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Neuroscience, UCL-GOS Institute Seizures are common in neonates, but there is substantial management vari-
of Child Health and Department

of Clinical Neurophysiology, Great
Ormond Street Hospital for Children (ILAE) developed evidence-based recommendations about antiseizure medica-

NHS Foundation Trust, London, UK. tion (ASM) management in neonates in accordance with ILAE standards. Six pri-
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ability. The Neonatal Task Force of the International League Against Epilepsy

ority questions were formulated, a systematic literature review and meta-analysis
were performed, and results were reported following the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) 2020 standards.
Bias was evaluated using the Cochrane tool and risk of Bias in non-randomised
studies - of interventions (ROBINS-I), and quality of evidence was evaluated
using grading of recommendations, assessment, development and evaluation
(GRADE). If insufficient evidence was available, then expert opinion was sought
using Delphi consensus methodology. The strength of recommendations was
defined according to the ILAE Clinical Practice Guidelines development tool.
There were six main recommendations. First, phenobarbital should be the first-
line ASM (evidence-based recommendation) regardless of etiology (expert agree-
ment), unless channelopathy is likely the cause for seizures (e.g., due to family
history), in which case phenytoin or carbamazepine should be used. Second,
among neonates with seizures not responding to first-line ASM, phenytoin, le-

vetiracetam, midazolam, or lidocaine may be used as a second-line ASM (expert
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agreement). In neonates with cardiac disorders, levetiracetam may be the pre-
ferred second-line ASM (expert agreement). Third, following cessation of acute
provoked seizures without evidence for neonatal-onset epilepsy, ASMs should
be discontinued before discharge home, regardless of magnetic resonance imag-
ing or electroencephalographic findings (expert agreement). Fourth, therapeu-
tic hypothermia may reduce seizure burden in neonates with hypoxic-ischemic
encephalopathy (evidence-based recommendation). Fifth, treating neonatal sei-
zures (including electrographic-only seizures) to achieve a lower seizure burden
may be associated with improved outcome (expert agreement). Sixth, a trial of
pyridoxine may be attempted in neonates presenting with clinical features of
vitamin B6-dependent epilepsy and seizures unresponsive to second-line ASM
(expert agreement). Additional considerations include a standardized pathway
for the management of neonatal seizures in each neonatal unit and informing

parents/guardians about the diagnosis of seizures and initial treatment options.
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1 | INTRODUCTION

Seizures are the most common neurological emergency in
the neonatal period. Most seizures in newborns are acute
provoked (or symptomatic), typically related to hypoxic-
ischemic brain injury, intracranial hemorrhage, arterial
ischemic stroke, or intracranial infection.'™ In 10%-15%
of infants, seizures are the manifestation of neonatal
epilepsy, usually due to cortical malformations, genetic
defects, or inborn errors of metabolism.*® The 2022 In-
ternational League Against Epilepsy (ILAE) classifica-
tion of epilepsy syndromes with onset in neonates and
infants addresses etiology-specific epilepsy syndromes.’

Electroencephalography (EEG) is required for sei-
zure diagnosis, because 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 electroclinical
uncoupling in which the clinical correlate ceases but
electrographic seizures persist.*''> EEG monitoring
using conventional video-EEG (cEEG) is recommended
to identify seizures in neonates by multiple clinical
practice guidelines and consensus statements,>*™'* as
well as in clinical trials of neonatal seizure manage-
ment.’® In the clinical setting, amplitude-integrated
EEG (aEEG) can be used in addition to or in the ab-
sence of access to cEEG, although it is recognized that
sensitivity and specificity of aEEG is rather variable and
as such it cannot be recommended as the mainstay for
seizure detection.'”

Key Points

« This paper presents guidelines and recommen-
dations from the International League Against
Epilepsy regarding the treatment of neonatal
seizures

« The Clinical Practice Guideline group consisted
of an international team of experts including
neurologists, neonatologists, pediatricians, epi-
leptologists, and a parent representative

« Recommendations are based on a systematic
review and expert-based consensus via Delphi
methodology if insufficient evidence was
available

« Recommendations include choice of first- and
second-line medication, treatment duration,
effect of therapeutic hypothermia on seizures,
and use of pyridoxine

There is considerable variation in clinical prac-
tice regarding neonatal seizure management.'®*! The
most recent international guideline regarding neona-
tal seizure management was published in 2011 by the
World Health Organization (WHO), ILAE, and Inter-
national Bureau of Epilepsy, which included articles
until 2008."* It was intended for clinicians practicing
in a wide range of health care facilities, and it was
developed based on all published studies (including
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randomized controlled trials [RCTs], quasi-RCTs, and
observational studies) in full-term neonates with clini-
cal and/or electrographic seizures in the initial 28 days
of life. New evidence regarding neonatal seizure man-
agement has emerged in the past decade necessitating
an update of the evidence-based recommendations on
seizure management in term and preterm neonates.
This article provides guidelines and consensus-based
recommendations for six priority questions related to neo-
natal seizure management: (1) first-line ASM, (2) second-
line ASM, (3) duration of ASM treatment, (4) impact of
therapeutic hypothermia on seizure burden in neonates
with hypoxic-ischemic encephalopathy (HIE), (5) impact
of electrographic seizure treatment on outcome, and (6) ad-
ministration of pyridoxine. The target users are clinicians
who care for neonates with seizures, including neonatol-
ogists, pediatric neurologists, pediatricians, and pharma-
cologists. Recommendations on the acute management of
neonates with seizures, including identification and treat-
ment of other correctable etiologies (e.g., hypoglycemia,
hyponatremia), other than ASM are outside the scope of
these guidelines. These are covered in the previous WHO/
ILAE guidelines of neonatal seizures and elsewhere.'***

2 | MATERIALS AND METHODS

21 |
group

Clinical Practice Guideline working

The ILAE Commission for Pediatrics identified the need
to update the original Neonatal Seizure Guideline pub-
lished in 2011." In response, ILAE's Executive Com-
mittee established a Clinical Practice Guidelines (CPG)
working group in 2017, comprised of 27 members of the
Neonatal Task Force, including 19 child neurologists
and clinical neurophysiologists and three neonatolo-
gists representing all ILAE regions, two methodologists,
one parent representative, and two senior advisors.
Fifteen members declared no conflicts of interest, six
members declared nonrelated conflicts of interest, and
six members declared related conflicts of interest. Over-
all, 78% of the CPG working group were void of conflicts
of interest. There was no representation from the phar-
maceutical or medical device industry. Guideline devel-
opment adhered to the ILAE handbook and toolkit.**

2.2 | Priority questions

Six priority questions were formulated following the
PICO (population, intervention[s], comparator[s], and
outcome([s]) format. The questions addressed first-line

Epilepsia™

ASM, second-line ASM, duration of ASM treatment, im-
pact of therapeutic hypothermia on seizure burden in neo-
nates with HIE, impact of electrographic seizure treatment
on outcome (neurodevelopment and epilepsy), and admin-
istration of pyridoxine (Table 1). For questions on efficacy,
only studies with EEG-confirmed seizures were included,
to reduce the risk of including events other than true epi-
leptic seizures (i.e., inclusion of non-seizure events). >0

2.3 | Systematic review

The systematic review protocol was registered with
PROSPERO (CRD42017071825), and the results were
reported following PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses)
2020 standards.>* MEDLINE, Embase, and Cochrane
Central Register of Controlled Trials were searched.
Both keywords and MeSH terms were included. Ap-
pendix S1 provides the search strategies for each da-
tabase. The search was limited to seven languages
(English, French, Italian, German, Spanish, Dutch,
Portuguese). The searches covered the years 2008-
2020, and 131 earlier references from the previous sys-
tematic review in the 2011 guideline'® were included.
Because therapeutic hypothermia was not included in
the 2011 guideline, the searches for studies about the
effect of therapeutic hypothermia on seizure burden in
neonates with HIE covered 2004-2020. The search was
limited to humans. Case reports of fewer than five neo-
nates and conference abstracts were excluded. Review
articles were collated only to ensure that no key refer-
ences were missed. The first search was performed on
August 14, 2017, and the search was repeated on June
28, 2020; thus, all relevant articles until June 2020
were included in this review. All abstracts and full text
articles were reviewed independently by two members
of the working group, with involvement of a third re-
viewer to help resolve disagreements. Data extraction
forms for all priority questions were drafted and pilot-
tested by members of the working group.

2.4 | Evaluation of evidence (GRADE)

Studies meeting inclusion criteria and considered
relevant to a priority question were included for fur-
ther evaluation. The risk of bias was assessed using
the Cochrane Risk of Bias tool (for RCTs) and risk
of Bias in non-randomised studies - of interventions
(ROBINS-I) (for non-RCT studies).**® Grading of rec-
ommendations, assessment, development and evalu-
ation (GRADE) was applied to questions on first-line
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ASM, second-line ASM, and the impact of therapeutic
hypothermia on seizure burden to rate the quality of
evidence as high, moderate, low, or very low. The qual-
ity rating was upgraded or downgraded based on fac-
tors that could influence the quality of the evidence, in
line with the GRADE method.?®*” For the remaining
questions (duration of ASM administration, impact of
electrographic seizure treatment on outcome, and ad-
ministration of pyridoxine), only uncontrolled studies
were identified, so the quality of evidence was judged
to be very low.

2.5 | Delphi consensus process

If no evidence or insufficient evidence was obtained from
RCTs, then expert opinion was sought using the Delphi
methodology.”® In addition, questions addressing specific
scenarios and further important points on care pathways
and parent support were included in the Delphi consen-
sus process. As these were included without systematic
review, these were added as considerations rather than
recommendations. Statements regarding the priority
questions were drafted by a subgroup consisting of seven
child neurologists, one neonatologist, and one method-
ologist. All members of the working group, except meth-
odologists and the parent representative, were invited
to respond to an online questionnaire (Survey Monkey)
anonymously, yielding involvement of medical profes-
sionals 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 disa-
gree). Consensus was achieved when at least 66% agree-
ment (completely agree or mostly agree) or disagreement
(mostly disagree or completely disagree) was reached.
The Delphi consensus process consisted of five rounds of
questionnaires.

2.6 | Strength of recommendations and
level of agreement

The strength of recommendations was defined accord-
ing to GRADE and the ILAE CPG development tool.>
Besides the quality of the evidence, clinical benefits and
harms of the intervention were considered. If the quality
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 recommen-
dation was made based on the Delphi process. Agreement

was labeled “high” (>75% agreement) or “moderate”
(66%-75% agreement).

3 | RESULTS

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

Regarding 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 pri-
ority questions (Table S1). Figure S1 provide the risk of bias
for priority questions 1 and 2. GRADE could not be applied
to priority questions 3, 4, and 6. The Delphi process included
21 statements, and consensus was reached for 10 statements
(Figure 2A,B). Recommendations were evidence-based
for priority questions 1 and 4, and recommendations were
consensus-based for the other priority questions.

In line with the ILAE handbook and toolkit, the man-
uscript was disseminated via the ILAE website for public
comments for a 4-week period.”* All comments were ad-
dressed and, if considered relevant by the guidelines de-
velopment group, incorporated into the final guidelines.

4 | RECOMMENDATIONS

4.1 | Recommendation 1: First-line ASM

Evidence-based recommendation

In neonates with seizures requiring 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 HIE,
stroke, and hemorrhage).

Level of agreement: High.

If channelopathy is the likely cause for sei-
zures due to family history, then pheny-
toin or carbamazepine (sodium channel
blocker) may be the first-line ASM.

Level of agreement: High.
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FIGURE 1 Systematic literature review PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 diagram.

EEG, electroencephalography; IBE, International Bureau for Epilepsy; ILAE, International League Against Epilepsy; PQ, priority question,

WHO, World Health Organization.

Question 1: Which is the preferred first-line ASM in neo-
nates with seizures requiring pharmacological treatment
(specifically regarding cessation of seizures and adverse
effects)?

PICO: Table 1

Overview of results:

« Studies allocated for full text review: 46

« Studies included after full text review: 11 (two RCTS,
three prospective observational, six retrospective)

« Studies analyzed by GRADE: 2

 Evidence level from GRADE: Moderate to low quality
(Table S1a)

Delphi: Figure 2A

Forty-six studies evaluated first-line treatment of neo-
natal 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 in-
cluded (Table S2a) assessing phenobarbital,'>**~* phe-
nytoin,33 and levetiracetam>%3*3738 s 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.”**
As nearly all studies in the neonatal period used phenyt-
oin rather than fosphenytoin and the latter is not widely
available, we refer to phenytoin throughout most of these
guidelines.

Two RCT studies were included in the GRADE
analysis (Table S2a).**** The first study assessed the
efficacy of phenobarbital and phenytoin for the treat-
ment 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 ad-
justed based on plasma levels, but the actual dosing
was not stated. The primary outcome was complete
seizure control within 24 h. Seizures were controlled
with phenobarbital in 13 of 30 (43%) and phenytoin
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in 13 of 29 (45%) neonates. There was no difference
in efficacy between phenobarbital and phenytoin as
first-line treatment (relative risk [RR] = .97, 95% con-
fidence interval [CI] = .54-1.72). The level of evidence
was downgraded to low quality due to confounding
factors (Table S1). The second study assessed the effi-
cacy of phenobarbital and levetiracetam for the treat-
ment of seizures in term neonates with heterogeneous
etiologies.** Seizures were assessed by EEG monitor-
ing for eligibility and efficacy. The efficacy analysis
included 83 neonates, and the safety data analyzed
106 treated neonates. Initial dosing was 20 mg/kg for
phenobarbital and 40 mg/kg for levetiracetam. Neo-
nates who continued to have seizures (assessed every
15min) received an additional 20 mg/kg of phenobar-
bital or an additional 20 mg/kg of levetiracetam. The
primary outcome was seizure cessation on EEG within
15min and sustained seizure freedom on EEG for
24 h after the infusion. Seizures were controlled with
phenobarbital in 24 of 30 (80%) and levetiracetam in 15
of 53 (28%) neonates. Phenobarbital was more effective
than levetiracetam as first-line treatment (RR = .35,
95% CI = .22-.56). The level of evidence was moder-
ate quality (Table S1). No studies evaluated efficacy of
ASM according to etiology of acute provoked seizures.

Nine studies (controlled and observational) did not
report adverse events, and nine studies indicated that
no adverse events were observed for phenobarbital,
phenytoin, or levetiracetam (Table S2a). One RCT with
phenobarbital and phenytoin reported that no adverse
events were observed.”® Only one study with pheno-
barbital and levetiracetam used standardized adverse
events tables, and it reported that there was a trend to-
ward hypotension being more common with phenobar-
bital (17%) than levetiracetam (5%).>*

To determine whether the etiology of seizures
should influence the choice of first-line ASM, five
additional questions were assessed with the Delphi
process (Figure 2). Results indicated that 78% of re-
spondents completely or mostly agreed that regardless
of presumed etiology of seizures (HIE, stroke, hemor-
rhage), phenobarbital should be first-line ASM. Fur-
thermore, 91% of respondents completely or mostly
agreed that if self-limited familial neonatal epilepsy
(channelopathy caused by pathogenic variants of the
KCNQ2 or KCNQ3 genes)7’39 was considered as etiol-
ogy due to positive family history, then phenytoin or
carbamazepine (sodium channel blockers) should be
the first-line ASM.

Epilepsia™!”

4.2 | Recommendation 2:
Second-line ASM

Consensus-based recommendations

In neonates with seizures not responding to
first-line ASM, phenytoin or levetiracetam
may be used as a second-line ASM for most
etiologies (HIE, stroke, or hemorrhage).
Other possible options include midazolam
or lidocaine.

Level of agreement: Moderate.

If channelopathy as an etiology for the sei-
zures is suspected because of clinical or EEG
features, then a sodium channel blocker may
be used as a second-line ASM. This can be phe-
nytoin or carbamazepine, depending on the
clinical state of the neonate (critically ill or
otherwise well baby) and the regional avail-
ability of ASM and monitoring of drug levels.

Level of agreement: High.

In neonates with cardiac disorder(s), leveti-
racetam 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: Table 1

Overview of results:

« Studies allocated for full text review: 43

o Studies included after full text review: 22 (three RCTs,
five prospective observational, 14 retrospective)

- Studies analyzed by GRADE: 3

« Evidence level from GRADE: Very low quality (Table S1)

Delphi: Figure 2A,B

Seizures are often refractory to the first-line ASM, prompt-
ing 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 S2b). There were
no placebo-controlled studies. Additionally, all studies of
second-line ASM were of add-on design, because there was
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(A) 1: Irrespective of presumed etiology of seizures, phenobarbital should be first-line pharmacotherapy.*

1a: Hypoxic-ischemi as p 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
i ing on the clinical situation and regional availability.*

phenytoin or car

3: Following cessation of acute provoked seizures (electroclinical or electrographic) without evidence for neonatal onset
epilepsy, phar should be di: i 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 d with a better outcome and

reduces the likelihood of epilepsy later in life.*

6a: In a neonate presenting with clinical features or EEG ive of vitamin B6
of pyridoxine (add-on to ASM) should be attempted.*

epilepsy, a trial

6b: In neonates with seizures not ing to second-line apy without an i etiology, a trial of

pyridoxine (add-on to ASM) should be attempted.

dditional 1: A 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  m Mostly agree  m Partially agree

(B) 2: In the absence of specific circumstances, second-line ASM should be
2a: Irrespective of etiology, in neonates with very high seizure burden (>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%

w Phenytoin Levetiracetam

Q
N3

Mostly disagree

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

Completely disagree ~ ® No judgment

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

Midazolam ®Lidocaine ®Others ™ No judgement

FIGURE 2 Results of the Delphi consensus process using a 5-point Likert scale with two types of statements. (A) Summary results
for all type A statements (agree-or-disagree statements). (B) Summary results for all type B statements (choice of specific antiseizure
medication). ASM, antiseizure medication; EEG, electroencephalographic; MRI, magnetic resonance imaging. *Consensus in the expert

group (>66% agreement).

no washout phase after the first-line ASM and often both
ASMs were administered concurrently. Twenty-two studies
were included, and they assessed levetiracetam,>*40-4 phe-
nobarbital,3%3334 phenytoin,29’3°’33’45 midazolam,**™>! lido-
caine, 04851754 clonazepam,46 bumetanide,> topiramate,56
paraldehyde,” diazepam,” and carbamazepine.**" There
was substantial variability in study methods, including
outcome measures, with substantial variability in efficacy
across studies of the same ASM.

Three RCTs assessed phenytoin, midazolam, levetirac-
etam, and/or lidocaine as second-line ASM (Tables Sla
and S2b).***** One study assessed second-line therapy
in neonates with seizures persisting after either pheno-
barbital or phenytoin.** In this study, phenobarbital and

phenytoin met criteria for success as first-line ASM in 13
of 30 (43%) and 13 of 29 (45%), respectively, as the first-
line ASM. Addition of the other ASM due to persistent
seizures was followed by seizure control in five of 13
(39%) neonates with phenobarbital and four of 15 (27%)
neonates with phenytoin. There was no difference in effi-
cacy between phenobarbital and phenytoin as second-line
ASM (RR=1.44, 95% CI = .49-4.27), but the sample size
was small. A second study assessed second-line therapy
in neonates with seizures persisting after either pheno-
barbital or levetiracetam.** Phenobarbital and levetirace-
tam met criteria for success (partly with dose escalation)
in 24 of 30 (80%) neonates and 15 of 53 (28%) neonates
as the first-line ASM. Addition of the other ASM due to

85U8017 SUOWILLIOD 8A1IR.1D) 3|l [dde au Aq peusenob ae Ssjie YO ‘8sn JOSe|nl 10} Aiq1T 8UIUO A8]IM UO (SUORIPUOD-PUR-SWLIBIALICD" A3 1M ARIq Ul |UO//SdNY) SUORIPUOD pue SWIB | 8y} 885 *[£202/60/70] U0 Afelq8ulluo A8|IM ‘Ssoinies ARiqi TN uopuoabe| oD AseAlun AQ S22 T 1d8/TTTT OT/I0p/L00 A 1M AseIqpuljuoy/Sdiy Wwoly pepeojumoq ‘0 ‘Z9TT8ZST



PRESSLER ET AL.

persistent seizures was followed by seizure control in 20
of 37 (54%) neonates with phenobarbital and one of six
(17%) neonates with levetiracetam. There was no differ-
ence in efficacy between phenobarbital and levetiracetam
as second-line ASM (RR = .31, 95% CI = .05-1.89). A third
study assessed second-line ASM in neonates with seizures
persisting after phenobarbital.*® Seizures were controlled
with lidocaine in three of five neonates and midazolam in
zero of three neonates. There was no significant difference
in efficacy between lidocaine and midazolam as second-
line ASM (RR=4.67, 95% CI = .32-68.03), but the sam-
ple size was small. Many studies did not address adverse
events, 04404951 (whereas some studies indicated that no
adverse events were observed.*******>5" Only two RCTs
used a systematic approach to adverse event assessment
when assessing phenobarbital versus levetiracetam™ and
bumetanide®® (Table S2b).

The level of quality of the evidence was very low
regarding second-line ASM because of imprecision of
estimates due to the very small number of patients in-
cluded; hence, the two RCTs included were not suffi-
ciently informative. Consequently, expert opinion was
sought via the Delphi process. Specifically, we evaluated
whether phenobarbital, phenytoin, levetiracetam, mid-
azolam, or lidocaine should be used after no response
or insufficient response to first-line ASM, and whether
the choice of second-line ASM should be influenced by
seizure etiology (HIE, stroke, hemorrhage, channelop-
athy) or comorbidity (cardiac disorders; Figure 2A,B).
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 questionnaire rounds yielded no agreement
for choice of second-line ASM, although more favored
phenytoin (61%) and levetiracetam (22%) compared to
midazolam or lidocaine (each 8.5%). Consequently, we
concluded that all four ASMs may all be considered as
second-line ASM for most etiologies (HIE, stroke, or
hemorrhage). However, there was consensus that phe-
nytoin or carbamazepine (sodium channel blockers)
may be preferred for neonates with presumed channel-
opathy. Clinical features suggesting a channelopathy in-
clude no other etiology for seizures, tonic or sequential
seizure type, with or without encephalopathy, normal
ultrasound and/or magnetic resonance imaging (MRI),
and certain EEG features.”'* In the absence of a positive
family history of a channelopathy, experts agreed that
phenobarbital should be administered as the first-line
ASM to avoid unnecessary delay of treatment (>95%
completely or mostly agreed). Notably, an increase of sei-
zure frequency may occur as a response to sodium chan-
nel blockers in rare channelopathies with onset in the
neonatal period (i.e., loss-of-function SCN1A variants),

Epilepsia™!

in which case these should be stopped or avoided if the
mutation is known. Additionally, there was consensus
that levetiracetam should be preferred for neonates with
cardiac disorder(s) due to potential cardiac toxicity of
phenytoin and lidocaine (75% completely or mostly
agreed; Figure 2A).

4.3 | Recommendation 3: Duration of
treatment with ASM

Consensus-based recommendations

Following cessation of acute provoked sei-
zures (electroclinical or electrographic) with-
out evidence for neonatal-onset epilepsy,
ASMs should be discontinued before discharge
home, regardless of MRI or EEG findings.

Level of agreement: High.

Question 3: Will continuation of ASM improve neurode-
velopmental outcome and reduce the risk of developing
subsequent epilepsy?

PICO: Table 1

Overview of results:

Studies allocated for full text review: 17

Studies included after full text review: 3 (zero RCTs, one
observational prospective study, two retrospective trials)
Studies analyzed by GRADE: 0

« Evidence level from GRADE: Not applicable

Delphi: Figure 2A

Clinicians must determine how long to continue
ASM administration after the acute management phase.
There were 17 studies addressing this topic, and three
studies were included for full text analysis, including
two retrospective studies®* and one prospective obser-
vational study (Table S2c).° These studies reported that
the risk of subsequent developmental delay,’ seizure re-
currence,” epilepsy,6 or neurologic impairment59 was
not different in patients with ASM (mostly phenobarbi-
tal) discontinued prior to discharge or continued after
discharge.

As only insufficient evidence on duration of ASM
from RCTs or other controlled studies was found, expert
opinion was evaluated by the Delphi process. In the Del-
phi process, 87% of respondents completely or mostly
agreed that following cessation of acute provoked seizures
(electroclinical or electrographic) without evidence for
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neonatal-onset epilepsy, ASM should be discontinued be-
fore discharge home (Figure 2).

Furthermore, 80% of respondents completely or mostly
agreed that ASM should usually be discontinued before
discharge home regardless of the presence or absence of
MRI abnormalities, and 80% of respondents completely or
mostly agreed that ASM should be discontinued before dis-
charge home regardless of the presence or absence of EEG
background abnormalities. Some participants noted their
responses were influenced by a prospective, observational,
multicenter comparative effectiveness study published after
completion of the systematic literature review that indicated
neurodevelopment and risk for epilepsy at age 24 months
were not different among children with acute symptomatic
neonatal seizures whose ASM was discontinued or main-
tained at hospital discharge.®

4.4 | Recommendation 4: Impact of
therapeutic hypothermia on seizure burden

Evidence-based recommendation

Therapeutic hypothermia may reduce seizure
burden in term neonates with HIE. 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 sei-
zure burden in neonates with HIE.

Level of agreement: High.

Question 4: In neonates with HIE, does therapeutic hy-
pothermia reduce seizure burden?

PICO: Table 1

Overview of results:

« Studies allocated for full text review: 32

o Studies included after full text review: 9 (zero RCTSs, six ob-
servational prospective studies, three retrospective trials)

- Studies analyzed by GRADE: 3

« Evidence level from GRADE: Low quality (Table S1b)

Delphi: Figure 2A

Therapeutic hypothermia (brain/body cooling) is a
neuroprotective technique for term neonates with HIE.
Neonates with HIE have a high risk for seizures, and EEG
monitoring is often performed to identify electroenceph-
alographic seizures. There were 32 articles addressing this

topic, and although all had access to comparison groups,
none was an RCT. Nine studies fulfilled the recommended
requirements for therapeutic hypothermia in the setting of
term infants with HIE (Table S2d).**"* Six studies were ex-
cluded because they focused on head cooling, during which
EEG cannot be performed,ﬁl’69 did not access continuous
EEG,* or did not have comparators.64‘66’68’69 Among the
remaining three studies, two had historical control group
comparators®>®* and one had both historical and real-time
comparators.®’

GRADE assessment concluded with low quality 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
(Tables S1b and S2d).°*” There was very low certainty re-
garding reduced progression to status epilepticus (as defined
by each study) in the therapeutic hypothermia group. Two
studies did not find a difference in the occurrence of status
epilepticus between non-hypothermia and hypothermia
groups,®*” whereas one study found a higher occurrence of
status epilepticus in the non-hypothermia group than in the
hypothermia group (Table S1b).**

Due to the lack of RCTs, we aimed to confirm the weak
evidence from observational studies via the Delphi process
(Figure 2A). Nearly all (95%) respondents completely or
mostly agreed that therapeutic hypothermia may reduce
seizure burden in neonates with HIE.

4.5 | Recommendation 5: Associations
between 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 outcomes (neurodevelop-
ment, 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 outcomes (neurodevelopment, reduction
of subsequent epilepsy)?

PICO: Table 1

Overview of results:

« Studies allocated for full text review: 80

« Studies included after full text review: 10 (two RCTs,
four observational prospective studies, four retrospec-
tive trials)
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« Studies analyzed by GRADE: 0
 Evidence level from GRADE: Not applicable

Delphi: Figure 2A

Seizure identification and effective management are
intended to reduce secondary brain injury and improve
outcomes. Ten studies were included after full text review
(Table S2e). 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),7° and the other study assessed MRI
before discharge (but not long-term outcome).”* Both stud-
ies were underpowered to assess outcomes, so there was no
GRADE assessment. The first RCT performed cEEG mon-
itoring in term neonates with moderate or severe HIE and
randomized them to treatment of both electrographic and
clinical seizures (n=15) or treatment of only clinical seizures
(n=20), and the study demonstrated that seizure burden was
lower with treatment of electrographic seizures.”” Twenty-
four surviving subjects from both groups were combined for
outcome analysis, and higher seizure burden was associated
with significantly worse neurodevelopmental outcomes at
18-24months. The second RCT randomized term neonates
with moderate to severe HIE 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. Twenty subjects
from both groups were combined for outcome analysis, and
lower seizure burden was associated with less severe injury
on MRI. One study, published after the literature search, ran-
domized neonates to treatment of aEEG-identified seizures
versus clinical seizures.”* Death or severe disability assessed
at 2years were not significantly different between the two
groups. However, the overall seizure burden between both
groups was not different, consistent with no difference in
outcome between the two groups.”> Numerous studies have
indicated that a high seizure burden is associated with unfa-
vorable outcomes.*®%%7377 However, these studies focused
on associations between seizure burden in neonates and out-
come(s), as opposed to the impact of seizure reduction on
outcome. Thus, based on the available data, we could not es-
tablish whether clinical efforts to reduce seizure burden are
associated with improved outcomes.

As there was no evidence from RCT or other con-
trolled studies to inform our recommendations, expert
opinion was evaluated using the Delphi process. Results
indicated that 74% of respondents completely or mostly
agreed that treatment of seizures (electroclinical and
electrographic-only) may be associated with a better neu-
rodevelopmental outcome and reduced the likelihood of
epilepsy later in life.

Epilepsia™!*

4.6 | Recommendation 6: Treatment
with pyridoxine and pyridoxal 5-phosphate

Consensus-based recommendations

A trial of pyridoxine (add-on to ASM) may
be attempted in neonates presenting with
clinical features or EEG characteristics sug-
gestive of vitamin B6-dependent epilepsy
and neonates with seizures unresponsive to
second-line ASM without an identified
etiology.

Level of agreement: High.

Question 6: In neonates with seizures with unknown eti-
ology, is the use of pyridoxine or pyridoxal 5'-phosphate
(PLP) effective and safe?

PICO: Table 1

Overview of results:

« Studies allocated for full text review: 16

« Studies included after full text review: 8 (zero RCTs,
zero not randomized controlled studies, eight retrospec-
tive studies)

« Studies analyzed by GRADE: 0

« Evidence level from GRADE: Not applicable

Delphi: Figure 2A

Several independent genetic disorders have been found to
interfere with the bioavailability of pyridoxine and PLP, re-
sulting in vitamin B6-dependent epilepsy.”®”® These include
antiquitin deficiency (due to pathogenic ALDH7A1 vari-
ants), hypophosphatasia, hyperphosphatasia, pyridox(am)
ine 5’-phosphate oxidase (PNPO) deficiency, and PLP bind-
ing protein deficiency (formerly called PROSC deficiency).*
Neonates with vitamin B6-dependent epilepsy may initially
present with features suggesting HIE or systemic mani-
festations including lactic acidosis and acute abdomen.”®!
The systematic review of the literature failed to identify any
randomized or controlled studies investigating the effect of
pyridoxine or PLP. Eight retrospective case series address-
ing safety of pyridoxine and PLP in neonates responding
to pyridoxine or PLP were included after full text review
(Table S2f). Typical features of seizure semiology (myoclonic
jerks, spasms), abnormal movements (eye movements, gri-
macing), and EEG (burst suppression, discontinuity) were
described in antiquitin and PNPO-deficient patients.® ™3
Although some neonates with vitamin B6-dependent epi-
lepsy respond immediately to pharmacological doses of pyr-
idoxine or PLP, delayed responses are described; therefore,
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treatment with pyridoxine or PLP should be continued for
at least 3-5days before concluding that it is not effective.**
Other authors have suggested a trial with repeated doses of
pyridoxine up to a total dose of 500mg.”® One retrospective
study of 10 neonates with treatment-resistant seizures re-
ported that pyridoxine treatment led to immediate flattening
of the EEG in two of six patients with ALDH7A]1 variants
versus one of four patients with undetermined seizure etiol-
ogy.®> Adverse effects of pyridoxine and PLP included acute
respiratory depression,® depression of EEG amplitude,®
peripheral neuropathy on long-term high-dose pyridoxine
>500mg/day,*® and liver toxicity on high-dose PLP 50mg/
kg/day.®® These disorders are rare; pathogenic variants of
the ALDH7AI gene is the most common and has an esti-
mated incidence of 1:65 000-1:396 000.5*® Given the low
incidence of the independent genetic disorders presenting
with vitamin B6-dependent epilepsy, controlled studies of
pyridoxine or PLP as first-line or second-line therapy for
neonatal seizures may not be feasible.

In the Delphi process, 100% of respondents 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% of respondents
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 de-
velopmental and epileptic encephalopathies may only re-
spond 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 vitamin B6-dependent epilepsy is
suspected, then treatment should not be delayed, as a ther-
apeutic trial with either pyridoxine or PLP can be started
before diagnostic samples are collected without affecting
the results. Furthermore, partial or transient response to
ASM does not rule out vitamin B6-dependent epilepsy.**

4.7 | Additional consideration: Need
for standardized pathways in each
neonatal unit

Consensus-based consideration

A standardized pathway for the manage-
ment of neonatal seizures should be avail-
able in each neonatal unit.

Level of agreement: High.

Delphi: Figure 2A

The treatment of neonatal seizures is time-sensitive;
studies have shown that neonates who are diagnosed and
treated earlier respond better to treatment.***° Using
standardized pathways may improve the time to effec-
tive treatment. As assessed by the Delphi process, 100%
of respondents completely or mostly agreed that neonatal
units should have a standardized pathway for the manage-
ment of neonatal seizures.

4.8 | Additional consideration: Need for
communication with parents/guardians

Consensus-based consideration

The parents/guardians of a neonate with
seizures should be informed of the neonate
having seizures, possible etiologies, and ini-
tial treatment options with subsequent dis-
cussions based on the neonate’s condition.

Level of agreement: High.

Delphi: Figure 2A

Neonatal seizures, particularly in the context of acute
brain injury, cause parental anxiety and concern about
management and long-term prognosis.”’ Parents/guard-
ians need to be informed that the neonate has seizures,
possible etiologies, and treatment options, including po-
tential adverse effects of ASM and the probable duration
of treatment. However, this has to be within the scope
of feasibility in an acutely ill child and should not delay
treatment. As assessed by the Delphi process, 79% of re-
spondents completely or mostly agreed with the above
statement.

5 | DISCUSSION

Seizures are common in neonates, yet there is substan-
tial variability in management.'® %! These guidelines ad-
dress the management of seizures in neonates based on
the best available evidence and consensus-based expert
opinion.

Recent guidelines have emphasized the need for EEG
monitoring for the reliable diagnosis of neonatal seizures,
as well as the importance of timely seizure identification
through EEG-based approaches®'*!* In this systematic
review, only studies with EEG-confirmed seizures were
included, consistent with recommendations from the
ILAE," International Neonatal Consortium,'® European
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Medicines Agency,'® US Food and Drug Administra-
tion,'® Brighton Collaboration,” and American Clinical
Neurophysiology Society."* For clinical trials to be mean-
ingful and transferable, it is essential that outcome mea-
sures are well-defined and can be measured accurately
and precisely.”>* It is well established that the accuracy
and validity of seizure outcome measures in drug trials
are questionable if EEG is not used, including treating
nonseizure events, underestimating total electrographic
seizure burden, and lack of ability to assess whether
electrographic-only seizures cease. Thus, trials using clin-
ical diagnosis should not be used for licensing ASM or to
inform clinical guidelines or recommendations. Our con-
clusions can be considered applicable to neonatal seizures
in general, provided that diagnostic certainty for neonatal
seizures as defined by the Brighton Collaboration”* and
ILAE" is taken into account. Conventional EEG (gold
standard) and aEEG are considered reliable methods for
clinical management. Only focal clonic and focal tonic
seizures can be diagnosed by clinical observation alone,
and all seizure types require confirmation with EEG or
aEEG.>"

No guidelines have addressed seizure management
since the WHO/ILAE/International Bureau for Epilepsy
(IBE) guideline was published in 2011."* A systematic
review in 2012 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 systematic reviews reviewed
first-line treatment with phenobarbital and/or levetirac-
etam, but without consensus-based guidelines.gs_98 In
line with previous guidelines, phenobarbital is recom-
mended as first-line ASM but now with better evidence.
Phenobarbital should be used for the shortest duration
possible with early discontinuation for neonates with
acute provoked seizures responding to treatment. As
phenobarbital has been associated with some potential
adverse effects,>**° these considerations should ensure
phenobarbital is only administered when necessary and
that exposure is as brief as possible. In contrast to previ-
ous guidelines, we added special considerations for ne-
onates where a channelopathy is likely due to a family
history (use of sodium channel blocker). However, in
the absence of a positive family history, phenobarbital
should be the first-line ASM to avoid treatment initia-
tion delays.

As in previous guidelines, the choice of second-line
ASM therapy remains unclear. We concluded that in ne-
onates with seizures not responding to first-line ASM,
phenytoin or levetiracetam may be used as a second-
line ASM for most etiologies (HIE, stroke, or hemor-
rhage), with midazolam and lidocaine being other less

Epilepsia™!*

favorable options. However, there are some important
caveats regarding second-line ASM selection that have
not been discussed in the previous guideline. First, if a
channelopathy (such as self-limited neonatal epilepsy or
KCNQ?2 encephalopathy) is suspected because of clinical
and/or typical EEG"'? features, then a sodium chan-
nel blocker may 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 pyri-
doxine (add-on to ASM) may be attempted in neonates
presenting with clinical features or EEG characteristics
suggestive of vitamin B6-dependent epilepsy and neo-
nates with seizures unresponsive to a second-line ASM
without an identified etiology. Furthermore, if vitamin
B6-dependent epilepsy is suspected, following an unsuc-
cessful trial of pyridoxine, a trial of PLP may be consid-
ered. Although some other ASMs are emerging for use
in neonates (such as oxcarbazepine, brivaracetam, and
lacosamide), no controlled studies on their efficacy or
safety have been published and thus their use can cur-
rently not be recommended.

We recommend that following cessation of acute pro-
voked seizures (electroclinical or electrographic-only
seizures) without evidence for neonatal-onset epilepsy,
ASM should be discontinued before discharge, regard-
less of MRI or EEG findings. This differs from the prior
WHO/ILAE/IBE guidelines."® This conclusion is further
supported by a study published after completion of the
systematic review that indicated neither neurodevelop-
ment nor epilepsy at age 24 months was different among
children with acute provoked neonatal seizures whose
ASMs were discontinued or maintained at hospital
discharge.®

We reviewed evidence regarding whether treating neo-
natal seizures (including electrographic-only seizures) to
lower seizure burden is associated with improved out-
comes. However, because 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 sei-
zure burden are associated with improved outcomes. Given
indirect evidence,*7*71737590.101 experts agreed that treat-
ment of neonatal seizures (including electrographic-only
seizures) to achieve a lower seizure burden may be associ-
ated with improved outcomes. In many low- and middle-
income settings, lack of access to EEG or aEEG precludes
recognition of electrographic seizures or leads to misin-
terpretation of clinical events, potentially adding to sei-
zure burden or overuse of ASM, with effects on outcomes
for neonates in these regions. Thus, clinicians should be
aware that diagnostic certainties of neonatal seizures de-
pend on the available diagnostic method (EEG, aEEG, or
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observation by experienced personnel).>!*> We concluded
that therapeutic hypothermia may reduce seizure burden
in neonates with HIE. However, the impact of therapeutic
hypothermia as a nonpharmacological treatment of sei-
zure could not be assessed.

Based on the conclusions of each priority question,
Figure 3 provides a sample neonatal seizure manage-
ment pathway and Table 2 provides suggested ASM
doses.'*'*? As with all pathways, adaptation is needed
based on individual patient characteristics and practice
settings. All experts agreed that neonatal units should
have a standardized pathway for the management of
neonatal seizures.

Despite a growing number of publications over recent
years, the evidence and consensus-based recommenda-
tions identified several key limitations in the existing
literature. First, many studies are small, lack EEG-based
seizure diagnosis, lack EEG-based assessment of ASM ef-
ficacy, assess cohorts that are heterogeneous in terms of
etiology and postmenstrual age, and only partially address
confounding factors. Varied data approaches across stud-
ies made formal analyses combining the data across stud-
ies difficult. Development and implementation of more
standard common data elements may improve these is-
sues.” Second, there is an alarming lack of safety reporting
in studies evaluating ASM in neonates. All observational

studies and RCTs should include standardized safety re-
porting for both old and new drugs. Third, studies are
needed to determine when to start an ASM. According
to recommendations by the International Neonatal Con-
sortium, treatment of seizures should be started when
the seizure burden reaches 30s/h. However, this num-
ber is arbitrary and based on clinical trial design rather
than meaningful clinical endpoints.16 Fourth, studies are
needed to determine which ASM is optimal in neonates
with seizures refractory to an initial ASM. Finally, stud-
ies have mostly assessed seizure cessation in response to
ASM, but not whether overall strategies to reduce seizure
exposure (incorporating EEG-based diagnosis and opti-
mized multifaceted management approaches) improve
long-term patient-centered neurobehavioral outcomes.
General research priorities for the treatment of neonatal
seizures include (1) pharmacokinetic and pharmacody-
namic studies for term and preterm neonates; (2) appro-
priate dose-finding studies for new ASMs as well as safety
studies for new ASMs and existing ASMs if higher doses
are used; and (3) RCTs aiming to license further ASMs in
neonates.

The ILAE recommends that guidelines be updated
every 5years, and the ILAE Task Force on Neonatal Sei-
zures is developing an approach to periodically update
these recommendations.

Seizures in neonate

EEG / aEEG confirmed or if not available, clinical

diagnosis (only for focal tonic / focal clonic)*

First-line ASM
Phenobarbital
(bolus, repeat once if needed)

Second-line ASM options
* Phenytoin / Fosphenytoin
* Levetiracetam**

* Midazolam

¢ Lidocaine A

- without identified etiology

fSpecial consideration

1. Family history of channelopathy
* Phenytoin / Fosphenytoin
* Carbamazepine

(Special consideration

1. Clinical or EEG/aEEG features of
Vitamin B6 dependent epilepsy or
Intractable to second-line ASM

* Pyridoxine ~

2. Clinical features of channelopathy
* Phenytoin / Fosphenytoin
¢ Carbamazepine

J

FIGURE 3 Suggested treatment pathway based on current evidence and expert recommendations. For doses and adverse events,
see Table 2.'”1%% *Diagnostic certainty level: 1, confirmed by electroencephalography (EEG); 2a, confirmed by amplitude-integrated EEG
(aEEG); 2b, observation by experienced clinician of focal clonic or focal tonic seizures.>'® **Preferable for neonates with cardiac disorders.

ALidocaine is contraindicated if (fos)phenytoin was or is still used and should not be used in neonates with cardiac disorders. ~Pyridoxal

5’-phosphate may also be considered, but note that it is not licensed as a medicinal product. ASM, antiseizure medication.
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TABLE 2 First- and second-line antiseizure medications: examples of suggested doses and common adverse effects.

Medication

Phenobarbital

Phenytoin/

fosphenytoin

Levetiracetam

Lidocaine

Midazolam

Dosage

Loading dose: 20 mg/
kg iv

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

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

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

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

Target level: 10-20 pg/
mL

Loading dose: 40 mg/
kg iv

Second loading dose:
20mg/kg iv if
required

Maintenance: 40-60 mg/
kg/day iv or orally in
three divided doses

Loading dose: 2mg/kg iv
over 10min

Maintenance: 7mg/kg/h
iv for 4 h, reduce to
3.5mg/kg/h for 12h,
reduce to 1.75mg/
kg/h for 12h, then
stop

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

Loading dose: .05-
.15mg/kg, followed
by:

Maintenance: 1 pg/kg/
min (=60 pg/kg/h)
continuous infusion,
titrate up in steps of
1pg/kg/min (=60 pg/
kg/h) to max. of 5pg/
kg/min (=300 pg/
kg/h)?

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

Hypotension

Remarks

If a 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
who was or is on proarrhythmic
drugs like (fos)phenytoin

Cardiac monitoring required

Needs to be tapered when maintenance
treatment has been used

(Continues)
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TABLE 2 (Continued)

Remarks

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

Medication Dosage Common adverse effects
Carbamazepine 10 mg/kg/day orally in Transient somnolence
two divided doses® Gastrointestinal symptoms
Hyponatremia and skin reactions
reported in safety studies in children
1month—17years
Pyridoxine HCl Loading dose: 100 mg iv Respiratory depression
or orally, followed by ~ Hypotension
30mg/kg/day iv or Prolonged treatment with high dosages
orally in two divided may cause peripheral neuropathy
doses for 3-5days
Pyridoxal 30mg/kg/day orally in Respiratory depression
5’-phosphate three divided doses Hepatotoxic; cirrhosis described in
for 3-5days prolonged use

results are available

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

If effective, continue until genetic
results are available

Note: The suggested doses have been derived from the available literature

19,34,36,45,47,57,78,79,100,102-104

and personal experience of the authors, and there are

variations of opinions. Local/regional availability has to be taken into account. Recommended dosages were approved by the CPD working group via Delphi

(84% of experts mostly or completely agree).

Abbreviations: HIE, hypoxic-ischemic encephalopathy; iv, intravenous; max., maximum; PE, phenytoin equivalent; PMA, postmenstrual age; PNPO,

pyridox(am)ine 5'-phosphate oxidase.

®Higher doses (up to 18 pg/kg/min = 1080 ug/kg/h) have been used by some*” without serious adverse effects.

Higher doses (up to 20 mg/kg/day) have been used for KCNQ2 developmental and epileptic encephalopathies in some case series, but no safety studies have

been performed in neonates.”*>°7%
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