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abstract
BACKGROUND: The purpose of this study was to characterize seizures among preterm neonates enrolled in the

Neonatal Seizure Registry, a prospective cohort of consecutive neonates with seizures at seven pediatric centers
that follow the American Clinical Neurophysiology Society’s neonatal electroencephalography monitoring guideline. STUDY DESIGN: Of 611 enrolled neonates with seizures, 92 (15%) were born preterm. Seizure characteristics
were evaluated by gestational age at birth for extremely preterm (<28 weeks, N ¼ 18), very preterm (28 to
<32 weeks, N ¼ 18), and moderate to late preterm (32 to <37 weeks, N ¼ 56) and compared with term neonates.
RESULTS: Hypoxic-ischemic encephalopathy (33%) and intracranial hemorrhage (27%) accounted for the etiology in
more than half of preterm neonates. Hypothermia therapy was utilized in 15 moderate to late preterm subjects
with encephalopathy. The presence of subclinical seizures, monotherapy treatment failure, and distribution of
seizure burden (including status epilepticus) was similar in preterm and term neonates. However, exclusively
subclinical seizures occurred more often in preterm than term neonates (24% vs 14%). Phenobarbital was the most
common initial medication for all gestational age groups, and failure to respond to an initial loading dose was 63%
in both preterm and term neonates. Mortality was similar among the three preterm gestational age groups;
however, preterm mortality was more than twice that of term infants (35% vs 15%). CONCLUSIONS: Subclinical
seizures were more common and mortality was higher for preterm than term neonates. These data underscore the
importance of electroencephalographic monitoring and the potential for improved management in preterm
neonates.
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Introduction

The risk of seizures is highest in the ﬁrst year after birth and
especially within the ﬁrst month.1 The risk of seizures appears
to be inversely related to gestational age and birth weight: the
reported incidence of seizures in very low birth weight infants
(less than 1500 g at birth) is approximately 1.9% to 5.8% in
population-based studies2-4 and 3.9% to 48% in single center
studies.5-8 Lloyd et al.9 summarized 120 preterm neonates
(median gestational age 29 weeks, inter quartile range 27 to
30 weeks) who were monitored using continuous electroencephalography (cEEG) for approximately 72 hours after birth.
They detected seizures in only six infants (5%), suggesting that
the seizure frequency in an unselected population is at the
lower range of what other groups have reported.
Population-based data largely rely on reporting from
vital statistics and hospital discharge diagnoses, include
neonates at both low and high acuity centers, and
predominantly reﬂect a clinical diagnosis of seizures. In
contrast, the single center studies largely report the
experiences of tertiary care centers with a neurological
focus and higher acuity and/or standardized neurophysiology monitoring. Therefore the differences in reported
rates likely reﬂect both the populations studied and the
method of ascertainment. Of note, the highest reported
rates of seizure in preterm neonates come from centers that
predominantly use amplitude-integrated electroencephalography (aEEG) for seizure detection, a technique that is
subject to both false-negative and false-positive results.10
The primary objective of this study was to characterize
seizures among preterm neonates in the Neonatal Seizure
Registry, a prospective cohort of neonates with seizures
managed at seven US pediatric centers that follow the
American Clinical Neurophysiology Society (ACNS) neonatal
cEEG monitoring guideline.11 We hypothesized that seizure
etiology, response to treatment, and short-term outcome
would differ by gestational age at birth.
Methods
This study was a prospective, observational cohort study of
consecutive neonates with seizures treated at the seven sites of the
Neonatal Seizure Registry. Each site has a level IV neonatal intensive
care unit (NICU) and follows the ACNS guideline for cEEG.11 The ACNS
recommends monitoring neonates for differential diagnosis of
paroxysmal events and for detection of electrographic seizures in
selected high-risk populations. In neonates at risk for seizures, the ACNS
guidelines recommend cEEG monitoring for a minimum of 24 hours and
for 24 hours after the last electrographic seizure. In clinical practice,
neonates with hypoxic-ischemic encephalopathy (HIE) who undergo
therapeutic hypothermia at each of the study centers are monitored
with cEEG until rewarming is complete.
All neonates with seizures diagnosed clinically and/or with EEG
conﬁrmation were enrolled from January 2013 through November 2015.
Neonates with events that were determined not to be seizures based on
clinical evaluation or EEG monitoring were not enrolled. Neonates with
clinical events suspected to be seizures and treated as such with
antiseizure medications were included if the clinical evaluation, event
semiology, and/or outside hospital EEG supported the diagnosis of
seizures, even if seizures were not identiﬁed on subsequent cEEG
recordings at the study center. Indications for cEEG monitoring
included differential diagnosis of clinical events concerning for seizure,
encephalopathy, clinical events plus encephalopathy, or “other”
indication. Details regarding seizure etiology, medical management,
seizure burden, and treatment responses were recorded. The study site

investigators determined primary seizure etiology based on a systematic
review of the medical record. Seizure characteristics and short-term
outcomes were compared within preterm gestational age groups
(extremely preterm, gestational age less than 28 weeks; very preterm,
gestational age 28 to less than 32 weeks; and moderate to late preterm,
gestational age 32 to less than 37 weeks), and between preterm and term
(gestational age 37 or more weeks) neonates. Abnormal examination
was deﬁned as any alteration in consciousness, tone, or reﬂexes.
For both term and preterm neonates, electrographic seizures were
deﬁned as a sudden, abnormal EEG event deﬁned as a repetitive and
evolving pattern with minimum amplitude of 2 mV and duration
10 seconds.12 Seizure burden and characteristics were determined by
video-EEG reports. A board-certiﬁed pediatric electroencephalographer
with experience in neonatal neurophysiology reported the EEG at each
site. Seizure exposure was deﬁned as follows: no EEG seizures, isolated
(fewer than seven) recorded seizures, many (seven or more) recorded
seizures, frequent recurrent seizures (but not fulﬁlling criteria for status
epilepticus), and status epilepticus (50% or more of any 60-minute EEG
epoch comprising seizures). Treatment for seizures, including medication
selection and duration of therapy, was at the discretion of the clinical
team. No speciﬁc treatment guideline was provided to the sites as this was
an observational study, although ﬁve of the seven sites had an institutional
guideline, pathway, or suggested workﬂow for seizure management.
Descriptive statistics and results of t tests, ANOVA, Kruskall Wallis,
Wilcoxon rank sum, and chi-square tests are presented. Analyses were
performed both within preterm gestational age groups, as well as
preterm compared with term neonates. Analyses were completed using
Stata 14 (StataCorp, College Station, TX).
The local institutional review board for every site approved the study
and granted a waiver of informed consent. Subjects from the Neonatal
Seizure Registry were previously presented.13,14

Results

From January 2013 through November 2015, 611
consecutive neonates with seizures were enrolled into the
Neonatal Seizure Registry. Fifteen percent (92 neonates)
were born at gestational age less than 37 weeks as follows:
N ¼ 18 extremely preterm (gestational age less than
28 weeks), N ¼ 18 very preterm (gestational age 28 to less
than 32 weeks), and N ¼ 56 moderate to late preterm
(gestational age 32 to less than 37 weeks). Patient
characteristics are presented in Table 1.
Seizure etiology

HIE was the most common seizure etiology among
moderate to late preterm and term neonates, whereas
intracranial hemorrhage was more common among
extremely and very preterm neonates. Sixty percent of
moderate to late preterm subjects with seizures caused by
HIE were treated with therapeutic hypothermia at a median
age of 36 (range 331/7 to 366/7) weeks. The 12 preterm
survivors of HIE underwent cEEG monitoring for a median
of 90 hours to include cooling and rewarming periods.
Ischemic strokes and genetic epileptic encephalopathies
were more commonly diagnosed in term neonates, whereas
intracranial infections were a more common cause of
seizures in preterm neonates (P < 0.0005). The proportion
with an unknown etiology was similar across all gestational
age groups (range 8% to 11% by gestational age group).
Monitoring and seizure characteristics

There were differences between term and preterm
gestational age groups with regards to indication for
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TABLE 1.
Clinical Characteristics of 611 Infants With Seizures in the Neonatal Period

Clinical Characteristics

Preterm
N ¼ 92

Extremely
Preterm
(<28 weeks)
N ¼ 18

Very Preterm
(28 to <32 weeks)
N ¼ 18

Moderate/Late
Preterm
(32 to <37 weeks)
N ¼ 56

P Value
(Comparing
Preterm
Categories)

Term
N ¼ 519

P Value (Preterm
Versus Term)

Male
Death
Abnormal examination
at discharge*

48 (52%)
32 (35%)
30 (50%)

10 (56%)
7 (39%)
4 (36%)

7 (39%)
6 (33%)
6 (50%)

31 (55%)
19 (33%)
20 (54%)

0.5
0.9
0.6

289 (56%)
78 (15%)
213 (48%)

0.5
<0.0005
0.8

Data are presented as N (%) or mean (interquartile range).
* Among 501 survivors.

monitoring. Extremely and very preterm neonates were
more likely to have clinical events as the indication for
monitoring, whereas moderate to late preterm and term
neonates were more likely to have encephalopathy or
encephalopathy plus clinical events as an indication for
cEEG monitoring (Table 2). Among neonates born extremely
preterm, abnormal imaging was the most common
other reason for monitoring (40%).
Chronological age at ﬁrst seizure was signiﬁcantly older
in the preterm than term neonates (median six days,
interquartile range (IQR) 1, 21 days versus median 27 hours,
IQR 11 hours, 83 hours, P < 0.0005 for ﬁrst clinical seizure;
and median ten days, IQR 38 hours, 34 days versus median

52 hours, IQR 23 hours, six days, P < 0.0005 for ﬁrst EEG
seizure). Median time from the onset of recording to
identiﬁcation of the ﬁrst EEG seizure was similar by
gestational age at birth (median two hours, IQR less than
one hour, 16 hours for preterm, versus median 2 hours, IQR
less than one hour, nine hours for term, P ¼ 0.3). Total cEEG
recording duration was also similar by birth gestational age
(overall median 66, IQR 41, 96 hours). However, lower
gestational age was strongly associated with later
chronological age at the onset of cEEG recording
(P ¼ 0.0001), which was likely largely driven by later onset
of ﬁrst clinical seizure in extremely and very preterm
newborns compared with term newborns.

TABLE 2.
Indication for Monitoring and Seizure Characteristics of 611 Neonates Monitored by Continuous Video-EEG

Indications for Monitoring
and Seizure Characteristics

Preterm
N ¼ 92

Indication for monitoring
Clinical events
54
Encephalopathy
20
Events þ encephalopathy
8
Other
10
Seizure characteristics
Any subclinical seizures
61
Only subclinical seizure
22
EEG seizures*
No EEG seizures captured
14
at the study site
Rare EEG seizures (<7)
23
Many EEG seizures (>7)
11
Frequent recurrent
28
Status epilepticus
13
Initial loading antiseizure
medicationy
Phenobarbital
74
Levetiracetam
9
Fosphenytoin
1
Medications prescribed
during the admission
Number of medications
1
used
Seizures refractory to
54
initial load
Discharged home on
31/46
antiseizure medicationsz

Extremely
Very Preterm
Preterm
(28 to <32 weeks)
(<28 weeks) N ¼ 18
N ¼ 18

Moderate/Late
Preterm
(32 to <37 weeks)
N ¼ 56

(59%)
(22%)
(9%)
(11%)

12 (67%)
2 (11%)
0
4 (23%)

15 (83%)
0
2 (11%)
1 (6%)

(66%)
(24%)

12 (67%)
5 (28%)

9 (50%)
2 (11%)

40 (71%)
15 (27%)

7 (39%)

7 (13%)

(15%)
(25%)
(12%)
(30%)
(14%)

0
4
3
6
5

(22%)
(17%)
(33%)
(28%)

1
2
6
2

(6%)
(11%)
(33%)
(11%)

27
18
6
5

18
6
16
6

(48%)
(32%)
(11%)
(9%)

P Value
Term
(Comparing N ¼ 519
Preterm
categories)

0.046

0.2
0.4
0.04

322
95
84
18

P Value (Preterm
Versus Term)

(62%)
(18%)
(16%)
(3%)

331 (64%)
72 (14%)

0.001

0.6
0.01
0.9

88 (17%)

(32%)
(11%)
(29%)
(11%)

127
83
141
78

(25%)
(16%)
(27%)
(15%)

0.01

0.1

(88%)
(11%)
(1%)

12 (71%)
4 (24%)
1 (6%)

18 (100%)
0
0

44 (90%)
5 (10%)
0

466 (94%)
24 (5%)
3 (<1%)

(1, 2)

1.5 (1, 3)

1 (1, 3)

1 (1, 2)

0.4

2 (1, 3)

(63%)

13 (76%)

11 (61%)

30 (60%)

0.6

319 (63%)

(67%) 4/6 (67%)

6/10 (60%)

21/30 (70%)

0.8

294/382 (77%)

Data are presented as N (%) or mean (interquartile range).
* As documented at the study hospital among 606 subjects with documentation adequate to quantify seizure burden.
y
Among 580 neonates who received a loading dose of antiseizure medication.
z
Among 428 neonates discharged to home.

0.003
0.6
0.15
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There were high rates of EEG-conﬁrmed seizures among
extremely, very, and moderate to late preterm groups
(100%, 72%, and 88%, respectively), although cEEG monitoring was initiated for reasons other than clinical events in
34%, 6%, and 41% of these preterm neonates (Table 2). The
rate of EEG-conﬁrmed seizures was similar for preterm and
term neonates (87% vs 85%, P ¼ 0.7).
The presence of subclinical seizures was similar across
preterm gestational ages and also between term and
preterm neonates (P  0.2, Table 2). However, exclusively
subclinical seizures were more common in preterm than
term neonates (24% versus 14%, P ¼ 0.01). The distribution
of seizure burden was similar between preterm and term
neonates, and speciﬁcally, preterm neonates were just as
likely as term infants to have documented status epilepticus
(14% preterm versus 15% term, P ¼ 0.9). In 15% of preterm
neonates and 17% of term neonates, EEG at the study site did
not conﬁrm clinically suspected seizures (P ¼ 0.9).
Seizure treatment

Phenobarbital was the most common initial loading
medication for all gestational age groups (range 71% to
100% by gestational age at birth) and the most commonly
used medication overall (range 82% to 100% of neonates
receiving phenobarbital by gestational age, Table 3).
Preterm neonates were less likely to receive phenobarbital
before the onset of cEEG monitoring than term neonates
(36% versus 48%, P ¼ 0.04). Phenobarbital dosing was
equivalent in preterm versus term neonates (with average
initial loading dose at 19.4 mg/kg for term and 19.9 mg/kg
for preterm, P ¼ 0.2). Levetiracetam was the next most
commonly prescribed medication, both as an initial
loading dose (range 0% to 24% by gestational age) and
overall (range 27% to 44% of neonates receiving
levetiracetam by gestational age). Fosphenytoin was least
likely to be used as an initial loading medication in all age
groups (range 0% to 6% by gestational age with the high
range prescribed to the extremely preterm) and overall
(range 14% to 33% by gestational age). Fosphenytoin was
more likely to be prescribed for term (32%) than preterm
infants (18%, P ¼ 0.008).
Overall, 63% of neonates had seizures that persisted after
the initial loading dose of antiseizure medication and this

was not different between preterm and term neonates
(P ¼ 0.6). There was also no signiﬁcant difference when
comparing medications: 64% had seizures that persisted
after loading doses of phenobarbital, 58% for levetiracetam,
and 100% for fosphenytoin (P ¼ 0.4). Although response to
the initial antiseizure medications was similar, preterm
neonates received fewer medications during the inpatient
admission than term neonates (median 1, IQR 1, 2 versus
median 2, IQR 1, 3, P ¼ 0.003, Table 3).
Short-term outcome

Preterm neonates with seizures were more than twice
as likely to die during the hospital admission as term
neonates with seizures (35% versus 15%, P < 0.005,
Table 1). In-hospital mortality was not signiﬁcantly
different among the three preterm age groups (P ¼ 0.9).
Mortality was higher when comparing preterm neonates
to term neonates with a similar seizure etiology. Among
neonates with a primary diagnosis of HIE, 14 of 30 (47%)
preterm neonates versus 45 of 201 (22%) term neonates
died (P ¼ 0.004). Among neonates with a primary
diagnosis of intracranial hemorrhage, seven of 25 (28%)
preterm neonates versus ﬁve of 53 (9%) term neonates died
(P ¼ 0.03). However, when examining neonates with
ischemic stroke or infection, there was no difference in
mortality between preterm and term neonates.
Among survivors, preterm and term neonates with
seizures were equally likely to have an abnormal
neurological examination at the time of hospital discharge
(50% versus 48%, P ¼ 0.8, Table 1). There was no difference
by gestational age in the likelihood of being prescribed
antiseizure medications at the time of hospital discharge
(67% for preterm versus 77% for term neonates, P ¼ 0.15,
Table 3).
Discussion

In this prospective multicenter study of preterm neonates
with seizures who were monitored with continuous,
conventional video EEG according to ACNS guidelines,11 we
show that seizure etiology was different and both likelihood
of exclusively subclinical seizures and mortality were higher
in preterm compared with term neonates, whereas seizure

TABLE 3.
Seizure Management for 611 Neonates

Seizure Management

Initial loading antiseizure
medication*
Phenobarbital
Levetiracetam
Fosphenytoin
Number of medications
used
Seizures refractory to
initial load
Discharged home on
antiseizure medicationsy
*
y

Preterm
N ¼ 92

Extremely
Preterm
(<28 weeks)
N ¼ 18

Very Preterm
(28 to <32 weeks)
N ¼ 18

Moderate/Late
Preterm
(32 to <37 weeks)
N ¼ 56

P Value
(Comparing
Preterm
Categories)

Term
N ¼ 519

P Value
(Preterm
Versus Term)

0.01
74
9
1
1

(88%)
(11%)
(1%)
(1, 2)

12
4
1
1.5

(71%)
(24%)
(6%)
(1, 3)

0.1

18 (100%)
0
0
1 (1, 3)

44 (90%)
5 (10%)
0
1 (1, 2)

0.4

466
24
3
2

(94%)
(5%)
(<1%)
(1, 3)

54 (63%)

13 (76%)

11 (61%)

30 (60%)

0.6

319 (63%)

31/46 (67%)

4/6 (67%)

6/10 (60%)

21/30 (70%)

0.8

294/382 (77%)

Among 580 neonates who received a loading dose of anti-seizure medication.
Among 428 neonates discharged to home.

0.003
0.6
0.15
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burden (including status epilepticus) and response to
treatment was similar in all gestational age groups.
Intracranial hemorrhage was the most common seizure
etiology in neonates born at less than 32 weeks’ gestation,
likely owing to the susceptibility to intraventricular
hemorrhage in this age group and difﬁculty diagnosing
and/or lack of routine monitoring for HIE (the most
common cause in neonates at 32 or more weeks’ gestation)
in the very preterm. These ﬁndings are similar to the results
of past studies.6,15,16 Our ﬁndings that intracranial
hemorrhage was the most common seizure etiology and
that abnormal imaging was an important indication
for monitoring among preterm neonates support ACNS
recommendations for cEEG among neonates with acute
high grade intracranial hemorrhage.11
There is no published evidence to guide treatment of
seizures in preterm neonates. The few clinical trials that
evaluate response to medication excluded preterm
neonates.17,18 In this study, phenobarbital was most
commonly used as a ﬁrst line medication in all age groups,
and response to the initial loading dose was similar across
age groups, with seizures persisting in more than 60% after
a similar loading dose of antiseizure medication in all
gestational age groups. Despite the similarly high incidence
of seizures refractory to an initial load of antiseizure
medication across age groups, term neonates were more
likely to receive two or more medications. The reasons that
preterm neonates were prescribed fewer medications in
spite of similar rates of children with seizures persisting
after the initial loading dose are not known. Physicians
appear to make similar initial treatment choices for
preterm neonates with seizures; those who have persistent
seizures reﬂect an important subpopulation that deserves
additional investigation to help determine optimal
medication selection and dosing strategy for effective
treatment.
The timing of seizure identiﬁcation was later in preterm
than term neonates. Pisani et al.16 similarly noted later
onset in preterm neonates less than 29 weeks’ gestation
compared with older preterm neonates. The reason for later
onset of seizures in preterm neonates is not known and may
be related to several factors. First, unlike the term and late
preterm neonates with HIE, there is not a systematic
approach to initiating cEEG monitoring early in preterm
neonates at risk for seizures in most centers. This factor
may be related, in part, to frequent and signiﬁcant
cardiorespiratory illness being the main focus of
management in the ﬁrst days after birth and/or limited
knowledge regarding the incidence of seizures in preterm
neonates. Amplitude-integrated EEG may be more likely to
be initiated early; however, the accuracy of aEEG for seizure
identiﬁcation is lower than that of EEG.19 Second, term
neonates most often have seizures because of HIE, and
seizures in HIE typically begin within the ﬁrst 24 hours after
birth, whereas seizures resulting from common preterm
etiologies like intraventricular hemorrhage or infection may
occur later.
We found that 24% of preterm neonates had exclusively
subclinical seizures (and 66% had at least one subclinical
seizure). There are several reasons why preterm neonates
have high rates of subclinical seizures. First, clinical
manifestations of seizures are inherently subtle compared

23

with normal movements in preterm neonates. Furthermore,
observing seizures in preterm neonates (clinically or by
video recording during EEG) may be difﬁcult given that
isolettes can cause glare on the recorded video and preterm
neonates may be covered or swaddled for developmental
care, which can obscure continuous/frequent clinical
evaluation. Therefore it is possible that in our preterm
neonates, clinical manifestations of seizures were missed.
Second, the neurophysiology of seizures differs in that
seizures tend to be shorter in duration and have a lower
likelihood of propagation in the more immature preterm
brain than in the term brain.20 Finally, preterm neonates
may be more likely to have electroclinical dissociation
because of benzodiazepine given for sedation (often
administered at doses inadequate to treat seizures).
Janackova et al.20 also reported a higher likelihood of
subclinical seizures in preterm neonates. Altogether, these
data support the importance of cEEG monitoring to identify
seizures in preterm neonates.
Preterm neonates with seizures have a very high rate of
adverse outcomes compared with term neonates with
seizures.21,22 In our cohort, risk factors for adverse outcome,
such as status epilepticus and abnormal neurological
examination, occurred at least as often in preterm as in term
neonates with seizures, although mortality was higher in
our preterm than term neonates. The Neonatal Seizure
Registry was not designed to determine the reasons for
differences in short-term outcome between preterm and
term neonates, but our ﬁndings add to the literature
showing that preterm neonates with seizures have a very
high risk for adverse neurological outcome.
Although we report a large cohort from seven pediatric
centers that follow the ACNS guidelines for monitoring in
neonates with expert pediatric neurophysiologists and
neonatal neurologists at each site to ensure quality of
clinical and EEG data, our study has limitations. First, none
of the centers had a standardized approach to cEEG
monitoring speciﬁc to preterm neonates, and none of the
centers routinely monitored preterm infants for an
indication of gestational age alone. Although the highest
risk period for seizures in term neonates with
encephalopathy is the ﬁrst days after birth, the highest risk
period for preterm neonates is not known. Therefore we are
likely to have a biased sample of the sickest preterm
neonates. Second, seizure characteristics were determined
based on EEG reports and clinical charting. Each study
center included a child neurologist and neurophysiologist
with special interest in neonatal neurology, which
strengthens clinical reporting, EEG data interpretation, and
data collection for the study. Third, we did not collect
detailed data such as the precise number, localization and
duration of seizures (complete EEG data were not retained
for detailed analysis at all sites), rationale for individual
medication choices, or effect of medications on EEG
seizures. Fourth, we did not collect detailed data about the
timing of individual seizures. Finally, we included subjects
with clinically suspected seizures that were not conﬁrmed
on EEG. Although we excluded subjects whose clinical
events were shown not to be seizures and those for whom
the suspicion that the events were seizures was low after a
full evaluation, given that clinical diagnosis of seizures is
not reliable, it is possible that some subjects had ictal events
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that did not have an electrographic correlate, such as
brainstem release phenomena.
Conclusions

Preterm neonates accounted for 15% of 611 consecutive
neonates with seizures at tertiary care pediatric centers
that monitor at-risk infants with continuous, video EEG
according to guidelines.11 Exclusively subclinical seizures
were more common and mortality was higher for
preterm than term neonates with seizures. Management
surveys indicate that preterm neonates with suspected
seizures are less likely to undergo EEG monitoring than
term neonates.23 The high incidence of subclinical
seizures, high rates of conﬁrmed EEG seizures, and high
likelihood of failure of the ﬁrst antiseizure medication, as
well as the high risk of poor outcome in preterm neonates
with seizures support the need for increased efforts to
identify electrographic seizures using cEEG and develop
effective management of neonatal seizures. These data
underscore the contribution of cEEG monitoring in
preterm neonates and raise important knowledge gaps
regarding the best approach to treatment for seizure in
preterm neonates.
The Pediatric Epilepsy Research Foundation (Grant number: A120625) supported
this study but did not participate in design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or
approval of the manuscript; or decision to submit the manuscript for publication.
The authors would like to acknowledge Drs. Donna Ferriero, Faye Silverstein, and
Kevin Staley for their contribution to the project and the research assistants at each
study site.
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