Nonconvulsive Status Epilepticus: The Encephalopathic

Pediatric Patient

WHAT’S KNOWN ON THIS SUBJECT: Nonconvulsive status
epilepticus (NCSE) is the diagnosis for encephalopathy caused by
continuous epileptic activity on EEG. It is a well-known cause of
morbidity and mortality in critically ill adults and neonates. NCSE
is increasingly reported in critically ill children.

inpatient settings, not only in the critically ill. Key risk factors that
should dramatically increase suspicion of NCSE in clinical practice
include a history of convulsive seizure and acute imaging

e WHAT THIS STUDY ADDS: We show that NCSE is common in all

OBJECTIVE: A high prevalence of nonconvulsive status epilepticus
(NCSE) has been reported in critically ill adults and neonates. Recent
prospective pediatric studies focus on critically ill children and show
wide variability in the frequency of NCSE. This study examines preva-
lence of pediatric NCSE regardless of inpatient setting and retrospec-
tively identifies risk factors indicating a need for urgent continuous
EEG.

METHODS: Medical records from patients aged 3 months to 21 years
were identified either by (1) searching a clinical EEG database (n = 18)
or (2) consecutive inpatient EEG referrals for NCSE over an 8-month
period (n = 57).

RESULTS: Seventy-five children, mean age of 7.8 years, were studied.
NCSE was identified in 26 patients (35%) and in 8 of 57 (14%) patients
referred for possible NGSE. More than half of the patients referred
were outside of the ICU. A witnessed clinical seizure was observed
in 24 of 26 (92%) patients with NCSE. Acute cortical neuroimaging
abnormalities were significantly more frequent in patients with NCSE.
The presence of clinical seizures and acute neuroimaging abnormality
was associated with an 82% probability of NCSE. All but 1 patient
with NCSE had electrographic or electroclinical seizures within the
first hour of monitoring.

CONCLUSIONS: A high prevalence of NCSE was observed, comparable
to adult studies, but within a wider range of inpatient settings. Children
with acute encephalopathy should undergo continuous EEG. This eval-
uation is more urgent if certain clinical risk factors are present. Op-
timal duration of monitoring and the effect of NCSE on prognosis
should be studied. Pediatrics 2012;129:e748—e755
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The International League Against Epi-
lepsy defines status epilepticus (SE) as
30 minutes of continuous epileptic ac-
tivity." Nonconvulsive status epilepticus
(NCSE) is a clinical diagnosis describing
prolonged electrographic seizure activ-
ity resulting in nonconvulsive clinical
symptoms.2In comatose adults and high-
risk neonates, NGSE occurs frequently,
and correlates with poor outcomes->
Identification of nonconvulsive seizures
and NCSE changes management, mak-
ing pediatric NCSE an important prob-
lem.87 Current pediatric literature is
derived predominantly from the pedi-
atric ICU. Estimates of frequency of
nonconvulsive seizures and NCSE in
critically ill children are highly variable
from 7% to 46%.8° This ICU-based ap-
proach risks ignoring the heterogeneity
of pediatric epilepsy: in many specific
childhood disorders, including meta-
bolic disorders and chromosomal ano-
malies, NCSE may occur in the absence
of an acute etiology.'0.'" Additionally,
the difficulty of interpreting the neu-
rologic exam in children with variable
neurocognitive levels increases the
decision-making dilemma: When is an
urgent EEG or continuous EEG (CEEG)
warranted?

The identification of NCSE is made by
a combination of clinical suspicion and
electrographic monitoring. Prolonged
cEEG monitoring is established as an
important test in comatose adults and
high-risk neonates.'2-5 To address the
literature deficiencies in the identifi-
cation of nonneonatal pediatric NCSE,
this study addressed (1) prevalence of
NCSE when enough clinical suspicion
existed to order an EEG and (2) identi-
fication of clinical risk factors in-
creasing the odds of NCSE.

METHODS

This study was approved by the Cincin-
nati Children’s Hospital Medical Center
Institutional Review Board. Patients
aged 3 months to 21 years referred for
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EEG to evaluate for NCSE were identi-
fied using 2 methods: (1) the EEG da-
tabase was searched by diagnosis for
the term “NCSE” within the date range
of January 1, 2005, through June 30,
2010. There were 25 354 EEGs perfor-
med during this period. Eighteen pa-
tients had sufficient chart information
available to be included using this me-
thod. (2) From July 1, 2010, to April 30,
2011, all inpatient EEG referral docu-
ments were reviewed. Children with
the following referring diagnoses were
included: “NCSE,” “altered mental status,”
“unresponsive,” “subclinical seizures,”
“evaluation for SE.” Fifty-seven patients
were identified through this method.
To validate the prospective approach
used to obtain NCSE patients based
on referring diagnosis, the EEG data-
base was searched, by using the same
criteria as the prior search, from July
1, 2010, to April 30, 2011. Only 1 addi-
tional patient with NCSE was identified
with a referring diagnosis of “seizure.”
This patient was not included in the
analysis.

In all, 75 patients were included. Elec-
tronic medical records were reviewed.
Baseline clinical characteristics, im-
aging reports, EEG duration and results,
hospital course, and outcome were
abstracted. Baseline characteristics
obtained included presence or absence
of history of epilepsy, convulsive seizure
within 24 hours of EEG hookup, duration
of seizure, and abnormal development.
All  patients underwent continuous
video EEG monitoring; electrode place-
ment was performed using the inter-
national 10-20 system. Qualified EEG
technologists were available 24 hours
a dayto performthe studies. EEGs were
routinely reviewed by the neurologist
on call within 1 hour of start and were
continued in consultation with the or-
dering physician when deemed ap-
propriate. Interim EEG data were
reviewed every 24 hours by the epi-
leptologist on call and as needed via
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Internet connection from home. The
decision to stop cEEG monitoring was
ultimately made by the treatment team.
Categorization of NCSE was based on
the clinical EEG interpretation at the
time of the study, performed by 7 fel-
lowship trained pediatric epileptolo-
gists. Because of the retrospective
nature of the study, interreader reli-
ability could not be determined. In
general, the conventional criteria for
NCSE as described by Abend et al were
used.® Specifically, NCSE was defined
as a continuous 30-minute seizure or
briefer seizures occurring consecu-
tively comprising at least 30 minutes of
any 1-hour period. Electrographic pat-
terns identified demonstrated evolution
in frequency, amplitude, and location.
Although periodic spikes were not in-
terpreted as seizures, periodic bursts
of B activity, evolving in frequency,
were interpreted as seizures in 2
patients.

Imaging findings were classified as (1)
normal; (2) chronic abnormalities in-
cluding sequelae of prior infarct, gyral
malformations, and other chroniclesions;
(3) acute abnormalities to include corti-
cal, thalamic, or basal ganglia signal
changes with gyral swelling and/or
diffusion restriction, acute extra-axial
collections, or hemorrhage.

Descriptive statistics are provided.
Relationships between categorical var-
iables were performed using the Fisher
exact test. Statistical analysis using lo-
gistic regression modeling was per-
formed to analyze the incidence of NCSE
in the presence of several dichotomous
variables, including presence of wit-
nessed seizure and type of imaging ab-
normality; their second orderinteractions
were alsoincluded. Backward elimination
variable selection was used in the logistic
regression models. None of the inter-
action terms were found to be significant
in the model. Statistical analysis was
conducted by using SAS statistical soft-
ware version 9.2 (SAS Institute, Cary, NC).
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RESULTS

Demographics and Referral
Characteristics

Seventy-five pediatric patients, aged 3
months to 21 years (mean 7.8 years),
were reviewed. Eighteen patients with
NCSE were identified by EEG database.
Specific referral diagnosis terms were
not available for these patients. Of the
remainder, 26 0f 57 (46%) were referred
for EEG with the diagnosis term “NCSE.”
“Altered mental status” was the cause
for referral in 10; “unresponsive,” “sub-
clinical seizures,” and “evaluate for SE”
each represented 6 patients. Other
terms clearly indicating evaluation for
NCSE were seen in 3 patients. Of the
patients identified prospectively, 25 of
57 (44%) were in the ICU; the remain-
ing 56% were hospitalized but not
critically ill at the time of the study,
including 18 from the neurology in-
patient service, 9 from other inpatient
services, and 5 from the emergency
department.

Prevalence of NCSE

Including all 75 patients, 26 (35%) had
NCSE.Ten of 26 (38%) patients with NCSE
were in the ICU, 15 (57%) in the neu-
rology inpatient service, and 1 (4%) in
the neurosurgery inpatient service.
Eight of the 57 (14%) patients identified
through referral for EEG had NCSE (Fig 1).
Four of these were in the ICU, and 4
were in the neurology inpatient ser-
vice. Additionally, 4 had nonconvulsive
seizures; because these children had
daily seizures at baseline, detection of
nonconvulsive seizures without NCSE
did not change management. Three
had convulsive seizures, 1 of which
evolved into convulsive SE. Therefore,
15 of 57 (26%) had evidence of seiz-
ures on EEG (Fig 1). Two patients had
nonepileptic spells identified, which
were being treated as seizures before
EEG monitoring. In these 2 patients,
EEG clarified the diagnosis for parox-
ysmal movements, preventing further
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NCSE from EEG database
2005-2010,n =18

Total NCSE, n =26 ‘

FIGURE 1

CSonly,n=3

\

EEG referral for NCSE 2010-

2011, n =57

No seizures, n =42

’ Total no NCSE, n =49

Patient distribution. Eighteen patients with NCSE were identified by searching an EEG database and 57 by
monitoring consecutive EEG referrals for NCSE. Eight ofthem had NCSE. Additionally, 4 had nonconvulsive
seizures (NCS) and 3 had convulsive seizures (CS) only, demonstrated on video EEG.

administration of intravenous benzo-
diazepines.

Historical Factors Associated
With NCSE

Age, history of epilepsy, and abnormal
development were found equally in both
NCSE and non-NGSE groups. A clinical
seizure, before and within 24 hours of
EEG, occurredin 24 of 26 (92%, P=.0013,
Fisher exact test) of patients with NCSE;
28 of 49 (58%) without NCSE had a
clinical seizure before EEG (Table 1).

Etiology

Only 31 0f75 (41%) had an acute etiology
determined for their encephalopathy
apart from clinical seizures, if present.
The remaining children had apparently
“unprovoked” encephalopathy, or un-
provoked NGSE, usually occurring with
a known history of epilepsy. The most
common identified cause for encepha-
lopathy was fever/infection of an extra—
central nervous system source (n=12).
Other etiologies included CNS infection,
hypoxia, and toxic-metabolic syndromes
(Table 1).

EEG Characteristics

Twenty-six patients were identified
with NCSE. Ictal abnormalities included

generalized (n = 15), focal (n = 9), and
multifocal (n = 2) distributions. A variety
of EEG patterns were observed, including
rhythmic & (Fig 2), @ and 3, generalized
spike and wave, 6 with interspersed
spikes, and periodic bursts of 8 activity.
All ictal EEG reports indicated an evolu-
tion in frequency, amplitude and distri-
bution, meeting the definition of NCSE. SE
was subclinical in all 26 cases described.

Duration of EEG monitoring ranged from
1 hour to 12 days, with a median of 11.5
hours (mean 64 hours).Inthe 26 patients
found to have NCSE, seizures were
detected within the first hour in 25 of 26
(96%) of cases. The other patient, a 6-
year-old girl with a history of tuberous
sclerosis and epilepsy, had frequent fo-
cal spikes without seizures for the first
23 hours. She was previously monitored
for 12 hours with no seizures recorded
but had persistent obtundation. An MRI
demonstrated focal abnormalities in
multiple cortical tubers consistent with
seizure-related edema. Because of high
clinical suspicion, prolonged cEEG was
initiated, and on the 24th hour, a pattern
emerged consistent with NCSE.

Imaging Findings

Not all patients were imaged acutely; 57
of 75 had neuroimaging, with either



TABLE 1 Comparison of Clinical Factors and Qutcome in Patients With and Without NCSE

NGSE (n = 26) No NCSE (n = 49)
Age (y) 74 8.2
Prior epilepsy 18 (67) 32 (85)
Clinical seizure 24 (92) P = 0004 28 (57)
Development abnormal 18 (67) 35 (71)
Acute etiology found (n = 31) 10 (38) 21 (43)
Extra-CNS infection (fever) 3 (12) 9 (18)
CNS Infection 2 (8) 5 (10
Hypoxia 3 (12) 2 (4)
Toxic metabolic — 3 (6)
Other 2 (8) 2 (4)
Imaging (CT or MRI) — —
Acute cortical abnormality 118 4(8)
Acute noncortical 1(4) 3 (6)
Chronic cortical 5 (19 15 (31)
Chronic noncortical 1(4) 2 (4)
Normal 4 (15) 11(22)
No imaging 4 (15) 14 (29)
Qutcome — —
Mortality 4 (15) 4 (8)
Neurologic morbidity 8 (31) 2 (4)

Presence of witnessed clinical seizure was a statistically significant difference by using Xz test. Patients with NCSE had
a higher number of cortical abnormalities on neuroimaging, higher mortality, and higher incidence of neurologic morbidity,
although the differences were not statistically significant. CNS, central nervous system.

head computed tomography (CT) or
MRI, within 24 hours of EEG. Eighteen
had normal findings. Of the remaining
39, 20 had acute abnormalities, 16 of
which involved cerebral cortex, either
because of the acute underlying cause
orsecondary excitotoxic edema (Table 2).
The most common finding was mul-
tifocal signal abnormality consistent
with diffuse cortical edema. Acute
diffusion-weighted imaging restriction
was also seen (Fig 3). There was a
high prevalence of acute cortical ab-
normalities inthe NGSE group: half (11
of 22) of the imaged patients with
NCSE had these changes (Table 1). The
other 4 acute imaging findings included
acute hydrocephalus in 3 instances and
extensive white matter edema in one
child with a suspected mitochondrial
disorder.

Analysis of Risk for NCSE

Using logistic regression, a strong in-
teraction between clinical seizure and
acute corticalimaging abnormality was
observed. With no witnessed clinical
seizure before EEGand no acute cortical
imaging findings, probability of NCSE
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was 4%. Presence of clinical seizure
increased the probability of NGSE to
34%; acute cortical imaging findings
increased the probability to 29%.
When both of these variables were
present, the probability of NCSE was
82%. This analysis had a high good-
ness of fit (Hosmer-Lemeshow P =
.96).

Hospital Course and Outcome

Hospital follow-up in surviving patients
ranged from 6 to 59 months, with
amean of 27 months.Theclinical course
and treatment approaches in patients
with NCSE were variable. Although the
majority (24 of 26, 92%) eventually
presented with clinical seizures within
24 hours of the decision to perform an
EEG, the initial presentation requiring
admission did not include seizures in 7
of 26 (27%) of patients with eventual
NCSE. Inthese 7 patients, the meantime
from admission to EEG was 19 days. In
the remaining patients with clinical
seizures noted on admission, the mean
time from admission to EEG was 7 days.
Seven patients had NCSE identified
within 24 hours of admission.

ARTICLE

The diagnosis of NCSE changed man-
agement in 24 of 26 (92%) of patients,
either causing administration of an
anticonvulsant or increasing the dos-
age of an existing anticonvulsant. The
most common first anticonvulsant ad-
ministered after admission was lor-
azepam. Six patients had medically
refractory NCSE requiring pharmaco-
logic coma.

Among 26 patients with NCSE, 4 of 26
(15%) died. Two had cardiac arrest as
the etiology of NCSE, and overall out-
come was likely not attributable to
seizures. In 1 case of a patient with
known cryptogenic epilepsy, NCSE was
aborted, but the patient developed
a fatal complication from pentobarbital
coma therapy. In another patient with
cryptogenic epilepsy, NGSE remained
uncontrolled until the decision was
made to withdraw care. Eight of 26
(31%) patients with NCSE had signifi-
cant neurologic morbidity on dis-
charge. Ofthe 49 patients without NCSE,
4 of 49 (8%) died; 2 of 49 (4%) survived
with neurologic morbidity.

Ofthe 7 patients with NCSE admitted for
reasons that did not include seizures,
prognosis was mostly poor. Mortality or
significant morbidity was observed in 4
of 7 (57%). These patients generally had
a longer time between admission and
EEG monitoring (19 days). However, they
were all critically ill with multiple life-
threatening medical problems that
contributedto development of NCSE and
poor outcome.

Although not statistically significant,
there was a trend toward an additive
effect of acute cortical imaging findings
and NCSE on prognosis. Eight of 11
(73%) patients with both of these find-
ings died or had significant neurologic
morbidity, whereas in their absence,
only 4 of 11 (36%) cases had such a poor
prognosis (Fisher exact test, P = .20).
Fewer patients without a diagnosis of
NCSE underwent neuroimaging: 15% vs
29% in the NCSE group. In the non-NCSE
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FIGURE 2
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EEG showing SE. Standard 10-20 system EEG in average referential montage display, demonstrating rhythmic sharps and 6 frequency ictal activity maximal in
the left frontal region. Patient was a 2-year-old girl with cardiopulmonary arrest secondary to pulmonary hemorrhage. She became less responsive several
days after her arrest. An MRI demonstrated multifocal cortical signal abnormalities consistent with cerebral edema. This EEG was obtained, and a diagnosis

of NCSE was made. She was eventually stabilized but on follow-up had significant neurologic impairment.

group, 4 of 49 (8%) had acute cortical
imaging findings. Two of these patients
died.

DISCUSSION

Pediatric NCSE is relatively common.
Our report highlights the need for
continued vigilance for NGSE during
hospitalization. In reviewing EEGs or-
dered for clinical suspicion of pediatric
NCSE, we report a prevalence of NCSE of
14%, similar to prior pediatric studies
focused on critically ill patients.816 The
difference in our sample was the het-
erogeneous acuity level: less than half
of patients with NCSE were critically ill.
Children with both a convulsive seizure
and acute cortical neuroimaging ab-
normalities had a very high probability
of NGSE in our study. The usefulness of
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clinical factors to guide urgency of EEG
is not well studied in children: a pre-
vious report in adults found a relation-
ship between severe impairment in
mental state and ocular movement
abnormalities and NCSE.'” Additionally,
in 1 study, 14% of patients with termi-
nated convulsive SE had NCSE.'8 Aithough
children with terminated convulsive SE
should probably undergo EEG routinely,
our study indicates that other factors
including imaging abnormalities be
strongly considered.

Combining cEEG monitoring and child
neurology expertise improves decision
making. Kothare et al published a series
of 32 emergency EEGs approved by the
child neurologist on call. Six of 32 (19%)
had NCSE." In our study, the majority
(15 of 26, 58%) of patients identified

with NCSE were in the neurology ser-
vice. Only 1 patient with NCSE was re-
ferred outside of the ICU or neurology
service. In our report, correct diagnosis
of nonepileptic paroxysmal movements
prevented unnecessary anticonvulsant
administration. In addition, the diagnosis
of NCSE changed medical management
in almost all patients, requiring ongo-
ing cEEG monitoring and neurologist
consultation.

Once the decision is made to obtain an
EEG to evaluate for NCSE, determining
duration of monitoring is important. In
adults, atleast 24 hours of monitoring is
often recommended. In one study, 20%
of comatose patients found to have
NCSE did not have detectable seizures
until the second day or later of moni-
toring.2% In our population, the median
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duration of monitoring was 11.5 hours.
However, there was a striking early
capture of NCSE: 25 of 26 patients had
findings consistent with electrographic
seizures within 1 hour of monitoring,
most of them at the beginning of the
recording. This finding is somewhat in-
congruent with a recent prospective
study of 100 critically ill children, show-
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ing only 50% of children with noncon-

vulsive seizures or NCSE were detected
within the first hour of monitoring.8 In
this same study, 19% of children had

NGSE (similar to our results), but they
showed a higher percentage (46%) with

nonconvulsive seizures.
Most children with acute encephalopathy

undergo neuroimaging. Incorporating
neuroimaging results with clinical in-

particular, have a high concordance with
EEG in partial SE.2'-23 These changes
have only rarely been reported in
NCSE.24 There is increasing evidence

to suggest that abnormal T2 and fluid

weighted imaging changes on MRI, in

formation may help guide decisions
regarding cEEG monitoring. Diffusion-

sive SE and may correlate with sites
of permanent injury.25-27 |n some cases,
acute cortical imaging abnormalities
may be the result of NCSE or demon-
strate severity of injury from another
etiology. Half of the imaged 22 children
with NCSE in our study had acute cor-
tical abnormalities on imaging, con-

in both the hippocampus and neo-
cortex, are commonly seen in convul-

attenuated inversion recovery signal,

sistent with a previous report of 23
pediatric patients with NCSE in an ICU

setting.28

This study is limited by its retrospective
design. EEG patterns considered to be
NCSE are reader dependent and were
not standardized in the analysis. There

have been attempts to minimize inter-

reader variability in NCSE by stan-
dardizing the diagnostic approach for

rhythmic and periodic patterns on

EEG.25-31" However, patterns associated
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FIGURE 3

A 2-year-old boy with new-onset seizures and sepsis. History of previous white matter injury of pre-
maturity and intraventricular hemorrhage. Shunt dependent hydrocephalus. L-R: Axial fluid attenuated
inversion recovery image, axial diffusion-weighted image, and apparent diffusion coefficient map. A, At
acute clinical presentation. Note the extensive edema and gyral swelling throughout the left hemisphere
on the fluid attenuated inversion recovery sequence (arrows). Increased signal is also noted involving
the left thalami and basal ganglia. Trace diffusion-weighted image map demonstrates extensive in-
creased signal throughout the left hemisphere. Apparent diffusion coefficient map demonstrates left
hemispheric diffusion restriction involving both the cortex and white matter. Follow-up imaging (1 month
later) demonstrates diffuse left hemispheric volume loss and evolution of diffusion changes. Clinically,
he had acute flaccid right hemiplegia. At 6-month follow-up, he was improved but continued to have
persistent spastic right hemiparesis. Language developmental milestones were normal.

with NCSE in children are often atypical
and would be excluded by algorithms
derived from adults. For instance, in our
report 2 children had periodic rhyth-
mic B associated with NGSE. This pa-
ttern is not uncommon in children,
but B presenting as SE is rare in
adults.s2

There are several major limitations in
this study. There is a potential selec-
tion bias, because the included patients
presented with enough clinical indicators
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Epilepsy and seizures are commonly
comorbid in children with many acute
and chronic conditions.?33¢ It would
follow that NGCSE is often comorbid as
well, but this requires prospective
study. Future prospective studies should
be designed to determine the clinical
relevance of nonconvulsive seizures
and identify the optimal duration of
CEEG in the pediatric patient for a
given set of clinical risk factors. De-
veloping an improved algorithm for
urgent EEG referral, especially in
places where EEG may be underused,
such as the emergency department,
will increase understanding of pediatric
NCSE.%

The impact of NCSE on neurologic out-
comeisunclear.Recent studies suggest
that NCSE is an independent risk factor
for brain atrophy in patients with po-
sttraumatic brain injury.3¢ In clinical
practice, mortality in children with NCSE
is thought to be related to the under-
lying cause of seizures, not the duration
or presence of NGSE. Current evidence
suggests that improvement is at least
partly related to rapid and effective
treatment of seizures.’

CONCLUSIONS

Pediatric NCSE is an entity with het-
erogeneous presentation and progno-
sis, creating some obstaclestorigorous
study. ltis not rare. At our institution, we
intendto investigatethe role andtiming
of cEEG in children with encephalopathy
prospectively and determine the effect
of NGSE on neurologic outcome.
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