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Key words Background: The survival rate of very low birth weight (VLBW) infants has recently improved.
Cysticperiventricular However, the occurrence of and factors associated with epilepsy in VLBW infants remain un-
leukomalacia; known. This study aimed to clarify the incidence, characteristics, and factors associated with
Epilepsy; epilepsy development in VLBW infants.
Hypoxic ischemic Methods: All VLBW infants admitted to our hospital between 2012 and 2017 were included in
encephalopathy; this study. VLBW infants with a follow-up period of <1 year were excluded. Chromosomal ab-
Intraventricular normalities, brain anomalies, severe intraventricular hemorrhage (IVH), cystic periventricular
hemorrhage; leukomalacia (PVL), and hypoxic ischemic encephalopathy (HIE) were considered to be risk
Very low birth weight factors.
infants Results: Epilepsy occurred in 21/526 (4.0%) VLBW infants. Chromosomal abnormalities, brain

anomalies, severe IVH, cystic PVL, HIE, neonatal seizures, advanced maternal age, maternal
diabetes mellitus, no administration of antenatal corticosteroids, and low Apgar scores at 1
and 5 min were associated with a risk of epilepsy. The median time to epilepsy onset was 8
months (range: 0—59 months), and the onset occurred within 2 years in 15/21 patients
(71.4%) and within 4 years in 18/21 patients (85.7%). VLBW infants with risk factors developed
epilepsy earlier and at a significantly higher rate than those without risk factors. Among infants
who had risk factors and who developed epilepsy, 86.7% did so within 2 years of age, compared
to 33.3% of those who developed epilepsy but did not have risk factors.
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Conclusion: These findings regarding factors associated with a risk of development of epilepsy
and temporal feature of epilepsy may contribute to the development of monitoring and treat-
ment protocols for epilepsy in VLBW infants.

Copyright © 2023, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).

1. Introduction

Very low birth weight (VLBW) infants (<1500 g) account for
approximately 1%—1.5% of all births but contribute to a
considerable portion of neurodevelopmental impairments
among survivors.’ As a result of the advances in perinatal
intensive care over the last decade, the survival rate and
short-term outcomes of VLBW infants have improved
significantly.” However, the long-term neurodevelopmental
outcomes are still of great concern.®“ Previous studies have
reported no decrease in the frequency of neurological
sequelae, including cerebral palsy and other neurological
disabilities.” A meta-analysis reported that the pooled
prevalence of cerebral palsy, cognitive delays, and motor
delays in VLBW survivors was 6.8%, 16.9%, and 20.6%,
respectively.®

VLBW preterm infants have a high risk of adverse
neurological outcomes compared to infants delivered at
term. Several studies have analyzed long-term neuro-
developmental outcomes; however, few studies have been
reported regarding the occurrence and risk factors of epi-
lepsy, one of the major neurologic sequelae in VLBW in-
fants. The reported incidence of epilepsy in VLBW infants is
1.7%—10.3%, which is greater than that in the general in-
fant population.” ' While epilepsy can be considered a
sequela of VLBW infants, the characteristics, age of onset,
and factors associated with a risk of epilepsy in VLBW in-
fants remain unclear.

The identification of features associated with epilepsy in
VLBW infants will help healthcare providers identify new-
borns who require a proper follow-up due to an increased
risk of developing epilepsy. Thus, this study aimed to clarify
the incidence, characteristics, and factors associated with
a risk of the development of epilepsy in VLBW infants.

2. Methods
2.1. Study design and participants

This retrospective, consecutive, observational cohort study
included all VLBW infants admitted to the neonatal inten-
sive care unit at our hospital from 2012 to 2017. The study
conformed to the principles of the Declaration of Helsinki.
Written informed consent for the research and publication
of the results was obtained from the parents or guardians of
all infants. The Neonatal Research Network of Japan (NRNJ)
conducted a nationwide cohort study of VLBW infants in
2003."""2 The NRNJ database contains all perinatal records
from birth to 3—6 years of age, and these data are recorded
at each hospital. The data for this study were obtained
from this database and from the medical records at each

hospital. All VLBW infants (<1500 g) admitted to the
neonatal intensive care unit at our hospital between
January 1, 2012 and December 31, 2017 were included in
this study. VLBW infants with a follow-up period of <1 year
were excluded from the analysis.

2.2. Clinical data and variables

Clinical data regarding maternal complications and medi-
cations received during pregnancy and delivery were
extracted. Antenatal corticosteroids (ACS) were adminis-
tered when preterm delivery was inevitable. Cho-
rioamnionitis was diagnosed based on clinical findings when
histological specimens were unavailable.’® Gestational age
was calculated based on the monthly ultrasound examina-
tion and date of the last menstrual period. Small-for-
gestational-age was defined as both birth weight and birth
height below the 10th percentile of the Japanese birth size
standards. Moderate-to-severe bronchopulmonary
dysplasia was defined as a respiratory disturbance requiring
supplemental oxygen or positive pressure at a gestational
age of 36 weeks.' Patent ductus arteriosus was diagnosed
using echocardiography, and it was treated with indo-
methacin or surgical ligation when symptomatic. Sepsis was
defined as culture-proven septicemia or bacteremia during
hospital admission. Severe intraventricular hemorrhage
(IVH) was defined as grade 3 or 4 according to the scale
reported by Papile et al."® Cystic periventricular leukoma-
lacia (PVL) was defined as the formation of periventricular
cysts. Necrotizing enterocolitis was diagnosed according to
the signs of pneumoperitoneum on radiographic examina-
tions.'® Retinopathy of prematurity was diagnosed accord-
ing to the international classification'” and treated via
laser/cryo-coagulation or the intravitreal injection of an
angiogenesis inhibitor. Neonatal seizures were diagnosed in
all patients based on both clinical symptoms and were
confirmed with electroencephalography (EEG) findings,
including amplitude-integrated EEG findings.

2.3. Definition of epilepsy

Epilepsy was diagnosed based on the diagnostic criteria of
the 2014 International League Against Epilepsy (ILAE).'®
Epilepsy and seizure types were classified based on the
2017 ILAE classification.'”?° VLBW infants with a history of
neonatal seizures or febrile convulsions were not consid-
ered as having epilepsy. The incidence of epilepsy was
determined using clinical records at the end of the follow-
up period. The patients’ age at seizure onset, epilepsy
type, seizure type, paroxysmal EEG anomalies, and mag-
netic resonance imaging findings were evaluated.
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2.4. Risk factors

In this study, chromosomal abnormalities, brain anomalies,
severe IVH, cystic PVL, and hypoxic ischemic encephalop-
athy (HIE) were considered to be risk factors. If por-
encephaly was present at birth, it was classified as a brain
anomaly. Patients were divided into groups based on the
presence or absence of at least one risk factor to determine
the association of risk factors and epilepsy.

2.5. Statistical analyses

All statistical analyses were performed using SPSS version
19 software (IBM, Chicago, IL, USA). Continuous data are
presented as mean and standard deviation, and categorical
data are presented as number and percentage. Continuous
and binary variables were analyzed using Student’s t-test
and the chi-squared test, respectively. Thereafter, in
consideration of potential interactions, a multiple logistic
regression analysis was performed with all variables
showing P < 0.05 in the bivariate analysis. Kaplan—Meier
survival curves for composite and individual factors were
analyzed using the log-rank test. Cumulative probability
curves were analyzed using the Kolmogorov—Smirnov test.
Statistical significance was set at P < 0.05.

3. Results

3.1. Clinical characteristics

Among 594 VLBW infants who were enrolled in this study, 68
were excluded due to a follow-up period of <1 year as a
result of death or loss to follow-up. In other words, this
study included only infants who survived for >1 year in all
cases, including those with chromosomal abnormalities.
The final analyses included 526 patients (Fig. S1). The
clinical and demographic characteristics are presented in
Table 1.

Table 1  Patient characteristics.

n = 526
Gestational age (weeks) 28.8 + 3.4
Birth weight (g) 1052 + 319
Maternal age (years) 31.4 +5.3
Sex (males:females) 239:287
Apgar score (1 min) 5.6 +2.2
Apgar score (5 min) 7.7 £1.7

Small-for-gestational-age
Chromosomal abnormality
Brain anomaly
Intraventricular hemorrhage

Grade | or Il

Grade lll or IV
Cystic periventricular leukomalacia
Hypoxic ischemic encephalopathy
Neonatal seizure

174/526 (33.1%)
7/526 (1.3%)
7/526 (1.3%)

35/504 (6.9%)
13/504 (2.6%)
14/504 (2.8%)
6/505 (1.2%)
8/505 (1.6%)

Continuous data are presented as mean =+ standard deviation.
Categorical data are presented as numbers.

3.2. Incidence and factors associated with an
occurrence of epilepsy

Epilepsy occurred in 21/526 VLBW infants (4.0%) during the
follow-up period (mean follow-up: 5.3 years). The de-
mographic data and characteristics of patients with epi-
lepsy are summarized in Table S1. The incidence of epilepsy
was significantly higher in patients with advanced maternal
age (P = 0.027) and maternal diabetes mellitus (DM)
(P = 0.003) and significantly lower in those who received
ACS (P = 0.025) (Table 2). Low Apgar scores at 1 min
(P = 0.001) and 5 min (P = 0.001), chromosomal abnor-
malities (P < 0.001), brain anomalies (P < 0.001), severe
IVH (P < 0.001), cystic PVL (P = 0.001), HIE (P < 0.001),
and neonatal seizures (P < 0.001) were also associated with
an increased incidence of epilepsy in VLBW infants (Table
2). No patient had symptomatic hypoglycemia. In the lo-
gistic regression analysis, maternal DM (P = 0.012), Low
Apgar scores at 5 min (P = 0.049), chromosomal abnor-
malities (P = 0.003), and cystic PVL (P = 0.032) were
independently and significantly associated with the onset
of epilepsy (Table 3). Among these variables, chromosomal
abnormalities had the highest odds ratio of 50.7 (95% con-
fidence interval: 5.92—434).

3.3. Incidence and factors associated with an
occurrence of epilepsy among patients with or
without risk factors

The clinical and demographic characteristics of patients
with or without risk factors are shown in Table 4. Forty
infants (7.6%) had risk factors, including 15 (37.5%) who
developed epilepsy. Among the patients with risk factors,
advanced maternal age (P = 0.007), low Apgar scores at
1 min (P = 0.033), SGA (P = 0.013), brain anomalies
(P < 0.001), and neonatal seizures (P < 0.001) were asso-
ciated with the incidence of epilepsy. The variables in the
logistic regression analysis showed no significant difference
(Table S2). Overall, 486 infants (92.4%) did not have risk
factors, including six (1.2%) who developed epilepsy.
Among patients without risk factors, the incidence of epi-
lepsy was associated with maternal DM (P = 0.008), but no
associations were observed between epilepsy and advanced
maternal age (P = 0.913), Apgar scores at 1 min
(P = 0.912), or neonatal seizures (P = 0.871). A logistic
regression analysis was not performed for the patients
without risk factors, as there was only one variable showing
P < 0.05 in the bivariate analysis.

3.4. Temporal features of the onset of epilepsy

The median time to epilepsy onset was 8 months (range:
0—59 months) (Fig. 1A), including 12/21 patients (57.1%)
who developed epilepsy within 1 year, 15/21 patients
(71.4%) who developed epilepsy within 2 years, and 18/21
(85.7%) who developed epilepsy within 4 years (Fig. 1B).
VLBW infants with risk factors developed epilepsy at a
significantly higher rate (P < 0.001) (Fig. 1C) and earlier
(P < 0.001) (Fig. 1D) than those without risk factors. In the
risk factors group, 13/15 patients (86.7%) developed epi-
lepsy within 2 years, and 15 (100%) developed epilepsy
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Table 2 Characteristics of VLBW infants with and without epilepsy.

Epilepsy Without epilepsy P-value

n =21 n = 505
Gestational age (weeks) 28.8 + 4.2 28.8 + 3.3 0.993
Birth weight (g) 982 + 357 1055 + 318 0.303
Maternal age (years) 34.0 + 4.9 31.3 £ 5.3 0.027
Diabetes mellitus 5/21 (23.8%) 32/489 (6.5%) 0.003
Antenatal corticosteroid 9/21 (42.9%) 322/483 (66.7%) 0.025
Sex (males:females) 12:9 227:278 0.273
Apgar score (1 min) 39+24 5.7 £ 2.1 0.001
Apgar score (5 min) 5.8 £2.6 7.8+ 1.6 0.001
Small-for-gestational-age 10/21 (47.6%) 164/505 (32.5%) 0.148
Chromosomal abnormality 4/21 (19.0%) 3/505 (0.6%) <0.001
Brain anomaly 7/21 (33.3%) 0/505 (0%) <0.001
Severe intraventricular hemorrhage 4/21 (19.0%) 9/483 (1.9%) <0.001
Cystic periventricular leukomalacia 3/21 (14.3%) 11/483 (2.3%) 0.001
Hypoxic ischemic encephalopathy 2/21 (9.5%) 4/484 (0.8%) <0.001
Neonatal seizure 6/21 (28.6%) 2/484 (0.4%) <0.001

Continuous data are presented as mean + standard deviation. Categorical data are presented as numbers.

Table 3  Results of multiple logistic regression analysis.
Odds ratio P-value
(95% confidence
interval)
Maternal age (years) 1.07 (0.94—1.22) 0.277
Diabetes mellitus 7.70 (1.55—38.3) 0.012
Antenatal corticosteroid 0.61 (0.15—2.54) 0.493
Apgar score (1 min) 1.10 (0.68—1.79) 0.692
Apgar score (5 min) 0.57 (0.33—1.00) 0.049
Chromosomal abnormality 50.7 (5.92—434) 0.003
Brain anomaly N.A. N.A.
Intraventricular hemorrhage
Grade lll or IV 2.29 (0.20—25.8) 0.502
Cystic periventricular 17.4 (2.60—116) 0.032
leukomalacia
Hypoxic ischemic 0.49 (0.01—-27.4) 0.725
encephalopathy
Neonatal seizure 26.9 (0.71—1028) 0.076

N.A.: not applicable.

within 4 years (Fig. 1D). Among the patients without risk
factors, 2/6 (33.3%) developed epilepsy within 2 years, 3/6
(50%) developed epilepsy within 4 years, and 6/6 (100%)
developed epilepsy within 5 years (Fig. 1D). The incidence
of epilepsy was significantly higher in patients presenting
any of the following risk factors (namely, chromosomal
abnormalities [P < 0.001], brain anomalies [P < 0.001],
severe IVH [P < 0.001], cystic PVL [P < 0.001], or HIE
[P < 0.001]) than in those presenting no risk factors
(Fig. 1E—H).

4. Discussion

Chromosomal abnormalities, brain anomalies, severe IVH,
cystic PVL, HIE, neonatal seizures, advanced maternal age,

maternal DM, no ACS received, and low Apgar scores at 1
and 5 min were identified as factors which were associated
with a risk of the development of epilepsy in VLBW infants
in this study. The results of the multivariate analysis sug-
gested that chromosomal abnormalities, cystic PVL,
maternal DM, and low Apgar scores at 5 min could be
independently involved in the development of epilepsy in
VLBW infants. Most (approximately 70%) of the VLBW in-
fants developed epilepsy within the first 2 years of life, and
epilepsy tended to occur earlier in patients with risk factors
than in those without risk factors. These results regarding
the qualitative and temporal risk factors for the develop-
ment of epilepsy in VLBW infants are useful for the devel-
opment of monitoring and treatment protocols for VLBW
infants.

This study differs from a previous report?' in that a
geographically uniform patient population from two hospi-
tals of the same region was included, allowing the evalua-
tion of detailed outcomes, including epilepsy
characteristics. Only a small number of patients were
excluded.

In this study, 21/526 (4.0%) VLBW infants developed
epilepsy. This rate is higher than the epilepsy rate reported
in the general population, including that of Japan (0.3%—
0.8%).7272° Although the direct comparison of the results of
this study with those of previous studies is challenging due
to differences in gestational age, birth weight, and follow-
up period, previous studies have reported that VLBW or
extremely low birth weight infants tend to have a higher
incidence of epilepsy (1.7%—8.6%).'%2"2% These results
indicate that the complications of preterm birth in VLBW
infants contribute to the development of epilepsy. In pre-
vious studies, the association between preterm delivery
and epilepsy may be due to immaturity and brain insults,
such as cerebral white matter gliosis or hippocampal
sclerosis.?’%°

Severe IVH, cystic PVL, and HIE have been identified as
factors which are associated with a risk of the development
of epilepsy in VLBW infants in this study. These brain insults
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Table 4  Associations of risk factors and epilepsy.

Patients with at least one risk factor

Patients with no risk factors

n = 40 n = 486

Epilepsy Without epilepsy P-value Epilepsy Without epilepsy  P-value

n=15 n =25 n==6 n = 480
Gestational age (weeks) 29.1 + 4.5 28.4 + 2.8 0.547 28.2 +£3.3 28.8+3.4 0.632
Birth weight (g) 963 + 380 1101 + 298 0.209 1029 + 319 1053 £ 319 0.857
Maternal age (years) 35.1 + 4.4 30.2 + 5.7 0.007 31.2 £ 5.3 31.4 £ 5.3 0.913
Diabetes mellitus 3/15 (20.0%)  3/25 (12.0%) 0.493 2/6 (33.3%) 29/464 (6.3%) 0.008
Apgar score (1 min) 3.1+ 2.1 4.8 +2.3 0.033 5.7 £ 2.1 5.8 +£ 2.1 0.912
Apgar score (5 min) 5.4 + 3.0 6.9 + 2.1 0.085 6.7 £ 1.6 7.8 +£1.5 0.065
Small-for-gestational-age 8/15 (53.3%) 4/25 (16.0%) 0.013 2/6 (33.3%) 160/480 (33.3%)  0.999
Chromosomal abnormality 4/15 (26.7%)  3/25 (12.0%) 0.237 — — -
Brain anomaly 7/15 (46.7%) 0/25 (0%) <0.001 — = =
Severe intraventricular hemorrhage 4/15 (26.7%) 9/25 (36.0%) 0.542 = = =
Cystic periventricular leukomalacia  3/15 (20.0%)  11/25 (44.0%) 0.123 — — -
Hypoxic ischemic encephalopathy 2/15 (13.3%) 4/25 (16.0%) 0.819 = = =
Neonatal seizure 6/15 (40.0%) 0/25 (0%) <0.001 0/6 (0%) 2/459 (0.4%) 0.871

Continuous data are presented as mean + standard deviation. Categorical data are presented as numbers.
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Fig. 1  Kaplan—Meier survival curves and cumulative probability curves for the development of epilepsy. A: Kaplan—Meier survival

curves for the development of epilepsy in VLBW infants; B: Cumulative probability curve for the development of epilepsy in VLBW
infants; C: Kaplan—Meier survival curves for the development of epilepsy in VLBW infants with and without risk factors
(***P < 0.001); D: Cumulative probability curve for the development of epilepsy in VLBW infants with and without risk factors
(**P < 0.001). The Kaplan—Meier survival curves for the development of epilepsy in VLBW infants with and without IVH (E), cystic
PVL (F), hypoxic ischemic encephalopathy (G), Chr abnormalities (H), and brain anomalies (l) are also shown (**P < 0.001). Ab-
breviations: Chr: chromosomal; IVH: intraventricular hemorrhage; PVL: periventricular leukomalacia; VLBW: very low birth weight.

can affect cortical and subcortical circuit formation, dis-
turbing myelination process and dendritic con-
nections.®'%21:29=31 |n the present study, chromosomal
abnormalities, brain anomalies, and neonatal seizures were
identified as risk factors for the development of epilepsy.
These results are similar to those of previous studies that
included term infants.3? Convulsions during the neonatal

period have been reported as a risk factor for pediatric
epilepsy.?®** Most seizures in neonates have symptomatic
etiologies, including genetic or structural abnormalities
that cause neurologic dysfunction. The etiology of seizures
is one of the most important risk factors of the long-term
outcome.° In particular, the results of our multivariate
analysis suggested that cystic PVL and chromosomal
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abnormalities could be independently involved in the
development of epilepsy in VLBW infants. The results of the
multivariate analysis also suggest that neonatal seizure,
which was a significant risk factor for developing epilepsy in
the univariate analysis, was a possible confounding factor.
This suggests that neonatal seizure itself is not a risk factor
for epilepsy, and underlying conditions that cause it, such
as cystic PVL and chromosomal abnormalities, may be more
important risk factors for epilepsy.

Advanced maternal age, maternal DM, the lack of ACS,
and low Apgar scores were also factors to be associated
with epilepsy in VLBW infants in this study. The results of
the logistic analysis suggested that maternal DM and low
Apgar scores at 5 min could be independently involved in
the development of epilepsy in VLBW infants. A previous
study reported that advanced maternal age may be asso-
ciated with the development of epilepsy via an increase in
congenital abnormalities (including chromosomal abnor-
malities and brain anomalies considered in this study).
Term and preterm infants with low Apgar scores have
been reported to have increased risk of epilepsy,>> which is
consistent with the results of this study. Maternal DM has
been reported to be associated with cognitive and behav-
ioral disorders, including autism spectrum disorders
(ASD),>® although the association with epilepsy has not yet
been reported. Previous studies have reported an associa-
tion between obesity and its related conditions and ASD,
indicating that adiposity-induced inflammation increases
the risk of ASD.®”*® Previous studies have reported that
treatment of preterm infants with ACS has contributed to
improved outcomes.>® Although the effect of ACS treat-
ment on the incidence of epilepsy in VLBW infants is un-
known, it is suggested that ACS may also contribute to the
prevention of epilepsy in these infants through the pre-
vention of complications related to preterm birth, such as
cystic PVL.

The incidence of epilepsy has been reported to be high
in young children and to decline with age in both childhood
and adulthood.”® The age-adjusted incidence of epilepsy
was 44 per 100,000 person-years, and it was the highest in
the first year of life.?* The age-adjusted incidence of epi-
lepsy in VLBW infants remains unclear. In this study, 71.4%
of patients with epilepsy were diagnosed within 2 years of
age, and the incidence of epilepsy gradually decreased with
age, similar to the epilepsy trends in the general pediatric
population.?*“° In addition, VLBW infants with risk factors
developed epilepsy at a significantly younger age than
those without risk factors. Our results suggest that VLBW
infants with risk factors should be monitored closely within
the first 2 years after birth, and those without risk factors
should be monitored for approximately 5 years after birth.

This study has some limitations. Since it was performed
in a specific area of Japan, the results may be biased, e.g.,
by race. Data regarding several potential risk factors for
developing epilepsy, such as a family history of epilepsy,
were unavailable. The data recording protocols of the
administrative databases may have varied throughout the
study period. Furthermore, unidentified confounding fac-
tors may affect the results. The follow-up time in this study
may have been too short for some patients, especially those
with idiopathic epilepsy. A receiver operating character-
istic curve analysis could not be performed in this study.

Finally, the results of the subgroup analyses for each risk
factor, including the logistic regression analysis, may not be
powerful due to the small sample size.

In conclusion, chromosomal abnormalities, brain anom-
alies, severe IVH, cystic PVL, HIE, neonatal seizures,
maternal DM, no administration of ACS, and low Apgar
scores at 1 and 5 min were identified as factors associated
with risk of the development of epilepsy in VLBW infants. In
addition, the incidence of epilepsy in VLBW infants is higher
in early childhood and gradually decreases with age. These
results can be used to help develop monitoring and treat-
ment protocols for epilepsy in VLBW infants.
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Supplemental data

All VLBW infants
admitted to our hospital

(n = 594)

Excluded (n = 68)

*Follow-up period of less than 1 year
- Death (n = 27)
- Loss to follow-up (n = 41)

VLBW infants
enrolled in this study

(n = 526)

Figure S1. Study enrollment flowchart.
Abbreviations: VLBW: very low birth weight




Table S1. Characteristics of VLBW infants with epilepsy

n=21

Age at onset of epilepsy (months)
Epilepsy syndrome

Focal epilepsy

Developmental and epileptic encephalopathy

Etiology (overlapping)
Structural
Brain anomaly
Holoprosencephaly
Schizencephaly
Porencephaly
Polymicrogyria
Intracranial complication
Severe intraventricular hemorrhage
Post-hemorrhagic hydrocephalus
Cystic periventricular leukomalacia
Hypoxic ischemic encephalopathy
Genetic
Chromosomal abnormality
13 trisomy
18 trisomy
21 trisomy
Type of seizure attack (overlapping)
Focal onset
Generalized onset
Unknown onset
Unclassified
EEG abnormality
Generalized discharge
Focal discharge
Within normal limits in interictal EEG

Number of antiepileptic drugs

17.0 £ 19.1

12 (57.1%)
9 (42.9%)

14 (66.7%)

3 (14.3%)
2 (9.5%)
1(4.8%)
1(4.8%)

4 (19.0%)
4 (19.0%)
2 (9.5%)
2 (9.5%)
9 (42.9%)

2 (9.5%)
1 (4.8%)
1 (4.8%)

15 (71.4%)
4 (19.0%)
7 (33.3%)
1(4.8%)

8 (38.1%)

10 (47.6%)
3 (14.3%)
15+0.9

Continuous data are presented as mean + standard deviation. Categorical data

are presented as numbers.

Abbreviations: EEG: electroencephalogram; VLBW: very low birth weight



Table S2. Multiple logistic regression analysis of infants without risk factors

Odds ratio (95% confidence interval) P value

Patients with at least one risk factor

Maternal age (years) 2.39 (0.92-6.23) 0.074
Apgar score (1 min) 0.92 (0.38-2.27) 0.863
Small-for-gestational age 353 (0.47-2.63 x 10*6) 0.082
Brain anomaly N.A. N.A.
Neonatal seizure N.A. N.A.

N.A.: not applicable
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