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Key Points

This paper presents guidelines and recommendations on treatment of neonatal seizures by
the ILAE (International League Against Epilepsy).

The Clinical Practice Guideline group consisted of an international team of experts including
neurologists, neonatologists, pediatricians, epileptologists, and a parent representative.
Guidelines and recommendations are based on a systematic review, and if no sufficient
evidence was available, on expert-based consensus via Delphi.

An example of a suggested treatment pathway including doses and adverse events based
on current evidence and expert recommendations is given.



Abstract

Seizures are common in neonates but there is substantial management variability. The neonatal task
force of the International League Against Epilepsy (ILAE) developed evidence-based recommendations
about antiseizure medication (ASM) management in neonates based on a systematic review, meta-
analysis, and expert-based consensus in accordance with ILAE standards. Six clinical priority questions
were formulated, a systematic literature review performed, and results reported following the
PRISMA 2020 standards. Bias was evaluated using the Cochrane tool and ROBINS-I and certainty of
evidence was evaluated using GRADE. If insufficient evidence was available from randomized
controlled trials, expert opinion was sought using Delphi methodology. The strength of
recommendations was defined according to the ILAE Clinical Practice Guidelines development tool.
Main recommendations in neonates with seizures: phenobarbital should be the first-line ASM
(evidence-based, moderate strength), regardless of etiology (expert agreement). In neonates with
seizures not responding to first-line ASM, phenytoin, levetiracetam, midazolam, or lidocaine may be
used as a second-line ASM (expert agreement); in neonates with cardiac disorders, levetiracetam may
be preferred (expert agreement). Following cessation of acute provoked seizures (electroclinical or
electrographic) without evidence for neonatal-onset epilepsy, ASMs should be discontinued before
discharge, regardless of MRI or EEG findings (expert agreement). When channelopathies are
suspected, sodium channel blocker (phenytoin or carbamazepine) should be used (expert agreement).
Therapeutic hypothermia may reduce seizure burden in hypoxic-ischemic encephalopathy (evidence-
based, weak strength). Successful treatment of electrographic seizure burden may be associated with
improved outcome (expert agreement). A trial of pyridoxine (add-on to ASM) should be attempted in
neonates with clinical features or EEG characteristics suggestive of pyridoxine-dependent epilepsy or
with seizures unresponsive to second-line ASM without an identified etiology (expert agreement).
Experts also agreed that neonatal centers should have standardized treatment pathway in place and

that parents should be informed about treatment (including documentation of this in patient notes).



Abbreviations
ASM: antiseizure medication
Cl: confidence interval
CPG: clinical practice guideline
EEG: electroencephalography
aEEG: amplitude-integrated EEG
cEEG: conventional video EEG
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ILAE: International League Against Epilepsy
IBE: International Bureau of Epilepsy
PICO: population, intervention, comparator, and outcome
PMA: post menstrual age
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PROSPERO: International Prospective Register of Systematic Reviews
RCT: randomized controlled trial
RR: relative risk

WHO: World Health Organization



Introduction

Seizures are the most common neurological emergency in the neonatal period. Most seizures in
newborns are acutely provoked, typically by hypoxic-ischemic encephalopathy, intracranial
hemorrhage, arterial ischemic stroke, or intracranial infection.’® In about 10-15% of infants, seizures
are the manifestation of a neonatal epilepsy usually due to cortical malformations, genetic defects or
inborn errors of metabolism.*® The 2022 International League Against Epilepsy (ILAE) classification of
epilepsy syndromes with onset in neonates and infants addresses etiology-specific syndromes such as
self-limited (familial) neonatal epilepsy, KCNQ2 developmental and epileptic encephalopathy (DEE),
pyridoxine-dependent (ALDH7A1)-DEE and pyridoxamine-5-phosphate deficiency (PNPO)-DEE.”

Electroencephalography (EEG or aEEG) is required for seizure diagnosis since most seizures in

neonates have no clinical manifestations (electrographic-only),®® and differentiating between seizures
and other abnormal movements is difficult.’® In addition, treatment with antiseizure medication (ASM)
may cause electro-clinical uncoupling in which the clinical correlate ceases but electrographic seizures
persist.}12 EEG monitoring using conventional video EEG (cEEG) or amplitude-integrated EEG (aEEG) is

2,13-15

recommended by multiple clinical practice guidelines and consensus statements, as well as

clinical trials of neonatal seizure management.'®

There is considerable variation in clinical practice regarding neonatal seizure management,'’-?° which
can be explained by the paucity of available data. The most recent international guideline regarding
neonatal seizure management was published in 2011 by the World Health Organization (WHO), ILAE
and International Bureau of Epilepsy (IBE).® It was intended for clinicians practicing in a wide range of
healthcare facilities, and developed based on all published studies (including randomized controlled
trials (RCT), quasi-randomized controlled trials, and observational studies) in full-term neonates with
clinical and/or electrographic seizures in the initial 28 days. However, over the last decade, new
evidence has emerged to inform updated recommendations. As a result, in 2015, the ILAE created a
new task force to update the evidence-based recommendations about seizure management in term
and preterm neonates based on a systematic review, and expert-based consensus when evidence was

lacking in accordance with ILAE standards regarding clinical practice guideline (CPG) development.?

The aim of this article is to provide evidence and consensus based recommendations for six priority
questions related to neonatal seizure management: (1) first-line ASM, (2) second-line ASM, (3)
duration of ASM treatment, (4) impact of therapeutic hypothermia on seizure burden in hypoxic-
ischemic encephalopathy, (5) impact of electrographic seizure treatment on outcome, and (6)
administration of pyridoxine. The target users are clinicians who care for neonates with seizures,

including neonatologists, pediatric neurologists, pediatricians, and pharmacologists.



Methods

The ILAE Commission for Pediatrics identified the need to update the original Neonatal Seizure

Guideline published in 2011.2 Guideline development adhered to the ILAE handbook and toolkit.?

Clinical practice guideline working group

Following consultation with ILAE’s Executive Committee, a Clinical Practice Guidelines (CPG) working
group was formed. The CPG working group was comprised of 26 members of the ILAE neonatal task
force including 19 child neurologists and clinical neurophysiologists and three neonatologists
representing all ILAE regions, two methodologists, one parent representative, and two senior advisors.
Fifteen members declared no conflicts of interest, six members declared non-related conflicts of
interest, and six members declared related conflicts of interests. Overall, 78% of the CPG working
group were void of conflicts of interest and representation from the pharmaceutical and medical

device industry.

Priority questions

Six clinical priority questions were formulated. Each question was developed following the PICO
[population, intervention(s), comparator(s), and outcome(s)] format addressing first-line ASM, second-
line ASM, duration of ASM treatment, impact of therapeutic hypothermia on seizures in hypoxic-
ischemic encephalopathy, impact of seizure burden on outcomes (neurodevelopment and epilepsy),
and use of pyridoxine to treat neonatal seizures (Table 1). For all questions on efficacy, only studies
with EEG confirmed seizures were included, to reduce the risk of including events other than true

epileptic seizures (i.e., inclusion of non-seizure events).

Systematic review
A systematic literature review was performed, and results reported following the Preferred Reporting

).2% The protocol was

Items for Systematic Reviews and Meta-Analyses standards (PRISMA 2020
registered with PROSPERO (CRD42017071825). MEDLINE, Embase, and Cochrane Central Register of
Controlled Trials (CENTRAL) were searched. Both keywords and MeSH terms were included. Appendix
A in the online supplementary material provides the search strategies for each database. The search
was limited to seven languages (English, French, Italian, German, Spanish, Dutch, Portuguese) and
years 2008—-2017 as this was an update of the 2011 guideline (131 earlier references were included
from the previous systematic review). Since therapeutic hypothermia was not included in the 2011
guideline, studies about therapeutic hypothermia for the treatment of neonatal seizures were

searched from 2004-2017. The search was limited to humans. Case reports of less than five neonates

and conference abstracts were excluded. Review articles were collated only to ensure that no key



references were missed. The first search was performed on August 14, 2017, and repeated on June

28, 2020.

All abstracts and full text articles were reviewed independently by two members of the CPG working
group, with a third reviewer involved in the case of disagreement. Data extraction forms were drafted

for all priority questions and pilot tested by members of the CPG working group.

Evaluation of evidence (GRADE)

Studies meeting inclusion criteria and considered relevant to a clinical priority question were included
for further evaluation. The risk of bias was assessed using the Cochrane Risk of Bias tool (for RCT) and
ROBINS-I (for non-RCT studies).?*?> GRADE was applied to questions on first-line ASM, second-line
ASM, and the impact of therapeutic hypothermia on seizure burden in order to determine the quality
of evidence which was rated as high, moderate, low, or very low. The quality was upgraded or
downgraded for certain factors that could influences the quality of the evidence in line with the
GRADE method.?>?® For the remaining questions (duration of ASM administration, impact of seizure
burden on outcome, and use of pyridoxine), only uncontrolled studies were identified and so the

certainty of evidence was judged to be very low.

Delphi Consensus Process

If no or insufficient evidence was obtained from RCT, then expert opinion was sought using the Delphi
methodology.?” In addition, questions addressing specific scenarios were included in the Delphi
consensus process. Statements regarding the clinical priority questions were drafted by a core group
consisting of seven child neurologists, one neonatologist, and one methodologist. All members of the
CPG working group, except methodologists and the parent representative, were invited to
anonymously respond to an online questionnaire (Survey Monkey, San Mateo, Ca, USA), thus assuring
involvement of medical professionals from the relevant specialties (child neurology, epileptology,
clinical neurophysiology, and neonatology), and from all ILAE regions. Each statement was evaluated
using a 5-point Likert scale (completely agree, mostly agree, partially agree, mostly disagree,
completely disagree). Consensus was achieved when at least 66% agreement (completely agree or
mostly agree) or disagreement (mostly disagree or completely disagree) was reached. The Delphi

consensus process consisted of five rounds of questionnaires.

Strength of recommendations and level of agreement
The strength of recommendations was defined according to GRADE and the ILAE CPG development
tool.?? Specifically, besides the certainty of the evidence, clinical benefits and harms of the

intervention were considered. If the certainty of evidence according to GRADE was at least moderate,



then the strength of the recommendation was considered ‘strong’. If GRADE could not be applied but
the Delphi process yielded an agreement of >66%, then a recommendation was made based on the
Delphi process. If the level of agreement of >75%, then it was considered ‘high’ because of its clinical

impact. If the agreement was 66-75%, then the level of agreement was considered ‘moderate’.

Results

A total of 556 studies were identified as relevant to the clinical priority questions and underwent full
text review (Figure 1). Of these, 35 were excluded because they were conference abstracts, 212
because diagnosis of neonatal seizures was not confirmed by EEG, and 136 because the full text
review showed that the information given was not relevant for the priority questions. The remaining
218 studies were allocated to one or more priority questions.

Regarding clinical priority questions 1, 2 and 5, one or more randomized controlled trials were
identified and GRADE could be used to evaluate the evidence regarding these clinical priority
questions (Table 2). Figure 2 and Appendix B give the risk of bias for priority question 1 and 2.
Regarding clinical priority questions 3, 4 and 6, GRADE could not be applied.

The Delphi consensus process included 21 statements; consensus was reached for 10 (Figure 3).
Evidence based recommendations could be given regarding clinical priority questions 1 and 4, for all

other questions, recommendations were based on consensus only.



Recommendations

Recommendations 1: First-line Antiseizure Medication

Evidence-based recommendation:

In neonates with seizures requiring antiseizure medication (ASM), phenobarbital should be the
first-line ASM

Strength of Recommendation: Moderate

Consensus-based recommendations:

Phenobarbital should be the first-line ASM regardless of etiology (including hypoxic-ischemic
encephalopathy, stroke, and hemorrhage).

Level of Agreement: High

If channelopathy is likely the cause for seizures due to family history then a sodium channel
blocker should be the first-line ASM.

Level of agreement: High

Question 1:
Which is the preferred first-line ASM in neonates with seizures requiring pharmacological
treatment (specifically regarding cessation of seizures and adverse effects)?
PICO: Table1l
Overview of Results:
e Studies allocated for full text review: 46
e Studies included after full text review: 11 (2 RCT, 3 prospective observational, 6
retrospective)
e Studies analyzed by GRADE: 2
e Evidence Level from GRADE: Moderate to low certainty (Table 2)

Delphi: Figure 3a

Forty-six studies evaluated first-line treatment of neonatal seizures and were selected for full text
review. The most common reason for study exclusion was a focus on clinical seizures without EEG to
diagnose seizures or assess response to therapy (see Figure 1). There were no placebo-controlled
studies. Eleven studies were included (Table S1, Appendix C) assessing phenobarbital, %2835
phenytoin®?, and levetiracetam?>333637 3s first-line treatment for neonatal seizures. Overall,
phenobarbital was the most widely used first-line ASM in term and preterm infants with seizures, with

a variable response rate.?33



Two RCT studies were included in the GRADE analysis (Table S1, Appendix C).3%33 The first study*?
assessed the efficacy of phenobarbital and phenytoin for the treatment of seizures in term and
preterm neonates with heterogeneous etiologies. Study inclusion required EEG-confirmed seizure(s)
and efficacy was evaluated by EEG monitoring. Dosing of both ASMs was adjusted based on plasma
levels, but the actual dosing was not stated. The primary outcome was complete seizure control within
24 hours. Seizures were controlled with phenobarbital in 13/30 (43%) and phenytoin in 13/29 (45%)
neonates. There was no difference in efficacy between phenobarbital and phenytoin as first-line
treatment (RR (relative risk) 0.97; 95%Cl (confidence interval) 0.54-1.72). The level of evidence was
downgraded due to confounding factors (Table 2). The second study3? assessed the efficacy of
phenobarbital and levetiracetam for the treatment of seizures in term neonates with heterogeneous
etiologies. Seizures were assessed by EEG monitoring for eligibility and efficacy. Eighty-three neonates
were included in the efficacy analysis while 106 treated patients were analyzed for safety data. Initial
dosing was 20 mg/kg for phenobarbital and 40 mg/kg for levetiracetam. Neonates who continued to
have seizures (assessed every 15 minutes) received an additional 20 mg/kg of phenobarbital or an
additional 20 mg/kg of levetiracetam. The primary outcome was seizure cessation on EEG within 15
minutes and sustained seizure freedom on EEG for 24 hours after the infusion. Seizures were
controlled with phenobarbital in 24/30 (80%) and levetiracetam in 15/53 (28%) neonates.
Phenobarbital was more effective than levetiracetam as first-line treatment (RR 0.35; 95% Cl 0.22—
0.56); moderate certainty of evidence) (see Table 2). No studies evaluated efficacy of ASM according

to etiology of acute symptomatic seizures.

Most studies (controlled and observational) did not report adverse events (n=9), but some (n=9)
indicated that no adverse events were observed for phenobarbital, phenytoin and levetiracetam
(Table S1). One RCT with phenobarbital and phenytoin reported that no adverse events were
observed.3? Only one study with phenobarbital and levetiracetam used standardized adverse events
tables and reported that there was a trend towards hypotension being more common with

phenobarbital (n=17%) compared to levetiracetam (n=5%).%

To determine whether the etiology of seizures should influence the choice of first-line ASM, five
additional questions on first-line ASM were added to the Delphi survey (Figure 3). Results indicated
that 78% completely or mostly agreed that irrespective of presumed etiology (hypoxic-ischemic
encephalopathy, stroke, hemorrhage) of seizures, phenobarbital should be first-line ASM. In the
Delphi survey, 91% completely or mostly agreed that if a channelopathy was considered as etiology
due to positive family history, then a sodium channel blocker (phenytoin or carbamazepine) should be

the first-line ASM.
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Recommendations 2: Second-line Antiseizure Medication

Consensus-based recommendations:

In neonates with seizures not responding to first-line antiseizure medication (ASM), phenytoin,
levetiracetam, midazolam, or lidocaine may be used as a second-line ASM for most etiologies
(hypoxic-ischemic encephalopathy, stroke, or hemorrhage).

Level of agreement: Moderate

If channelopathy as an etiology for the seizures is suspected because of clinical or EEG
features, then a sodium channel blocker should be used as a second-line ASM. This should be
phenytoin or carbamazepine depending on the clinical state of the neonate (critically ill or
otherwise well baby) and the regional availability of ASM and monitoring of drug levels.

Level of agreement: High
In a neonate with cardiac disorder(s), levetiracetam may be preferred as a second-line ASM.

Level of agreement: Moderate

Question 2:
Which is the preferred second-line ASM in neonates (specifically regarding cessation of seizures
and adverse effects)?
PICO: Table1l
Overview of Results:
e Studies allocated for full text review: 43
e Studies included after full text review: 22 (3 RCT, 5 prospective observational, 14
retrospective)
e Studies analyzed by GRADE: 3
e Evidence Level from GRADE: Very low certainty (Table 2)
Delphi: Figure 3aand b

Seizures are often refractory to the first-line ASM, prompting use of a second-line ASM. Forty-three
studies referred to the topic of second-line treatment of neonatal seizures and were selected for full
text analysis (Table S2). There were no placebo-controlled studies. Additionally, all studies of second-
line ASM were add-on design since there was no wash-out phase after the first-line ASM and often
both ASMs were administered concurrently. Twenty-two studies were included; they assessed
levetiracetam,3*3%42 phenobarbital, 23233 phenytoin,?2%3243 midazolam,**° lidocaine,**46:49-52
clonazepam,* bumetanide,* topiramate,> paraldehyde,?® diazepam,? and carbamazepine*** as
second-line treatment. There was substantial variability in study methods including outcome

measures, with substantial variability in efficacy across studies of the same ASM.
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There were three RCT assessing phenytoin, midazolam, phenytoin, levetiracetam and / or lidocaine as
second-line ASM (Table 2).3%334% One study assessed second-line therapy in neonates with seizures
persisting after either phenobarbital or phenytoin.3? Seizures were controlled with phenobarbital in
5/13 (39%) and phenytoin in 4/15 (27%) neonates. There was no difference in efficacy between
phenobarbital and phenytoin as second-line treatment (RR 1.44; 95%Cl 0.49-4.27), but the sample size
was small. A second study assessed second-line therapy in neonates with seizures persisting after
either phenobarbital or levetiracetam.?® Seizures were controlled with phenobarbital in 20/37 (54%)
and levetiracetam in 1/6 (17%) neonates. There was no difference in efficacy between phenobarbital
and levetiracetam as second-line treatment (RR 0.31; 95%CI 0.05-1.89). A third study assessed second-
line therapy in neonates with seizures persisting after phenobarbital.** Seizures were controlled with
lidocaine in 3/5 and midazolam in 0/3. There was no significant difference in efficacy between
lidocaine and midazolam as second-line treatment (RR 4.67; 95%Cl 0.32-68.03), but the sample size
was too small. Many studies did not address adverse events,?>4%4447.4% while some studies indicated
that no adverse events were observed.3>38414355 Only two RCT used a systematic approach to adverse
event assessment when assessing phenobarbital vs levetiracetam?® and bumetanide.> (Table S2,

Appendix C).

The level of certainty of the evidence was very low regarding second-line ASM because of imprecision
of estimates due to the very small number of patients included; hence, the two RCTs included were
not informative enough. Consequently, expert opinion was sought via the Delphi process. Specifically,
we evaluated whether phenobarbital, phenytoin, levetiracetam, midazolam, or lidocaine should be
used after no or insufficient response to first-line ASM and whether this choice should be influenced
by etiology of seizures (hypoxic-ischemic encephalopathy, stroke, hemorrhage, channelopathy) or
comorbidity (cardiac disorders) (Figure 3). Although experts agreed on which ASM could be used as
second-line (phenytoin, levetiracetam, midazolam, or lidocaine), there was no agreement as to which
was the best. Three rounds yielded no agreement for choice of second-line ASM so we concluded that
all four ASMs may all be considered as second-line therapy for most etiologies (hypoxic-ischemic
encephalopathy, stroke, or hemorrhage). There was, however, consensus that phenytoin or
carbamazepine should be preferred for neonates with presumed channelopathy (>95% completely or
mostly agreed); and levetiracetam should be preferred for neonates with cardiac disorder(s) (75%

completely or mostly agreed) (Figure 3).
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Recommendation 3: Duration of ASM treatment

Consensus-based recommendations:

Following cessation of acute symptomatic seizures (electroclinical or electrographic) without
evidence for neonatal onset epilepsy, antiseizure medications should be discontinued before
discharge home, regardless of MRI or EEG findings.

Level of agreement: High

Question 3:
Will continuation of ASM improve neurodevelopmental outcome and reduce the risk of
developing subsequent epilepsy?
PICO: Table1l
Overview of Results:
e Studies allocated for full text review: 17
e Studies included after full text review: 3 (0 RCT, 1 observational prospective, 2
retrospective trials)
e Studies analyzed by GRADE: 0
e Evidence Level from GRADE: Not applicable
Delphi: Figure 3a

Clinicians must determine how long to continue ASM administration after the acute management
phase. There were 17 studies addressing this topic, and 3 studies were included for full text analysis,
including two retrospective studies®®>” and one prospective observational study (Table S3, Appendix C).°
These studies reported that the risk of subsequent developmental delay,® seizures recurrence,®®>’

t57

epilepsy,® or neurologic impairment®” was not different in patients with ASM (mostly phenobarbital)

discontinued prior to discharge or continued after discharge.

As only insufficient evidence on duration of ASM from RCT or other controlled studies was found, expert
opinion was evaluated by the Delphi process, specifically if ASM should be discontinued before
discharge home, regardless of MRI or EEG findings. In the Delphi process, 87% completely or mostly
agreed that following cessation of acute symptomatic seizures (electroclinical or electrographic) without

indication for neonatal onset epilepsy, ASM should be discontinued before discharge (Figure2).

Similarly, 80% completely or mostly agreed that ASM should usually be discontinued before discharge
independently of the presence or absence of MRI abnormalities, and 80% completely or mostly agreed

that following cessation of acute symptomatic seizures in a neonate, ASM should usually be

13



discontinued before discharge independently of presence or absence of EEG background abnormalities.
Some participants noted their responses was influenced by a prospective, observational, multicenter
comparative effectiveness study published after completion of the systematic literature review that
indicated neurodevelopment and risk for post-neonatal epilepsy at age 24 months was not different
among children with acute systematic neonatal seizures whose ASM was discontinued or maintained at

hospital discharge.>®

Recommendation 4: Impact of therapeutic hypothermia on seizure burden

Evidence-based recommendation:

Therapeutic hypothermia may reduce seizure burden in neonates with hypoxic-ischemic
encephalopathy. However, the impact of therapeutic hypothermia as a specific seizure therapy
was not assessed.

Strength of Evidence: Weak

Consensus-based recommendations:

Therapeutic hypothermia may reduce seizure burden in neonates with hypoxic-ischemic
encephalopathy.
Level of agreement: High

Question 4:
In neonates with hypoxic-ischemic encephalopathy, does therapeutic hypothermia reduce
seizure burden?
PICO: Table1l
Overview of Results:
e Studies allocated for full text review: 32
e Studies included after full text review: 9 (0 RCT, 6 observational prospective, 3 retrospective
trials)
e Studies analyzed by GRADE: 3
e Evidence Level from GRADE: Low certainty

Delphi: Figure 3a

Therapeutic hypothermia (brain/body cooling) is a neuroprotective technique used for neonates with
hypoxic-ischemic encephalopathy. Neonates with hypoxic-ischemic encephalopathy have a high risk
for seizures, and EEG monitoring is often performed in neonates undergoing therapeutic hypothermia

to identify electroencephalographic seizures. There were 32 articles addressing this topic, and while all
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had access to comparison groups, none were RCTs. Nine studies fulfilled the recommended
requirements for therapeutic hypothermia in the setting of term infants with hypoxic-ischemic
encephalopathy (Table S4, Appendix C).>%%7 Six studies were excluded because they focused on head
cooling (EEG is not possible during selective head cooling),>*®” did not access continuous EEG,* or did
not have comparators.5264%667 Among the remaining three studies®®®>% two had a historical control

group comparators®®®! and one had both historical and real-time comparators.5®

GRADE assessment concluded with low certainty that seizure burden was higher in the normothermia
groups for all three studies and that the mean seizure frequency was lower in the therapeutic
hypothermia group of two studies (Table 2b and Table S4).5%%° There was very low certainty regarding
reduced progression to status epilepticus (as defined by the researchers) in the therapeutic
hypothermia group. Two studies did not find a difference in the occurrence of status epilepticus
between non-hypothermia and hypothermia group®%®> while one study found a higher occurrence of

status epilepticus in the non-hypothermia group compared to the hypothermia group (Table 2b).°

Due to the lack of RCT, we aimed to confirm the weak evidence from observational studies via Delphi
process. Nearly all (95%) completely or mostly agreed that therapeutic hypothermia may reduce

seizure burden in neonates with hypoxic-ischemic encephalopathy.

Recommendation 5: Associations between electrographic seizure burden and outcome

Consensus-based recommendations:

Treating neonatal seizures (including electrographic-only seizures) to achieve a lower seizure
burden may be associated with improved outcome (neurodevelopment, reduction of
subsequent epilepsy).

Level of agreement: Moderate

Question 5:
Is a reduction of electroclinical and/or electrographic-only seizure burden in neonates

associated with improved outcome (neurodevelopment, reduction of subsequent epilepsy)?

PICO: Table1l

Overview of Results:

e Studies allocated for full text review: 80

15



e Studies included after full text review: 10 (2 RCT, 4 observational prospective, 4
retrospective trials)
e Studies analyzed by GRADE: 0
e Evidence Level from GRADE: Not applicable
Delphi: Figure 3a

Seizure identification and effective management aims to reduce secondary brain injury and improve
neurobehavioral outcomes. Ten studies were included after full text review (Table S5, Appendix C).
Two studies randomized neonates to different approaches for seizure detection and management.
One study®® assessed outcome for the full cohort (not separating the different treatments), and the
other study®® assessed MRI before discharge (but not long-term outcome). Both studies were
underpowered to assess outcomes (hence no GRADE assessment). The first RCT performed cEEG in
term neonates with moderate or severe hypoxic-ischemic encephalopathy and randomized them to
treatment of both electrographic and clinical seizures or treatment of only clinical seizures, and it
demonstrated that seizure burden was lower with treatment of electrographic seizures.%® As no
differences were found between the two groups at two years of age, both groups were combined for
outcome analysis (n=24), and higher seizure burden was associated with significantly worse
neurodevelopmental outcome at 18-24 months. The second RCT randomized term neonates with
moderate to severe hypoxic-ischemic encephalopathy and subclinical seizures on aEEG to treatment
of both clinical and subclinical seizures (n=19) or treatment of only clinical seizures (n=14).%°
Treatment addressing subclinical seizures was associated with a trend toward lower seizure burden.
For the whole group, lower seizure burden was associated with less severe injury on MRI. One study,
published after the literature search,’® randomized neonates to treatment of aEEG identified seizures
versus clinical seizures. Death or severe disability assessed at two years were not significantly different
between the two groups. Like the other two studies, this study was underpowered, and it did not
change the conclusions drawn from the available literature.”® Numerous studies have indicated that
high seizure burden is associated with unfavorable outcomes.>*%%%77> However, these studies
focused on associations between seizure burden in neonates and outcome(s), as opposed to the
impact of seizure reduction on outcome. Thus, based on the available data, we could not establish
whether clinical efforts to reduce seizure burden are associated with improved neurodevelopmental

outcome.

As there was no evidence from RCT or other controlled studies to inform our recommendations,
expert opinion was evaluated using the Delphi process. Results indicated that 74% completely or
mostly agreed that treatment of all seizures (electroclinical and electrographic-only) was associated

with a better neurodevelopmental outcome and reduced the likelihood of epilepsy later in life.
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Recommendations 6: Treatment with pyridoxine and pyridoxal 5°-phosphate

Consensus-based recommendations:

A trial of pyridoxine (add-on to antiseizure medication (ASM)) should be attempted in:

— Neonates presenting with clinical features or EEG characteristics suggestive of vitamin B6-
dependent epilepsy.
— Neonates with seizures unresponsive to second-line ASM without an identified etiology.

Level of agreement: High

Question 6:
In neonates with seizures with unknown etiology, is the use of pyridoxine or pyridoxal 5'-
phosphate effective and safe?
PICO: Table1l
Overview of results:
e Studies allocated for full text review: 16
e Studies included after full text review: 8 (0 RCT, 0 not randomized controlled, 8
retrospective studies)
e Studies analyzed by GRADE: O
e Evidence Level from GRADE: Not applicable
Delphi: Figure 3a

At least six independent genetic disorders have been found to interfere with the bioavailability of
pyridoxine and pyridoxal 5’-phosphate (PLP), resulting in vitamin B6-dependent epilepsy.”®’” These
include ALDH7A1 or antiquitin deficiency, hypophosphatasia, hyperphosphatasia, pyridox(am)ine 5’-
phosphate oxidase (PNPO) deficiency, and pyridoxal 5’-phosphate binding protein (PLPBP) deficiency
(formerly called PROSC deficiency).”® Neonates with vitamin B6-dependent epilepsy may initially
present with features suggesting hypoxic-ischemic encephalopathy or systemic manifestations
including lactic acidosis and acute abdomen.””® The systematic literature review did not identify any
randomized or controlled studies investigating the effect of pyridoxine or PLP on neonates with seizures.
Eight studies addressing safety of pyridoxine and PLP in neonates with seizures, and retrospective case
series of neonates responding to pyridoxine or PLP were included after full text review (Table S6,
Appendix C). Typical features of seizure semiology (myoclonic jerks, spasms), abnormal movements (eye
movements, grimacing) and EEG (burst-suppression, discontinuity) were described in ALDH7A1 and
PNPO deficient patients.”®8! Whilst some neonates with vitamin B6-dependent epilepsy respond
immediately to pharmacological doses of pyridoxine or PLP, delayed responses are described and
therefore treatment with pyridoxine or PLP should be continued for at least 3-5 days before concluding

that it is not effective.®? Other authors have suggested a trial with repeated doses of pyridoxine up to
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total dose of 500 mg.”® One retrospective study of 10 neonates with treatment resistant seizures
reported that pyridoxine treatment led to immediate flattening of the EEG in 2/6 with ALDH7A1 variants
vs 1/4 with undetermined seizure etiology.®® Adverse effects of pyridoxine and pyridoxal 5'-phosphate
included acute respiratory depression,” depression of EEG amplitude,®® peripheral neuropathy with
long-term high dose pyridoxine >500 mg/day,®* and liver toxicity on high-dose PLP 50 mg/kg/day.
While it is reasonable to offer pyridoxine and PLP to neonates with seizures unresponsive to ASM while
awaiting diagnostic information, it should be taken in account that these disorders are rare. The most
common, PDE-ALDH7A1, has an estimated incidence of 1:65,000 - 1:396,000.2>8 Assuming a combined
incidence of the independent genetic disorders presenting with vitamin B6-dependent epilepsy of
1:100,000 neonates, controlled studies of pyridoxine or PLP as first- or second-line therapy for neonatal

seizures may not be feasible.

In the Delphi process, 100% completely or mostly agreed that a trial of pyridoxine (add-on to ASM)
should be performed in a neonate or infant presenting with clinical features or EEG characteristics
suggestive of vitamin B6 dependent epilepsy, and 96% completely or mostly agreed a trial of
pyridoxine (add-on to ASM) should be attempted in all neonates with seizures without an identified
etiology not responding to second-line ASM. The risk of apnea should be considered when a trial of
pyridoxine is attempted. Neonates with PNPO-DEE may only respond to PLP. Therefore, if vitamin B6-
dependent epilepsy is suspected, following an unsuccessful trial of pyridoxine, PLP treatment may be
tried even though this product is not licensed as medication. If those metabolic disorders are
suspected, treatment should not be delayed, as a therapeutic trial with either pyridoxine or PLP can be

started before diagnostic samples are collected as this does not affect the results.

Additional Recommendations:

Need for standardized treatment pathways

Consensus-based recommendations:

A standardized treatment pathway for the management of neonatal seizures should be
available in each neonatal unit.

Level of agreement: High

Delphi: Figure 3a

The treatment of neonatal seizures is time sensitive: studies have shown that neonates who are

diagnosed and treated earlier respond better to treatment.3%8”88 Using standardized pathways for
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diagnosis and etiology-specific treatment, protocols may improve the time to effective treatment. As
assessed by the Delphi process, 100% completely or mostly agreed that neonatal units should have a

standardized local or national pathway for the treatment of neonatal seizures.

Need for communication with parents/guardian

Consensus-based recommendations:

The parents of a neonate with seizures should be informed — within the scope of feasibility in
an acutely ill neonate - about the nature of neonatal seizures, treatment options, including
efficacy and potential adverse events of ASM that will be used and probable duration of
treatment. This should be documented in the patient (medical) notes.

Level of agreement: High

Delphi: Figure 3a

Neonatal seizures, particularly in the context of acute brain injury, cause parental anxiety and concern
about management and long-term prognosis.®? The needs of parents and guardians of neonates with
seizures have to be recognized and taken into account. Parents need to be informed about the nature
of neonatal seizures, treatment options, including efficacy and potential adverse events of ASM that
will be used and probable duration of treatment. However this has to be within the scope of feasibility
of an actually ill child and must not delay treatment. The discussion with parents should be
documented in the patient notes. As assessed by the Delphi process, 79% completely or mostly agreed

with the above statement.

Discussion

Seizures are common in neonates, yet there is substantial variability in management.'”"?° These
guidelines address the management of seizures in neonates based on the best available evidence and

consensus-based expert opinion.

Recent monitoring guidelines have emphasized the need for EEG for the reliable diagnosis of neonatal
seizures, as well as the importance of timely seizure identification through EEG-based approaches
21415 |n this systematic review, only studies with EEG confirmed seizures were included as
recommended by the International Neonatal Consortium,® EMA,® US FDA,® Brighton Collaboration,?
the ILAE,* and ACNS.%* All these organizations agree that the validity of seizure outcome measures in

drug trials is questionable if EEG is not used, including treating non-seizure events, underestimating
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total electrographic seizure burden, and lack of ability to assess whether electrographic-only seizures
cease. Our conclusions can be considered applicable to neonatal seizures in general, provided that
diagnostic certainty for neonatal seizures as defined by Brighton collaboration? and ILAE® is taken into
account: conventional EEG (gold standard) and aEEG are considered reliable methods for clinical
management, whereas with clinical observation alone only focal clonic and focal tonic seizures can be

diagnosed if observed by an expert; all seizure types require confirmation with EEG or aEEG.

No guidelines have addressed seizure management since the WHO/ILAE/IBE guideline published in
2011.2% A systematic review in 2012 reviewed summarized pharmacokinetic data for second-line ASM
and a systematic review in 2013% came to similar conclusions as the WHO/ILAE/IBE guideline. Four
additional recent systematic reviews reviewed first-line treatment with phenobarbital and/or

levetiracetam but without consensus based guildelines.?%4

In comparison to the previous guidelines, there is now better evidence for the use of phenobarbital as
the first-line ASM. Although more adverse effects were observed with phenobarbital in comparison to
levetiracetam, this difference was not significant.3® In addition, if a channelopathy is likely due to
family history, then a sodium channel blocker (phenytoin or carbamazepine) should be the first-line
ASM. In the absence of a positive family history, phenobarbital should be first-line so not to delay the

start of treatment.

The choice of second-line therapy remains unclear, as there is little evidence from RCTs. However,
there are important caveats regarding second-line ASM selection which have not been discussed in
the previous guideline. If a channelopathy is suspected because of clinical and EEG features, then a
sodium channel blocker (phenytoin or carbamazepine) should be the second-line ASM. Second, in a
neonate with cardiac disorders, levetiracetam may be preferred as the second-line ASM. Third, a trial
of pyridoxine (add-on to ASM) should be attempted in neonates presenting with clinical features or
EEG characteristics suggestive of vitamin B6-dependent epilepsy, and neonates with seizures
unresponsive to second-line ASM without an identified etiology. Further, if vitamin B6-dependent

epilepsy is suspected, following an unsuccessful trial of pyridoxine, a trial of PLP should be considered.

We appraised the effect of therapeutic hypothermia on seizure burden and concluded that
therapeutic hypothermia may reduce seizure burden in neonates with hypoxic-ischemic
encephalopathy. Nevertheless, the impact of therapeutic hypothermia as a non-pharmacological

treatment of seizure could not be assessed.

20



We reviewed evidence weather treatment of electrographic-only seizures may be associated with
improved outcome(s) (neurodevelopment, reduction of subsequent epilepsy). However, since studies
focused on associations between seizure burden and outcome, as opposed to the impact of seizure
reduction on outcome, the available data could not establish whether clinical efforts to reduce seizure

30,68,69,71,73,88

burden are associated with improved outcome. Given indirect evidence, experts agreed

that treatment of electrographic seizure burden may be associated with improved outcomes.

Our evidence and consensus-based recommendations also specify that following cessation of acute
symptomatic seizures (electroclinical or electrographic-only seizures) without evidence for neonatal
onset epilepsy, ASM should be discontinued before discharge, regardless of MRI or EEG findings. This
is in contrast to the prior WHO/ILAE/IBE guideline which recommended discontinuing ASM if seizure-
free for >72 hours “in neonates with normal neurological examination and/or normal
electroencephalography.”®® This conclusion is further supported by a study published after completion
of the systematic review that indicated neither neurodevelopment nor epilepsy at age 24 months was
different among children with acute symptomatic neonatal seizures whose ASM was discontinued or

maintained at hospital discharge.®®

Based on our results, Figure 4 provides a sample neonatal seizure management pathway with
suggested ASM doses (Table 3).28% As with all pathways, adaptation is needed based on individual
patent characteristics and practice settings. All experts agreed that neonatal units should have a

standardized pathway for the management of neonatal seizures.

The evidence and consensus-based recommendations identified several key limitations in the existing
literature. First, many studies are small, lack EEG-based seizure diagnosis and ASM efficacy
assessment, assess cohorts which are heterogeneous in terms of etiology and post-menstrual age, and
only partially address confounding factors. Varied data approaches across studies made formal
analyses combining the data across studies difficult. Development and implementation of more
standard common data elements may improve these issues.'® Additionally, there are few dose finding
studies or pharmacokinetic data available. Finally, studies have mostly assessed seizure cessation in
response to ASM but not whether overall strategies to reduce seizure exposure (incorporating EEG-
based diagnosis and optimized multi-faceted management approaches) improve long-term patient-

centered neurobehavioral outcomes.

Research priorities for the treatment of neonatal seizures include (1) pharmacokinetic and

pharmacodynamic studies specifically for term and preterm neonates; (2) appropriate dose finding

21



studies for new ASM, safety studies for new ASM and also old ASM if higher doses are used; and (3)
RCT aiming to license further ASM in neonates.
The ILAE recommends that guidelines be updated every five years, and the ILAE Task Force on

Neonatal Seizures is planning to develop an approach to periodically update these recommendations.

Acknowledgements

We would like to thank Librarian Dilshaad Brey, Department of Paediatrics and Child Health, University

of Cape Town for her help with the literature searches.

Disclosure

Stéphane Auvin received honoraria or consultancy fees from Arvelle, Angelini, Biomarin, Eisai, GW
Pharma, Jazz Pharma, Neuraxpharm, Nutricia, UCB Pharma, Vitaflo, Xenon, Zogenix. Stéphane Auvin is
an Deputy Editor for Epilepsia.

Geraldine B. Boylan has a consultancy with UCB and Nihon Kohden to provide advice on neonatal EEG
monitoring. She is a co-founder of a start-up company Kephala LTD, which provides EEG reviewing
services for industry and academia.

Francesco Brigo has no conflict of interest to disclose.

Maria Roberta Cilio is an associate editor of Pediatric Research. She receives consultant fees from UCB,
Eisai, Biocodex, Sanofi, Jazz. Her research is funded by the European Joint Programme on Rare
Diseases (EJP RD).

Maurizio Elia served as a consultant, speaker and on Advisory Boards for EISAI, UCB Pharma,
Neuraxpharm, Lusofarmaco, Proveca. His research is supported by the Italian Ministry of Health,
Ricerca Corrente 2022.

Nathalie Jette is the Bludhorn Professor of International Medicine. She receives grant funding paid to
her institution for grants unrelated to this work from NINDS (NIH U24NS107201, NIH IU54NS100064,
NIH U24NS113849). She receives an honorarium for her work as an Associate Editor of Epilepsia.

Eli M. Mizrahi served as consultant for Eisai Pharmaceutical Co. and UCB Biosciences, Inc and received
royalties from McGraw-Hill Medical Publishers, Springer Publishing Company and Demos Medical
Publishers.

Solomon Moshé is the Charles Frost Chair in Neurosurgery and Neurology and partially funded by
grants from NIH U54 NS100064 (EpiBioS4Rx), RO1-NS4320 and RO1- NS127524, US Department of
Defense (EP210041, W81XWH-21-ERP-IDA and EP210022, W81XWH-21-ERP-RPA), and the Heffer

22



Family and the Segal Family Foundations, and the Abbe Goldstein/Joshua Lurie and Laurie Marsh/Dan
Levitz families. He was Associate Editor of Neurobiology of Disease till December 2021. He is on the
editorial board of Brain and Development, Pediatric Neurology, Annals of Neurology, MedLink and
Physiological Research. He received compensation from Elsevier for his work as Associate Editor in
Neurobiology of Disease and from MedLink for his work as Associate Editor; and royalties from 2 books
he co-edited.

Angelina Kakooza Mwesige has research support from training health researchers into vocational
excellence in East Africa (THRIVE-2); Swedish Research Council-VR and Fogarty National Institutes of
Health. She also has grants and non-financial support from Duke Global Health Institute, USA and
Epilepsy Foundation, America.

Magda Lahorgue Nunes is a researcher 1D supported by Conselho Nacional de Desenvolvimento
Cientifico e Tecnoldgico (CNPq)- Brazil, PQ 306338/2017-3.

Ronit M. Pressler is an investigator for studies with UCB and Johnson & Johnson. She served as a
consultant, speaker and on Advisory Boards for Natus, Persyst, GW and UCB. Her research is supported
by the National Institute of Health Research (NIHR) Biomedical Research Centre at Great Ormond Street
Hospital and Cambridge University Hospital, NIHR and Evelina Charity. She is on the editorial board of
Journal of Clinical Neurophysiology, Neurophysiologie Clinique and European Journal of Paediatric
Neurology as well an Associated Editor for Epilepsia Open.

Renée A. Shellhaas receives a stipend from the American Academy of Neurology for service as
Associate Editor for Neurology. She is a consultant for the Epilepsy Study Consortium, and receives
royalties from UptoDate for authorship of topics related to neonatal seizures. She is president-elect of
the Pediatric Epilepsy Research Foundation. Her research has been funded by the NIH, PCORI, and the
Pediatric Epilepsy Research Foundation.

Kollencheri Puthenveettil Vinayan has received honoraria from Medlink Neurology and Dravet
Syndrome foundation.

Jo Wilmshurst received an honorarium for her role as associate editor for Epilepsia.

Linda de Vries is Associate Editor for Neuropediatrics and is on the Editorial Board of European Journal
of Pediatric Neurology and Neonatology. She received royalties from 3 books she co-edited and a

honorarium for a chapter in Up-to-date.

Ethical Publication Statement

We confirm that we have read the Journal’s position on issues involved in ethical publication and

affirm that this report is consistent with those guidelines.

23



References

1. Glass HC, Shellhaas RA, Wusthoff CJ, et al. Contemporary Profile of Seizures in Neonates: A
Prospective Cohort Study. J Pediatr. 2016;174:98-103.e101.

2. Pellegrin S, Munoz FM, Padula M, et al. Neonatal seizures: Case definition & guidelines for data
collection, analysis, and presentation of immunization safety data. Vaccine. 2019;37(52):7596-
76009.

3. Ronen GM, Penney S, Andrews W. The epidemiology of clinical neonatal seizures in
Newfoundland: a population-based study. J Pediatr. 1999;134(1):71-75.

4. Tekgul H, Gauvreau K, Soul J, et al. The current etiologic profile and neurodevelopmental
outcome of seizures in term newborn infants. Pediatrics. 2006;117(4):1270-1280.

5. Shellhaas RA, Wusthoff CJ, Tsuchida TN, et al. Profile of neonatal epilepsies: Characteristics of a
prospective US cohort. Neurology. 2017;89(9):893-899.

6. Nunes ML, Martins MP, Barea BM, Wainberg RC, Costa JC. Neurological outcome of newborns
with neonatal seizures: a cohort study in a tertiary university hospital. Arquivos de Neuro-
Psiquiatria. 2008;66(2A):168-174.

7.  Zuberi SM, Wirrell E, Yozawitz E, et al. ILAE classification and definition of epilepsy syndromes
with onset in neonates and infants: Position statement by the ILAE Task Force on Nosology and
Definitions. Epilepsia. 2022.

8. Mizrahi EM, Kellaway P. Characterization and classification of neonatal seizures. Neurology.
1987;37(12):1837-1844.

9. Murray DM, Boylan GB, Ali I, Ryan CA, Murphy BP, Connolly S. Defining the gap between
electrographic seizure burden, clinical expression and staff recognition of neonatal seizures.
Archives of Disease in Childhood: Fetal and Neonatal Edition. 2008;93(3):F187-F191.

10. Malone A, Anthony Ryan C, Fitzgerald A, Burgoyne L, Connolly S, Boylan GB. Interobserver
agreement in neonatal seizure identification. Epilepsia. 2009;50(9):2097-2101.

11. Scher MS, Alvin J, Gaus L, Minnigh B, Painter MJ. Uncoupling of EEG-clinical neonatal seizures
after antiepileptic drug use. Pediatr Neurol. 2003;28(4):277-280.

12. Boylan GB, Rennie JM, Pressler RM, Wilson G, Morton M, Binnie CD. Phenobarbitone, neonatal
seizures, and video-EEG. Arch Dis Child Fetal Neonatal Ed. 2002;86(3):F165-170.

13. WHO. Guidelines on Neonatal Seizures. In: Geneva: World Health Organization; 2011.

14. Shellhaas RA, Chang T, Tsuchida T, et al. The American clinical neurophysiology society's guideline
on continuous electroencephalography monitoring in neonates. Journal of Clinical
Neurophysiology. 2011;28(6):611-617.

15. Pressler RM, Cilio MR, Mizrahi EM, et al. The ILAE classification of seizures and the epilepsies:
Modification for seizures in the neonate. Position paper by the ILAE Task Force on Neonatal
Seizures. Epilepsia. 2021;62(3):615-628.

16. Soul JS, Pressler R, Allen M, et al. Recommendations for the design of therapeutic trials for
neonatal seizures. Pediatr Res. 2019;85(7):943-954.

17. Bartha Al, Shen J, Katz KH, et al. Neonatal seizures: multicenter variability in current treatment
practices. Pediatr Neurol. 2007;37(2):85-90.

18. Keene JC, Morgan LA, Abend NS, et al. Treatment of Neonatal Seizures: Comparison of Treatment
Pathways From 11 Neonatal Intensive Care Units. Pediatr Neurol. 2022;128:67-74.

19. Glass HC, Kan J, Bonifacio SL, Ferriero DM. Neonatal seizures: Treatment practices among term
and preterm infants. Pediatric Neurology. 2012;46(2):111-115.

20. Bassan H, Bental Y, Shany E, et al. Neonatal seizures: dilemmas in workup and management.
Pediatric neurology. 2008;38(6):415-421.

21. Sauro KM, Wiebe S, Dunkley C, et al. The current state of epilepsy guidelines: A systematic
review. Epilepsia. 2016;57(1):13-23.

22. Sauro KM, Wiebe S, Perucca E, et al. Developing clinical practice guidelines for epilepsy: A report
from the ILAE Epilepsy Guidelines Working Group. Epilepsia. 2015;56(12):1859-1869.

23. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for
reporting systematic reviews. Bmj. 2021;372:n71.

24



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Higgins JP, Altman DG, Ggtzsche PC, et al. The Cochrane Collaboration's tool for assessing risk of
bias in randomised trials. Bmj. 2011;343:d5928.

Sterne JA, Hernan MA, Reeves BC, et al. ROBINS-I: a tool for assessing risk of bias in non-
randomised studies of interventions. Bmj. 2016;355:i4919.

Cumpston M, Li T, Page MJ, et al. Updated guidance for trusted systematic reviews: a new edition
of the Cochrane Handbook for Systematic Reviews of Interventions. Cochrane Database Syst Rev.
2019;10:Ed000142.

Jones J, Hunter D. Consensus methods for medical and health services research. Bmj.
1995;311(7001):376-380.

Connell J, Oozeer R, de Vries L, Dubowitz LM, Dubowitz V. Clinical and EEG response to
anticonvulsants in neonatal seizures. Arch Dis Child. 1989;64(4 Spec No):459-464.

Glass HC, Shellhaas RA, Tsuchida TN, et al. Seizures in Preterm Neonates: A Multicenter
Observational Cohort Study. Pediatr Neurol. 2017;72:19-24.

Harris ML, Malloy KM, Lawson SN, Rose RS, Buss WF, Mietzsch U. Standardized Treatment of
Neonatal Status Epilepticus Improves Outcome. Journal of Child Neurology. 2016;31(14):1546-
1554.

Low E, Stevenson NJ, Mathieson SR, et al. Short-term effects of phenobarbitone on electrographic
seizures in neonates. Neonatology. 2016;110(1):40-46.

Painter MJ, Scher MS, Stein AD, et al. Phenobarbital compared with phenytoin for the treatment
of neonatal seizures. The New England journal of medicine. 1999;341(7):485-489.

Sharpe C, Reiner GE, Davis SL, et al. Levetiracetam Versus Phenobarbital for Neonatal Seizures: A
Randomized Controlled Trial. Pediatrics. 2020;145(6).

Spagnoli C, Seri S, Pavlidis E, Mazzotta S, Pelosi A, Pisani F. Phenobarbital for Neonatal Seizures:
Response Rate and Predictors of Refractoriness. Neuropediatrics. 2016;47(5):318-326.

Van Den Broek MPH, Huitema ADR, Groenendaal F, et al. Pharmacokinetics and
pharmacodynamics of phenobarbital during therapeutic hypothermia in asphyxiated newborns.
[Dutch]. Pharmaceutisch Weekblad. 2012;147(24):103-106.

Han JY, Moon CJ, Youn YA, Sung IK, Lee IG. Efficacy of levetiracetam for neonatal seizures in
preterm infants. BMC Pediatr. 2018;18(1):131.

Rao LM, Hussain SA, Zaki T, et al. A comparison of levetiracetam and phenobarbital for the
treatment of neonatal seizures associated with hypoxic-ischemic encephalopathy. Epilepsy Behav.
2018;88:212-217.

Abend NS, Gutierrez-Colina AM, Monk HM, Dlugos DJ, Clancy RR. Levetiracetam for treatment of
neonatal seizures. Journal of Child Neurology. 2011;26(4):465-470.

Khan O, Chang E, Cipriani C, Wright C, Crisp E, Kirmani B. Use of intravenous levetiracetam for
management of acute seizures in neonates. Pediatr Neurol. 2011;44(4):265-269.

Khan O, Cipriani C, Wright C, Crisp E, Kirmani B. Role of intravenous levetiracetam for acute
seizure management in preterm neonates. Pediatric Neurology. 2013;49(5):340-343.
Rakshasbhuvankar A, Rao S, Kohan R, Simmer K, Nagarajan L. Intravenous levetiracetam for
treatment of neonatal seizures. J Clin Neurosci. 2013;20(8):1165-1167.

Yau ML, Fung EL, Ng PC. Response of levetiracetam in neonatal seizures. World journal of clinical
pediatrics. 2015;4(3):45-49.

Pisano T, Numis AL, Heavin SB, et al. Early and effective treatment of KCNQ2 encephalopathy.
Epilepsia. 2015;56(5):685-691.

Boylan GB, Rennie JM, Chorley G, et al. Second-line anticonvulsant treatment of neonatal
seizures: a video-EEG monitoring study. Neurology. 2004;62(3):486-488.

Castro Conde JR, Hernandez Borges AA, Domenech Martinez E, Gonzalez Campo C, Perera Soler R.
Midazolam in neonatal seizures with no response to phenobarbital. Neurology. 2005;64(5):876-
879.

Shany E, Benzagen O, Watemberg N. Comparison of continuous drip of midazolam or lidocaine in
the treatment of intractable neonatal seizures. J Child Neurol. 2007;22(3):255-259.

Sheth RD, Buckley DJ, Gutierrez AR, Gingold M, Bodensteiner JB, Penney S. Midazolam in the
treatment of refractory neonatal seizures. Clinical neuropharmacology. 1996;19(2):165-170.

25



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Van Den Broek MPH, Van Straaten HLM, Huitema ADR, et al. Anticonvulsant effectiveness and
hemodynamic safety of midazolam in full-term infants treated with hypothermia. Neonatology.
2015;107(2):150-156.

Weeke LC, Toet MC, Van Rooij LGM, et al. Lidocaine response rate in aEEG-confirmed neonatal
seizures: Retrospective study of 413 full-term and preterm infants. Epilepsia. 2016;57(2):233-242.
Hellstrom-Westas L, Westgren U, Rosen |, Svenningsen NW. Lidocaine for treatment of severe
seizures in newborn infants. I. Clinical effects and cerebral electrical activity monitoring. Acta
paediatrica Scandinavica. 1988;77(1):79-84.

van den Broek MP, Rademaker CM, van Straaten HL, et al. Anticonvulsant treatment of
asphyxiated newborns under hypothermia with lidocaine: efficacy, safety and dosing. Arch Dis
Child Fetal Neonatal Ed. 2013;98(4):F341-345.

van Rooij LG, Toet MC, Rademaker KM, Groenendaal F, de Vries LS. Cardiac arrhythmias in
neonates receiving lidocaine as anticonvulsive treatment. Eur J Pediatr. 2004;163(11):637-641.
Pressler RM, Boylan GB, Marlow N, et al. Bumetanide for the treatment of seizures in newborn
babies with hypoxic ischaemic encephalopathy (NEMO): An open-label, dose finding, and
feasibility phase 1/2 trial. The Lancet Neurology. 2015;14(5):469-477.

Courchia B, Kurtom W, Pensirikul A, Del-Moral T, Buch M. Topiramate for Seizures in Preterm
Infants and the Development of Necrotizing Enterocolitis. Pediatrics. 2018;142(1).

Sands TT, Balestri M, Bellini G, et al. Rapid and safe response to low-dose carbamazepine in
neonatal epilepsy. Epilepsia. 2016;57(12):2019-2030.

Fitzgerald MP, Kessler SK, Abend NS. Early discontinuation of antiseizure medications in neonates
with hypoxic-ischemic encephalopathy. Epilepsia. 2017;58(6):1047-1053.

Guillet R, Kwon J. Seizure recurrence and developmental disabilities after neonatal seizures:
outcomes are unrelated to use of phenobarbital prophylaxis. J Child Neurol. 2007;22(4):389-395.
Glass HC, Soul JS, Chang T, et al. Safety of Early Discontinuation of Antiseizure Medication After
Acute Symptomatic Neonatal Seizures. JAMA Neurol. 2021;78(7):817-825.

Ghosh S, Tran L, Shuster JJ, Zupanc ML. Therapeutic hypothermia for neonatal hypoxic ischemic
encephalopathy is associated with short-term reduction of seizures after discharge from the
neonatal intensive care unit. Childs Nerv Syst. 2017;33(2):329-335.

Guidotti I, Lugli L, Guerra MP, et al. Hypothermia reduces seizure burden and improves
neurological outcome in severe hypoxic-ischemic encephalopathy: an observational study.
Developmental Medicine and Child Neurology. 2016;58(12):1235-1241.

Low E, Boylan GB, Mathieson SR, et al. Cooling and seizure burden in term neonates: an
observational study. Arch Dis Child Fetal Neonatal Ed. 2012;97(4):F267-272.

Lynch NE, Stevenson NJ, Livingstone V, et al. The temporal characteristics of seizures in neonatal
hypoxic ischemic encephalopathy treated with hypothermia. Seizure. 2015;33:60-65.

Nash KB, Bonifacio SL, Glass HC, et al. Video-EEG monitoring in newborns with hypoxic-ischemic
encephalopathy treated with hypothermia. Neurology. 2011;76(6):556-562.

Shah DK, Wusthoff CJ, Clarke P, et al. Electrographic seizures are associated with brain injury in
newborns undergoing therapeutic hypothermia. Archives of Disease in Childhood: Fetal and
Neonatal Edition. 2014;99(3):F219-F224.

Srinivasakumar P, Zempel J, Wallendorf M, Lawrence R, Inder T, Mathur A. Therapeutic
hypothermia in neonatal hypoxic ischemic encephalopathy: Electrographic seizures and magnetic
resonance imaging evidence of injury. Journal of Pediatrics. 2013;163(2):465-470.

Wousthoff CJ, Dlugos DJ, Gutierrez-Colina A, et al. Electrographic seizures during therapeutic
hypothermia for neonatal hypoxic-ischemic encephalopathy. J Child Neurol. 2011;26(6):724-728.
Yap V, Engel M, Takenouchi T, Perlman JM. Seizures are common in term infants undergoing head
cooling. Pediatric Neurology. 2009;41(5):327-331.

Srinivasakumar P, Zempel J, Trivedi S, et al. Treating EEG seizures in hypoxic ischemic
encephalopathy: A randomized controlled trial. Pediatrics. 2015;136(5):e1302-e1309.

van Rooij LG, Toet MC, van Huffelen AC, et al. Effect of treatment of subclinical neonatal seizures
detected with aEEG: randomized, controlled trial. Pediatrics. 2010;125(2):e358-366.

26



70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Hunt RW, Liley HG, Wagh D, et al. Effect of Treatment of Clinical Seizures vs Electrographic
Seizures in Full-Term and Near-Term Neonates: A Randomized Clinical Trial. JAMA Netw Open.
2021;4(12):2139604.

Kharoshankaya L, Stevenson NJ, Livingstone V, et al. Seizure burden and neurodevelopmental
outcome in neonates with hypoxic-ischemic encephalopathy. Developmental Medicine and Child
Neurology. 2016;58(12):1242-1248.

McBride MC, Laroia N, Guillet R. Electrographic seizures in neonates correlate with poor
neurodevelopmental outcome. Neurology. 2000;55(4):506-513.

Payne ET, Zhao XY, Frndova H, et al. Seizure burden is independently associated with short term
outcome in critically ill children. Brain. 2014;137(Pt 5):1429-1438.

Pisani F, Orsini M, Braibanti S, Copioli C, Sisti L, Turco EC. Development of epilepsy in newborns
with moderate hypoxic-ischemic encephalopathy and neonatal seizures. Brain Dev.
2009;31(1):64-68.

Toet MC, Groenendaal F, Osredkar D, van Huffelen AC, de Vries LS. Postneonatal epilepsy
following amplitude-integrated EEG-detected neonatal seizures. Pediatr Neurol. 2005;32(4):241-
247.

Gospe SM, Jr. Pyridoxine-Dependent Epilepsy — ALDH7A1. In: Adam MP, Everman DB, Mirzaa GM,
et al., eds. GeneReviews(®). Seattle (WA): University of Washington. 2001, updated 2021.

Plecko B, Mills P. PNPO Deficiency. In: Adam MP, Everman DB, Mirzaa GM, et al., eds.
GeneReviews(®). Seattle (WA): University of Washington, Seattle. 2022.

Darin N, Reid E, Prunetti L, et al. Mutations in PROSC Disrupt Cellular Pyridoxal Phosphate
Homeostasis and Cause Vitamin-B(6)-Dependent Epilepsy. Am J Hum Genet. 2016;99(6):1325-
1337.

Schmitt B, Baumgartner M, Mills PB, et al. Seizures and paroxysmal events: symptoms pointing to
the diagnosis of pyridoxine-dependent epilepsy and pyridoxine phosphate oxidase deficiency. Dev
Med Child Neurol. 2010;52(7):e133-142.

Falsaperla R, Vari MS, Toldo |, et al. Pyridoxine-dependent epilepsies: an observational study on
clinical, diagnostic, therapeutic and prognostic features in a pediatric cohort. Metab Brain Dis.
2018;33(1):261-269.

Plecko B, Paul K, Mills P, et al. Pyridoxine responsiveness in novel mutations of the PNPO gene.
Neurology. 2014;82(16):1425-1433.

Wilson MP, Plecko B, Mills PB, Clayton PT. Disorders affecting vitamin B(6) metabolism. J Inherit
Metab Dis. 2019;42(4):629-646.

Bok LA, Maurits NM, Willemsen MA, et al. The EEG response to pyridoxine-IV neither identifies
nor excludes pyridoxine-dependent epilepsy. Epilepsia. 2010;51(12):2406-2411.

Mills PB, Camuzeaux SS, Footitt EJ, et al. Epilepsy due to PNPO mutations: genotype, environment
and treatment affect presentation and outcome. Brain. 2014;137(Pt 5):1350-1360.

Been JV, Bok LA, Andriessen P, Renier WO. Epidemiology of pyridoxine dependent seizures in the
Netherlands. Arch Dis Child. 2005;90(12):1293-1296.

Coughlin CR, 2nd, Swanson MA, Spector E, et al. The genotypic spectrum of ALDH7A1 mutations
resulting in pyridoxine dependent epilepsy: A common epileptic encephalopathy. J Inherit Metab
Dis. 2019;42(2):353-361.

Pavel AM, Rennie JM, de Vries LS, et al. Neonatal Seizure Management: Is the Timing of
Treatment Critical? J Pediatr. 2021.

Wusthoff CJ, Sundaram V, Abend NS, et al. Seizure Control in Neonates Undergoing Screening vs
Confirmatory EEG Monitoring. Neurology. 2021.

Lemmon M, Glass H, Shellhaas RA, et al. Parent experience of caring for neonates with seizures.
Arch Dis Child Fetal Neonatal Ed. 2020;105(6):634-639.

Slaughter LA, Patel AD, Slaughter JL. Pharmacological treatment of neonatal seizures: A
systematic review. Journal of Child Neurology. 2013;28(3):351-364.

McHugh DC, Lancaster S, Manganas LN. A Systematic Review of the Efficacy of Levetiracetam in
Neonatal Seizures. Neuropediatrics. 2018;49(1):12-17.

27



92.

93.

94.

95.

96.

97.

98.

Hooper RG, Ramaswamy VV, Wahid RM, Satodia P, Bhulani A. Levetiracetam as the first-line
treatment for neonatal seizures: a systematic review and meta-analysis. Dev Med Child Neurol.
2021.

Kumar J, Meena J, Yadav J, Saini L. Efficacy and Safety of Phenobarbitone as First-Line Treatment
for Neonatal Seizure: A Systematic Review and Meta-Analysis. J Trop Pediatr. 2021;67(1).

Qiao MY, Cui HT, Zhao LZ, Miao JK, Chen QX. Efficacy and Safety of Levetiracetam vs.
Phenobarbital for Neonatal Seizures: A Systematic Review and Meta-Analysis. Front Neurol.
2021;12:747745.

Yozawitz E, Pressler RM, Shellhaas R. Treatment of Neonatal Seizures. In: Engel J, Moshe SL, eds.
Textbook of Epilepsy 3rd ed. US: Lippincott Williams & Wilkins; in press.

Favié LMA, Huitema ADR, van den Broek MPH, et al. Lidocaine as treatment for neonatal seizures:
Evaluation of previously developed population pharmacokinetic models and dosing regimen. Br J
Clin Pharmacol. 2020;86(1):75-84.

Cornet MC, Morabito V, Lederer D, et al. Neonatal presentation of genetic epilepsies: Early
differentiation from acute provoked seizures. Epilepsia. 2021;62(8):1907-1920.

Favié LMA, Groenendaal F, van den Broek MPH, et al. Phenobarbital, Midazolam
Pharmacokinetics, Effectiveness, and Drug-Drug Interaction in Asphyxiated Neonates Undergoing
Therapeutic Hypothermia. Neonatology. 2019;116(2):154-162.

28



Figure and tables

Figure 1 Systematic literature review PRISMA 2020 diagram

Figure 2: Risk of bias summary: review authors' judgements about each risk of bias item for each
included study.
(a) First-line antiseizure medication

(b) Second-line antiseizure medication.

Figure 3: Results of the Delphi consensus process using a 5-point Likert scale with two types of
statements (A: agree-or-disagree statements and B: Choice of specific ASM).
(a) Summary results for all type A statements

(b) All type B statements.

* Indicates a consensus in the expert group (>66% agreement).

Figure 4: Suggested treatment pathway based on current evidence and expert recommendations. For

doses and adverse events see Table 3

Table 1: Priority Question according to PICO [population, intervention(s), comparator(s), and

outcome(s)] format

Table 2: GRADE Assessments.
(a) Antiseizure medications for first-line and second-line pharmacotherapy

(b) Hypothermia and Seizures.

Table 3: First and second-line antiseizure medications: examples of suggested doses and common
adverse effects. Important note: The suggested doses have been derived from the available

18,33,35,43,45,55,76,77,95-98

literature and personal experience of the authors and there are variations of

opinions. Local / regional availability has to be taken into account.
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Figure 1: Systematic literature review PRISMA 2020 diagram
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Figure 3: Results of the Delphi consensus process using a 5-point Likert scale with two types of statements (A: agree-or-disagree statements and B: Choice of

specific ASM). (a) Summary results for all type A statements and (b) all type B statements. * Indicates a consensus in the expert group (>66% agreement).

1: Irrespective of presumed etiology of seizures, phenobarbital should be first-line pharmacotherapy.*
1a: Hypoxic-ischemic encephalopathy as presumed etiology of seizures should influence choice of first-line pharmacotherapy.
1b: Stroke as presumed etiology of seizures should influence choice of first-line pharmacotherapy,

1c: Hemorrhage as presumed etiology of seizures should influence choice of first-line pharmacotherapy.
1d: If channelopathy is likely due to family history, then a sodium channel blocker should be first-line ASM (phenytoin or
carbamazepine depending on the clinical situation and regional availability.®

2a: The presumed etiology of acute provoked seizures should influence choice of second-line ASM (excluding inborn errors of
metabolism and genetics).

2e: If channelopathy is suspected because of clinical or EEG features, sodium channel blocker should be second-line ASM
(phenytoin or carbamazepine depending on the clinical situation and regional availability.*

3: Following cessation of acute provoked seizures (electroclinical or electrographic) without evidence for neonatal onset
epilepsy, pharmacotherapy should be discontinued before discharge home.*

3a: Pharmacotherapy should usually be discontinued before discharge home independently of the presence or absence of
MRI abnormalities. *

3b: Pharmacotherapy should usually be discontinued before discharge home independently of the presence or absence of
EEG background abnormalities.*
4: In neonates with hypoxic-ischemic encephalopathy, therapeutic hypothermia reduces seizure burden.*
5: Treatment of all seizures (electrographic and electroclinical) is associated with a better neurodevelopmental outcome and
reduces the likelihood of epilepsy later in life.*

6a: In a neonate presenting with clinical features or EEG characteristics suggestive of vitamin B6-dependent epilepsy, a trial
of pyridoxine (add-on to ASM) should be attempted.*

6b: In neonates with seizures not responding to second-line pharmacotherapy without an identified etiology, a trial of
pyridoxine (add-on to ASM) should be attempted.

Additional 1: A standardized treatment pathway for the management of neonatal seizures should be available in each
neonatal unit.

Additional 2:The parents of a neonate with seizures should be informed about the nature of neonatal seizures, treatment
options, including efficacy and potential adverse events of ASM and probable duration of treatment. This should be...

Additional 3: First and second-line antiseizure medications: examples of suggested doses and common adverse effects. They
are derived from the available literature and personal experience of the authors, and there are variations of opinions

W Completely agree W Mostly agree ™ Partially agree

(a)

o
x

10% 20% 30% 40% 50% 60% 70% 80% 90%

Mostly disagree  m Completely disagree  ® No judgment

100%



2: In the absence of specific circumstances, second-line ASM should be

2a: Irrespective of etiology, in a neonate with a very high seizure burden of > 30 min/h, second line pharmacotherapy should

be

2b: If the presumed etiology of seizures is hypoxic-ischemic encephalopathy, second-line ASM should be:
2c: If the presumed etiology of seizures is stroke, second-line AMS should be:
2d: If the presumed etiology of seizures is hemorrhage, second-line ASM should be:

2f: In a neonate with cardiac disorders, second-line ASM should be:*

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M Phenytoin M Levetiracetam = Midazolam M Lidocaine M Others M No judgement

(b)

Legend: ASM: antiseizure medication
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Figure 4: Suggested treatment pathway based on current evidence and expert

recommendations. For doses and adverse events see Table 3.18%

Seizures in neonate
EEG / aEEG confirmed or if not available, clinical
diagnosis (only for focal tonic / focal clonic)*

First line ASM 1. Family history of channelopathy

\ 4
(Special consideration
Phenobarbital ’L * Phenytoin / Fosphenytoin

(bolus, repeat once if needed) « Carbamazepine

-~

N (Special consideration
X i 1. Clinical or EEG/aEEG features of

Second line ASM options Vitamin B6 dependent epilepsy or

* Phenytoin / Fosphenytoin Intractable to second line ASM

* Levetiracetam** > without identified etiology

» Midazolam J * Pyridoxine ~

e Lidocaine * 2. Clinical features of channelopathy
* Phenytoin / Fosphenytoin
* Carbamazepine

Legend: ASM antiseizure medication, * Diagnostic certainty level 1 (confirmed by EEG), 2a (confirmed by aEEG)
or 2b (observation by experienced clinician of focal clonic or focal tonic seizures)?®, ** Preferable for neonates
with cardiac disorders, » Not to be used together with phenytoin and not in neonates with cardiac disorders, ~
Pyridoxal-5-phosphate may also be considered but note that it is not licensed as a medicinal product
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Table 1: Priority Question according to PICO [population, intervention(s), comparator(s), and outcome(s)] format

Priority Question

P: population

I: indication

C: control

O: outcome

1. Which is the most efficacious ASM in neonates
with seizures requiring pharmacological
treatment (specifically regarding cessation of
seizures and adverse effects)?

Neonates with EEG confirmed
seizures

Pharmacologic treatment:
phenobarbital, phenytoin,
levetiracetam, midazolam,
lorazepam

No or other pharmacological
treatment

Cessation of seizure

2. Which is the most efficacious second-line ASM in
neonates (specifically regarding cessation of

seizures and adverse effects)?

Neonate with seizures not
responding to first-line ASM
treatment

Pharmacologic treatment:
phenobarbital, phenytoin,
levetiracetam, midazolam,
lidocaine, lorazepam,
topiramate, bumetanide,
carbamazepine

No or other pharmacological
treatment

Cessation of seizure

3. Will continuation of ASM improve
neurodevelopmental outcome and reduce the
risk of developing subsequent epilepsy?

Neonates after cessation of
seizures

Medication withdrawal

Not discontinuing medication

Neurodevelopmental outcome
and development of epilepsy

4. In neonates with hypoxic-ischemic
encephalopathy, does therapeutic hypothermia
reduce seizure burden?

Neonates with HIE

Therapeutic hypothermia

Neonate with HIE not
undergoing therapeutic
hypothermia

EEG Seizure burden (in min
per hour)

5. Is a reduction of electroclinical and/or
electrographic seizure burden in neonates
associated with improved outcome
(neurodevelopment, reduction of subsequent

epilepsy)?

Neonates with seizures

Effective electrographic
seizure treatment

No or ineffective
electrographic seizure
treatment

Neurodevelopmental outcome
including epilepsy

6: In neonates with seizures, is the use of pyridoxine
effective and safe?

Neonates with seizures not
responding to antiseizure
medication or clinical and EEG
findings suggestive of vitamin
B6-dependent epilepsy

Treatment with add-on
pyridoxine or pyridoxal
phosphate

No treatment

Cessation of seizures, safety,
neurodevelopment

Legend: ASM: first-line antiseizure medication, EEG: electroencephalography, HIE: hypoxic-ischemic encephalopathy
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Table 2: GRADE Assessments.

(a) Antiseizure medications for first-line and second-line pharmacotherapy

Question Item Certainty assessment Number of Patients Effect Certainty Importance
Number of Study design Risk of [ Inconsistency | Indirectness | Imprecision Other Relative Absolute (95%Cl)
studies bias considerations (95%ClI)
First-line [PBH vs. PHT| 132 randomized serious ? not serious not serious serious © none IV PBH IV PHT RR 0.97 13 fewer per 1,000 o OO Important
trials 13/30 13/29 (0.54 to (from 206 fewer to 323 Low
(43.3%) (44.8%) 1.72) more)

a. Downgraded once. Random sequence generation and allocation concealment unclear (unclear risk of selection bias); single-blinded (high risk of performance and detection bias). GRADE assessment of study limitations: the
proportion of studies from high risk of bias is sufficient to affect the interpretation of results. Considerations: Crucial limitation for one criterion, or some limitations for multiple criteria, sufficient to lower confidence in the estimate
of effect. Final assessment: serious. See also: risk of bias table and summary.

b. Downgraded once. 95% confidence interval overlaps no effect (it includes RR of 1) and fails to exclude important benefit.

Comments: It is possible that randomization was ineffective in balancing unmeasured/unknown prognostic factors at baseline, given imbalance in some baseline variables (sex) and the small number of patients included No statistical

power calculation.

First-line [IV LEV vs. IV 13 randomized serious ? not serious | notserious | not serious none IV LEV IV PHB RR 0.35 520 fewer per 1,000 S0 Important
PHB trials 15/53 24/30 (0.22 to (from 624 fewer to 352 | Moderate
(28.3%) (80.0%) 0.56) fewer)

a. Downgraded once. Random sequence generation and allocation concealment unclear (unclear risk of selection bias); unclear risk of attrition bias. GRADE assessment of study limitations: most information is from studies at low or

unclear risk of bias. Considerations: potential limitations are likely to lower confidence in the estimate of effect. Final assessment: serious. See also: risk of bias table and summary.

Second- | IV PHBvs. 132 randomized very not serious not serious very none IV PHB IV PHT RR 1.44 117 more per 1,000 o000 Important
line IV PHT trials serious ? serious ® 5/13 4/15 (0.49 to (from 136 fewer to 872 Very low
(38.5%) (26.7%) 4.27) more)

a. Downgraded twice. Randomization was made at baseline (with random sequence generation and allocation concealment unclear), not after patients had received first-line treatment (high risk of selection bias); single-blinded
(high risk of performance and detection bias). GRADE assessment of study limitations: the proportion of studies from high risk of bias is sufficient to affect the interpretation of results. Considerations: Crucial limitation for one or
more criteria sufficient to substantially lower confidence in the estimate of effect. Final assessment: very serious. See also: risk of bias summary.

b. Downgraded twice. Imprecision due to few events and 95% confidence interval is extremely wide, overlapping no effect (it includes RR of 1) and failing to exclude important benefits.
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Second-

line

IVLEV vs IV

randomized

trials

very

serious ?

not serious

not serious

very

serious °

none

IV LEV
1/6
(16.7%)

IV PHB RR0.31 373 fewer per 1,000
20/37 (0.05 to (from 514 fewer to 481
(54.1%) 1.89) more)

®O00O

Very low

Important

a. Downgraded twice. Randomization was made at baseline, not after patients had received first-line treatment (high risk of selection bias). GRADE assessment of study limitations: the proportion of studies from high risk of bias is

sufficient to affect the interpretation of results. Considerations: Crucial limitation for one or more criteria sufficient to substantially lower confidence in the estimate of effect. Final assessment: very serious. See also: risk of bias

summary.

b. Downgraded twice. Imprecision due to few events and 95% confidence interval is wide, overlapping no effect (it includes RR of 1) and failing to exclude important benefit

Second-

line

IV Lido vs IV
MDZ

144

randomized

trials

Serious ?

not serious

not serious

very

serious®

none

IV Lido
3/5 (60.0%)

IV MDZ RR 4.67 0 fewer per 1,000
0/3 (0.0%) (0.32to (from 0 fewer to O fewer)
68.03)

®O00O

Very low

Important

a. Downgraded once. Random sequence generation and allocation concealment unclear (unclear risk of selection bias); single-blinded (high risk of performance and detection bias). GRADE assessment of study limitations: the

proportion of studies from high risk of bias is sufficient to affect the interpretation of results. Considerations: Crucial limitation for one criterion, or some limitations for multiple criteria, sufficient to lower confidence in the estimate

of effect. Final assessment: serious. See also: risk of bias summary.

b. Downgraded twice. Imprecision due to few events and 95% confidence interval is extremely wide, overlapping no effect (it includes RR of 1) and failing to exclude important benefit.

(b) Hypothermia and Seizures.

203 min (range: 141 to 406) vs 60 min (range: 39 to 224),

p=0.027 ©%; 6.2 seizure burden (log) (SD: 0.9) vs 2.9
seizure burden (log) (SD: 0.6), p=0.003 5; 3.7 min/h (SD:
6.9) vs 0.2 min/h (SD: 0.4), p=0.003%°

Certainty assessment Narrative description of the effect Certainty Importance
Question Item Number of Study design Risk of Inconsistency | Indirectness | Imprecision Other
studies bias consideratio
ns
6 Seizure 360,61,65 observational | serious? not serious not serious not serious strong In all studies the seizure burden was higher in non- 1100 Important
Burden studies association ® | hypothermia group compared to hypothermia group: Low
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6 Seizure 3 observational serious ? Serious ¢ not serious not serious none No difference in the median number of seizures in the eO00O Important
Frequency studies hypothermia group compared to the non-hypothermia Very low
group: median 75 (42-180, interquartile range, IQR)
versus 41 (12-161); p=0.105.5*

More electrographic seizures in the non-hypothermia
group compared to the hypothermia group (16/18, 88%
versus 19/51, 37%).%°

More seizures in the non-hypothermia group compared
to the hypothermia group: 132 (range: 0-1580) vs 11 (0-
186), p=0.013 (mean number of seizures); 47 (0-666)
versus 1 (0-10), p=0.003 (mean number of electroclinical
seizures); 85 (0-950) vs 10 (0-185), p=0.037 (mean

number of electrical seizures) ¢

6 Status 3 observational serious ? serious © not serious serious ¢ none Two studies did not find a difference in the occurrence o000 Important
Epilepticus studies of status epilepticus between non-hypothermia and Very low
Occurrence hypothermia group (9/16 vs 4/15, p=0.0955 and 3/18 vs

5/51, p=0.434.% One study found higher occurrence of
status epilepticus in non-hypothermia group compared
to hypothermia group (13/33, 39% vs 7/39, 18%,
p=0.043)6°

a. Downgraded once, as most evidence comes from studies with moderate risk of bias (see results of ROBINS-I assessment in the corresponding table and the following judgments): GRADE assessment of study limitations: The
proportion of information from studies at high risk of bias is sufficient to affect the interpretation of results. Considerations: Crucial limitation for one criterion, or some limitations for multiple criteria, sufficient to lower
confidence in the estimate of effect. Final assessment: serious.

b. Upgraded once for large effect (bias and confounding cannot possibly account for the results).

c. Downgraded once due to inconsistency across study results.

d. Downgraded once due to imprecision due to few events.
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Table 3: First and second-line antiseizure medications: examples of suggested doses and common adverse effects. Important note: The

suggested doses have been derived from the available literature!®33:3543:455576,77,95-98 gnd personal experience of the authors, and there are

variations of opinions. Local / regional availability has to be taken into account.

Medication

Phenobarbital

Phenytoin/
Fosphenytoin

Levetiracetam

Lidocaine

Midazolam

Dosage

Loading dose: 20 mg/kg iv
Second loading dose: 10-20 mg/kg iv if required

Maintenance: 5 mg/kg/day iv or orally in one dose

Loading dose: 20 mg/kg PE iv over 30 min

Maintenance: 5 mg/kg/day iv or orally in 2 divided
doses, adjusted according to response and plasma
concentration to max. per dose 7.5 mg/kg

Target level 10-20 mcg/ml

Loading dose: 40 mg/kg iv

Second loading dose: 20 mg/kg iv if required
Maintenance: 40-60 mg/kg/day iv or orally in 3 divided
doses

Loading dose: 2 mg/kg iv over 10 min

Maintenance: 7 mg/kg/hr iv for 4 hr, reduce to 3,5
mg/kg/h for 12 hr, reduce to 1,75 mg/kg/h for 12 hr,
then stop

Adapt dose for birth weight, PMA and therapeutic
hypothermia®®

Loading dose: 0.05-0.15 mg/kg, followed by

Maintenance: 1 mcg/kg/min (=60 mcg/kg/hr)

continuous infusion, titrate up in steps of 1 mcg/kg/min

Common adverse effects

Respiratory depression

Somnolence, depressed consciousness, and
poor feeding

Hypotension

Infusion site irritation / necrosis
Hypotonia
Arrhythmia, bradycardia

Respiratory depression / arrest

Mild sedation
Irritability

Cardiac (arrhythmias, atrioventricular block,
cardiac arrest)

Hypotension

Methemoglobinemia

Respiratory depression

Somnolence, depressed consciousness, and
poor feeding

Remarks

If second loading dose of 20 mg/kg is given respiratory
support should be available.

Prolonged half-life first week of life and preterm.
Renal and hepatic excretion can be affected in HIE.
Consider plasma levels if on maintenance.

Phenytoin has poor oral bioavailability.

Levels likely higher in infants receiving therapeutic
hypothermia, thus adjust dosage according to local
target levels.

Cardiac monitoring required.

If used for channelopathies, switch to carbamazepine
for maintenance once oral administration is possible.
Usually well tolerated but limited information
regarding dosing and adverse effect for the neonatal
population.

Not to be given to a patient with congenital heart
disease and/or on pro-arrhythmic drugs like
phenytoin.

Cardiac monitoring required.

Needs to be tapered when maintenance treatment
has been used.
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(=60 mcg/kg/hr) to effect to max of 5mcg/kg/min (=300
mcg/kg/hr)*
Carbamazepine 10 mg/kg/day orally in 2 divided doses**

Pyridoxine-HCL Loading dose: 100 mg iv or orally, followed by
30 mg/kg/day iv or orally in 2 divided doses for 3-5 days

Pyridoxal-5- 30 mg/kg/day orally in 3 divided doses for 3-5 days
phosphate

Hypotension

Transient somnolence
Gastrointestinal symptoms

Hyponatremia and skin reactions reported in
safety studies in children 1 month — 17 years

Respiratory depression
Hypotension

Prolonged treatment with high dosages may
cause peripheral neuropathy

Respiratory depression

Hepatotoxic; cirrhosis described in prolonged
use

Usually well tolerated but limited information
regarding dosing and adverse effect for the neonatal
population.

Ventilatory support should be available when loading
dose is administered.

If effective continue until genetic results are available.

Not licensed as medical product, but most promising
approach in PNPO deficient patients.

If effective continue until genetic results are available.

Legend: PE phenytoin equivalent, HIE hypoxic-ischemic encephalopathy, PMA post menstrual age, min minute, hr hour(s), mg milligram, kg kilogram, mcg microgram. * Higher

doses (up to 18 mcg/kg/min = 1080 mcg/kg/hr) have been used by Castro Conde and co-workers4 without serious adverse effects. ** Higher doses (up to 20 mg/kg/day) have

been used for KCNQ2 developmental and epileptic encephalopathies in some case series5,12,15, but no safety studies have been performed in neonates. This table of

recommended dosages was approved by the CGD group via Delphi (84% of experts mostly or completely agree).
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