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Electrographic status epilepticus and

long-term outcome in critically ill children

ABSTRACT

Objective: Electrographic seizures (ES) and electrographic status epilepticus (ESE) are common in
children in the pediatric intensive care unit (PICU) with acute neurologic conditions. We aimed to
determine whether ES or ESE was associated with worse long-term outcomes.

Methods: Three hundred children with an acute neurologic condition and encephalopathy under-
went clinically indicated EEG monitoring and were enrolled in a prospective observational study.
We aimed to obtain follow-up data from 137 subjects who were neurodevelopmentally normal
before PICU admission.

Results: Follow-up data were collected for 60 of 137 subjects (44 %) at a median of 2.7 years.
Subjects with and without follow-up data were similar in clinical characteristics during the PICU
admission. Among subjects with follow-up data, ES occurred in 12 subjects (20%) and ESE
occurred in 14 subjects (23%). Multivariable analysis indicated that ESE was associated with
an increased risk of unfavorable Glasgow Outcome Scale (Extended Pediatric Version) category
(odds ratio 6.36, p = 0.01) and lower Pediatric Quality of Life Inventory scores (23 points lower,
p = 0.001). Among subjects without prior epilepsy diagnoses ESE was associated with an
increased risk of subsequently diagnosed epilepsy (odds ratio 13.3, p = 0.002). ES were not
associated with worse outcomes.

Conclusions: Among children with acute neurologic disorders who were reported to be neuro-
developmentally normal before PICU admission, ESE but not ES was associated with an increased
risk of unfavorable global outcome, lower health-related quality of life scores, and an increased
risk of subsequently diagnosed epilepsy even after adjusting for neurologic disorder category,
EEG background category, and age. Neurology® 2014;82:396-404

GLOSSARY

cEEG = continuous EEG; Cl = confidence interval; ES = electrographic seizures; ESE = electrographic status epilepticus;
GOS-E Peds = Glasgow Outcome Scale-Extended Pediatric Version; OR = odds ratio; PedsQL = Pediatric Quality of Life
Inventory; PICU = pediatric intensive care unit.

Electrographic seizures (ES) and electrographic status epilepticus (ESE) have been reported in
10% to 40% of children in pediatric intensive care units (PICUs) who underwent clinically indi-
cated continuous EEG (cEEG) monitoring.'™'* Thus, cEEG use is common and is increasing in
PICUs.">' While cEEG is resource-intense,'” there is evidence that cEEG data often have an
impact on clinical management.'® Furthermore, in addition to serving as biomarkers of brain
injury and dysfunction, ES and ESE may also contribute to secondary brain injury and worse

short-term outcome!?-10:12:19-21

independently of acute encephalopathy etiology and critical
illness severity."'>*! To date, studies have not evaluated whether there is an association between
ES or ESE and long-term outcome. We performed a study of children in the PICU with acute
encephalopathy who underwent cEEG to determine whether ES or ESE was associated with

worse long-term outcome.
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METHODS Standard protocol approvals, registrations,
and patient consents. Informed written consent was obtained
from the parents of patients undergoing clinically indicated cEEG
monitoring for entry in the observational database. Subsequently,
informed verbal consent was obtained from parents contacted for
the follow-up long-term outcome study. This study was approved
by the Children’s Hospital of Philadelphia’s Institutional Review
Board.

Prospective observational database. Infants and children trea-
ted in the PICU of a tertiary care hospital between July 2008 and
September 2011 who underwent cEEG monitoring were enrolled
in a prospective observational study. Neonates (younger than
1 month) were excluded. Clinical practice was to perform cEEG in
patients with acute encephalopathy of any degree to identify ES
and/or to determine whether abnormal movements or vital sign fluc-
tuations of unknown etiology were seizures. EEGs were performed
using a Grass-Telefactor (West Warwick, RI) video-EEG system
with 21
according to the international 10-20 system. cEEG monitoring

gold-over-silver scalp surface electrodes  positioned

duration was at least 24 hours when screening for ES or ESE or 72
hours for patients undergoing therapeutic hypothermia after cardiac
arrest. The encephalography service interpreted the EEGs and the
PICU and neurology consult services managed patient care.
Prophylactic anticonvulsants were not routinely administered. Our
clinical services aimed to terminate ES and ESE when identified,
although no formal institutional management pathway was in
place. The most frequently used anticonvulsants for ES and ESE
in our PICU were phenobarbital, phenytoin-fosphenytoin, and
levetiracetam.”

Clinical and cEEG data were prospectively collected. Clinical
data consisted of age, sex, acute neurologic disorders, prior neuro-
developmental status, medications, intubation status, cEEG indi-
cation, cEEG findings including seizure occurrence and
characteristics, hospital and PICU admission and discharge dates,
and short-term outcome. Acute neurologic disorders were catego-
rized as follows: 1) epilepsy-related; 2) acute structural (stroke,
CNS inflammation or autoimmune disorder, traumatic brain
injury, CNS infection, brain malformation, tumor/oncologic,
and hypoxic-ischemic encephalopathy); and 3) acute nonstruc-
tural (sepsis, metabolic, pharmacologic sedation, toxin, paralytic
administration). Patients who had both acute structural and non-
structural conditions (such as CNS infection and sepsis) were cat-
egorized as acute structural. Short-term functional outcome was
assessed by assigning a Pediatric Cerebral Performance Category
score. The categories are 1 = normal, 2 = mild disability, 3 =
moderate disability, 4 = severe disability, 5 = coma and vegeta-
tive state, and 6 = death.”® We have previously described the
associations between ES and ESE and short-term outcome.?!

EEG tracings were reviewed and interpreted by one pediatric
encephalographer (N.S.A.) to define seizure categories (none, ES, or
ESE) and EEG background categories. An ES was defined as an
abnormal paroxysmal event that was different from the background,
lasting longer than 10 seconds (or shorter if associated with a clinical
change) with a temporal-spatial evolution in morphology, frequency,
and amplitude, and with a plausible electrographic field. ESE was
defined as either a single 30-minute ES or a series of recurrent inde-
pendent ES totaling more than 30 minutes in any 1-hour period
(50% seizure burden). Patients were scored as ESE if ESE occurred
at any point during the recording. The ES and ESE distinction was
used to evaluate the impact of seizure burden and is consistent with
definitions used in previous studies."*! EEG background categories
included 1) normal or sedated sleep, 2) slow and disorganized, 3)

discontinuous or burst-suppression, and 4) attenuated and featureless.

Long-term outcome study. Using the 300 subjects enrolled in
our prospective cEEG database, we conducted a secondary study as-
sessing long-term outcome. We attempted to contact all subjects
who survived to PICU discharge with at least 5 contact attempts
(including weekend and evening calls) to all phone numbers
included in the institutional medical record. A trained caller
performed all of the structured phone interviews. Outcome data
were obtained by proxy report (parents/guardians) and included
the Glasgow Outcome Scale—Extended Pediatric Version (GOS-E
Peds), the Pediatric Quality of Life Inventory (PedsQL), and an
epilepsy questionnaire.

The GOS-E Peds is a global outcome measure addressing post-
injury function. Seven domains (consciousness, independence inside
the home, independence outside the home, school/work, social and
leisure activity, family and friendships, and return to normal life)
produce a category score. The GOS-E Peds has been shown to have
high criterion-related validity and discriminant validity, has demon-
strated sensitivity to injury severity,** and is a suggested core global
outcome measure by National Institute of Neurological Disorders
and Stroke common data elements.”> GOS-E Peds scores were cat-
egorized as favorable (scores representing upper good recovery to
lower moderate disability) or unfavorable (scores representing upper
severe disability to vegetative state).

The PedsQL is a generic health-related quality-of-life instru-
ment based on 4 functioning domains (physical, emotional,
social, and school). It is valid and reliable in normal and patient

2627 and it is a suggested core global outcome mea-

populations,
sure by National Institute of Neurological Disorders and Stroke
common data elements.*

Among subjects who did not have an epilepsy-related diagno-
sis at the time of PICU care, we assessed whether subjects had
developed subsequent epilepsy using a self-reported epilepsy
questionnaire that has been validated for use in surveillance
population-based surveys.”® The questionnaire wording was mod-
ified slightly to focus on children by changing the term “you” to
“your child.” Subjects were classified as diagnosed epilepsy (“yes”
to a question indicating a diagnosis of epilepsy) or possible epi-

lepsy (“yes” to any epilepsy screening questions).

Analysis. This study only included subjects who were reported to
be neurodevelopmentally normal before PICU admission by parents
and prior medical records when available.

Summary statistics are reported as medians and interquartile
ranges for continuous data and counts and proportions for categor-
ical data. Comparisons between subjects with and without follow-up
data were examined using the X test for categorical variables and
the Wilcoxon rank-sum or Kruskal-Wallis test for continuous var-
iables. Variables with p = 0.2 in univariable analyses were eligible
for inclusion in the multivariable models. Multivariable logistic
regression was used to test the associations between seizure category
and GOS-E Peds, and also between seizure category and subse-
quent epilepsy. Linear regression was used to test the association
between seizure category and PedsQL. A priori covariates were
chosen based on variables associated with unfavorable short-term
outcome?! and included age, acute neurologic disorder category,
and EEG background category. All statistics were performed using
Stata 10.0 software (StataCorp, College Station, TX).

RESULTS Three-hundred children with encepha-
lopathy were enrolled in the acute care component
of the study. One-hundred thirty-seven subjects
were reported to be neurodevelopmentally normal
at PICU admission by parents/guardians and
survived to PICU discharge. Seventy-seven were not
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eligible for study inclusion (73 could not be contacted
and 4 declined participation), resulting in a final
sample of 60 study participants (figure). There were
no significant differences in the acute care variables
between the subjects with and without outcome data
(table 1). Follow-up data were obtained a median of
2.6 years (1.5, 3.2) after PICU discharge. The median
age at PICU admission was 3.9 years (1.1, 12.7) and
41 subjects (68%) were male.

GOS-E Peds scores were upper good recovery for
24 subjects (40%), lower good recovery for 11 subjects
(189%), upper moderate disability for 2 subjects (3%),
lower moderate disability for 2 subjects (3%), upper
severe disability for 8 subjects (13%), and lower severe
disability for 13 subjects (22%). Thus, unfavorable
outcome by GOS-E Peds occurred for 21 subjects
(35%). On univariable analysis, seizure category and
PICU duration were associated with GOS-E Peds cat-
egory (table 2). After controlling for EEG background,
acute neurologic disorder, age, and PICU duration,
ESE was associated with unfavorable GOS-E Peds
(odds ratio [OR] 6.36; 95% confidence interval [CI]
1.48, 27.31; p = 0.01). However, ES were not asso-
ciated with unfavorable GOS-E Peds (OR 0.99; 95%
CI 0.16, 5.94; p = 0.99) (table 2).

The median (interquartile range) PedsQL scores
were 86 (64, 95) for subjects without seizures, 94
(60, 97) for subjects with ES, and 62 (48, 71) for sub-
jects with ESE (p = 0.01). On univariable analysis,
only seizure category was associated with lower

PedsQL scores (table 3). After controlling for EEG

background, acute neurologic disorder, age, and PICU
duration, ESE was associated with lower PedsQL
scores (23.07 points lower, p = 0.001) while ES were
not associated with lower PedsQL scores (table 3).

Subsequent epilepsy was assessed among the 54
subjects who did not have epilepsy diagnoses before
PICU admission. New physician-diagnosed epi-
lepsy occurred in 19 subjects, of whom 7 subjects
(37%) had no seizures, 3 subjects (16%) had ES,
and 9 subjects (47%) had ESE. On univariable anal-
ysis, only seizure category was associated with an
increased risk of subsequently diagnosed epilepsy
(table 4). After controlling for EEG background,
acute neurologic disorder, and age, ESE was associ-
ated with diagnosed epilepsy at follow-up (OR
13.33; 95% CI 2.49, 71.35; p = 0.002) while ES
were not associated with diagnosed epilepsy at
follow-up (OR 2.66; 95% CI 0.42, 16.72; p =
0.28) (table 4). Possible epilepsy at follow-up was
present in 19 of 33 (58%) without seizures, 6 of 8
with ES (75%), and 12 of 13 with ESE (92%). After
controlling for EEG background, acute neurologic
disorder, and age, ESE was associated with possible
epilepsy at follow-up (OR 13.41; 95% CI 1.37,
131.40; p = 0.026) while ES were not associated
with possible epilepsy at follow-up (OR 1.85; 95%
CI 0.25, 13.69; p = 0.55).

DISCUSSION This observational study of cEEG-
monitored children in the PICU with outcome

assessment at a median of 2.6 years showed that

[ Figure Study flowchart

underwent cEEG

300 Children with acute encephalopathy in the PICU

—| 127 Neurodevelopmentally abnormal at admission |

prior to admission

173 Subjects with acute encephalopathy and neurodevelopmentally normal

Mortality:
31 In-hospital
5 Prior to follow-up

137 Available for study

4 Refused

—l 73 Could not be contacted

60 With follow-up data

cEEG = continuous EEG; PICU = pediatric intensive care unit.
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[ Table 1 Subjects normal at PICU admission and considered alive at follow-up (n = 137) ]

Follow-up data

No follow-up data

Variable (n = 60, 44%) (n =77, 56%) p Value
Age, y, median (IQR) 39(1.1,127) 15(04,82) 0.09
Male, n (%) 41 (68) 45 (58) 0.24
Acute neurologic disorder, n (%) 0.52

Epilepsy 6 (10) 5(6)

Acute structural 44 (73) 54 (70)

Acute nonstructural 10(17) 18 (23)
Convulsions preceding cEEG, n (%) 28 (47) 48 (62) 0.07
EEG background, n (%) 0.17

Sedated sleep-slow disorganized 57 (95) 68 (88)

Discontinuous-burst suppression 3(5) 9 (12)
Seizure category, n (%) 0.54

No seizure 34 (57) 44 (57)

Electrographic seizures 12 (20) 20 (26)

Electrographic status epilepticus 14 (23) 13 (17)
Comatose, n (%) 34 (57) 45 (58) 0.84
Intubated, n (%) 45 (75) 61 (79) 0.56
Paralyzed, n (%) 51 (85) 62 (81) 0.49
PICU length of stay, d, median (IQR) 6 (3, 11) 7(3,12) 0.92
Discharge PCPC,? n (%) 0.45

1 (normal) 26 (43) 35 (45)

2 (mild disability) 12 (20) 21 (27)

3 (moderate disability) 12 (20) 8 (10)

4 (severe disability) 10 (17) 12 (16)

5 (coma and vegetative state) 0 (0) 1(1)

Abbreviations: cEEG = continuous EEG; IQR = interquartile range; PCPC = Pediatric Cerebral Performance Category;

PICU = pediatric intensive care unit.

2PCPC 6 (death) is not included because patients with in-hospital mortality were not included in this long-term outcome

study.

when compared with patients without seizures, ESE
was associated with unfavorable global outcome
(GOS-E Peds), lower health-related quality of life
(PedsQL), and an increased risk of developing
subsequent epilepsy after controlling for acute
neurologic disorder category, EEG background
category, and age. When compared with patients
without seizures, ES were not associated with worse
outcomes.

ES have been reported in 10% to 40% of children
in PICUs who underwent cEEG monitoring.'”** The
largest study to date was a multicenter retrospective
study of 550 consecutive children who underwent
cEEG monitoring. ES occurred in 30%, and was clas-
sified as ESE in 38%."' Those data are consistent with
single-center data we have reported from the current
observational study database.'*?' This study used a
subset of subjects from the database (neurodevelop-
mentally normal on PICU admission and alive for

follow-up) and identified ES or ESE in 43% of 60
subjects.

Because ES and ESE are common in critically ill
children, there is an increasing interest in determining
whether identifying and managing these seizures could
serve as a neuroprotective strategy. EEG monitoring
use is increasing, largely based on the presumption that
identifying and managing seizures could improve out-
come. A survey addressing cEEG use at 61 large North
American pediatric hospitals reported a 30% increase
in the number of critically ill patients undergoing
cEEG from 2010 to 2011." Both physician surveys'
and observational studies** indicate that anticonvul-
sants are administered when seizures are identified. A
recent Neurocritical Care Society guideline recommen-
ded that cEEG should be used to identify nonconvul-
sive status epilepticus in many comatose patients, and
that treatment should continue rapidly until both clin-
ical and EEG-only seizures cease.”

Neurology 82 February 4, 2014 399



[ Table 2 Univariate and adjusted outcomes by GOS-E Peds category (n = 60) ]

Univariate analysis Multivariate analysis

Favorable GOS-E Unfavorable GOS-E Unfavorable GOS-E

Variable Peds (n = 39, 65%) Peds (n = 21, 35%) p Value Peds, OR (95% Cl) p Value
Seizure category, n (%) 0.03?
No seizure 25 (64) 9 (43) - -
Electrographic seizures 9 (23) 3(14) 0.99 (0.16-5.94) 0.99
Electrographic status epilepticus 5(13) 9 (43) 6.36 (1.48-27.31) 0.01®
Acute neurologic disorder, n (%) 0.96
Epilepsy 4 (10) 2 (10) — —
Acute structural 29 (74) 15 (71) 0.61 (0.07-5.55) 0.66
Acute nonstructural 6 (15) 4 (19) 1.30(0.12-13.92) 0.82
EEG background, n (%) 0.24
Sedated sleep-slow disorganized 38 (97) 19 (90) — —
Discontinuous-burst suppression 1(3) 2(10) 5.63 (0.37-85.13) 0.21
Age, y, median (IQR) 4.4 (1.4,13.0) 2.8(0.2, 11.4) 0.21 0.97 (0.87-1.07) 0.51
PICU duration, d, median (IQR) 6(3,9) 9 (6, 25) 0.01* 1.03 (0.99-1.06) 0.12
Sex, n (%) 0.34
Male 25 (64) 16 (76)
Female 14 (36) 5(24)
Comatose, n (%) 0.96
Yes 22 (56) 12 (57)
No 17 (44) 9 (43)
Intubated, n (%) 0.44
Yes 28 (72) 17 (81)
No 11 (28) 4(19)
Paralyzed, n (%) 0.91
Yes 33 (85) 18 (86)
No 6 (15) 3(14)
Convulsions preceding cEEG, n (%) 0.52
Yes 17 (44) 11 (52)
No 22 (56) 10 (48)
Follow-up duration, y, median (IQR) 26(1.4,3.3) 26 (1.6, 3.0 0.83

Abbreviations: cEEG = continuous EEG; Cl = confidence interval; GOS-E Peds = Glasgow Outcome Scale-Extended Pediatric Version; IQR = interquartile
range; OR = odds ratio; PICU = pediatric intensive care unit.
2 Significant values.

400

Increasing cEEG use is logical if ES or ESE are
associated with worse outcome, and if identifying
and managing ES or ESE is associated with improved
outcome. To date, the extent to which these seizures
are biomarkers of more severe brain injury and/or
independently lead to secondary brain injury has
not been established. Our data add to this literature
by providing an initial exploration of the impact of
ES and ESE on long-term outcomes. Our findings
are consistent with prior short-term outcome studies
that have reported associations between ES or ESE

1,9,10,12,19-21

and worse short-term outcome even after

accounting for potential confounders related to acute

Neurology 82 February 4, 2014

encephalopathy etiology and critical illness sever-
ity."'*?" In a multicenter retrospective study of 550
children who underwent clinically indicated cEEG,
ESE but not ES were associated with an increased
mortality risk on multivariable analysis including
EEG background category and neurologic disorder
category.! Similarly, our 200-subject, single-center,
prospective study found that ESE, but not ES, was
associated with an increased risk of in-hospital mor-
tality and worsening Pediatric Cerebral Performance
Category score at discharge after controlling for sei-
zure category, age, acute neurologic disorder, prior
neurodevelopmental status, and EEG background



[ Table 3 Univariate and adjusted outcomes by PedsQL (n = 60) ]

Univariate analysis

Multivariate analysis

PedsQL, Linear regression
Variable median (IQR) p Value coefficient (95% CI) p Value
Seizure category 0.012
No seizure 86 (64, 95) = =
Electrographic seizures 94 (60, 97) -5.33(-21.13 to —10.48) 0.50
Electrographic status epilepticus 61 (48, 71) —23.07 (-36.75 to —9.38) 0.001°
EEG background 0.33
Sedated sleep-slow disorganized 80 (58, 95) — —
Discontinuous-burst suppression 58 (32, 93) —12.46 (—-38.47 to 13.54) 0.34
Acute neurologic disorder 0.29
Epilepsy 95 (79, 98) — —
Acute structural 76 (58, 94) —7.20 (—27.28 to 12.87) 0.48
Acute nonstructural 78 (51, 96) -11.52 (-33.80 to 10.77) 0.31
Age, y 0.36 —-0.57 (~1.48 to 0.35) 0.22
<2 87 (61, 96)
>2 75 (58, 93)
PICU duration (linear regression coefficient) -0.31 0.06 —0.29 (-0.60 to 0.20) 0.07
Sex 0.29
Male 77 (55, 93)
Female 99 (68, 96)
Comatose 0.41
Yes 83 (58, 96)
No 76 (55, 94)
Intubated 0.36
Yes 82 (57, 96)
No 77 (58, 87)
Paralyzed 0.64
Yes 79 (55, 94)
No 90 (61, 96)
Convulsions preceding cEEG 0.98
Yes 70 (53, 96)
No 83 (60, 94)
Follow-up duration in years (linear regression -0.83 0.79

coefficient)

Abbreviations: cEEG = continuous EEG; Cl = confidence interval; IQR = interquartile range; PedsQL = Pediatric Quality of

Life Inventory; PICU = pediatric intensive care unit.
@ Significant values.

category.”’ Another study of 204 comatose neonates
and children found that ES were associated with a
higher risk of unfavorable short-term neurologic out-
come after controlling for age, etiology, pediatric
index of mortality score, Adelaide coma score, and
EEG background category.’® A retrospective study
of 237 children with convulsive or nonconvulsive sta-
tus epilepticus (defined as more than 10 minutes of
seizures) found that epilepsy and neurologic deficits
were more common in children with refractory than

aborted status epilepticus, and longer seizure dura-

1 However,

tions predicted unfavorable outcome.
these data were obtained in children with both con-
vulsive and nonconvulsive status, and thus may not
be directly comparable to our data.

Several studies have reported worse outcome in

30-32 and several

critically ill adults with acute seizures,
studies have suggested mechanisms by which ES
could yield secondary brain injury, including elevated

intracranial pressure and lactate/pyruvate ratios
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[ Table 4 Univariate and adjusted outcomes by subsequently diagnosed epilepsy (n = 54) ]

Univariate analysis

Multivariate analysis

No epilepsy

Variable (n = 35, 65%)
Seizure category, n (%)

No seizure 26 (74)

Electrographic seizures 5 (14)

Electrographic status epilepticus 4 (11)
Acute neurologic disorder, n (%)

Acute structural 30 (86)

Acute nonstructural 5(14)
EEG background, n (%)

Sedated sleep-slow disorganized 33 (94)

Discontinuous-burst suppression 2 (6)
Age, y, median (IQR) 4.4 (1.2 ,131)
PICU duration, d, median (IQR) 6(3,11)
Sex, n (%)

Male 25 (71)

Female 10 (29)
Comatose, n (%)

Yes 19 (54)

No 16 (46)
Intubated, n (%)

Yes 27 (77)

No 8 (23)
Paralyzed, n (%)

Yes 29 (83)

No 6(17)
Convulsions preceding cEEG, n (%)

Yes 12 (34)

No 23 (66)
Follow-up duration, y, median (IQR) 2.6 (1.4,3.2)

Abbreviations: cEEG = continuous EEG; Cl = confidence i
pediatric intensive care unit.
2 Significant values.

during ES in adults with traumatic brain injury,*
development of hippocampal atrophy ipsilateral to
an acute ES focus in adults with traumatic brain
injury,®* and regional hyperperfusion concordant
with the ES focus in adults with epilepsy.*® The cur-
rent findings indicate that additional research to
determine whether seizure identification and manage-
ment are associated with improved neurodevelop-
mental outcome would be beneficial.

Epilepsy occurs after many types of brain injury. In
astudy of 105 adults with clinically evident acute symp-
tomatic seizures due to heterogeneous etiologies, 12%
of subjects had experienced an unprovoked seizure
within 2 years of their acute symptomatic seizure.*®

Neurology 82 February 4, 2014

Epilepsy Epilepsy,
(n =19, 35%) p Value OR (95% CI) p Value
0.009*
7 (37) — —
3(16) 2.66 (0.42-16.72) 0.28
9 (47) 13.33 (2.49-71.35) 0.002°
0.28
14 (74) - -
5 (26) 2.68 (0.52-13.87) 0.24
0.95
18 (95) - -
1 (5) 2.28(0.17-31.47) 0.54
4.5(0.2,13.0) 0.96 1.07 (0.96-1.19) 0.23
7 (5, 25) 0.26
0.53
12 (63)
7 (36)
0.53
12 (63)
7 (37)
0.78
14 (74)
5 (26)
0.90
16 (84)
3(16)
0.19
10(53)
9 (47)
2.6 (1.9, 3.6) 0.68

nterval; IQR = interquartile range; OR = odds ratio; PICU =

Similarly, a study of adults noted that at 10-year
follow-up, the risk of unprovoked seizures was higher
among adults who had experienced clinically evident
acute symptomatic status epilepticus than those who
experienced acute symptomatic seizures after control-
ling for age, sex, and cause.” Our data are consistent
with those findings because ESE was associated with an
increased risk of subsequent diagnosed epilepsy. Man-
agement strategies that effectively reduce critically ill
children’s exposure to a high acute symptomatic seizure
burden could reduce the possible epileptogenic poten-
tial of these seizures.

This study has limitations. Follow-up data were
only obtained for 44% of subjects from the original



cohort. Fortunately, acute care data were available for
all subjects. Although there was a trend in which
fewer patients with follow-up data had convulsive
seizures preceding cEEG, we did not identify differ-
ences between subjects with and without follow-up
data, suggesting that the follow-up cohort may be
representative of the entire cohort. cEEG was initi-
ated only when considered clinically indicated, and
this determination may have varied among clinicians.
Subjects needed to consent for enrollment in the orig-
inal observational study and a few patients refused
consent. cEEG was continued for a clinically deter-
mined duration so some patients scored as having
no seizures may have experienced seizures after cEEG
was discontinued. We used phone-administered out-
come assessments and not formal neuropsychological
evaluation. We screened for epilepsy using a brief
phone questionnaire and not screening by a neurolo-
gist. A prospective longitudinal study including pro-
cEEG cEEG
durations, active methods of subject retention, and

tocoled indications, standardized
formal neuropsychological assessments would yield
an improved understanding of long-term outcome.
We stratified seizure burden as ES and ESE, and
ESE could involve prolonged or multiple brief seiz-
ures. The optimal method for stratifying seizure bur-
den is unknown and most likely the seizure burden
sufficient to produce secondary brain injury varies
based on age, acute encephalopathy etiology, and sei-
zure anatomical distribution and characteristics. This
study only included subjects who were neurodevelop-
mentally normal upon PICU admission, which limits
the generalizability of these data. Importantly, our clin-
ical practce involved managing ES and ESE when
identified, but subjects with ESE still had worse out-
come. This could indicate that efforts to identify and
manage ESE do not improve outcome. However, our
anticonvulsant management was highly varied®* and
not based on any data guiding the optimal manage-
ment of ES and ESE. Possibly, optimized seizure iden-
tification and management strategies would yield
improved outcomes.

Our data indicate that among children in the PICU
with acute encephalopathy, ESE is associated with
unfavorable long-term global outcome, lower health-
related quality of life, and a higher occurrence of subse-
quently diagnosed epilepsy, while ES are not associated
with worse outcomes. The current data suggest that
identifying and managing every ES may not be needed
while identifying and managing ESE might reduce sec-
ondary brain injury and serve as a neuroprotective strat-
egy. Additionally, these data suggest that children who
experience ESE may require closer follow-up because
they are at risk of more substantial impairments in func-
tional outcome and quality of life, and they may be at
increased risk of developing subsequent epilepsy.

Further studies are needed with larger cohorts, more
complete follow-up, and more detailed outcome meas-
ures. Additionally, efficacy trials are needed to deter-
mine which optimized management approaches
aimed at identifying and terminating ES and ESE are
associated with improved long-term outcomes.
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