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Neonatal seizures triple the risk of a remote

seizure after perinatal ischemic stroke

ABSTRACT

Objectives: To determine incidence rates and risk factors of remote seizure after perinatal arterial
ischemic stroke.

Methods: We retrospectively identified a population-based cohort of children with perinatal arte-
rial ischemic stroke (presenting acutely or in a delayed fashion) from a large Northern Californian
integrated health care system. We determined incidence and predictors of a remote seizure
(unprovoked seizure after neonatal period, defined as 28 days of life) by survival analyses, and
measured epilepsy severity in those with active epilepsy (=1 remote seizure and maintenance
anticonvulsant treatment) at last follow-up.

Results: Among 87 children with perinatal stroke, 40 (46%) had a seizure in the neonatal period.
During a median follow-up of 7.1 years (interquartile range 3.2-10.5), 37 children had =1 remote
seizure. Remote seizure risk was highest during the first year of life, with a 20% (95% confidence
interval [Cl] 13%-30%) cumulative incidence by 1 year of age, 46% (Cl 35%-58%) by 5 years,
and 54% (Cl 41%-67%) by 10 years. Neonatal seizures increased the risk of a remote seizure
(hazard ratio 2.8, Cl 1.3-5.8). Children with neonatal seizures had a 69% (Cl 48%-87%) cumu-
lative incidence of remote seizure by age 10 years. Among the 24 children with active epilepsy at
last follow-up, 8 (33%) were having monthly seizures despite an anticonvulsant and 7 (29%) were
on more than one anticonvulsant.

Conclusions: Remote seizures and epilepsy, including medically refractory epilepsy, are common
after perinatal stroke. Neonatal seizures are associated with nearly 3-fold increased remote sei-
zure risk. Neurology® 2016;86:2179-2186

GLOSSARY

AIS = arterial ischemic stroke; Cl = confidence interval; HR = hazard ratio; ICD-9 = International Classification of Diseases-9;
IQR = interquartile range; KPNC = Kaiser Permanente Northern California; PPIS = presumed perinatal ischemic stroke.

Perinatal arterial ischemic stroke (AIS) occurs in 1 in 4,000 term births and is an important
cause of childhood epilepsy.' In some newborns, an ischemic brain injury is initially unrecog-
nized and only diagnosed later during development when a hemiparesis becomes clinically
apparent or a remote symptomatic seizure occurs. This subset often receives a diagnosis of
presumed perinatal ischemic stroke (PPIS), which refers to a stroke presumed to have occurred
in the perinatal period because of a chronic focal infarction on neuroimaging.” Stroke that is
clinically apparent in the neonatal period may differ from PPIS. Seizures during the neonatal
period are perhaps the most notable factor differentiating these groups, and are reported in about
75%-90% of infants diagnosed with stroke during the perinatal period.” Neonatal seizures of
any cause may confer a long-term risk of postnatal epilepsy. An estimated 10%—20% of neo-
nates with seizures from any cause will go on to have further seizures in childhood.

Our objective was to measure the incidence rate and risk factors for a first remote seizure after
perinatal AIS utilizing a previously identified population-based pediatric stroke cohort that
included neonates presenting acutely with stroke and patients with PPIS. We hypothesized that
seizures during the neonatal period were associated with a higher risk of remote seizure and
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epilepsy. We also describe the range of epi-
lepsy severity after perinatal AIS by measuring
medical encounters for seizures and the fre-
quency of seizures and anticonvulsant usage
at last follow-up.

METHODS We performed a retrospective study of seizures
after perinatal AIS within a population of 2.5 million children
(<20 years of age) enrolled in Kaiser Permanente Northern
California (KPNC), 1993-2007, with follow-up through
2011. From this population, a cohort of children diagnosed
with symptomatic stroke was identified and confirmed
through chart review for the Kaiser Pediatric Stroke Study as
previously described.”~'* Briefly, stroke criteria were as follows:
(1) clinical presentation consistent with stroke such as
hemiparesis, encephalopathy, or seizures and (2) CT or MRI
showing a focal ischemic infarct or hemorrhage in a location and
of a maturity consistent with the neurologic signs and
symptoms. For the purpose of this study, analyses were
limited to cases of perinatal AIS (those that occurred or were
presumed to have occurred between 28 weeks gestational age
and 28 days of life). These included cases with stroke
presentation in the neonatal period (=28 days of life) and
delayed presentation of PPIS (clinical presentation of stroke
after 28 days of life).

Standard protocol approvals, registrations, and patient
consents. Institutional review boards at the University of Cali-
fornia, San Francisco, and KPNC approved study procedures.
Both institutional review boards approved waiver of informed
consent for minimal risk research that could not practicably be

carried out without the waiver.

Ascertainment and confirmation of outcomes. Within the
cohort, we electronically searched for ICD-9 codes related to
seizure and epilepsy and prescriptions for anticonvulsant
medications in KPNC inpatient, outpatient, and pharmacy
databases to identify potential patients with seizures. KPNC
electronic medical records include all outpatient and inpatient
visits within KPNC and encounters at outside facilities, and all
medications prescribed and filled are recorded in the KPNC
electronic  pharmacy database. Two child neurologists
independently reviewed charts of all potential cases to confirm
outcomes, with a third neurologist adjudicating in case of
disagreement. Our primary outcome was a first unprovoked
remote seizure, defined as an epileptic seizure occurring >28
days after birth not attributed to another provocation such as
fever, acute systemic, metabolic, ischemic, or toxic insult, and
excluding nonepileptic spells. A secondary outcome was active
epilepsy, defined as at least one unprovoked remote seizure and
ongoing anticonvulsant treatment at the time of the last follow-
up.''? A child neurologist reviewed the available records to
categorize epilepsy at last follow-up as focal epilepsy,
generalized epilepsy, or epilepsy that could not be classified by

the available documentation.

Data abstraction. A single pediatric nurse professional medical
record analyst abstracted demographic and clinical data from
electronic and traditional medical records onto standardized
forms. Race/ethnicity was self-described by parents. Infarct
characteristics and location were determined by review of
radiology reports. Neonatal seizures were either clinically
suspected or EEG-confirmed seizures that occurred within the
first 28 days of life.”® Risk factors for perinatal AIS were

defined as the following, when documented in the medical
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record. Operational vaginal delivery included history of forceps
delivery or vacuum-assisted delivery. Primiparity included the
stroke patients who were the first live birth for the mother.
Hypoxic-ischemic encephalopathy included hypoxic ischemic
encephalopathy or birth asphyxia. Preeclampsia included
history of preeclampsia or pregnancy-induced hypertension.
Chorioamnionitis included chorioamnionitis, endometritis, or
maternal fever (>101°F or 38.5°C) in the 24 hours prior to
delivery. Prolonged rupture of membranes was rupture of
membranes >24 hours prior to delivery. Prolonged second
stage of labor was a second stage of labor >2 hours. Measures
of epilepsy severity included frequency of seizures and number of
maintenance anticonvulsants prescribed in the month prior to last
available follow-up and total number of emergency medical
encounters for seizure. A neurologist reviewed all abstracted
data for accuracy. Follow-up time was calculated from stroke
(assumed as the time of birth) for the patients with PPIS and
the acutely recognized neonatal stroke groups, and is equivalent

to the age at last follow-up for both groups.

Statistical analyses. Statistical analyses were performed using
Stata 14 (College Station, TX). We used descriptive statistics to
compare baseline characteristics of children presenting with
stroke in the neonatal period to those with PPIS. EEG results
and neurodevelopmental outcomes were not available for many
of the cohort; missingness for these variables was noted and the
available data were described. To determine incidence rates,
cumulative risk, and predictors of remote seizure and active epi-
lepsy, we used survival analysis with time at risk beginning at
28 days after birth. The first unprovoked remote seizure was
the failure event. Children without a remote seizure were right
censored at death or the last follow-up available in the medical
record. Cox proportional hazards models were compared to
determine prespecified baseline univariable predictors associated
with remote seizure, and used to address potential confounders
in multivariable analysis. In our multivariable analysis, we first
included all univariable predictors with p < 0.2 (using the log-
rank test for statistical significance) then used backward selection
to retain variables with p < 0.1. To evaluate the possibility of
ascertainment bias, we performed sensitivity analyses excluding
the 5 patients who were diagnosed with stroke because of
a remote seizure. To determine the association of neonatal
seizures with our secondary outcome, active epilepsy, we
performed survival analyses in which the failure event was
defined as the time of the first remote seizure among children

with active epilepsy at last follow-up."!

RESULTS From an initial population of 2.5 million
children, we identified 89 children with perinatal AIS
(figure 1). Of these, 2 died during the acute stroke
hospitalization, leaving a cohort of 87 stroke survivors
for our analysis: 48 presenting in the neonatal period
(median age at stroke presentation first day of life,
interquartile range [IQR] 0-1 day) and 39 with de-
layed stroke presentation (median age at first present-
ing symptom of stroke 8 months, IQR 4-13
months). During the neonatal period, 40 had an
acute symptomatic seizure (46% of the cohort,
83% of patients presenting with stroke in the neo-
natal period) (table 1). EEG reports were available for
22 patients, including 9 patients with electrographic
seizures (table e-1 on the Neurology® Web site at
Neurology.org).
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[ Figure 1 Flow diagram of perinatal stroke cohort
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From a population of 2.5 million children enrolled in Kaiser Permanente Northern California, 1993-2007, survivors of
perinatal arterial ischemic stroke were identified (n = 87). Over a median follow-up of 7.1 years, 37 of the children had

=1 remote seizure.

The stroke resulted in neurodevelopmental defi-
cits in some children. Age at walking was available
for 64 children (74%); among these the median was
14 months (IQR 12-21 months). In 54 children
(62%), a physician diagnosis of cerebral palsy was
recorded in the medical record. Children who pre-
sented with stroke during the neonatal period were
more likely to have multiple infarcts (29% vs 3%,
2 = 0.001), were younger when they began walking
(median age of 13 [IQR 10-17] vs 16 [IQR 13-22]
months, p = 0.04), and were less likely to have a cere-
bral palsy diagnosis recorded (50% vs 85%, p =
0.001) (table e-2). Otherwise, demographics, birth
history, and years of follow-up were similar between
the 2 groups.

Incidence of remote seizures. Median age at last follow-
up was 7.1 years (IQR 3.2-10 years), with a total
follow-up time of 333 person-years. During follow-
up, 37 of the 87 children had at least one remote
seizure (including 5 children with delayed stroke
presentation who presented with a remote seizure).
The annual incidence rate of a first unprovoked
remote seizure was highest during the first year of
life, with a cumulative incidence of 20% (95%
confidence interval [CI] 13%-30%) by 12 months

of age. The 5-year cumulative incidence of a first
remote seizure was 46% (CI 35%-58%) and the
10-year cumulative incidence was 54% (CI 41%-—
67%) (figure 2).

In sensitivity analyses that excluded the 5 children
who were diagnosed with their stroke because of
a remote seizure, delayed stroke presentation was
associated with a decreased risk of remote seizure as
a univariable predictor but not after multivariable
adjustment (data not shown). Otherwise, the magni-
tude or point estimates of remote seizure predictors
did not substantially change whether these children
were included in or excluded from analyses.

Incidence of active epilepsy and measures of epilepsy
severity. At the time of last follow-up, 24 children were
on treatment with a maintenance anticonvulsant for
active epilepsy, for a 10-year cumulative incidence of
40% (CI 27%-55%). Among the 24 patients
with active epilepsy, 10 had focal epilepsy, 5 had
generalized epilepsy syndrome, and the remaining 9
could not be classified. At the time of last follow-up,
seizures were poorly controlled in 8 children (33% of
those with epilepsy) who were having monthly seizures
despite anticonvulsant medications (table 2). In 7
children (29% of those with epilepsy), seizures were
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Table 1 Demographics and clinical

characteristics of 87 patients with
perinatal arterial ischemic stroke
enrolled in Kaiser Permanente Northern

California, 1993-2007

Characteristics
Demographics
Race/ethnicity
Non-Hispanic white
Hispanic
Non-Hispanic black
Other
Male sex
Maternal/birth history
Maternal age, y, median (IQR)
Gestational age, wk, median (IQR)
Primiparity
Preeclampsia
Chorioamnionitis
Prolonged rupture of membranes (>24 h)
Prolonged second stage of labor (>2 h)
Emergent cesarean section
Operative vaginal delivery
Birthweight, kg, mean (SD)
Neonatal HIE
5-minute Apgar
>6
4-6
0-3
Stroke presentation
Neonatal period (n = 48)?
Neonatal seizures
Hypotonia
Encephalopathy
Delayed stroke presentation (n = 39)?
Hemiparesis
Remote seizure
Gait abnormality
Hypotonia
Infarct location®
ACA infarct
MCA infarct
PCA infarct
Small vessel stroke
Multiple infarcts
Prothrombotic disorder (n = 41)®

Cardiac disease
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No. (%)

39 (44)
23 (26)
13(15)
12 (14)
49 (56)

29 (23-35)
39 (38-40)
51 (59)

10 (112)

17 (20)
9(11)
9(10)

28 (32)

19 (22)
31(0.7)
6(7)

75 (87)
8(9)
3(3)

40 (83)
13 (27)
6 (13)

34 (87)
5(13)
4 (10)
3(8)

1(1)

55 (63)
6(7)
3(4)
15(17)
6/41 (15)
2(2)

Continued

[ Table 1 Continued ]

Characteristics No. (%)

Median months of age at walking 14 (12-21)
(IQR) (n = 64)°

Cerebral palsy diagnosis during follow-up 54 (62)
Median years of follow-up (IQR) 7.1(3.2-10)

Abbreviations: ACA = anterior cerebral artery; HIE =
hypoxic-ischemic encephalopathy; IQR = interquartile
range; MCA = middle cerebral artery; PCA = posterior
cerebral artery.

2 Subcategories are not mutually exclusive.

> Among subset with data available.

treated with more than one concurrent maintenance
anticonvulsant. Medical care for seizures was common
among the stroke cohort. Emergency encounters for
remote seizures were frequent (figure 2), 13 children
were admitted to the hospital for a seizure at least once,
and 4 children were admitted to the intensive care unit
for status epilepticus. One child had status epilepticus
with intubation on 3 separate encounters.

Predictors of remote seizure. In univariable analyses,
the risk of a first remote seizure was predicted by His-
panic ethnicity, neonatal seizures, and anterior cere-
bral artery infarcts (table 3). In multivariable
analyses including race/ethnicity, chorioamnionitis,
delayed stroke presentation, neonatal seizures, and
anterior cerebral artery infarct distribution, only neo-
natal seizures (hazard ratio [HR] 2.0, CI 1.03-3.9)
remained predictive of remote seizures. Neonatal seiz-
ures also predicted active epilepsy (HR 2.6, 95% CI
1.1-6.1, p = 0.02). Among children with a history of
neonatal seizures, the 10-year cumulative incidence of
a first remote seizure was 69% (CI 48%-87%) (figure
2) and of active epilepsy 54% (CI 32%-79%).

DISCUSSION In this population-based study, we
found that remote seizures and epilepsy were
common outcomes of perinatal stroke. By the end
of the first decade of life, 54% of the overall
perinatal stroke cohort had at least one remote
seizure and 40% had developed active epilepsy. We
included children with perinatal stroke whether
they presented acutely in the neonatal period or in
a delayed fashion with PPIS. Children with PPIS
were less likely to have multiple infarcts and none
had neonatal seizures. Consistent with prior studies,
children with PPIS also tended to have worse motor
outcomes, possibly related to ascertainment bias.'*"
Our epilepsy incidence rates are at the upper end of
the range reported in prior studies. Among patients
presenting with stroke during the neonatal period,
studies have reported 9%-40% of children develop
epilepsy by 2—4 years of age.*>'*!” Among children



Figure 2 Remote seizures among 87 children after perinatal arterial ischemic
stroke
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Kaplan-Meier failure plots demonstrate (A) the overall cumulative incidence of a first remote
seizure (solid line represents the failure function) and (B) a 3-fold increased risk of remote
seizure in children with a history of neonatal seizures (dashed line) compared to children
with no neonatal seizures (solid line) (hazard ratio 2.8, 95% confidence interval [Cl]
1.3-5.8, p = 0.03 for log-rank test for equality). In plots A and B, gray shading represents
95% confidence intervals and the x-axis represents time at risk beginning at 29 days of
age. (C) During a median follow-up of 7.1 years, frequency of emergency medical encoun-
ters for seizure among the 37 children in the perinatal stroke cohort who had at least one
remote seizure.

Table 2 Frequency of monthly seizures among
24 children with active epilepsy at last
available follow-up after perinatal
arterial ischemic stroke

Active epilepsy
(n = 24), n (%)

Seizure-free on anticonvulsant 8(33)

for 26 mo

<1 seizure/mo 8 (33)
1-4 seizures/mo 3(13)
5-30 seizures/mo 1(4)
30 or more seizures/mo 4 (17)

with delayed presentation of presumed perinatal
ischemic stroke, estimates of epilepsy range from
38% to 55%.'®"” The broad ranges reported across
prior studies may be related to modest sample sizes,
differences in study setting, varying definitions for
epilepsy, or methods of outcome ascertainment.

We found that neonatal seizures nearly tripled the
risk of a remote seizure. Children with seizures during
the neonatal period related to stroke may be at higher
ongoing seizure risk than previously recognized: two-
thirds had at least one remote seizure and over half
developed active epilepsy during the first decade of
life. Presumably, some of the infants with neonatal
seizures were discharged home on an anticonvulsant,
delaying onset of the first remote seizure. This would
attenuate the difference in remote seizure incidence
rate between the infants with neonatal seizures and
those without neonatal seizures during early infancy,
but would be unlikely to have ongoing effect over
a 7-year follow-up. In contrast to our findings, a prior
study of perinatal AIS did not find an association of
acute seizures at stroke ictus with seizures later in
childhood, but may have been underpowered with
46 children and a shorter average follow-up (mean
31 months).” Seizures in the neonatal period previ-
ously have been associated with epilepsy in clinical
studies of children with cerebral palsy®® and term
newborns with encephalopathy, even after controlling
for severity of initial brain injury.?' Animal models of
neonatal brain injury also support an association
between neonatal seizures and epilepsy.?*2*

Whether seizures in the setting of an acute perina-
tal stroke have a deleterious effect on developing brain
or are simply a marker for greater underlying brain
injury is unknown, but the association with child-
hood epilepsy is worrisome. An active seizure focus
in the setting of acute stroke could increase metabolic
demand in ischemic penumbra and worsen brain
injury, or the presence of neonatal seizures may con-
tribute to epileptogenesis during a crucial develop-
mental window.?>*® In animal models of pediatric

stroke, early poststroke seizures are associated with
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[ Table 3 Unadjusted hazard ratios for remote seizure in 87 children with perinatal arterial ischemic stroke ]

No remote seizure Remote seizure
(n = 50), n (%) (n = 37), n (%) HR (CI) p Value
Demographics
Race/ethnicity 0.1°
Non-Hispanic white 27 (54) 12 (32) Ref
Hispanic 9(18) 14 (39) 2.3(1.0-5.2) 0.04°
Non-Hispanic black 6 (12) 7 (19) 1.7 (0.6-4.6) 0.2
Other 8(16) 4 (11) 0.5(0.1-2.1) 0.7
Male sex 28 (56) 21 (57) 1.0 (0.5-1.9) 0.9
Maternal/birth history
Maternal age, y, median (IQR) 29 (24-35) 27 (22-34) 1.0 (0.9-1.0) 0.2
Gestational age, wk, median (IQR) 39 (37-40) 40 (38-40) 1.1 (1.0-1.3) 0.4
Primiparity 25 (50) 22 (69) 1.5(0.7-2.9) 0.3
Preeclampsia 6 (12) 3(9) 0.7 (0.3-2.1) 0.6
Chorioamnionitis 7 (14) 9 (28) 1.6 (0.8-3.4) 0.2
Prolonged rupture of membranes 5(10) 4(13) 1.5(0.6-3.9) 0.4
Prolonged second stage of labor 5 (10) 4 (13) 1.5 (0.6-3.9) 0.4
Emergent cesarean section 15 (30) 13 (35) 1.2 (0.6-2.3) 0.7
Operative vaginal delivery 10 (20) 9 (24) 1.1 (0.5-2.3) 0.8
Birthweight, kg, mean (SD) 3,109 (714) 3,202 (586) 1.0 (1.0-1) 0.3
Neonatal HIE 2 (4) 4(11) 1.6 (0.6-4.5) 0.4
5-minute Apgar 0.92
>6 44 (88) 31 (86) Ref
4-6 5(10) 3(8) 0.9 (0.3-3.0)
0-3 1(2) 2(6) 1.5(0.3-6.2)
Stroke presentation and characteristics
Neonatal seizures 19 (38) 21 (57) 21 (1.1-4.0 0.03°
Delayed stroke presentation 24 (48) 15 (41) 0.6 (0.3-1.2) 0.1
ACA infarct 0(0) 1(3) 10 (1.3-80) 0.01°
MCA infarct 32 (64) 23 (62) 1.0 (0.5-2.0) 1
PCA infarct 2(4) 4(11) 1.5(0.5-4.4) 0.4
Small vessel stroke 2(4) 1(3) 1.3(0.2-9.2) 0.8
Multiple infarcts 8 (16) 7 (19) 1.3(0.6-3.0) 0.5
Prothrombotic disorder® 1/22 (5) 5/19 (26) 1.8 (0.5-7.3) 0.4
Cardiac disease 1(2) 1(2) 2.9 (0.4-23) 0.3
Abbreviations: ACA = anterior cerebral artery; Cl = confidence interval; HIE = hypoxic-ischemic encephalopathy;

HR = hazard ratio; IQR = interquartile range; MCA = middle cerebral artery; PCA = posterior cerebral artery.

2p Value for difference between categories.
Pp Value < 0.05 for log-rank test for equality.
¢ Among the data available (n = 41).

disturbed brain metabolism, secondary excitotoxicity,
and increasing size of infarcts.”?¢ In adults, early
poststroke seizures are a risk factor for increasing mid-
line shift after hemorrhagic stroke?” and mortality
after ischemic stroke.?® Therapeutic hypothermia for
treatment of neonatal hypoxic ischemic encephalop-
athy may reduce metabolic demand and also reduce
neonatal seizures,” but whether this changes epilepsy
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risk is unknown. We did not assess for therapeutic
hypothermia, but it is unlikely that this treatment
played a large role in preventing neonatal seizures
for our cohort. Only 6 of the 87 children with stroke
also had neonatal hypoxic ischemic encephalopathy,
and 5 of these children had neonatal seizures.

In our cohort, remote seizures were not benign.
Children with perinatal stroke often had muldple



emergency visits and hospital admissions for remote
seizures, and more than a quarter of the children were
on a maintenance anticonvulsant at their last
observed follow-up. Although the majority of chil-
dren with poststroke epilepsy in our cohort had rela-
tively good seizure control, a third of the children
with poststroke epilepsy were having at least monthly
seizures despite anticonvulsant treatment, suggesting
medically refractory epilepsy. Even a single seizure
in children has been associated with a negative psy-
chological effects and a decreased health-related qual-
ity of life.®® Medically refractory epilepsy, multiple
anticonvulsants, and comorbid neurologic impair-
ments can further worsen quality of life.>' It is possi-
ble that the seizures and epilepsy were not related to
the stroke itself but rather an underlying genetic
disorder or other brain injury such as neonatal hyp-
oxic ischemic encephalopathy. We could not assess
the concordance among neonatal seizure semiology,
remote seizure semiology, neurodevelopment, clinical
examination findings, EEG findings, and MRI find-
ings because of the retrospective nature of our study.
However, these data emphasize the need for further
research in this area and may be valuable for accu-
rately counseling families.

Our study has several strengths that contribute to
more accurate measures of remote seizure incidence
and greater generalizability than previously available:
a large, population-based cohort, a long median
follow-up time of 7 years, and searchable electronic
health records including electronic pharmacy records
for anticonvulsant prescriptions. Studies with a conve-
nience sample of children identified from a tertiary
care base might be biased towards inclusion of sicker
children with more severe strokes who in turn might
be more likely to develop epilepsy. In our study, inci-
dence rate for a first remote seizure did not level off
until the end of the first decade, so prior studies with
a limited duration of follow-up might underestimate
the frequency of remote seizures. In addition, the
simple proportions reported in some studies may
not account for variable lengths of follow-up.

Our study has limitations. First, infarct character-
istics were determined by radiology report rather than
source neuroimaging. Larger stroke size has been
associated with an increased risk of remote seizures
after perinatal AIS.> We could not measure and adjust
for infarct volume, which may influence both neo-
natal and remote seizure risk. Second, it is possible
that some neonatal seizures in our cohort may have
been missed. In neonates with acute AIS, an esti-
mated 80% of seizures identified on continuous
EEG may be clinically unsuspected.”” Misclassifica-
tion of exposure to neonatal seizures may result in an
underestimate of the magnitude of epilepsy risk asso-
ciated with neonatal seizures. Third, our measures of

epilepsy severity reflect the clinical care that was pro-
vided. We could not accurately determine anticon-
vulsant adherence or the appropriateness of specific
anticonvulsant treatment. Our measures of epilepsy
severity may not be applicable for individual prognos-
tication, especially as epilepsy treatment options con-
tinue to improve.

Childhood seizures and epilepsy are common
among children who have had a perinatal AIS.
Although the risk of an unprovoked remote seizure
is highest during the first year of life, the cumulative
incidence continues to rise over the first decade.
Acute seizures related to stroke in the neonatal
period nearly triple the risk of remote seizures. Cur-
rently, the risk vs benefit of aggressive medical treat-
ment of neonatal seizures is controversial, in part
because the long-term clinical significance of these
acute seizures is not clear. Ultimately, understanding
the significance of acute symptomatic seizures in
neonates will help clinicians to better their tailor
management. Families of children with perinatal
stroke should be counseled about the risk of future
seizures, especially if the child has a history of neo-

natal seizures.
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