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Abstract

Objective—To evaluate seizures and epilepsy incidence in the first decade of life among children 

born extremely premature (< 28 weeks gestation).
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Method—In a prospective, multi-center, observational study, 889 of 966 eligible children born 

2002–2004 were evaluated at 2 and 10 years for neurological morbidity. Complementing 

questionnaire data to determine a history of seizures, all caregivers were interviewed 

retrospectively for post-neonatal seizures using a validated seizure screen followed by a structured 

clinical interview by a pediatric epileptologist. A second pediatric epileptologist established an 

independent diagnosis based on recorded responses of the interview. A third epileptologist 

determined the final diagnosis when evaluators disagreed (3%). Lifetable survival methods were 

used to estimate seizure incidence through 10 years.

Results—By age 10 years, 12.2% percent (95% CI: 9.8, 14.5) of children had ≥1 seizure, 7.6% 

(95% CI 5.7, 9.5) had epilepsy, 3.2% had seizure with fever, and 1.3% had a single, unprovoked 

seizure. Seizure incidence increased with decreasing gestational age. In more than 75% of children 

with seizures, onset was after one year of age. Seizure incidence was comparable in both sexes. 

Two-thirds of those with epilepsy had other neurological disorders. One-third of children with 

epilepsy were not recorded on the medical history questionnaire.

Significance—The incidence of epilepsy through 10 years of age among children born 

extremely premature is approximately 7 to 14-fold higher than the 0.5–1% lifetime incidence 

reported in the general pediatric population. Seizures in this population are under-recognized, and 

possibly under-diagnosed, by parents and providers.
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Introduction

Extremely low gestational age newborns (ELGANs, defined by birth before the 28th week of 

gestation) are at high risk for neurological morbidity including cerebral palsy, autism, and 

intellectual disability. However, few studies of extremely preterm infants have reported on 

seizure or epilepsy, and less emphasis has been placed on seizures in these studies than on 

other neurological morbidities.1–6 Reported epilepsy and seizure rates in extremely 

premature infants have varied depending on when and how the cohort was identified, seizure 

ascertainment methods, and length of follow-up, but generally exceed the 1% population 

epilepsy prevalence.7 In Europe and Canada, rates of epilepsy in children born less than 32 

weeks gestation ranged from a low of 0.6% to a high of 8.3%, while more recent reports 

indicate a prevalence of 3% or less.1,3,5 The prevalence of unprovoked seizures in European 

children born before 26 weeks gestation appears to have declined from 10% in children born 

in 1995 to 4% in those born in 2006.4 A single study reported a 17% febrile seizure rate in 

60 survivors of premature birth at less than 32 weeks gestation born 1984–1986 in Finland 5, 

well above the US 3–5% febrile seizure prevalence rate in the general population.8,9 The 

cumulative incidence of seizures and epilepsy are likely greater in cohorts of children 

followed beyond 3 years of age, but variability in study designs precludes precise 

estimation.3,5,6

Methods for seizure identification have not been well defined in most studies of neurological 

outcomes in ELGANs, often relying on a parent-completed medical history collection 
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form.1–4 Unlike previous studies, we screened children for seizures with a highly sensitive, 

validated parental questionnaire followed by a structured parent-interview by a pediatric 

epileptologist to standardize the diagnosis of seizures and epilepsy.10 The aim of this study 

was to determine the cumulative incidence of epilepsy and seizures occurring after discharge 

from the neonatal intensive care unit in a large cohort of children born before the 28th week 

of gestation followed until age 10 years (the ELGAN Study).

Methods

Overview of the ELGAN study

The ELGAN study is a multi-center prospective, observational study of the risk of structural 

and functional neurologic disorders in children born extremely preterm.11 A total of 1506 

infants born before the 28th week of gestation were enrolled during the years 2002–2004, 

and 889 (92%) of 966 eligible survivors were followed to age 10 years. Head ultrasound 

readings were completed in the neonatal period; cerebral palsy and microcephaly were 

identified as part of a comprehensive evaluation when the child was 2 years old.12,13 At Age 

10 years, children were evaluated for general cognitive ability (intellectual quotient-IQ), 

autism, and seizures.14,15 Enrollment and consent procedures for this follow-up study were 

approved by the institutional review boards of all participating institutions.

Evaluation for seizures

888 of the 889 patients recruited at age 10 years were evaluated for possible seizure. Prior to 

detailed seizure screening, each of the parents completed the ELGAN Study Education and 

Medical History form, which includes the following yes/no question: “Have you ever been 

told by a doctor or other professional that your child has epilepsy, seizures, or convulsions?” 

This question assessed parent recall of a prior diagnosis of seizures or epilepsy but did not 

determine a seizure case. In addition, parents were asked on the medical history form if their 

child has taken a daily medication for seizures or epilepsy.

Identification of seizures involved a two stage process. At the time the child was brought for 

the 10-year assessment, a research assistant asked parents of 888 children 11 broad 

questions about possible seizures; these 11 questions are outlined elsewhere.10 A yes 

response to any of these questions prompted a structured telephone interview by the 

epileptologist to determine whether a reported event was a seizure. The structured clinical 

interview contained more specific questions from part 2 of a previously validated parent 

seizure screen for children, complementary questions about possible ictal and post-ictal 

symptoms, and a narrative history of the events.10 Two hundred seventy-three of the 888 

screened positive, and 230 were interviewed by telephone (Table 1). A second epileptologist 

independently reviewed interview responses and similarly rated the event type. When the 

two physicians disagreed on the presence of seizures, which occurred for only 3% of the 

children, a third epileptologist reviewed the interview responses and made the final seizure 

determination. Additionally, for each distinct seizure phenotype, the age at onset was 

ascertained to have occurred in one of the following time intervals: in the nursery, before one 

year of age, between 1 and 3 years of age, and after 3 years of age. The occurrence of the 
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last seizure was allocated to one of the following groups: within the last week, within the 

last month, within the last year, or more than a year ago.

Seizure case definitions

Epilepsy was defined as two or more seizures after the neonatal period that were not 

provoked by fever, trauma, or infection of the central nervous system. Seizure with fever was 

used to describe those children who had seizures with fever. The International League 

Against Epilepsy’s definition of febrile seizures excludes children who have had neonatal 

seizures or prior unprovoked seizures.16 We did not routinely collect information about 

neonatal seizures. In addition, parents were not asked if seizures associated with fever were 

preceded by unprovoked seizures in those children who had both. A single unprovoked 

seizure was defined as an isolated seizure that was not precipitated by fever, trauma, or 

infection of the central nervous system. It was possible for a child to have both seizures with 

fever and epilepsy.

Ultrasound protocol scans—Routine scans were performed by technicians at all of the 

hospitals using digitized high frequency transducers (7.5 and 10 MHz). Ultrasound studies 

always included the six standard quasi-coronal views and five sagittal views using the 

anterior fontanel as the sonographic window.17 All ultrasound scans were read by two 

independent readers who were not provided clinical information.

Head circumference—The head circumference was measured as the largest possible 

occipital-frontal circumference, and examiners underwent videotaped training. 

Measurements were rounded to the closest 0.1 centimeter when examined at 24-month 

corrected age. All head circumferences are presented as Z-scores based on standards in the 

CDC data sets.

Cerebral palsy (CP) evaluation

Those who performed the neurological examinations studied a manual, a data collection 

form and an instructional CD designed to minimize examiner variability, and demonstrated 

acceptably low variability.18 The topographic diagnosis of cerebral palsy (CP) 

(quadriparesis, diparesis, or hemiparesis) was based on an algorithm using these data.19

General cognitive ability evaluation

General cognitive ability (or IQ) was assessed with the School-Age Differential Ability 

Scales–II (DAS-II) Verbal and Nonverbal Reasoning scales.20 Because DAS-II Verbal and 

Nonverbal IQ scores were strongly correlated within the sample, the mean of these two 

measures was used as an estimate of general cognitive ability.

Autism spectrum disorder (ASD) evaluation

All children were screened by parent report with the Social Communication Questionnaire 

(SCQ) for risk of ASD.21 Children determined to be at risk on the SCQ, were assessed with 

the Autism Diagnostic Interview – Revised (ADI-R), an in-depth parent interview.22 

Children meeting ADI-R criteria for ASD were administered the Autism Diagnostic 
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Observation Schedule-2 (ADOS-2). Children meeting standardized research criteria for ASD 

on both the ADI-R and ADOS-2 were classified as having ASD.

Attention Deficit Hyperactivity Disorder (ADHD) evaluation

Participants were included in the ADHD symptom group if they met DSM-5 symptom 

criteria in any two of three contexts. Two contexts were based on having sufficient 

symptoms among the 18 items specific for ADHD using the Child Symptom Inventory, 

Fourth Edition (CSI-4), Parent or Teacher Checklist.23,24 A third context was based on the 

parent’s indication at interview of the child having been diagnosed previously by a clinician 

to have ADHD. Physician assessment of ADHD precedes treatment with stimulants, and the 

physician’s diagnosis of ADHD is most often based on parent and teacher inputs more so 

than their own observations so we regarded this as pertinent to our research classification.25

Data analysis

Our aim was to establish and characterize the cumulative incidence of seizure and epilepsy 

through age 10 years in the ELGAN Study cohort. Age of first seizure is categorized as in 

the nursery, before one year, between 1 and 3 years, or between 3 and 10 years, and life table 

methods were used to estimate cumulative incidence curves for any seizure, epilepsy, seizure 

with fever (in the absence of epilepsy), and a single unprovoked seizure. Cumulative 

incidence at age 10 years, from the life table estimates, was presented with 95% confidence 

intervals. Cumulative incidence was compared for boys vs. girls using the log-rank test, and 

the association between gestational age and cumulative incidence was tested using the log-

rank test for trend. Medication history and prevalence of comorbidities were described for 

children with seizures.

Forty-three of 273 children who screened at risk for seizures could not be contacted for full 

evaluation by the epileptologist and so were considered missing data on seizures. Our 

primary analysis used inverse probability weighting to account for this missing data, with 

the probability of missingness based on gestational age and the result of the initial seizure 

screen.26 Secondary analyses used multiple imputation methods to account for missing data, 

imputing 5 data sets with imputed seizure data based on gestational age and the result of the 

initial seizure screen.

Results

Ninety-one children had at least one seizure in the interval between discharge from the 

neonatal intensive care unit and the time of the seizure interview. Cumulative incidence 

curves for any seizure and by seizure category are presented in Figure 1. The cumulative 

incidence of any seizure by age 10 years in this cohort was 12.2% (95% CI 9.8,14.5). Fifty-

seven children had epilepsy, and the cumulative incidence by age 10 years was 7.6% (95% 

CI 5.7, 9.5). Ten children, or 1%, had a single unprovoked seizure (Table 2).

Twenty-four children had seizures with fever, but did not have unprovoked seizures, a 

cumulative incidence by age 10 of 3.2% (95% CI 1.9, 4.5). In addition, 17 of the 57 children 

with epilepsy (30%) and two of 10 children with a single unprovoked seizure (20%) also had 

seizures with fever.
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Compared with the epileptologists’ interview, the parents’ response on the Educational-

Medical History form completed at the 10-year assessment failed to identify 38 of the 91 

(42%) children diagnosed with seizures and 19 of the 57 (33%) children with epilepsy.

The incidence of seizures and epilepsy was similar in girls and boys (p=0.671 for any 

seizure, p=0.407 for epilepsy, log-rank test). 12.7% (95% CI 9.6, 15.8) of boys and 11.7% 

(95% CI 8.7, 14.7) of girls had any seizure by age 10 years.

Cumulative incidence of any seizure, by gestational age, is presented in Figure 2, and 

cumulative incidence by age 10 years for any seizure, epilepsy, seizure with fever, and single 

unprovoked seizure by gestational age are listed in Table 3. Children born at earlier 

gestational ages had a higher incidence of any seizure (p=0.034 by the log-rank test for 

trend). The associations between gestational age and epilepsy, and between gestational age 

and seizure with fever, were not significant. Children born at earlier gestational ages were 

more likely to have single unprovoked seizures (p=0.008).

The majority of children had their first seizure after age one year: 77% of children with any 

seizures, 74% of children with epilepsy, 83% of children with isolated febrile seizures 

without epilepsy, and 90% of children with a single afebrile seizure (Table 4). More than 

half (53%) of the children with epilepsy had experienced at least one seizure in the past year. 

None of the children with isolated febrile seizures had seizures in the year prior to the 

seizure interview. Forty percent of children with a single afebrile seizure had presented in 

the year prior to the interview.

Fifty-one percent of the children with epilepsy were taking anti-seizure medicine at the time 

of the interview, while 12% had taken it in the past. However, 37% of the children with 

epilepsy were never treated with an anti-seizure medicine. Among the children who 

experienced seizures with fever, 88% never took an anti-seizure medicine. Seven of the ten 

children who experienced a single afebrile seizure were placed on medicine either in the past 

(10%) or were taking it at the time of the interview (60%).

Two-thirds of children with epilepsy had one or more additional neurological morbidities, 

while one-third had no other neurological impairment. This contrasts with the 68% of the 

entire cohort of ELGAN children that was free of any major neurological morbidity. 

Children with seizures were more likely than children without seizures to have other 

neurological morbidities (i.e. CP, IQ<70, ASD, ADHD, microcephaly, and white matter 

disease); these differences are presented in Table 5.

Results of secondary analyses using multiple imputation to include children who screened 

at-risk for seizure on the initial seizure screen but were not fully evaluated were similar to 

results reported above using inverse probability weighting to account for missing data. The 

estimated cumulative incidence of any seizure by age 10 was 12.4% (95% CI 10.2, 14.6), 

and associations between gestational age and any seizure (p=0.034 log-rank test of trend) 

and a single unprovoked seizure (p=0.021 log-rank test of trend) remained significant in 

imputed analyses.
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Discussion

Our major finding is that at age 10 years, children born extremely premature are at a 10–20 

fold higher risk of having developed seizures and a 7–14 fold higher risk of having 

developed epilepsy than the general population of children. In our cohort, the cumulative 

incidence of seizures was 12.2% and of epilepsy was 7.6%. Additionally, a substantial 

number of children born extremely preterm were not recognized prior to the seizure 

interview at age 10 years to have had seizures or epilepsy, and one-third of those with 

epilepsy had not received anti-seizure medications. Finally, only one-third of those with 

epilepsy were free of other major neurological morbidity.

In previous studies of children born extremely premature, seizure and epilepsy rates have 

varied depending on the defined cohort, length of follow-up, and seizure case ascertainment. 

Studies differ in the definition of prematurity, some using gestational age and others very 

low birth weight.1–5 Seizure rates in children born before 26 weeks have varied between 4% 

and 10%, with the highest rates being reported in those born in 1995 or before.2,4 Epilepsy 

rates in prior studies have ranged from 0.6% to 3% in children born extremely preterm, and 

were highest when the cohort was defined by gestational age rather than by birth weight.1,3 

Similar to the Epipage study, a longitudinal study of children born in France before 32 

weeks gestation between 1997–1998, the cumulative incidence of seizures in the ELGAN 

cohort was inversely related to gestational age.3

The Epicure study, a longitudinal study of children born before 25 weeks gestation in the 

United Kingdom and Ireland, found that at age 3 years,10% of those born in 1995 developed 

unprovoked seizures compared with just 4% of children born in 2006.4,27 In a cohort of 

children born before 32 weeks gestation between 1984–1986, an even higher rate of seizures 

was found, 13%.5 Overall, these studies suggest that seizure rates among individuals born 

very prematurely have declined over the years.4,5,27

Although the children in the ELGAN cohort were born between 2002 and 2004, 

contemporary to the Epicure cohort, we report a 12.2% cumulative incidence of seizures. 

The discrepancy between seizure rates in the literature and what we report may be explained 

by our more sensitive ascertainment method and our follow-up to age 10 years. Published 

epidemiological studies of very or extremely preterm infants either have not clearly 

described the methods used to ascertain seizures and epilepsy or have ascertained a history 

of seizures and epilepsy through a limited parent interview.1,3,4 If we had relied on the 

ELGAN Study parent-completed Education and Medical History form alone for case 

ascertainment, more than a third of ELGAN children with epilepsy would not have been 

identified. The use of a structured and validated screening questionnaire followed by a 

parent-interview with a pediatric epileptologist likely enhanced the diagnostic yield.10 Also, 

confirmation of seizure cases required the agreement of two epileptologists, minimizing the 

likelihood of false positive events. Consequently, we consider our estimates to be as accurate 

as possible without benefit of supportive electroencephalographic data.
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Our seizure ascertainment methods may also partly explain why over one third of children 

with epilepsy were not treated with anti-seizure medication. It is likely that some of these 

children had not been identified as having epilepsy by a health care provider in the past.

In a cohort of premature children born less than 32 weeks from 1984–1986, seizures with 

fever occurred at a rate approximately three times that expected in the general population.5 

Nearly two decades later, we found the overall cumulative incidence of seizures with fever in 

children born extremely premature to be 3.2%, in range of the 2–5% reported in the United 

States and globally.8,9 Only 3–5% of children with febrile seizures in the general population 

eventually develop epilepsy, whereas, more than 40% of our cohort who experienced at least 

one seizure associated with fever developed epilepsy.28 Given the high incidence of epilepsy 

seen in in our cohort who had experienced at least one seizure with fever, it is probable that 

their fever-associated seizures were symptomatic of latent epilepsy, unlike most febrile 

seizures in the general population.9 This view is supported by the observation that more than 

a third of the children in our cohort experienced their first seizure with fever after 3 years of 

age, later than expected for children in the general population who develop febrile seizures 

(peak incidence in the second year of life).9

The higher risk of epilepsy in our cohort of children born extremely premature compared 

with the general population may be related to the elevated risk for other brain disorders. 

Neurological morbidity was significantly higher for children in our cohort with seizures or 

epilepsy than for children without seizures.

Furthermore, each of these might be the consequence of early life inflammation, deficiency 

of critical endogenous neuroprotective molecules such as brain-derived neurotrophic factor, 

or epigenetic mechanisms.29–35

Seizures and epilepsy rates increase as children are followed beyond 2–3 years of age.3,5,6 

Nearly half (47.3%) of the children who developed seizures in our cohort did so after age 3 

years. Given that epilepsy predisposition increases during puberty, the cumulative incidence 

of seizures is likely to be higher if we re-evaluate the ELGAN cohort after puberty.36 Many 

infant follow-up clinics do not follow children past 2 years of age. Given the high rates of 

seizures and epilepsy in children born extremely premature, the window for clinical follow-

up should be extended well into childhood, and possibly through puberty.

Strengths and Limitations

This study is likely more accurate than prior reports of the cumulative incidence by age 10 

years of seizures and epilepsy in a large cohort of children born before 28 weeks gestation 

and followed from birth. Case ascertainment was obtained with a highly sensitive seizure 

screen, followed by a clinical interview with a pediatric epileptologist, and required 

confirmation by a second and sometimes third pediatric epileptologist.

Video-EEG in the neonatal period was not implemented, so the occurrence of neonatal 

seizures could not be verified. Seizure and epilepsy types and the rationale used by primary 

and specialty care clinicians caring for children with seizures in the ELGAN Study also 

could not be accurately evaluated without reviewing EEG data. In addition, our 
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ascertainment could have been incomplete because 1) we were not able to complete the 

seizure interviews for 43 of 273 children who had a positive part 1 seizure screen and 2) 

parents of children were interviewed in some instances several years after an event 

concerning for seizure.

Conclusions

In this sample of 10-year-old children born less than 28 weeks gestation, the life-time 

incidence of seizures was 10–20 times higher and epilepsy 7–14 times higher than in the 

general population. Among extremely low gestational age children with febrile seizures, 

epilepsy is much more likely to occur than in the general population, 41% vs 3–5%. Seizures 

in ELGAN children are under-recognized, and possibly under-diagnosed, by parents and 

providers. Children born extremely premature need to be followed carefully for signs of 

seizures throughout childhood. Future studies of this population may lead to a better 

understanding of mechanisms underlying epileptogenesis.
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Figure 1. 
Cumulative incidence of seizures and epilepsy in children born extremely preterm.
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Figure 2. 
Cumulative incidence of any seizure in children born extremely preterm, by gestational age 

category.
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Table 1

Subject source for seizure case ascertainment

Cohort enrolled at birth 1506

Recruited for follow-up at age 10 years 966

Enrolled at age 10 years 889

Completed seizure screen 888

 Screen negative  615

 Screen positive  273

  Completed seizure interview   230

  Were unable to be interviewed   43
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Table 2

Weighted Cumulative Incidence of Seizures by Age 10 in the ELGAN cohort

n Cumulative Incidence at age 10 years (95% CI)

Any Seizure 91 12.2% (9.8, 14.5)

Epilepsy 57 7.6% (5.7, 9.5)

Single Unprovoked Seizure 10 1.3% (0.5, 2.2)

Seizure with fever* 24 3.2% (1.9, 4.5)

*
Isolated seizures with fever (without epilepsy and without single unprovoked seizure)
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Table 3

Weighted prevalence of seizures by gestational age

Gestational Age

23–24 wks (n=172) 25–26 wks (n=379) 27 wks (n=292) Signif**

Any Seizure 15.4 (9.8, 21.1) 12.8 (9.2, 16.3) 9.4 (5.8, 12.9) 0.058

Epilepsy 9.0 (4.5, 13.5) 8.6 (5.6, 11.6) 5.5 (2.7, 8.2) 0.147

Single Unprovoked 3.9 (0.8, 6.9) 0.6 (0.0, 1.4) 0.8 (0.0, 1.9) 0.039

Seizure with Fever* 2.6 (0.1, 5.1) 3.6 (1.6, 5.6) 3.1 (1.0, 5.2) 0.777

*
Seizure with fever for those without epilepsy or single unprovoked seizure

**
Test for trend in prevalence by gestational age through logistic regression
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