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Objective To determine the contemporary etiology, burden, and short-term outcomes of seizures in neonates
monitored with continuous video-electroencephalogram (cEEG).
Study design We prospectively collected data from 426 consecutive neonates (56% male, 88% term)
#44weeks’ postmenstrual agewith clinically suspected seizures and/or electrographic seizures. Subjects were as-
sessed between January 2013 and April 2015 at 7 US tertiary care pediatric centers following the guidelines of the
American Clinical Neurophysiology Society for cEEG for at-risk neonates. Seizure etiology, burden, management,
and outcome were determined by chart review by the use of a case report form designed at study onset.
Results Themost commonseizure etiologieswerehypoxic-ischemic encephalopathy (38%), ischemic stroke (18%),
and intracranial hemorrhage (11%). Seizure burden was high, with 59% having$7 electrographic seizures and 16%
havingstatus epilepticus;52%received$2antiseizuremedications.During theneonatal admission, 17%died; 49%of
survivors hadabnormal neurologic examination at hospital discharge. In an adjusted analysis, high seizureburdenwas
a significant risk factor for mortality, length of hospital stay, and abnormal neurological examination at discharge.
Conclusions In this large contemporary profile of consecutively enrolled newborns with seizures treated at cen-
ters that use cEEG per the guidelines of the American Clinical Neurophysiology Society, about one-half had high
seizure burden, received $2 antiseizure medications, and/or died or had abnormal examination at discharge.
Greater seizure burden was associated with increased morbidity and mortality. These findings underscore the
importance of accurate determination of neonatal seizure frequency and etiology and a potential for improved
outcome if seizure burden is reduced. (J Pediatr 2016;174:98-103).

S
eizures are a common manifestation of neurologic disorders in neonates and are associated with unfavorable short- and
long-term developmental outcomes.1 More than 50% of survivors experience considerable disability across a range of
developmental domains, most frequently cerebral palsy, postneonatal

epilepsy, and/or intellectual disability,1,2 and require costly, lifelong therapies
and social and academic support.

Advances in the accurate diagnosis and management of seizures in neonates
have been limited by several important factors: (1) seizures are difficult to diag-
nose because almost any abnormal movement can be attributable to seizures,
yet electrographic seizures frequently do not have a clinical correlate3,4; (2)
commonly used medications have limited efficacy5; and (3) the relatively rare
occurrence of seizures (1-4/1000 live term births) requires multicenter collabora-
tive efforts.6-8 Most studies of neonatal seizures have used either single-center data
or population-based information that relied primarily on observation of clinical
seizures rather than seizures identified by electroencephalography (EEG).

To address these limitations, we developed the Neonatal Seizure Registry, a
multicenter collaboration of tertiary centers across the US that follow the Amer-
ican Clinical Neurophysiology Society (ACNS) guidelines for continuous video-
electroencephalogram (cEEG) monitoring for at-risk neonates.9 The aim of this
study was to use registry data to identify the contemporary profile of seizure
etiologies and characteristics of seizures in a large, prospective, consecutive
cohort.
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ACNS American Clinical Neurophysiology Society

cEEG Continuous video-electroencephalogram

EEG Electroencephalography

HIE Hypoxic-ischemic encephalopathy

ICH Intracranial hemorrhage
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Methods

Subjects were consecutive neonates (<44 weeks’ postmenst-
rual age) with clinical events suspicious for seizures and/or
confirmed EEG seizures who were admitted from January
2013 to April 2015 to 1 of the 7 participating tertiary care cen-
ters. All centers followed the 2011 ACNS guidelines for brain
monitoring in neonates,9 which recommend cEEG for the
following indications: (1) to assess differential diagnosis of
paroxysmal events (ie, patients with 1 or more clinical events
suggestive of seizure); (2) to detect seizures in high-risk pop-
ulations (ie, neonates with acute encephalopathy, need for
extracorporeal membrane oxygenation, central nervous sys-
tem infection, or, intracranial bleeding); and/or (3) to assess
for background abnormalities during acute encephalopathy.
The duration of cEEG monitoring recommended by the
ACNS guidelines is until index clinical events are captured,
for a minimum of 24 hours, or until at least 24 hours after
resolution of electrographic seizures. All centers used cEEG
for neonates treated with therapeutic hypothermia during
hypothermia and rewarming. Study data were collected and
managed by the use of REDCap (Research Electronic Data
Capture) tools, hosted at University of California, San Fran-
cisco.10 The local Institutional Review Board or Committee
on Human Research approved a waiver of consent for data
collection at each site.

Clinical data were compiled prospectively in a systematic
manner by the use of predetermined variable definitions. Pa-
tient demographic characteristics, duration of monitoring,
and in-hospital neurologic outcomes were extracted from
medical records by a trained research assistant at each site.
A study investigator at each site reviewed medical records,
including clinical, laboratory, EEG, and neuroimaging re-
sults, to determine the indication for EEG monitoring,
seizure etiology, and burden, as well as EEG and examination
findings. Seizures were defined as repetitive, evolving pat-
terns, with a definite beginning and end, with a minimum
duration of 10 seconds and a minimum amplitude of 2 mi-
crovolts.11,12 EEG seizure burden was defined a priori as fol-
lows: (1) none; (2) rare EEG seizures (<7); (3) many isolated
EEG seizures ($7); (4) frequent recurrent EEG seizures; (5)
status epilepticus; or (6) documentation inadequate to quan-
tify. Status epilepticus was defined as any electrographic
recording with seizures lasting >50% over at least 1 hour of
recording.12,13 Seizure burden also was dichotomized to
“low” (<7 seizures) or “high” ($7). Abnormal neurologic ex-
amination was defined as abnormalities in consciousness,
tone, and/or reflexes, as documented by the treating clini-
cian(s). Antiseizure medication administration was based
on local guidelines at the discretion of the treating physicians.
Each site obtained a consultation from a neurologist on neo-
nates with seizures as standard care.

To help ensure integrity of the data, the study principal
investigator and coordinating center research assistant re-
viewed data from each site for completeness and outliers.
In addition, 5 randomly chosen files from each center were

re-abstracted in person by the study principal investigator
and research assistant. During these study audits, data were
checked for completeness and accuracy, and local investiga-
tors were asked to correct any systematic errors.

Statistical Analyses
Study results are presented as actual numbers with percent-
ages, mean with SD, or medians with IQRs. c2 test was
used to examine the difference between proportions. The
Student t test was used to compare means. Statistical analyses
were performed using Stata 12 (StataCorp, College Station,
Texas), and P values <.05 were considered significant. For
the adjusted analysis, variables that were significant to
P = .1 were included in the multivariable model, which was
then refined by the use of backward stepwise regression as
needed.

Results

Seven sites enrolled 426 subjects who had suspected or
confirmed seizures during the study period and were moni-
tored with cEEG according to the ACNS guidelines. The indi-
cation for cEEG was a suspicion of clinical seizures in 63%,
and the remaining neonates were monitored for encephalop-
athy with or without suspicious clinical events (15% and
19%, respectively), or other indication in 4% (during extra-
corporeal membrane oxygenation or postcardiac surgery in 7
subjects, abnormal neuroimaging in 5, and unspecified/other
in 3). Basic demographic data are presented in Table I.
Themost common seizure etiologieswerehypoxic-ischemic

encephalopathy (HIE, 38%), arterial or venous ischemic stroke
(18%), and intracranial hemorrhage (ICH, 12%) (Table I).
Neonatal-onset epilepsy was present in 13%, attributable to
epileptic encephalopathy/genetic epilepsy syndrome in 6%
and congenital brain malformation in 4%; benign familial
neonatal epilepsy was identified in 3%. Most subjects (79%)
had a single identified etiology; those with more than 1
etiology usually had a combination of acute symptomatic
and/or transient metabolic etiologies.

Seizure Characteristics
Eighty-two percent of subjects had electrographic seizures
detected by cEEG. The remainder had only clinical events
suspicious for seizures that resolved before cEEG recording
or electrographic seizures recorded at the referral hospital
but no confirmed seizures on the study center cEEG. Sixty-
two percent of subjects had at least 1 electrographic seizure
without clinical correlate (ie, subclinical seizure), and 16%
had only electrographic seizures without clinical correlate.
Subclinical seizures occurred equally among neonates with
at least 1 seizure captured on EEG, regardless of seizure
burden.
Monitoring with cEEG was maintained for a median dura-

tion of 66 hours (IQR 40, 96 hours), with 90% of subjects
monitored for$24 hours, and 98%monitored for >12 hours.
cEEG monitoring was initiated at a median age of 50 hours
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