B6-dependent
epilepsies may also present with fetal distress (89, 90). Other potentially treatable neonatal
metabolic encephalopathies include biotinidase deficiency, molybdenum cofactor deficiency
(MOCOD) type A, glucose transporter-1-deficiency (GLUT1D), urea cycle disorders,

disorders of amino acid metabolism like MSUD, or organic acidurias.

In cases of neonatal seizures escalating to second line treatment, advice should be
sought from the pediatric neurology and metabolic medicine teams. After the appropriate
investigations (see Fig. 2) and advice, treatment with agents, such as pyridoxine (91), pyridoxal
phosphate (PLP), biotin, and/or folinic acid may be considered. A trial of pyridoxine and PLP
should be considered in all neonates with seizures not explained otherwise, and not responding
to first line pharmacotherapy (92). The administration of intravenous pyridoxine is
recommended at 100 mg IV or orally once a day, and should be continued for at least 3 days at
30 mg/kg/day in two divided doses (61). Its use in neonates has been associated with respiratory
failure, when first administered, and, therefore, the neonate should be appropriately stabilized
and monitored. Ideally, there should be cEEG monitoring during its administration to monitor
response to treatment. Long term use of pyridoxine is associated with peripheral neuropathy
and annual nerve conduction studies are required. If seizures persist, PLP should be considered
as an alternative to pyridoxine. The use of PLP is recommended at 30 to 60 mg/kg/day in four

to six divided doses (61). This is associated with raised liver enzymes which can be seen acutely
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with high doses. It has also been associated with liver fibrosis and cirrhosis in relation to its

long-term use (91, 93) and regular liver ultrasound scans are required.

Other drugs

Topiramate has been used off-label as anti-seizure medication in a few retrospective
case review studies but not in any prospective studies or randomized controlled trials to provide
evidence of its potential efficacy in neonates (94, 95). Its use is associated with significant
adverse effects such as feeding difficulties, metabolic acidosis (52) and the development of
necrotizing enterocolitis in preterm and near term neonates (96). In animal studies, bumetanide
has been reported to enhance phenobarbital’s efficacy on seizure freedom (97, 98), however,
an open-label trial aiming to define dosage and feasibility was discontinued due to its
association to a high incidence of hearing loss in neonates (99). A second randomized
controlled trial with a single dose of bumetanide suggested possible short-lived efficacy, but
there is no evidence that seizure control would be sustained. Without further safety studies
bumetanide should not be used neonates as an anti-seizure medication (100). At present, there
is no relevant safety data for neonates for these or other drugs, such as sodium valproate,
paraldehyde and brivaracetam (although for the latter there is an ongoing study evaluating

safety and efficacy).

Maintenance treatment

There is no evidence that continuing pharmacotherapy reduces the risk of subsequent
epilepsy or improves long term neurodevelopmental outcome (101-103). In neonates with
acute provoked seizures which responded well to first- or second-line treatment,
pharmacotherapy should be discontinued before discharge from the neonatal unit. If the
neonate is on more than one anti-seizure drugs, it is advisable to stop one drug at a time and
repeat a standard video-EEG after all treatment has been discontinued. However, if seizures

continue for over 7 days, despite treatment, and/or there is indication for early onset epilepsy
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(e.g., due to IEM, cortical malformation, genetic causes, early onset epilepsy syndrome),
pharmacotherapy should be continued with advice from the pediatric neurology team. The
underlying cause, evidence of changes on brain imaging, and the frequency and type of seizures

will guide the decision as to whether a period of maintenance anti-seizure treatment is required.

Conclusions

Neonatal seizures remain a clinical conundrum due to the complexity of their
presentation, availability of EEG resources, limited options, and low-certainty evidence for the
use of anti-seizure medication in this age group. Despite several, recent, high-quality studies
with EEG, little has changed in terms of treatment. Hence, there is urgent need for multicenter

randomized controlled trials evaluating exciting and new anti-seizure drugs.
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Figure 1: Commonest causes of seizures with respect to age of onset within the neonatal
period (from day 1 to day 28 of life) (1).
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[ Neonate with suspected seizures ]

J
Treat hypoglycemia / ] ey (
electrolyte abnormality, l Glucose, electrolytes & blood gas* ]
check for underlying causeJ
normal or repeated seizures after correction
Pharmacotherapy ] Confirmation with cEEG or aEEG,
(see figure 3) J determine diagnostic certainty**

Cranial ultrasound
FBC, CRP, U&Es, LFTs, Bilirubin, AP
Ammonia, lactate, ketones
Blood & urine culture
CSF cells, protein, glucose, lactate,
microscopy & culture

/ Blood: Urine: CSF: \

#Glucose, #lactate, Urine toxicology, #Glucose, # lactate,
# Amino acids, TORCH, Organic acids, # Amino acids,
[ Treat underlying I Acylcarnitines, Folate, Purines & pyrimidines, Protein,
cause Biotinidase, VLCFA, Sulfocysteine, AASA Neurotransmitters,
Transferrin electrophoresis, Pyridoxalphosphate
Genetictesting Ophthalmological Imaging:

k examination MRI (or CT) /

Figure 2: Stepwise approach in investigating neonatal seizures; first line; second line and advanced
investigations in the instance of refractory seizures. Note that further tests may be requested by the local
neurology and metabolic medicine teams as per case and local guidance. (FBC: full blood count, CRP: C-
reactive protein, U&Es: urea and electrolytes, LFTs: liver function tests, CSF: cerebro-spinal fluid, CrUSS:
cranial ultrasound scan, TORCH: Toxoplasma, Rubella, Cytomegalovirus, Herpes Simplex Virus,
VLFCA: very low chain fatty acids, AASA: aminoadipic semialdehyde, CT: computed tomography, MRI:
magnetic resonance imaging). *If available point of care blood gas with electrolyte and lactate reading.
**|_evel 1: EEG (gold standard), Level 2: aEEG or clinical diagnosis of focal clonic or focal tonic (probable
seizures)All other seizure types need confirmation according to GAIA case definition (21, 104). “Blood and
CSF paired samples.
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Levetiracetam: Phenytoin: Other considerations:
40 mg/kg IV bolus, 20 mg/kg IV bolus slowly * Pyridoxine 100 mg IV/PO
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i
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upward to effect (max 300 hr; reduce to 2 mg/kg/hr

meg/kg/hr). Wean slowly.

Figure 3: Algorithm for the treatment of neonatal seizures (IV: intravenous administration and PO: per os
for oral administration). In case of status epilepticus use phenytoin as second line rather than levetiracetam
if patient is hemodynamically stable. Do not use lidocaine as third line if phenytoin has been used as second

line.



