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Key Points
• Seizures are common in critically ill children with acute
encephalopathy. Most seizures have no accompanying
clinical signs, and therefore detection requires continuous
EEG monitoring.

• Guidelines recommend at least 24 hours of continuous EEG
monitoring in critically ill neonates and children with clinical
and EEG risk factors for seizures.

• Seizures have been associated with worse short- and long-
term outcomes in neonates and children, even after adjusting
for acute encephalopathy etiology and markers of brain
injury severity.

• Although EEG-guided anti-seizure therapy has been shown
to reduce seizure burden, it remains to be proven that the
resulting reductions in seizure burden improve outcomes.

Introduction
Continuous EEG (cEEG) monitoring offers bedside, noninva-
sive, diffuse, and continuous information about brain func-
tion. These characteristics allow clinicians to assess brain
function, evaluate for changes in brain function over time,
and identify electrographic seizures that are often not clinically
observable (Figure 1.1). These advantages have led to wide-
spread and increasing use of cEEG in critically ill patients
across the age spectrum. This chapter introduces cEEG in
critically ill neonates and children including seizure epidemiol-
ogy (incidence and risk factors), the relationship between elec-
trographic seizures and outcome, available consensus
statements and guidelines, and role of quantitative EEG.

Electrographic Seizures in Critically Ill
Neonates

Incidence
Seizures are a common manifestation of neurological injury
and dysfunction in the neonatal period. Across childhood, the
occurrence of seizures is highest during the neonatal period
[1], with an estimated incidence of 1–3.5 per 1000 live births in
term neonates, greater than 25 per 1000 live births in preterm
neonates, and 58 per 1000 live births for very low birth weight
neonates [1, 2]. A 1998–2002 population-based study from the
California Office of Statewide Planning and Development
identified the seizure incidence as 0.95 per 1000 live births in
term neonates. Risk factors for neonatal seizures were categor-
ized as intrinsic to the neonate, mother, and birthing process

[1, 3]. Intrinsic neonatal risk factors were male sex and low
birth weight. Maternal risk factors included nulliparity, age
greater than 40 years, race (with a decreased risk in Asian
and Hispanic mothers compared to Caucasian mothers), and
the presence of diabetes independent of macrosomia. Themost
significant intrapartum risk factor was maternal fever (as
a marker for maternal infection). Additional risk factors
included prolonged second stage of labor, fetal distress, cesar-
ean section or surgically assisted vaginal delivery, and “cata-
strophic” delivery involving placental abruption, uterine
rupture, or cord prolapse. Additional risk factors have been
less consistent and include an increased risk for African
American mothers, young maternal age (18–24 years), pre-
eclampsia, heavy smoking, obesity, and asthma [1].

Risk Factors
There are many etiologic precipitants for neonatal seizures.
Hypoxic-ischemic encephalopathy, stroke, intracranial hemor-
rhage, intracranial infection, and cerebral malformations are
reported to cause up to 85% of neonatal seizures [4]. The
Neonatal Seizure Registry consortium of seven tertiary care
pediatric centers in the United States prospectively studied
a cohort of 426 neonates with seizures who underwent cEEG.
The most common seizure etiologies were hypoxic-ischemic
encephalopathy in 38%, ischemic stroke in 18%, neonatal onset
epilepsy in 13%, intracranial hemorrhage in 11%, neonatal
genetic epilepsy syndrome in 6%, congenital cerebral malfor-
mation in 4%, and benign familial neonatal epilepsy in 3% [5].
In term neonates, hypoxic-ischemic encephalopathy is the
most common precipitant, accounting for about 40–50% of
cases [1, 2, 5]. Hypoxic-ischemic encephalopathy occurs in
1–2.5 per 1000 live births, is a clinical syndrome characterized
by neonatal depression with laboratory evidence of systemic
acidosis [6], and is associated with increased rates of acute
mortality, seizures, prolonged hospitalizations, and subse-
quent neurodevelopmental problems, particularly in neonates
with moderate and severe hypoxic-ischemic encephalopathy
[7–9]. Therapeutic hypothermia is often used as
a neuroprotective strategy [10], and it may reduce acute seizure
exposure in neonates with moderate hypoxic-ischemic ence-
phalopathy [11–14]. Less common etiologies include meta-
bolic derangements, mitochondrial or metabolic disorders,
inborn errors of metabolism, and neonatal epilepsy syn-
dromes. Fewer studies in the preterm population indicate
intraventricular hemorrhage is the most common seizure pre-
cipitant [12–14].
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The EEG background may also help identify neonates at
risk for electrographic seizures [15]. A cohort of 51 neonates,
including 8 premature neonates, was monitored with cEEG,
and the EEG backgroundwas graded in five categories: normal,
immature for gestational age, mild abnormalities, moderate
abnormalities, and severe abnormalities. Seizures occurred in
45% of the cohort, and 96% of the neonates with seizures had
an abnormal EEG background. A severely abnormal EEG
background predicted the highest risk for seizures while neo-
nates with normal or immature backgrounds had a low risk for
seizures. All premature neonates with seizures had mild to
severely abnormal background while premature neonates
without seizures all had normal or immature EEG back-
grounds. The EEG backgrounds remained relatively consistent
over the course of the recording (ranging 16–119 hours), with
nearly 70% maintaining identical grading from onset to the
end of the recording [16].

Diagnosis
There are three broad neonatal seizures types: (1) “clinical-
only,”which is a sudden paroxysm of abnormal clinical change
that does not correlate with a simultaneous EEG seizure; (2)
“electroclinical,” which is a clinical seizure coupled with an
EEG seizure; and (3) “EEG-only,” which is an EEG seizure that
is not associated with any outwardly visible clinical signs [17].
EEG-only seizures are also called subclinical or nonconvulsive
seizures. An electrographic neonatal seizure is defined as

a sudden, abnormal EEG event defined by a repetitive and
evolving pattern with a minimum 2 microvolt voltage and
duration of at least 10 seconds (Figure 1.2) [17].

Neonatal seizure diagnosis has evolved from a clinical diag-
nosis to a frequently EEG-based diagnosis for two main rea-
sons. First, paroxysmal abnormal movements or events are
common, and it can be very difficult to determine which
represent seizures. In a study that included 415 clinically diag-
nosed neonatal seizures, the suspected seizures were categor-
ized by the four semiology categories: clonic, tonic, myoclonic,
and subtle [4]. All clinically diagnosed seizures classified as
focal clonic or focal tonic had an EEG correlate. Alternatively,
none of the clinically diagnosed seizures classified as general-
ized tonic or subtle had an EEG correlate. About one-third of
clinically diagnosed myoclonic seizures had an EEG correlate.
Interestingly, the seizures that had a consistent electrographic
correlate (focal clonic and tonic) only comprised about 16% of
the clinically diagnosed seizures, while the suspected seizures
that more often had no electrographic correlate (generalized
tonic and subtle) comprised 55% of the clinically diagnosed
seizures. Myoclonic seizures that inconsistently had an electro-
graphic correlate were also common, comprising 25% of the
clinically diagnosed seizures. Focal EEG seizures had a high
correlation with focal brain lesion and favorable short-term
outcome, while clinical seizures without electrographic corre-
late were associated with diffuse processes, such as hypoxic-
ischemic encephalopathy, and unfavorable short-term

Figure 1.1 Five-second conventional EEG images from critically ill children who all appeared similarly encephalopathic to clinicians. Left top shows a normal EEG
pattern, bottom left shows attenuation, middle top shows hemispheric asymmetry, middle bottom shows periodic epileptiform discharges, and the right top and
bottom show electrographic seizures.
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Figure 1.2 Electroclinical seizure in a full-term neonate. (a) The seizure begins with rhythmic 1 Hz sharp waves in the right central region (C4). (b) The sharp waves
evolve in amplitude and frequency in the right central region (C4) and spreads to the right temporal region (T4). Thirty seconds after electrographic onset of the
seizure, the infant exhibited a left arm clonic seizure.
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outcomes [18]. Similarly, a retrospective audit of 43 neonates
with 160 electrographic seizures found 56% of the neonates
had clinical signs with the electrographic seizure, and, of those,
89% had multiple clinical features. The most common clinical
features seen were subtle seizures: ocular movements (70%),
oro-lingual movements (56%), and autonomic changes (56%).
In contrast, clonic movements and tonic movements were seen
at any point during seizure in only 23% and 25% of neonates,
respectively [19]. These studies indicate that although focal
tonic and clonic movements are often associated with electro-
graphic seizure, they occur less commonly than subtle clinical
movements, which are inconsistently associated with electro-
graphic seizures.

Considering the aforementioned studies, it is understand-
able that a solely clinical diagnosis of neonatal seizures is
difficult for clinicians. A study of 51 neonates undergoing
video EEG demonstrated the difficulties that practitioners
face. Nine neonates had electrographic seizures and three
neonates had clinical seizures. On video review, only one-
third of the electrographic seizures had a clinical correlate
while two-thirds of the seizures were EEG-only. In total, clin-
ical staff correctly identified only 9% of the seizures based on
clinical observation. Simultaneously, clinical staff identified
numerous movements that were clinically concerning for sei-
zures, and only 27% had an electrographic correlate [20].
Similarly, a study showed video clips from 20 neonates with
abnormal movements to 137 healthcare professionals, includ-
ing nurses and doctors with varying degrees of experience,
each of whom opined on the nature of the movements.
Overall, 50% of the abnormal movements were correctly iden-
tified as seizures, with clonic movements more often correctly
identified than subtle movements. Inter-observer agreement
was poor [21]. These data indicate that clinical seizure diag-
nosis is problematic since clinicians underdiagnose seizures
without an identifiable clinical correlate and incorrectly clas-
sify paroxysmal neonatal movements as seizures, potentially
leading to unnecessary anti-seizure medication
administration.

The second reason clinical seizure diagnosis is difficult is
that electroclinical seizures represent a minority of the true
neonatal seizure burden in most neonates experiencing sei-
zures. EEG-only seizures are very common in neonates.
Across neonatal cohorts, rates of EEG-only seizures identified
by both cEEG and amplitude-integrated EEG (aEEG) range
from 10% to 79% [22–25]. EEG-only seizures may occur
before any treatment, and they are even more common after
anti-seizure medication administration. Further, about 50% of
neonates experience electroclinical dissociation in which there
is an uncoupling of electrographic seizure activity and clinical
signs following treatment with an anti-seizure medication
[26]. Thus, administration of an anti-seizure medication ter-
minates clinically evident seizures, but EEG-only seizures
persist.

For these reasons, it is now recognized that clinical diagnosis
alone is insufficient to optimally quantify neonatal seizures.
Clinical seizure diagnosis both overestimates that non-ictal
events are seizures (leading to unnecessary exposure to anti-

seizure medications with potential adverse effects) and under-
estimates the true incidence of seizure in neonates (potentially
missing treatment and yielding seizure-induced secondary brain
injury). As a result, there is increasing use of cEEG in neonatal
intensive care units [27, 28–30].

Among neonates with seizures, the seizure exposure is
often high. Neonatal status epilepticus has been defined as
present when the summed duration of seizures comprising
>50% of an arbitrarily defined 1 hour epoch [17]. Across
critically ill neonates, the incidence of status epilepticus has
been reported as 10%–60% [24, 25, 31, 32].

Prognostication Using Neonatal EEG
While seizure identification and the differential diagnosis of
paroxysmal events are the primary reasons to perform cEEG
monitoring in neonates, another important indication is assess-
ment of the EEG background (Figure 1.3) [15]. EEG background
assessment may help to predict neurodevelopmental outcomes,
particularly in neonates with hypoxic-ischemic encephalopathy,
in whom clinical variables are not reliable predictors of out-
comes [31, 33]. However, EEG background, while more objec-
tive than some clinical features or examination signs, also only
imperfectly predicts outcomes [34–37]. A 2016 systematic review
included EEG and aEEG studies from 1960 to 2014 assessing
EEG background features in neonates with hypoxic-ischemic
encephalopathy. A total of 31 studies were identified with 1948
term neonates (≥36 weeks gestational age) with hypoxic-
ischemic encephalopathy who had neurodevelopmental out-
come information available at 12 months of age or older.
Given the time span of the studies, therapeutic hypothermia
was only used in 23% of neonates. The review found that burst
suppression, low voltage, and flat EEG tracings were the most
accurate predictors of unfavorable neurodevelopmental out-
comes, having both high sensitivity and specificity. Individual
studies used a mixture of structured and unique measures to
determine outcomes. For the meta-analysis, neurodevelopmen-
tal outcomes were recorded in a binary fashion with normal
outcome defined as any normal, minor, or mildly abnormal
outcomes in individual testing and abnormal outcome defined
as a moderate or severely abnormal or death outcome. Burst
suppression had a pooled sensitivity of 0.87 and pooled specifi-
city of 0.82, low voltage had a pooled sensitivity of 0.92 and
pooled specificity of 0.99, and flat tracing had a pooled sensitiv-
ity of 0.78 and pooled specificity of 0.99. Though three predictive
background features were found, the authors noted a lack of
standardized definitions used for neonatal EEG background
terms across the studies. EEG type was also not standardized
across studies, with 45% using cEEG, 45% using aEEG, and 10%
using a combination [38].

Serial EEGs, particularly when background abnormalities
persist, have stronger predictive value for outcomes than
single EEG assessments. A retrospective study reviewed
a heterogeneous group of 58 newborns with neonatal seizures
who had at least two EEG recordings during the neonatal period
and follow-up at 30–40 months. The persistence of abnormal
background activity on sequential EEGs was more significantly
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associated with neurodevelopmental delays (relative risk 2.20;
p=0.006), as well as the development of postnatal epilepsy
(relative risk 1.8; p=0.041). The development of an abnormal
EEG background between the first and second EEG (first EEG is
normal, second EEG is abnormal) increased the risk of neuro-
developmental delays (relative risk 2.20). Regarding specific
background abnormalities, the presence of burst suppression
on any EEG was associated with postnatal epilepsy (p=0.013)
and postnatal death (p=0.034) [39]. Continuous EEG monitor-
ing carries the benefit of assessing EEG background across
multiple time points, like the benefit of serial EEGs.

Electrographic Seizures in Critically Ill
Children

Incidence
Observational studies of interdisciplinary neurological critical
care services at large pediatric institutions describe seizures
and status epilepticus as the most commonly managed condi-
tions [40, 41]. A study in a quaternary care children’s hospital
described that among 373 pediatric neurocritical care consul-
tations over one year, 18% of consults related to an admission
diagnosis of status epilepticus, 35% of consultations related to
evaluation of seizures or possible seizures, and cEEG

monitoring was performed in 19% of patients [40]. A second
study from a quaternary care children’s hospital described that
among 615 pediatric neurocritical care consultations over a
32-month period, 48% of diagnoses related to epilepsy, sei-
zures, or status epilepticus. EEG was often used, including
cEEG monitoring in 28% [41].

Studies of critically ill children undergoing clinically indi-
cated cEEGmonitoring report electrographic seizures occur in
10%–50% of patients (Figure 1.4). Further, about one-third of
critically ill children with electrographic seizures have
a sufficiently high seizure burden to be categorized as electro-
graphic status epilepticus [42–63]. Studies have used varying
definitions for electrographic status epilepticus, but a common
criterion has been 50% of any 1-hour epoch containing seizure
activity. For example, this could constitute a single 30-minute
seizure or five 6-minute seizures. The largest epidemiological
study of cEEG monitoring in the pediatric intensive care unit
was a retrospective study in which 11 tertiary care pediatric
institutions each enrolled 50 consecutive subjects, thereby
yielding 550 subjects. Electrographic seizures occurred in
30% of subjects. Among subjects with electrographic seizures,
electrographic status epilepticus occurred in 33% of subjects
and exclusively EEG-only seizures occurred in 35% of subjects
[54]. These data are consistent with other single center studies
[44, 47, 49–51, 53, 55–57, 59, 61–63]. The indications for cEEG

Figure 1.3 Neonatal EEG background patterns. (A) Normal EEG background of an awake term neonate consisting of continuous, low-moderate voltage (25–50
microvolts peak-to-peak) delta and theta activity with overriding beta activity. This pattern is also referred to as “activité moyenne.” (B) Excessively discontinuous EEG
of a term neonate in quiet sleep. The EEG is considered discontinuous because of prolonged (greater than 6 seconds) inter-burst intervals [arrow denotes onset] that
are composed of low-voltage (less than 25 microvolts) mixed-frequency activity. (C) Burst suppression EEG of a term neonate, defined as invariant EEG bursts
separated by prolonged and attenuated (less than 5 microvolts) inter-burst intervals. Bursts [denoted by stars] are characterized by sharply contoured, high-voltage
(often greater than 200 microvolts) mixed-frequency activity with imbedded spike wave discharges. (D) Electrocerebral inactivity on EEG with the absence of all
discernable cerebral activity, defined by lack of any EEG activity greater than 2 microvolts. This is also referred to as “electrocerebral silence” or “isoelectric EEG.”
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monitoring varied across these studies. Some studies included
only patients with known acute structural neurological disor-
ders (e.g., hypoxic-ischemic brain injury, encephalitis, or trau-
matic brain injury), while other studies included patients with
encephalopathy due to broader and more heterogeneous diag-
noses (e.g., both primary neurological and primary medical
conditions). Inclusion criteria variability may explain the
broad reported electrographic seizure incidences since lower
electrographic seizure incidences are reported by studies with
broader inclusion criteria. Additionally, many of the studies
were small as reflected in the wide 95% confidence intervals in
Figure 1.4. When individual subjects from these studies are
combined, the overall electrographic seizure diagnosis rate is
34% and the electrographic status epilepticus diagnosis rate is
14% [64].

Risk Factors
Continuous EEG monitoring is resource-intensive, and see-
mingly small utilization and workflow changes have substantial
impacts on equipment and personnel needs [65, 66]. Thus,
identifying children at higher risk for experiencing electro-
graphic seizures may be beneficial in optimally directing limited
cEEG monitoring resources. Several risk factors for electro-
graphic seizures have been reported: (1) younger age (infants
as compared to older children) [49, 52, 54, 57, 59]; (2) the
occurrence of convulsive seizures [50, 54, 55] or convulsive

status epilepticus [49] prior to initiation of cEEG monitoring;
(3) the presence of acute structural brain injury [48–50, 52, 53,
55, 57, 61]; and (4) the presence of interictal epileptiform dis-
charges [49, 53–55] or periodic epileptiform discharges [44].
Importantly, EEG-only seizures occur in children who have
not received paralytics recently or ever during their intensive
care unit stay [56, 59]. This indicates that clinically evident
changes are not simply masked by paralytic administration,
but that there is an electromechanical uncoupling (or electro-
mechanical dissociation) between the electrographic seizures
and observable seizure manifestations.

Unfortunately, these risk factors may have limited clinical
utility in selecting patients to undergo cEEG monitoring.
Although statistically significant, the absolute difference in
the proportion of children with and without electrographic
seizures based on the presence or absence of a risk factor is
often only 10%–20%. Seizure prediction models combining
multiple risk factors might allow better targeting of cEEG
monitoring within the resource limitations of an individual
medical center. A recent study derived and validated an elec-
trographic seizure prediction model with fair to good discri-
mination, indicating that most, but not all, patients were
appropriately classified. If a center implemented the broadest
cEEG monitoring use recommended by the model, 58% of
patients without electrographic seizures would be identified
as not needing cEEG monitoring, thereby reducing cEEG
monitoring utilization. However, 14% of patients with

Figure 1.3 (Cont.)
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electrographic seizures would not undergo cEEG monitoring,
so their seizures would not be identified and managed [67].
Further development of seizure prediction models in more
homogeneous cohorts using additional variables might yield
improved performance characteristics.

Timing
Decisions regarding the duration of cEEG monitoring must
balance the goal of identifying electrographic seizures against
practical concerns regarding resources required to perform
cEEG monitoring. Observational studies of critically ill chil-
dren undergoing clinically indicated cEEG monitoring have
reported that about 50% of patients with electrographic sei-
zures are identified with 1 hour of cEEG monitoring and 90%
of patients with electrographic seizures are identified with
24–48 hours of cEEG monitoring (Figure 1.5) [44, 47, 49, 50,
53, 55, 56, 59]. However, there are limitations to these data.
Most of the studies calculated timing based on cEEG monitor-
ing initiation, which is generally not the same as the onset of
the acute brain insult. Additionally, patients generally under-
went 1–3 days of clinically indicated cEEG monitoring, so
some patients may have had electrographic seizures after
cEEG monitoring was discontinued. Based on these data, the
Neurocritical Care Society’s Guideline for the Evaluation and
Management of Status Epilepticus strongly recommends per-
forming cEEG monitoring for 48 hours to identify electro-
graphic status epilepticus in comatose children following an

acute brain insult [68]. Similarly, the American Clinical
Neurophysiology Society’s Consensus Statement on CEEG
monitoring in Critically Ill Children and Adults recommends
performing cEEG monitoring for at least 24 hours in children
at risk for electrographic seizures [69]. A survey of neurologists
regarding cEEG monitoring utilization described that most
perform 24–48 hours of cEEG monitoring when screening
for electrographic seizures [70].

Determining whether to monitor for 24 or 48 hours has
a substantial impact on resource utilization. Monitoring for
48 hours identifies slightly more patients with electrographic
seizures than monitoring for 24 hours, but since all patients
including those who don’t experience electrographic seizures
must be monitored for an extra day, there is substantial addi-
tional resource utilization [65, 66]. A cost-effectiveness analy-
sis used estimated variable costs directly related to cEEG
monitoring and estimates of electrographic seizure occurrence
from a literature review; this found that the cost-effectiveness
of 24 hours of cEEG monitoring per patient identified experi-
encing seizures was relatively stable across seizure probabil-
ities. However, for 48 hours of cEEG monitoring, as the
probability of electrographic seizures decreased the incremen-
tal cost-effectiveness ratio increased substantially [66].
Optimized value-based cEEG monitoring approaches might
use broad inclusion criteria for 24 hours of cEEG monitoring
but select only high-risk patients using a seizure prediction
model to determine which patients need additional monitoring
to 48 hours or longer.
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Relationship between Seizures and
Outcomes
Greater electrographic seizure exposures are associated with
worse outcomes in critically ill neonates and children.
However, the extent to which electrographic seizures produce
secondary brain injury versus serve as biomarkers of more
severe acute brain injury remains uncertain. Further, the extent
to which electrographic seizures produce secondary brain
injury is likely dependent on a complex interplay between
acute brain injury etiology, seizure exposure, and seizure man-
agement strategies. Even seizure exposure may be complex and
related to multiple seizure characteristics including duration,
anatomical extent, morphology, frequency, and voltage.
Despite these complexities, many studies have identified asso-
ciations between seizures, particularly high seizure exposures,
and unfavorable outcomes. This holds true even after adjusting
for variables reflecting acute brain injury etiology, acute brain
injury severity, and critical illness severity. These data indicate
that in at least some patients, electrographic seizures may cause
secondary brain injury and subsequently worse neurobeha-
vioral outcomes.

Observational Studies in Neonates
Neonates with seizures have increased short-term and long-
term risks of mortality and morbidity. While the underlying
seizure etiology substantially determines outcome, there is
some evidence that seizures independently worsen outcomes.

Retrospective studies have assessed the relationship between
seizures and neurodevelopmental outcomes. A study evaluated
56 neonates with hypoxic-ischemic encephalopathy who
underwent therapeutic hypothermia, cEEG monitoring, and
subsequent magnetic resonance imaging (MRI). Seizures

occurred in 30% of the cohort. The presence of seizures con-
ferred an increased risk of moderate to severe injury on MRI
(relative risk 2.3, p=0.02). Neonates with seizures were more
likely to display cortical or near total brain injury on MRI [71].
Similarly, in a heterogeneous cohort of 68 neonates at risk for
seizures who underwent cEEG monitoring, the presence of
seizures was associated with increased risk of death due to
neurological causes in the first year of life (relative risk 7,
p<0.02) and of cerebral palsy (relative risk 2, p<0.05). Seizure
burden was associated with microcephaly (p=0.04), severe cer-
ebral palsy (p=0.03), and failure to thrive (p=0.03) [72]. In
a study of 311 full-term neonates with seizures monitored
with aEEG, 65 neonates (18%) had clinical or electrographic
status epilepticus. Among the subgroup of neonates with
hypoxic-ischemic encephalopathy, longer duration of status
epilepticus was associated with worse outcome (215 minutes
of seizures in poor outcome versus 85 minutes of seizures in
good outcome, p<0.05) [73].

Two studies have evaluated the response to anti-seizure
medications to assess the relationship between neonatal sei-
zures and outcomes. A retrospective study of 52 neonates
monitored with EEG for seizures graded both seizure severity
(mild, moderate, severe) and change in severity over time.
Neonates were stratified by their response to anti-seizure med-
ications in the neonatal period. There was no association
between anti-seizure medication response and later develop-
mental outcomes. However, seizure severity did predict out-
comes, with mild- and moderate-severity seizures associated
with normal (p=0.002) or moderate (p=0.007) outcomes [74].
Seizure refractoriness may also confer worsened outcomes. A
retrospective study of 46 term neonates with refractory neona-
tal seizures due to heterogeneous etiologies used the number of
anti-seizure medications administered as a surrogate measure
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of seizure severity. Among neonates who received ≤2 anti-
seizure medications versus ≥3 anti-seizure medications,
normal development occurred in 50% versus 5%, moderate
disability occurred in 20% versus 27%, and severe disability
occurred in 30% versus 68% (p<0.01) [75].

Although the above studies demonstrate a consistent asso-
ciation between seizure burden, refractoriness to treatment,
and outcome, their univariate analyses did not adjust for
the severity of the underlying brain injury, an important poten-
tial confounder. Several studies have performed multivariate
analyses adjusting for variables reflecting brain injury severity
[76–79]. A multicenter prospective study of 85 neonates ≥36
weeks gestational age with moderate-severe hypoxic-ischemic
encephalopathy treated with therapeutic hypothermia and
undergoing aEEG identified seizures in 52%, including 35%
with high seizure burden (>15 minutes per hour) or status
epilepticus. In multivariate analyses accounting for severity of
underlying injury as reflected by aEEG background and Apgar
scores, high seizure burden remained associated with a severe
pattern of MRI injury (odds ratio 5, 95% confidence interval
1.47–17.05, p=0.01) [76]. Similarly, a prospective study of 77
neonates with hypoxic-ischemic encephalopathy of at least 36
weeks gestational age evaluated for largely clinical seizure
occurrence and seizure severity. Even after adjustment for
MRI severity of hypoxic-ischemic brain injury, every 1-point
increase in the seizure severity scale was associated with
a 4.7-point reduction in intelligence quotient (IQ). The median
IQ for neonates with no seizures, mild/moderate seizures, and
severe seizure burdens were 97, 83, and 67, respectively. After
adjustment for MRI severity, the seizure severity score was also
associated with an increased odds of an abnormal neuro-motor
score (odds ratio 20, 95% confidence interval 3–140) [77].
A multicenter prospective cohort of 49 neonates of at least 36
weeks gestational age with moderate to severe hypoxic-
ischemic encephalopathy treated with therapeutic hypothermia
was monitored with aEEG for occurrence of seizure. Seizures
occurred in 59% of neonates and seizure burden was scored as
low (no seizures or <15 minutes of seizure per 1 hour) or high
(>15minutes of seizure per 1 hour). Amultivariate analysis that
included seizure burden and aEEG discontinuity demonstrated
an association between high seizure burden and severe MRI
brain injury with an odds ratio of 4.2 for severeMRI injury with
high seizure burden (95% confidence interval 1.01–17.5,
p=0.05). Although severe MRI injury was associated with unfa-
vorable neurodevelopmental outcomes (Pearson’s R 0.62,
p<0.001), the direct relationship between seizure burden and
neurodevelopmental outcome was not assessed [78]. Together,
these studies usingmultivariate analyses indicate that even after
adjusting for variables reflecting hypoxic-ischemic injury sever-
ity, seizures are associated with worse MRI injury and worse
neurobehavioral outcomes.

Randomized Controlled Trials in Neonates
Two randomized controlled trials exploring the effects of treat-
ing subclinical seizures in neonates with hypoxic-ischemic
encephalopathy have demonstrated that EEG-guided therapy

can reduce seizure burden and that higher seizure burden is
associated with worse neurodevelopmental and neuroimaging
outcomes [80, 81]. A multicenter study of 63 infants with
hypoxic-ischemic encephalopathy monitored all neonates
≥37 weeks gestational age with aEEG. At the time of the first
seizure on aEEG, 33 neonates who experienced seizures were
randomized to treatment of all seizures (clinical and aEEG) or
treatment of only the clinically evident seizures. However, all
neonates underwent aEEG, so the true seizure burden was
available for all. There was a non-significant trend toward
lower seizure burden on aEEG in the group with treatment of
all seizures (195 versus 503 minutes). Further, neonates who
died had experienced a higher seizure burden than survivors
(428 minutes versus 164 minutes). Additionally, MRI injury
severity correlated with seizure burden among the entire
cohort (p<0.001) and among the neonates treated for only
clinical seizures (p=0.001). However, there was no significant
difference in MRI injury severity between the two treatment
groups (p=0.292) [80].

A second randomized controlled trial enrolled neonates ≥36
weeks gestational age with moderate to severe hypoxic-ischemic
encephalopathy or neonates with clinical seizures. All underwent
continuous EEG to assess seizure burden, but neonates were
randomized to treatment of all seizures (clinical and cEEG) or
only the clinically evident seizures. Thirty-five neonates who had
been randomized experienced seizures and thus provided the
analyzed study cohort with 15 in the EEG-guided treatment
group and 20 in the group treating only clinical seizures.
Neonates with status epilepticus were excluded from analysis.
The median duration of seizures was significantly lower in the
EEG than clinical group (449 versus 2226 seconds, p=0.02). There
were also a lower number of seizures in the electrographic seizure
group than the clinical seizure group (median of 7 versus 12,
[p=0.04]), and the time to treatment completion was lower in the
electrographic seizure group than the clinical seizure group
(mean of 79 minutes versus 170 minutes, [p=0.04]). When com-
bining both treatment groups, higher seizure burden was asso-
ciated with worse MRI injury scores (p<0.03) and lower
performance on Bayley neurodevelopmental testing (cognitive
composite R=0.502 p=0.03; motor composite R=0.497 p=0.01;
language composite R=0.444 p=0.03). However, there were no
significant differences in MRI injury score or neurodevelopmen-
tal outcome between the two treatment groups, likely due to the
small sample size [81].

Observational Studies in Children
Several studies in critically ill children have identified an asso-
ciation between electrographic seizures, particularly with high
seizure exposures, and worse outcomes. This association holds
even after adjustment for potential confounders related to
acute encephalopathy etiology, acute encephalopathy severity,
and critical illness severity. A prospective observational study
of EEG in 204 critically ill neonates and children found occur-
rence of electrographic seizures was associated with a higher
risk of unfavorable neurological outcome (odds ratio 15.4) in
a multivariate analysis that included age, etiology, pediatric
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index of mortality score, Adelaide coma score, and EEG back-
ground categories [51].

Several other studies aimed to evaluate the effect of seizure
burden and categorically classified children as having no sei-
zures, electrographic seizures, or electrographic status epilep-
ticus. A single-center study of 200 children in the pediatric
intensive care unit with outcome assessed at discharge identi-
fied an association between electrographic status epilepticus
and higher mortality (odds ratio 5.1) and worsening Pediatric
Cerebral Performance Category scores (odds ratio 17.3) in
multivariate analyses including seizure category, age, acute
neurological disorder, prior neurodevelopmental status, and
EEG background categories. Electrographic seizures less than
electrographic status epilepticus were not associated with
worse outcomes [82]. A multicenter study of 550 children in
the pediatric intensive care unit reported an association
between electrographic status epilepticus and mortality (odds
ratio 2.4) in a multivariate analysis that included seizure cate-
gory, acute encephalopathy etiology, and EEG background
categories. Electrographic seizures not classified as electro-
graphic status epilepticus were not associated with mortality
[54].

A single-center prospective study evaluated 259 critically ill
infants and children who underwent cEEG monitoring. There
were electrographic seizures in 36% of subjects, and 9% of those
with seizures had electrographic status epilepticus. The mean
maximum hourly seizure burden (proportion of each hour con-
taining seizures) was 16% in subjects with neurological decline
versus 2% in subjects without neurological decline. In
a multivariate analysis that adjusted for diagnosis and illness
severity, for every 1% increase in the maximum hourly seizure
burden, the odds of neurological decline increased by 1.13.
Maximum hourly seizure burdens of 10%, 20%, and 30% were
associated with odds ratios for neurological decline as measured
using the Pediatric Cerebral Performance Category scores of 3.3,
10.8, and 35.7, respectively. [58].

A study addressing long-term outcome obtained follow-up
data at a median of 2.7 years following admission to the
pediatric intensive care unit in 60 encephalopathic children
who were neurodevelopmentally normal prior to admission to
the pediatric intensive care unit and underwent clinically indi-
cated cEEG monitoring. Multivariate analysis including acute
neurological diagnosis category, EEG background category,
age, and several other clinical variables identified an associa-
tion between electrographic status epilepticus and unfavorable
GlasgowOutcome Scale (Extended Pediatric Version) category
(odds ratio 6.36), lower Pediatric Quality of Life Inventory
scores (median of 23.07 points lower), and an increased risk
of subsequently diagnosed epilepsy (odds ratio 13.3). Children
with electrographic seizures not classified as electrographic
status epilepticus did not have worse outcomes in this study
[83].

Summary
Taken together, these studies indicate that at least in some
critically ill neonates and children, there may be a dose-
dependent or threshold effect of electrographic seizures upon

outcomes, with high seizure exposures having clinically rele-
vant adverse impacts. This threshold may vary based on age,
brain injury etiology, and seizure characteristics such as the
extent of brain involved and electroencephalographic mor-
phology. However, an important caveat to these data is that
most of these were observational studies in which clinicians did
identify and manage electrographic seizures, yet despite this
management, electrographic seizures remained associated with
worse outcomes. It is possible that seizure identification and
management did partially improve outcomes that would have
been worse if the seizures had not been identified and mana-
ged. Thus, optimized seizure identification and management
approaches might yield improved outcomes. Further study is
needed to develop optimal management strategies and assess
their impact on outcomes.

Clinical Practice Guidelines and Consensus
Statements

Neonates
There are three guidelines and consensus statements related
to EEG in neonates: those published by the American
Clinical Neurophysiology Society [15, the World Health
Organization [84], and the American Academy of
Pediatrics [10].

In 2011 the American Clinical Neurophysiology Society
published a guideline on cEEG monitoring in the neonate
created by a panel of expert neurophysiologists based on
extensive literature review [15]. The guideline describes two
main purposes of cEEG monitoring in the neonate: (1) elec-
trographic seizure identification, and (2) encephalopathy
assessment. There are several indications related to electro-
graphic seizure identification (Table 1.1). First, cEEG mon-
itoring may be used to determine whether paroxysmal clinical
events are seizures. The likelihood that such events are elec-
troclinical seizures is increased in high-risk populations,
including those with acute encephalopathy, cardiac or pul-
monary conditions that increase the risk for acute brain
injury, central nervous system infection, brain trauma,
inborn errors of metabolism, perinatal stroke, prematurity
with intraventricular hemorrhage, and genetic syndromes.
Second, cEEG monitoring may be used to identify EEG-only
seizures that have no identifiable clinical correlate and can
only be identified using cEEGmonitoring. Third, cEEGmon-
itoring may be used during weaning of anti-seizure medica-
tions to evaluate for recurrent seizures. Fourth, cEEG
monitoring can be used to characterize burst suppression.
Regarding encephalopathy assessment, cEEG provides
a marker of brain function. Tracking changes in the EEG
background over time may identify changes in an encephalo-
pathic infant whose neurological status may not be assessed
by clinical examination. Some EEG background features are
predictive of long-term outcomes [15] and a normal EEG
background has been associated with a low risk of acute
seizures [85]. All high-risk neonates should be monitored
for at least 24 hours to screen for electrographic seizures,
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even if clinically concerning movements have not occurred.
Multiple studies in high-risk groups show that most acute sei-
zures occur within 24–72 hours of the acute brain insult [24, 76,
86–89]. If seizures are identified, then the guideline recom-
mends continuing cEEG monitoring for an additional
24 hours after the last electrographic seizure to ensure full
resolution. If cEEGmonitoring is used for differential diagnosis
of abnormal paroxysmal events, then it is recommended that
cEEG monitoring continue until all events have been captured
adequately on EEG and the presence or absence of an electro-
graphic correlate can be assessed. Technical standards for EEG
recording and reporting are further detailed in the American
Clinical Neurophysiology Society’s Standardized EEG
Terminology and Categorization for the Description of CEEG
monitoring in Neonates (see Chapter 2) [17].

In 2011 the World Health Organization published
a guideline on neonatal seizures that was a multidisciplinary
effort based on a formal literature review published with the
guideline [84]. While neonatal seizure treatment recommen-
dations were considered weak with low evidence, all recom-
mendations regarding cEEG monitoring were considered
strong, with the expert panel finding that desirable effects of
cEEG monitoring outweigh any undesirable effects. More spe-
cifically, the guideline strongly recommended that in specia-
lized facilities where cEEG monitoring is available, all clinical
seizures should be confirmed by EEG and all electrical seizures
should be treated, including those without clinical correlate
only identifiable using cEEG.

In 2014 a clinical report from the American Academy of
Pediatrics reviewing neonatal encephalopathy and the use of
therapeutic hypothermia recognized that there was variation

in the neuromonitoring capabilities of centers performing
therapeutic hypothermia [10]. The committee concluded
that centers offering therapeutic hypothermia should be cap-
able of providing comprehensive care for affected neonates,
which includes seizure detection and monitoring with some
form of EEG (conventional EEG or amplitude-integrated
EEG).

Children
There are two guidelines and consensus statements related to
cEEG monitoring in critically ill children: those published by
the Neurocritical Care Society [68] and the American Clinical
Neurophysiology Society [69, 90].

The Neurocritical Care Society’s Guidelines for the
Evaluation and Management of Status Epilepticus recom-
mends 48 hours of cEEGmonitoring to identify electrographic
seizures in at-risk patients including (1) patients with persist-
ing altered mental status for more than 10 minutes after con-
vulsive seizures or status epilepticus, and (2) encephalopathic
children after resuscitation from cardiac arrest, with traumatic
brain injury, with intracranial hemorrhage, or with unex-
plained encephalopathy. If status epilepticus occurs (including
electrographic status epilepticus), then the guideline recom-
mends that management should continue until both clinical
and electrographic seizures are halted [68].

The American Clinical Neurophysiology Society’s
Consensus Statement on Continuous EEG monitoring in
Critically Ill Children and Adults recommends cEEGmonitor-
ing for 24–48 hours in children at risk for seizures. EEG
monitoring indications include: (1) recent convulsive seizures
or convulsive status epilepticus with altered mental status, (2)
cardiac arrest resuscitation or with other forms of hypoxic-
ischemic encephalopathy, (3) stroke (intracerebral hemor-
rhage, ischemic stroke, and subarachnoid hemorrhage), and
(4) encephalitis and altered mental status with related medical
conditions. The consensus statement provides additional
detailed recommendations regarding personnel, technical spe-
cifications, and overall workflow [69, 90].

Summary
Multiple guidelines regarding cEEG monitoring in neonates
and children provide a wide range of indications focused on
identification of electrographic seizures that may be difficult
or impossible to diagnose by clinical observation alone. These
guidelines call for relatively wide use of cEEG monitoring
based on the presumption that seizure identification and
management reduce secondary brain injury and improve out-
comes. While seizures are certainly common in many of the
cohorts recommended for monitoring making cEEG moni-
toring reasonable, few data are available to guide manage-
ment when seizures are identified. Further study of both
specific anti-seizure medications and overall seizure manage-
ment approaches is needed, since to serve as
a neuroprotective strategy, seizure identification using cEEG
monitoring must be followed by evidence-based optimized
seizure management.

Table 1.1 Neonatal populations at high risk for seizures, adapted from the
American Clinical Neurophysiology Society’s Guideline on Continuous
Electroencephalography Monitoring in Neonates, J Clinical Neurophysiology
2011.

Category Examples

Acute neonatal
encephalopathy

HIE, postnatal collapse

Cardiac or pulmonary
risk for brain injury

ECMO, congenital heart defects
perioperatively

CNS infection Meningitis, encephalitis

CNS trauma Subarachnoid bleeding,
nonaccidental trauma

Inborn errors of
metabolism

Organic and amino acidurias, urea
cycle defects

Stroke Arterial stroke, venous thrombosis

At-risk preterm infants Acute IVH

Genetic/syndromic
disease

Cerebral dysgenesis, multiple
anomalies with encephalopathy

Use of paralytic
medications

As indicated by postoperative or
ventilatory management
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Quantitative EEG for Electrographic Seizure
Identification
There are two key problems with expanding cEEGmonitoring in
critically ill neonates and children. First, cEEGmonitoring among
critically ill patients is resource-intensive and requires substantial
electroencephalographer time to review the full tracing. Second,
since cEEG monitoring is generally only reviewed intermittently
by electroencephalographers and EEG technologists, delays may
occur between electrographic seizure onset and management
initiation. Quantitative EEG techniquesmay improve cEEGmon-
itoring review efficiency by electroencephalographers and allow
more involvement by bedside clinicians, which could improve the
speed of electrographic seizure identification.

Quantitative EEG techniques separate the complex EEG
signal into components (such as amplitude and frequency)
and compress time in the display, thereby permitting display
of several hours of EEG data on a single image that may be
interpreted more easily and rapidly than conventional EEG
[91]. The most commonly utilized quantitative EEG techni-
ques are amplitude-integrated EEG (aEEG), which is based on
amplitude, and color density spectral array (CDSA), which is
based on both amplitude and frequency.

Neonates
The most commonly used form of quantitative EEG monitor-
ing for neonates is aEEG (Figure 1.6). This is a bedside EEG
monitoring tool that employs 2–4 electrodes that yield either

a single- or dual-channel EEG recording. Often, electrodes are
placed in the bilateral central regions for maximal seizure
detection [92]. Alternative strategies involve placing electrodes
over bilateral frontal or bilateral parietal regions or an averaged
hemispheric or regional recording, though this may decrease
sensitivity. Compared to cEEG, aEEG allows more rapid elec-
trode application and interpretation of aEEG data by neona-
tologists and neonatal nurses at bedside. A survey of perinatal
practitioners in the United States found that 55% of respon-
dents reported aEEG use in their neonatal intensive care units,
with higher rates in academic centers. The most common
reasons for aEEG use were decisions regarding seizure treat-
ment (~80%), decisions regarding therapeutic hypothermia
initiation (~50%), to guide counseling and prognosis (~50%),
and to aid decisions surrounding medication dosages and
treatment durations (~35%) [30].

The aEEG has an established role in encephalopathy assess-
ment despite variable concordance between aEEG background
features and clinical outcomes [93, 94]. The role of aEEG for
seizure identification is more nuanced since although seizure
identification with aEEG is imperfect, it is readily available and
superior to clinical seizure identification. A study in neonates
with hypoxic-ischemic encephalopathy performed aEEG in all
neonates but randomized neonates to have management based
on clinical observation alone or clinical observation plus use of
aEEG data. Neonates in whom clinicians could use aEEG data
had shorter total duration of seizures [95]. These data indicate
that while imperfect, aEEG may have a meaningful clinical

Figure 1.6 Amplitude-integrated EEG (aEEG) examples. (a) Normal aEEG with 6-hour compressed time scale using bilateral central channels (C3-Cz, Cz-C4).
Minimum amplitudes are consistently between greater than 5 microvolts and maximum amplitudes are greater than 10 microvolts. There is evidence of variability
with sleep–wake cycling. (b) Improving aEEG with 24-hour compressed time scale and bilateral central channels (C3-Cz, Cz-C4). Initially, minimum amplitudes are low
(≤5 microvolts) with maximum amplitudes of 5 microvolts and greater. During the 24-hour recording, amplitudes gradually improve with minimum amplitudes
greater than 5 microvolts and maximum amplitudes greater than 10 microvolts. (c) Abnormal aEEG with 6-hour compressed time scale and bilateral central channels
(C3-Cz, Cz-C4). Amplitudes are persistently diminished with minimum amplitudes of ≤5 microvolts and the majority of maximum amplitudes ≤10 microvolts.
(d) Severely abnormal aEEG with 6-hour compressed time scale and bilateral central channels (C3-Cz, Cz-C4). Amplitudes are persistently attenuated with all
minimum and maximum amplitudes less than 10 microvolts. (e) Seizures on aEEG with 6-hour compressed time scale and bilateral central channels (C3-Cz, Cz-C4).
Seizures are characterized by a sudden change in amplitude in a notch-like or bell-shaped morphology. There are numerous seizures in this 6-hour recording,
denoted by arrows. (f) Electrode artifact on aEEGwith 6-hour compressed time scale and bilateral central channels (C3-Cz, Cz-C4). Note the abrupt and extremely high
voltage (100 microvolts) of the nature of the tracing.
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impact in reducing seizure exposure. While aEEG may answer
the binary question of whether an EEG record contains any
seizures with relatively high accuracy, individual seizure discri-
mination is lower than with cEEG, potentially resulting in an
under-estimate of seizure burden, including underdiagnosis of
status epilepticus [96, 97].

The discordance in seizure identification between cEEG and
aEEG is due to both modifiable and non-modifiable factors. An
aEEG is less accurate in identifying seizures that are brief in
duration, slow in frequency, or low in amplitude, or originate
from cerebral locations that are distant from the recording elec-
trodes [98]. These factors are innate to the seizure and generally
not influenced by aEEG display characteristics or user training,
though once seizure location is established a limited electrode
scheme could be placed to maximize specific regional seizure
identification. One modifiable factor affecting aEEG interpreta-
tion is the experience of the aEEG interpreter; non-experienced
users have been shown tomiss at least 50%of seizures using aEEG
alone [99]. Though users withmore experience theoretically have
improved seizure identification, some studies show that indivi-
dual seizure detection by this experienced group remains low,
with aEEG readers with at least one year of experience identifying
only 12–38% of individual seizures [97]. In addition to the false
negatives associated with aEEG, false positives may occur. Given
the lack of additional EMG, EKG, respiratory, and ocular chan-
nels that often aid the electroencephalographer in distinguishing
between cerebral and artifactual changes on the EEG, artifact can
be misinterpreted as seizure [96]. Finally, the majority of aEEG is
interpreted by neonatology staff rather than electroencephalogra-
phers, and neonatologists self-report low confidence in their
ability to perform aEEG interpretation. Survey data of neonatol-
ogists describe that only 7% of neonatologists report feeling very
confident about aEEG interpretationwhile 31% feel not confident
about aEEG interpretation [27].

Given the above limitations of aEEG, the American Clinical
Neurophysiology Society’s guideline on EEG monitoring in neo-
nates recommended that cEEGmonitoring remain the gold stan-
dard for seizure identification in neonates and that cEEG should
be used whenever available. The guideline described that aEEG
can act as a complementary tool to aid in rapid bedside diagnosis
of seizures followed by confirmation with cEEG. When cEEG is
not available, aEEG can be used for seizure screening, but if
a seizure is suspected on aEEG, then it should be confirmed on
cEEG when cEEG is available [15].

Children
Quantitative EEG test characteristics are still being established in
critically ill children, and use of quantitative EEG is not as wide-
spread as aEEG in neonates (Figure 1.7). In one study, 27 color
density spectral array and aEEG tracings were reviewed by 3
electroencephalographers. Themedian sensitivity for seizure iden-
tification was 83% using CDSA and 82% using aEEG. However,
for individual tracings the sensitivity varied from 0 to 100%,
indicating excellent performance for some patients and poor
performance for other patients, likely related to individual seizure
characteristics. A false positive (event identified as a seizure that
was not a seizure based on conventional EEG review) occurred

about every 17–20hours [100]. In a second study, 84CDSA images
were reviewed by 8 electroencephalographers. Sensitivity for sei-
zure identification was 65%, which indicated that some electro-
graphic seizures were not identified. Only about half of seizures
were identifiedby 6ormoreof the raters, indicatingproblemswith
inter-rater agreement. Specificity was 95%, which indicated that
some non-ictal events were misdiagnosed as seizures [101].
A study of CDSA and envelope trend EEG review by electroence-
phalographers found that seizure identification was impacted by
both modifiable factors (interpreter experience, display size, and
quantitative EEGmethod) and non-modifiable factors inherent to
the EEG pattern (maximum spike amplitude, seizure duration,
seizure frequency, and seizure duration) (Figure 1.7) [102].

Critical care providers are generally continually in the
pediatric intensive care unit and have expertise using other
screening modalities. Involving these providers might allow
more rapid electrographic seizure identification. A study pro-
vided 20 critical care physicians (attending physicians and
fellows) and 19 critical care nurses with a brief training session
regarding color density spectral array and then asked partici-
pants to determine whether each of 200 CDSA images con-
tained electrographic seizures. The images were created from
conventional EEG derived from critically ill children resusci-
tated from cardiac arrest, and the true seizure incidence was
30% based on electroencephalographer review of the conven-
tional EEG tracings. Among critical care providers reviewing
CDSA images, the sensitivity was 70% (indicating that some
electrographic seizures were not identified) and the specificity
was 68% (indicating that some images categorized as contain-
ing EEG seizures did not contain seizures based on conven-
tional EEG review). Given the 30% seizure incidence used in
the study, the positive predictive value was 46% and the nega-
tive predictive value was 86% [103].

Summary
Data inneonates and children indicate that commercially available
quantitativeEEG techniques permit identificationofmanybutnot
all seizures, and sometimesnon-ictal eventsmight bemisidentified
as seizures based on isolated quantitative EEG review. While
imperfect, these techniques may be valuable when conventional
cEEG is not available and may improve the efficiency of cEEG
monitoring review by electroencephalographers. Since quantita-
tive EEG techniques lead to misclassification of some non-ictal
events as seizures, potentially leading to unnecessary anti-seizure
medication administration, confirmation by conventional EEG
review is indicated when quantitative EEG techniques suggest
seizures are present. Such confirmation is particularly important
for patients with refractory events to confirm that these events
represent seizures prior to escalating to management with high-
dose or multiple anti-seizure medications.

Further development of quantitative techniques, display opti-
mization (including specific quantitative EEG trends and the
duration of EEG displayed on a screen), and improved quantita-
tive EEG training methods may allow these techniques to become
even more valuable adjuvants to cEEG data. Additionally, syner-
gistic methods could make use of the efficiency and bedside avail-
ability of quantitative EEG methods and the accuracy of
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conventional cEEG tracings. Quantitative EEG might be used
at bedside to allow for rapid and frequent screening with
confirmation of ongoing seizures by conventional EEG
review prior to treatment initiation. Additionally, review of
the initial portion of conventional EEG might be used to
fine-tune the optimal quantitative EEG display at bedside
for individual patients. This type of strategy was utilized by
a randomized controlled trial of electrographic versus clin-
ical seizure treatment in neonates that found that the com-
bined strategy resulted in decreased acute seizure burden
[81].

Conclusions
Continuous EEG monitoring of critically ill neonates and chil-
dren offers an opportunity to assess and monitor cerebral func-
tion to guide overall therapy and identify electrographic seizures
which are associated with unfavorable outcomes. Further
research is needed to optimally target cEEG monitoring
resources to the highest risk patients, develop management
strategies that synergistically utilize quantitative EEG and con-
ventional EEG, better understand the impact of electrographic
seizures on patient outcomes, and develop optimized evidence-
based seizure management strategies.
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