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Inclusion Criteria:
Neonates = 36 weeks GA
And <10 days of life with
high risk/suspected seizures

Patients at High Risk for

Neonatal Seizures (ACNS 2011
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Guidelines):
Known or suspected
metabolic abnormality,
infectious, hypoxic or
vascular brain injury or
malformation
Clinical suspicion for seizure
or neonatal epilepsy
syndrome
latrogenically paralyzed, on
ECMO or post-cardiac arrest

%

When your child needs a hospital, everything matters.

Neonatal Seizures

Evaluation & Management

Clinical Pathway

Neonatal Intensive Care Unit

Acute Management of a Neonate with
Suspected Seizure

\ 4

Center for
Clinical Excellence

Identify and treat any metabolic and infectious

etiologies for seizures
Check serum electrolytes, glucose, iCa, Mg,
Phos, CBC, LFTs, ammonia
Consider sepsis workup
Consider lumbar puncture for routine studies;
culture, MEID and HSV PCR
Consider Antibiotics and Acyclovir as clinically
indicated
Consult Neurology
Order LTM EEG (Continuous video EEG
should be considered in all patients at high risk
for neonatal seizures)
Order Head ultrasound

Abbreviations:
GA : Gestational Age
LTM: Long Term Monitoring
EEG: Electroencephalogram
MEID: Meningitis
Encephalitis 1D
LFT: Liver Function Test
PCR: Polymerase Chain
Reaction
ECMO: ExtraCorporeal
Membrane Oxygenation

Is the neonate

clinically stable?

Yes

Seizure event
captured?

Yes

Proceed to Acute Treatment page

No—»

EEG typically
continued until a
minimum of 24 hours
of seizure freedom,
until event capture, or
until completion of
rewarming in patients
undergoing
therapeutic
hypothermia

See Hypothermia
Pathway
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When your child needs a hospital, everything matters.

\
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with Seizures

S~

N

Neonatal Intensive Care Unit

Inclusion Criteria:

e Neonates = 36 weeks GA

And <10 days of life with

EEG confirmed seizures

OR suspected seizures
\ and unstable

Phenobarbital 20 mg/kg IV

/

Seizure

No

A 4

continues for
10 minutes?

Yes

’

e Monitor EEG for return
of seizure activity

o EEG typically
continued until a
minimum of 24 hours
of seizure freedom,
until event capture, or
until completion of
rewarming in patients
undergoing
therapeutic
hypothermia
See Hypothermia

Pathway
¢ MRI/MRS when

stable

Phenobarbital 20 mg/kg IV repeat

<«+—No

Seizure
continues for
10 minutes?

Yes

|

——No

Fosphenytoin 20 mg/kg IV

Seizure
continues for

Return to Acute
Management
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10 minutes?

Continue to Treatment of Medication

Resistant Seizure

Acute Treatment of a Neonate

Center for
Clinical Excellence

(" Anti-Seizure Medications )
can be administered
sequentially:

e In unstable neonates with
high clinical suspicion for
seizure

¢ In neonates experiencing

recurrent seizures on

EEG without underlying

correctable metabolic

abnormality )

Abbreviations

MRI: Magnetic Resonance
Imaging
MRS: Magnetic Resonance
Spectroscopy

Special Considerations

At Neurologist's discretion, in
the acute treatment algorithm,
levetiracetam may be given in
place of phenobarbital or
foshpenytoin in neonates with
cardiac disorders or those with
contraindications to other
medications, especially if other
therapies have been ineffective
or are delayed

Levetiracetam is less effective
then Phenobarbital in the
treatment of neonatal acute
symptomatic seizures.
Levetiracetam dose is 50mg/kg
Can repeat in 10 minutes

/
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When your child needs a hospital, everything matters.

Treatment of a Neonate with

Medication Resistant Seizure
Neonatal Intensive Care Unit

Midazolam 0.2 mg/kg IV bolus
And
e Start Midazolam infusion at 0.1 mg/kg/hr

Seizure

—No

v

e Continue present
Midazolam infusion

continues?

Yes

rate

o Consider weaning after
24 hours of seizure ,
freedom

e Suggested wean of
Midazolam 0.05 mg/kg/
hr every 4-6 hours
MRI/MRS when stable °
Consider Eurther
Evaluation &

Midazolam Bolus 0.2 mg/kg & increase Midazolam
infusion by 0.05 mg/kg/hour

Repeat bolus and increase infusion every 5-15
minutes if needed!

Maximum rate of Midazolam infusion 1 mg/kg/hr

Management for
etiology of seizures

A

Y

No Seizure

Return to Acute
Management

continues?

Yes

v

Proceed to next page, Further Evaluation &
Management
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4 ' Additional

Considerations
e Continue to titrate
Midazolam
infusion if high
seizure burden or
status* persists
o Not every isolated

seizure will
require escalation
L of treatment D,

(*High seizure burden
(cumulative >12
minutes/hour) or status
epilepticus (50% of any
hour) may require
escalating treatment.
Decisions must
balance the risk versus
benefit of infusions for

each patient

Return to Acute
Treatment
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When your child needs a hospital, everything matters.

4l )

i. Neonatology
provider should be at
bedside during
infusion given risk for
acute
cardiorespiratory
collapse and 20% risk
of cerebral depression
(isoelectric EEG and
apnea) in the hours
following pyridoxine
bolus. )

.

Further Evaluation & Management of a
Neonate with Medication Resistant Seizures
and/or if No Clear Etiology Identified

Clinical

F C
wenter 1ror

Excellence

a Abbreviations N

Further Evaluation:
Serum amino acids, serum lactate, serum pipecolic acid o AASA: Alpha-
Urine organic acids, urine AASA aminoadipic
CSF amino acids (including glycine), CSF AASA, CSF lactate, CSF semialdehyde
neurotransmitters (recommended but not required prior to pyridoxine e CSE:
treatment) _ _ _ _ Cerebrospinal
o Consider Genetics consult, consider rapid genome sequencing fluid
¢ MRI/MRS when stable
\_ /

v

Consider IV pyridoxine treatment in patient with persistent seizures
This should occur during the day to allow multidisciplinary coordination

(Neurology, LTM reader, Neonatology, Pharmacy, and Genetics)

Further management guided by Neurology recommendation which may
include:

Bolus with IV Pyridoxine 50 mg/kg/dose (up to 100 mg) (IV push over
3-5 minutes)

Maintenance Pyridoxine 30 mg/kg/d IV (up to 300mg/day) divided
TID

+/- Folinic acid 3-5 mg FLAT IV daily until return of genetic testing
and/or CSF neurotransmitters regardless of acute response

If unresponsive to Pyridoxine, consider trial of Pyridoxal-5-phosphate
treatment

Irrespective of whether seizures are responsive or not, move to Long
term/ Maintenance management

Obtain Genetics recommendations regarding need for lysine free diet
and arginine supplement

h 4

Return to Acute
Management

Return to Acute
Treatment

Return to
Medication
Resistant Seizure

Long term/ Maintenance seizure management

If risk of ongoing seizure is present per Neurology’s assessment

Daytime NICU/Neuro consult team can initiate maintenance anti-seizure
medication

The following anti-seizure medications can be used alone or in
combination based on clinical course:

Levetiracetam* 40mg/kg/day with titration up to 90-100 mg/kg/day as
clinically indicated. Dose divided twice daily as maintenance
Phenobarbital” 5 mg/kg/day divided twice daily

Topiramate® starting at 3-6 mg/kg/day titrating to at least 8 mg/kg/d
over 3 days divided twice daily

Oxcarbazepine 30mg/kg/day divided twice daily in a patient with
family history or presentation suspicious for channelopathy

* While not as effective in the
acute setting, levetiracetam can
be a good option for
maintenance medication given
ease of dosing and minimal side

effect profile

4 N
TUp to 2/3 of neonatal
seizures are acute
provoked seizures,
which can remit after
the first 72 hours, and
may not require
maintenance
medications.

- J

" Consider lower
Phenobarbital doses and
monitor levels in 3-5 days for
premature neonates and
neonates on hypothermia
protocol due to slower
clearance

¥ Consider getting topiramate levels and checking
bicarbonate once at steady state. Typical Neonates may
require higher and/or more frequent doses of topiramate
because of rapid metabolism. Caution recommended in
preterm neonates due to possible increased risk of
necrotizing enterocolitis. Recent retrospective cohort
suggests that topiramate is safe in this population.
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When your child needs a hospital, everything matters.

Medication Weaning of a
Neonate with Seizures

Medication Weaning
Patients are candidate for medication wean if:
Seizure-free for 24-48 hours

EEG, imaging and examination, and clinical presentation suggests low
risk of seizure recurrence

h 4

Anti-seizure maintenance medication should be weaned one at a time

i. Wean Phenobarbital first if more than one maintenance medication is
being given

ii. Medications should be weaned by 50% and discontinued 2 days later

In patients who are on more than one anti-seizure medication, all

weaning should be with the guidance of Neurology

v

The neonatal seizure handout can be used as a guide but is not a substitute

Family Education:

Information about seizure etiology, presentation and first aid must be
completed for all families prior to discharge.

for in person education.

Return to Acute
Management Treatment

Center for

Clinical Excellence

Concerns for
Phenobarbital
neurotoxicity and
long term neuro-
developmental
consequences
based on animal
models.

Return to Acute Return to

Refractory Seizure

Return to Further
Evaluation
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Diagnosis & Definition

Definition

Neonatal seizure is “an electrographic event with a pattern characterized by sudden, repetitive, evolving
stereotyped waveforms with a beginning and end. The duration is not defined but has to be sufficient to
demonstrate evolution in frequency and morphology of the discharge and needs to be long enough to allow
recognition of onset, evolution and resolution of an abnormal discharge (pp 622-623).”

Background Information and Context

Seizures are a common problem in the neonatal period with 1 to 3 of 1000 live births affected. 2

Acute provoked seizure etiologies, including hypoxic/anoxic injury and perinatal stroke (both ischemic and
hemorrhagic), are the most common etiology for seizure in this population. Recent publications confirm that
more than 40% of neonates with neonatal seizure experience a high seizure burden and warrant
intervention. * Genetically and metabolically mediated epilepsies may also present in the neonatal period

and accurate identification, diagnosis and appropriate management is a key factor in improving outcomes.
4

Treatment of neonatal seizure with anti-seizure medications is recommended, as higher seizure burden has
been correlated to increased morbidity and mortality and poorer developmental outcomes, ° Furthermore,
evidence suggests that seizure activity is harmful to the developing brain. ° ” ® However, there is growing
concern regarding the potential neurotoxicity of anti-seizure medications, and evidence that these agents
lead to neuroapoptosis in animal models, with unknown effects on developmental outcome. °

The need to balance the benefits of seizure management with the risks of the seizure medications has led
to a focus on appropriate medication choice and optimal therapy duration in keeping with recommendations
that anti-seizure medications should be discontinued when the risk of recurrent seizures decreases.

In neonates with acute provoked seizures, evidence shows that discontinuation of medications prior to
discharge is not harmful ° and does not impact the long term risk of post neonatal epilepsy in this
population. ™

Typical Presentation-

Neonatal seizures can be difficult to identify. Many neonatal seizures only have subtle clinical findings or
are subclinical.(Massey et al., 2018) Additionally, many unusual movements in the neonatal population are
not seizures. ' Multichannel continuous EEG (cEEG) with concurrent video is considered necessary for
accurate diagnosis of seizure activity in neonates '

Return to Acute Return to Acute
Management Treatment
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Differential Diagnoses

Acute Provoked Seizures: 34
e ~65% of neonatal seizures
e Typically remit after 72 hours
e May not require a maintenance anti-seizure medication
o FEtiologies:
o Hypoxic/anoxic injury
o Neonatal stroke (ischemic or hemorrhagic)
o Intracranial or intraventricular hemorrhage (IVH)
o Central nervous system (CNS) infection/meningitis
o Metabolic derangement
Epilepsy with onset in the neonatal period and infancy: 3
e Inborn errors of metabolism
e Genetic epilepsies
e Central nervous system (CNS) structural lesion

Neonatal behaviors or movement disorders
Startle response

Tremulousness

Benign neonatal sleep myoclonus
Hyperekplexia

Medication or substance withdrawal
Apnea

Cardiac event/arrhythmia
Paroxysmal eye movements
Paroxysmal extreme pain disorder
Gastroesophageal Reflux

Hiccups

Movement disorder

Return to Acute Return to Acute
Management Treatment
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Diagnostic Testing

Initial Testing in a Neonate with Suspected Seizure:

o Check serum electrolytes, glucose, iCa, Mg, Phos, CBC, LFTs, ammonia.

Consider sepsis workup

Consider lumbar puncture for routine studies; culture, MEID and HSV PCR

Consider Antibiotics and Acyclovir as clinically indicated

Order LTM EEG (Continuous video EEG should be considered in all patients at high risk
for neonatal seizures)

e Order Head ultrasound

e All neonates with seizures will need MRI/MRS when stable

Further Evaluation in a Neonate with Medication Resistant Seizures and/or if no clear

etiology for seizure identified:

e Serum amino acids , serum lactate , serum pipecolic acid

e Urine organic acids, urine AASA

e CSF amino acids (including glycine), CSF AASA, CSF lactate, CSF neurotransmitters
(recommended but not required prior to pyridoxine treatment)

o Consider Genetics consult, consider rapid genome sequencing

e MRI/MRS when stable

Return to Acute Return to Acute
Management Treatment
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Continuous EEG should be considered in all patients at high risk for neonatal seizures:
o Known or suspected metabolic abnormality
e Infectious, hypoxic or vascular brain injury or malformation
o Clinical suspicion for seizure
o Neonatal epilepsy syndrome
e latrogenically paralyzed
o For intermittent, brief events of possible seizure activity in a clinically stable neonate,
obtain EEG confirmation before starting medication.
o For persistent clinical events with high suspicion for seizures, proceed with treatment

EEG is typically continued until:

e 24 hours of seizure freedom or

o Until event capture or

e Until completion of rewarming in patients undergoing therapeutic hypothermia

Return to Acute Return to Acute
Management Treatment
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Recommended Treatment/Medications

Acute Treatment
For neonates experiencing recurrent seizures on EEG without underlying correctable metabolic
abnormality, anti-seizure medications can be administered sequentially:
¢ Phenobarbital 20 mg/kg IV
o If seizure continues for 10 minutes
e Phenobarbital 20 mg/kg IV repeat
o If seizure continues for 10 minutes
e Fosphenytoin 20 mg/kg IV
o If seizure continues for 10 minutes
e Levetiracetam 50mg/kg with repeat in 10 minutes
o Based on clinical judgement
= Consider levetiracetam in neonates with cardiac disorders or when other anti-seizure medications
are contraindicated, therapies have been ineffective or waiting for other medications to
arrive..(Pressler et al., 2023) (Sharpe et al., 2020)

Treatment Resistant Seizure
e Midazolam 0.2 mg/kg IV bolus
o Start drip at 0.1 mg/kg/hr
e Midazolam Bolus 0.2 mg/kg & increase 0.05 mg/kg/hour
o Every 5-15 min if needed
o Max rate: 1 mg/kg/hr
o Consider weaning midazolam after 24 hours of seizure freedom
o suggested wean of 0.05 mg/kg/hr every 4-6 hours

Long Term/Maintenance Seizure Management

Initiate maintenance anti-seizure medication if risk of ongoing seizure is present.

e Levetiracetam 40mg/kg/day with titration up to 90-100 mg/kg/day as clinically indicated. Dose divided
twice daily as maintenance.

e Phenobarbital 5 mg/kg/day divided twice daily.

e Topiramate starting at 3 - 6 mg/kg/day titrating to at least 8 mg/kg/d over 3 days(Tulloch et al., 2012)
divided twice daily.

e Oxcarbazepine 30mg/kg/day divided twice daily in a patient with family history of presentation
suspicious for channelopathy (Pressler et al., 2023)

Medication Weaning
If EEG, imaging and exam suggest low risk of seizure recurrence, evaluate for early discontinuation of anti-
seizure medications.(Brod et al., 1988) (Hellstrom-Westas et al., 1995; Organization, 2011) (Glass et al.,
2021) (Pressler et al., 2023)
e Decrease 1 anti-seizure maintenance medication by 50% on DOL 5-7 and discontinue 2 days later.
o Preferentially wean phenobarbital first if more than one maintenance medication is being given
o Concerns for phenobarbital neurotoxicity and long term neurodevelopmental consequences based
on animal models.(Kilicdag et al., 2013; Komur et al., 2014; Maitre et al., 2013)
¢ |n patients receiving more than one drug, anti-seizure medications should be stopped sequentially
based on clinical judgement.

Return to Acute Return to Acute
Management Treatment
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Pharmacology Pearls to Consider

Phenobarbital: recommend infusing in a larger vein due to hyperosmolarity. Standard
infusion is over 30 minutes to avoid respiratory depression. Doses less than 6.5 mg need to
be drawn up with our 10 mg/ml concentration.

Fosphenytoin: can be infused peripherally or centrally and has to be refrigerated. Do not
exceed 150 mg PE /MIN during administration.

Phenytoin: if only phenytoin is available, it is HHGHLY recommended to be given via a
central line as it is a known vesicant. Phenytoin is only good for 4 hours after preparation.
Do not refrigerate. Standard infusion time is over 1 hour (no faster than 1 mg/kg/

MIN). Phenytoin needs to be infused through a 0.22 micron filter.

Midazolam: administer over 5 minutes
Levetiracetam: administer over 15 minutes

Compatibility:
e Midazolam infusion: INcompatible with fosphenytoin/phenytoin and phenobarbital. No
compatibility data for midazolam and levetiracetam, also treat as INcompatible.
e TPN/IL compatibility:
o Fosphenytoin: TPN only, no data on IL/SMOF
o Levetiracetam: TPN/SMOF, no data on IL
o Midazolam: TPN/SMOF/IL only at concentrations at 0.5 mg/ml or less (standard drip
concentration is 0.4 mg/ml)
Phenobarbital: INcompatible w/ TPN/IL, no data with SMOF
Phenytoin: INcompatible w/ TPN/IL, no data with SMOF

Pyridoxal-5-phosphate: special order may need to be coordinated with pharmacy.

Abbreviations:

e “Standard” refers to standard of care at Nationwide Children’s Hospital
IL: Intralipid

PE: Phenytoin Equivalent

SMOF: Soy, MCT, Olive, Fish; special IL formulary

TPN: Total Parenteral Nutrition

Return to Acute Return to Acute
Management Treatment
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Discharge Criteria & Planning

Information about seizure etiology, presentation and first aid must be completed for all
families prior to discharge. A neonatal seizure handout should be provided to all families
and used as a guide. The handout is not a substitute for in person education.

Discharge determined by primary team with neurology collaboration

Appropriate neurology follow up to be determined based on clinical course

Return to Acute Return to Acute
Management Treatment
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Patient & Caregiver Education

Caregiver Education (include Epic Patient Instructions/DC templates, Helping Hands,
illustrations etc. if applicable):

e Family Education: Information about seizure etiology, presentation and first aid must be
completed for all families prior to discharge. The neonatal seizure handout can be used
as a guide but is not a substitute for in person education.

Return to Acute Return to Acute
Management Treatment
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Quality Metrics

Outcome Measures
o Percentage of neonates with acute provoked seizure:
o Weaned from ONE anti-seizure medication by day of life 10 in the C4 and H7B NICUs
o Weaned from ALL anti-seizure medication by day of discharge in the C4 and H7B
NICUs

Process Measures

o Percentage of neonates with Phenobarbital used as the first line of medication
e Percentage of neonates with LTM placed within 24 hours of admission

o Percentage of neonates with HUS obtained within 24 hours of admission

Balancing Measures

e Neonates’ records will be queried every 3 months after discharge, using the resumption
of anti seizure medications as a marker for the return of seizure activity

 If a return of seizure activity is noted in more than 50% of neonates at any time point in
the 12 months following medication discontinuation, the project aims will be re-
evaluated

Data Collection Plan
e CLARITY_Neonates on Anti-Seizure Medication at DOL

Return to Acute Return to Acute
Management Treatment

CPP-NICU Neonatal Seizures Evaluation Management Clinical Pathway Published: 10/9/2023 Revised: 10/9/2023



References

10.

11

12.

13.

14.

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. 03 2021;62(3):615-628. doi:10.1111/epi. 16815

Glass HC, Numis AL, Gano D, Bali V, Rogers EE. Outcomes After Acute Symptomatic Seizures in
Children Admitted to a Neonatal Neurocritical Care Service. Pediatr Neurol. 07 2018;84:39-45.
doi:10.1016/j.pediatrneurol.2018.03.016

Glass HC, Shellhaas RA, Wusthoff CJ, et al. Contemporary Profile of Seizures in Neonates: A
Prospective Cohort Study. J Pediatr. Jul 2016;174:98-103.e1. doi:10.1016/j.jpeds.2016.03.035

Shellhaas RA, Wusthoff CJ, Tsuchida TN, et al. Profile of neonatal epilepsies: Characteristics of a
prospective US cohort. Neurology. Aug 2017;89(9):893-899. doi:10.1212/WNL.0000000000004284

Kharoshankaya L, Stevenson NJ, Livingstone V, et al. Seizure burden and neurodevelopmental
outcome in neonates with hypoxic-ischemic encephalopathy. Dev Med Child Neurol. Dec
2016;58(12):1242-1248. doi:10.1111/dmcn.13215

Glass HC, Glidden D, Jeremy RJ, Barkovich AJ, Ferriero DM, Miller SP. Clinical Neonatal Seizures are
Independently Associated with Outcome in Infants at Risk for Hypoxic-lschemic Brain Injury. J Pediatr.
Sep 2009;155(3):318-23. doi:10.1016/j.jpeds.2009.03.040

Glass HC, Grinspan ZM, Shellhaas RA. Outcomes after acute symptomatic seizures in neonates. Semin
Fetal Neonatal Med. 06 2018;23(3):218-222. doi:10.1016/j.siny.2018.02.001

Holmes GL. The long-term effects of neonatal seizures. Clin Perinatol. Dec 2009;36(4):901-14, vii-viii.
doi:10.1016/j.clp.2009.07.012

EI-Dib M, Soul JS. The use of phenobarbital and other anti-seizure drugs in newborns. Semin Fetal
Neonatal Med. 10 2017;22(5):321-327. doi:10.1016/j.siny.2017.07.008

Shellhaas RA, Chang T, Wusthoff CJ, et al. Treatment Duration After Acute Symptomatic Seizures in

Neonates: A Multicenter Cohort Study. J Pediatr. 02 2017;181:298-301.e1. doi:10.1016/
j-jpeds.2016.10.039

. Glass HC, Soul JS, Chang T, et al. Safety of Early Discontinuation of Antiseizure Medication After Acute

Symptomatic Neonatal Seizures. JAMA Neurol. 07 01 2021;78(7):817-825. doi:10.1001/
jamaneurol.2021.1437

Murray DM, Boylan GB, Ali |, Ryan CA, Murphy BP, Connolly S. Defining the gap between
electrographic seizure burden, clinical expression and staff recognition of neonatal seizures. Arch Dis
Child Fetal Neonatal Ed. May 2008;93(3):F187-91. doi:10.1136/adc.2005.086314

Pisani F, Spagnoli C, Falsaperla R, Nagarajan L, Ramantani G. Seizures in the neonate: A review of
etiologies and outcomes. Seizure. Feb 2021;85:48-56. doi:10.1016/j.seizure.2020.12.023

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. Jun 2022;63(6):1349-1397. doi:10.1111/epi.17239

Cross H. Differential diagnosis of epileptic seizures in infancy including the neonatal period. Seminars in
Fetal and Neonatal Medicine. 2013;4:192-195.

Return to Acute Return to Acute
Management Treatment

CPP-NICU Neonatal Seizures Evaluation Management Clinical Pathway Published: 10/9/2023 Revised: 10/9/2023




References

Acute Management of a Neonate with Suspected Seizure

e Ficicioglu, C., & Bearden, D. (2011). Isolated neonatal seizures: when to suspect inborn errors of
metabolism. Pediatr Neurol, 45(5), 283-291. https://doi.org/10.1016/j.pediatrneurol.2011.07.006

e Hill, A. (2000). Neonatal seizures. Pediatr Rev, 21(4), 117-121; quiz 121.

e Shellhaas, R. A., Chang, T., Tsuchida, T., Scher, M. S., Riviello, J. J., Abend, N. S., . . . Clancy, R. R.
(2011). The American Clinical Neurophysiology Society's Guideline on Continuous
Electroencephalography Monitoring in Neonates. J Clin Neurophysiol, 28(6), 611-617. https://doi.org/
10.1097/WNP.0b013e31823e96d7

Acute Treatment of a Neonate with Seizures

e Pressler, R., Abend, N., Auvin, S., Boylan, G., Francesco, B., Cilio, M., . . . Hartmann, H. (2023).
Treatment of Seizures in the Neonate: Guidelines and Consensus-based Recommendations— Special
Report from the ILAE Task Force on Neonatal Seizures (Draft).

e Sharpe, C., Reiner, G. E., Davis, S. L., Nespeca, M., Gold, J. J., Rasmussen, M., . . . INVESTIGATORS,
N. (2020). Levetiracetam Versus Phenobarbital for Neonatal Seizures: A Randomized Controlled Trial.
Pediatrics, 145(6). https://doi.org/10.1542/peds.2019-3182

Treatment of a Neonate with Medication Resistant Seizure

e Kharoshankaya, L., Stevenson, N. J., Livingstone, V., Murray, D. M., Murphy, B. P., Ahearne, C. E., &
Boylan, G. B. (2016). Seizure burden and neurodevelopmental outcome in neonates with hypoxic-
ischemic encephalopathy. Dev Med Child Neurol, 568(12), 1242-1248. https://doi.org/10.1111/
dmcn.13215

e Pressler, R., Abend, N., Auvin, S., Boylan, G., Francesco, B., Cilio, M., . . . Hartmann, H. (2023).
Treatment of Seizures in the Neonate: Guidelines and Consensus-based Recommendations— Special
Report from the ILAE Task Force on Neonatal Seizures (Draft).

e Sharpe, C., Reiner, G. E., Davis, S. L., Nespeca, M., Gold, J. J., Rasmussen, M., . . . INVESTIGATORS,
N. (2020). Levetiracetam Versus Phenobarbital for Neonatal Seizures: A Randomized Controlled Trial.
Pediatrics, 145(6). https://doi.org/10.1542/peds.2019-3182

e Tsuchida, T. N., Wusthoff, C. J., Shellhaas, R. A., Abend, N. S., Hahn, C. D., Sullivan, J. E., . ..
Committee, A. C. N. S. C. C. M. (2013). American clinical neurophysiology society standardized EEG
terminology and categorization for the description of continuous EEG monitoring in neonates: report of
the American Clinical Neurophysiology Society critical care monitoring committee. J Clin Neurophysiol,
30(2), 161-173. https://doi.org/10.1097/WNP.0b013e3182872b24

Further Evaluation and Management of a Neonate with Medication Resistant Seizures and/or if No

Clear Etiology Identified

e C.D. M. (2021). Consensus guidelines for the diagnosis and management of pyridoxine-dependent
epilepsy due to a-aminoadipic semialdehyde dehydrogenase deficiency. J Inherit Metab Dis, 44(1), 178-
192. https://doi.org/10.1002/jimd.12332

e Courchia, B., Kurtom, W., Pensirikul, A., Del-Moral, T., & Buch, M. (2018). Topiramate for Seizures in
Preterm Infants and the Development of Necrotizing Enterocolitis. Pediatrics, 142(1). https://doi.org/
10.1542/peds.2017-3971

e Glass, H. C., Shellhaas, R. A., Wusthoff, C. J., Chang, T., Abend, N. S., Chu, C. J., ... Soul, J. S.
(2016). Contemporary Profile of Seizures in Neonates: A Prospective Cohort Study. J Pediatr, 174, 98-
103.e101. https://doi.org/10.1016/j.jpeds.2016.03.035

e Mruk, A. L., Garlitz, K. L., & Leung, N. R. (2015). Levetiracetam in neonatal seizures: a review. The
jJournal of pediatric pharmacology and therapeutics : JPPT : the official journal of PPAG, 20(2), 76-89.
https://doi.org/10.5863/1551-6776-20.2.76

e Pressler, R., Abend, N., Auvin, S., Boylan, G., Francesco, B., Cilio, M., . . . Hartmann, H. (2023).
Treatment of Seizures in the Neonate: Guidelines and Consensus-based Recommendations— Special
Report from the ILAE Task Force on Neonatal Seizures (Draft).

e Sharpe, C., Reiner, G. E., Davis, S. L., Nespeca, M., Gold, J. J., Rasmussen, M., . . . Haas, R. H.
(2020). Levetiracetam Versus Phenobarbital for Neonatal Seizures: A Randomized Controlled Trial.
Pediatrics, 145(6). https://doi.org/10.1542/peds.2019-3182

¢ Shellhaas, R. A., Chang, T., Wusthoff, C. J., Soul, J. S., Massey, S. L., Chu, C. J., ... Group, N. S. R.
S. (2017). Treatment Duration After Acute Symptomatic Seizures in Neonates: A Multicenter Cohort
Study. J Pediatr, 181, 298-301.e291. https://doi.org/10.1016/j.jpeds.2016.10.039

e Shellhaas, R. A., Wusthoff, C. J., Tsuchida, T. N., Glass, H. C., Chu, C. J., Massey, S. L., ... Registry,
N. S. (2017). Profile of neonatal epilepsies: Characteristics of a prospective US cohort. Neurology,
89(9), 893-899. https://doi.org/10.1212/VWNL.0000000000004284

e Tulloch, J. K., Carr, R. R., & Ensom, M. H. (2012). A systematic review of the pharmacokinetics of
antiepileptic drugs in neonates with refractory seizures. J Pediatr Pharmacol Ther, 17(1), 31-44. https://
doi.org/10.5863/1551-6776-17.1.31

e Vawter-Lee, M., Natarajan, N., Rang, K., Horn, P. S., Pardo, A. C., & Thomas, C. W. (2022). Topiramate
Is Safe for Refractory Neonatal Seizures: A Multicenter Retrospective Cohort Study of Necrotizing
Enterocolitis Risk. Pediatric neurology, 129, 7-13.

Medication Weaning of a Neonate with Seizures

e Brod, S. A, Ment, L. R, Ehrenkranz, R. A., & Bridgers, S. (1988). Predictors of success for drug
discontinuation following neonatal seizures. Pediatr Neurol, 4(1), 13-17.

e Glass, H. C., Soul, J. S., Chang, T., Wusthoff, C. J., Chu, C. J., Massey, S. L., . .. Shellhaas, R. A.
(2021). Safety of Early Discontinuation of Antiseizure Medication After Acute Symptomatic Neonatal
Seizures. JAMA Neurol, 78(7), 817-825. https://doi.org/10.1001/jamaneurol.2021.1437

e Hellstrom-Westas, L., Blennow, G., Lindroth, M., Rosén, I., & Svenningsen, N. W. (1995). Low risk of
seizure recurrence after early withdrawal of antiepileptic treatment in the neonatal period. Arch Dis Child
Fetal Neonatal Ed, 72(2), F97-101.

¢ Kilicdag, H., Daghoglu, K., Erdogan, S., Guzel, A., Sencar, L., Polat, S., & Zorludemir, S. (2013). The
effect of levetiracetam on neuronal apoptosis in neonatal rat model of hypoxic ischemic brain injury.
Early Hum Dev, 89(5), 355-360. https://doi.org/10.1016/j.earlhumdev.2012.12.002

¢ Komur, M., Okuyaz, C., Celik, Y., Resitoglu, B., Polat, A., Balci, S., . . . Beydagi, H. (2014).
Neuroprotective effect of levetiracetam on hypoxic ischemic brain injury in neonatal rats. Childs Nerv
Syst, 30(6), 1001-1009. https://doi.org/10.1007/s00381-014-2375-x

e Maitre, N. L., Smolinsky, C., Slaughter, J. C., & Stark, A. R. (2013). Adverse neurodevelopmental
outcomes after exposure to phenobarbital and levetiracetam for the treatment of neonatal seizures. J
Perinatol, 33(11), 841-846. https://doi.org/10.1038/jp.2013.116

e Pressler, R., Abend, N., Auvin, S., Boylan, G., Francesco, B., Cilio, M., . . . Hartmann, H. (2023b).
Treatment of Seizures in the

¢ Neonate: Guidelines and Consensus-based Recommendations— Special Report from the ILAE Task
Force on Neonatal Seizures (Draft).

Return to Acute Return to Acute
Management Treatment

CPP-NICU Neonatal Seizures Evaluation Management Clinical Pathway Published: 10/9/2023 Revised: 10/9/2023



Pathway Team & Process

Pathway Development Team

Leader(s):
Neurology:

Neonatology:
Members:

Neonatology:

Neurology:

Hospital Pediatrics:

Inpatient Pharmacy:

Jaime Twanow, MD

Roopali Bapat, MD, MSHQS

Maria Jebbia, MD
Trina Anthony, NNP

Adam Ostendorf, MD
Laurel Slaughter, MD
Margie Ream, MD, PhD
Darrah Haffner, MD

Rae Leonor Gumayan, MD
Shama Patel, MD, MPH

Jason Kovalcik, MD

Jacqueline Magers, PharmD

Developmental Behavioral Pediatrics:

Clinical Outcomes:

William Parker

Megan Rose

Clinical Pathways Program:
Medical Director — Neonatology:
Roopali Bapat, MD, MSHQS
Medical Director — Quality:
Ryan Bode, MD, MBOE
Medical Director — Clinical Informatics & Emergency Medicine:
Laura Rust, MD, MPH
Business & Development Manager:
Rekha Voruganti, MBOE, LSSBB
Program Coordinators:

Tahje Brown, MBA
Joaquin Serantes, BA

Clinical Pathway Approved

Medical Director — Associate Chief Quality Officer, Center for
Clinical Excellence:

Ryan Bode, MD, MBOE
Advisory Committee Date: September, 2023

Origination Date: October, 2023
Next Revision Date: October, 2026

Clinical Pathway Development

This clinical pathway was developed using the process described in the NCH Clinical Pathway Development Manual Version 6,
2022. Clinical Pathways at Nationwide Children’s Hospital (NCH) are standards which provide general guidance to clinicians.
Patient choice, clinician judgment, and other relevant factors in diagnosing and treating patients remain central to the selection
of diagnostic tests and therapy. The ordering provider assumes all risks associates with care decisions. NCH assumes no
responsibility for any adverse consequences, errors, or omissions that may arise from the use or reliance on these guidelines.
NCH’s clinical pathways are reviewed periodically for consistency with new evidence; however, new developments may not be
represented, and NCH makes no guarantees, representations, or warranties with respect to the information provided in this

clinical pathway.

Copyright © 2023. Nationwide Children’s Hospital. All rights reserved. No part of this document may be reproduced, displayed,
modified, or distributed in any form without the express written permission of Nationwide Children’s Hospital.

For more information about our pathways and program please contact:

ClinicalPathways@NationwideChildrens.org

Management

Return to Acute

Return to Acute
Treatment

CPP-NICU Neonatal Seizures Evaluation Management Clinical Pathway Published: 10/9/2023 Revised: 10/9/2023



	Acute Management�
	Acute Treatment�
	Medication Resistant Seizure�
	Further evaluation�
	Medication Weaning�
	Diagnosis and Definition�
	Differential Diagnoses�
	Diagnostic Testing�
	Monitoring�
	Recommended Tx and Meds�
	Pharmacology Pearls�
	Discharge Criteria and Planning�
	Patient and Caregiver Education�
	Quality Metrics�
	Updated References�
	References�
	Team and Process�

