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Abstract: Non-convulsive seizures (NCS) are common among critically ill children with acute
encephalopathy. Continuous electroencephalogram (CEEG) monitoring is an indispensable tool to detect
NCS, which is essential to guiding management and assessing prognosis. Risk factors for NCS are highest
in pediatric intensive care unit (PICU) patients with altered mental status (AMS) and a recently witnessed
clinical seizure, acute changes on neuroimaging, and/or interictal abnormalities on CEEG. Screening for
at least 24 hours in at risk pediatric populations is ideal, but around half of NCS may be detected within
the first hour. Rapid treatment of prolonged seizures or status epilepticus is critical, as higher seizure
burdens have been associated with poorer outcomes in critically ill children. This review integrates current
information on critically ill children with AMS and the use of CEEGs, risk factors for NCS, duration of

CEEG monitoring, and how the detection of NCS impacts management and outcomes.
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Introduction

Non-convulsive seizures (NCS) and non-convulsive status
epilepticus (NCSE) are common in critically ill children,
occurring in up to 47% of pediatric patients with acute
encephalopathy, and as knowledge in this field advances,
so do resources for identifying and treating them (1-3).
Continuous electroencephalogram (CEEG) monitoring, a
non-invasive and widely used technology, remains essential
to diagnosing NCS and NCSE in the acutely ill patient,
and its use in the pediatric intensive care unit (PICU)
is increasing (1,4-6). However, given the high resource
burden of CEEG, including trained personnel and unique
equipment, it is important to understand the utility of this
test, how best to allocate it amongst patients, and whether it
makes a difference in patient care and outcomes.

Seizure has been defined in the reviewed studies as
>10 seconds of clinical and/or electrographic seizure
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activity. If electrographic only, it qualifies as NCS. More
recently, status epilepticus has been defined as continued
seizure activity greater than 5 minutes in duration (4,6).
However, multiple articles (including those used in this
review) continue to use the widely-accepted definition of
seizure duration >30 minutes or >50% of time monitored
spent in seizure, either clinical or electrographic seizure
burden (4,6-22). Pediatric patients may be at higher risk
of NCS when compared to adults due to lower seizure
threshold, more limited communication, and more varied
behavioral disturbances, making the diagnosis of NCS more
challenging and suggesting the need for closer monitoring
in this population (3,23-25). Electromechanical uncoupling,
when electrical seizure activity persists despite resolution of
clinical manifestations, is frequently reported in neonates
and may persist into older children, which may further
contribute to high rates of NCS in the PICU (26).
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Table 1 Suggested indications for CEEG in PICU
Indications for CEEG: high risk for NCS
Acute encephalopathy

With acute structural brain abnormality on neuroimaging (4,6)
Hypoxic ischemic encephalopathy (including post
cardiac arrest) (13,27,41)

Traumatic brain injury (TBI, including abusive head
trauma) (13,27,32,41)

Ischemic or hemorrhagic Stroke (13,27,30,41)

CNS neoplasm (13,27,41)

CNS infection (13,27,41) or inflammation (13)

Cerebral edema (13,25)

With clinical seizure prior to EEG placement (4,6,25,27,30,39,41)
Including one time seizure, status epilepticus, and
refractory status epilepticus

With interictal abnormalities on EEG (4,6)

Periodic lateralized epileptiform discharges (PLEDs) (30)
No reactivity (27)

Severe attenuation (18)

Burst suppression (18)

Absence of normal sleep architecture (27)

Periodic or multifocal epileptiform discharges (18,27)

Indications for CEEG: less consistently reported increased
risk for NCS

Underlying epilepsy diagnosis (27,30,39)
Underlying congenital heart disease (39)
Age younger than 24 months (27)

CEEG, continuous electroencephalogram; PICU, pediatric
intensive care unit; NCS, non-convulsive seizures; EEG,
electroencephalogram.

The reported frequency of NCS in critically ill children with
acute encephalopathy ranges from 7-47% (1,3,7,25,27-40).
Despite a reasonably high risk of NCS, the Pediatric
Critical Care EEG Consortium revealed wide variability
in how CEEGs are used in PICUs across North America.
Results of this consortium, tasked with assessing current
implementation of CEEG in major pediatric care centers
in the US and Canada, showed that a clinical pathway
guideline for CEEG placement and duration of use is
only available in 31% of the 58 large academic centers
surveyed. The most commonly reported indications for
placement of CEEGs in the PICU are altered mental
status (AMS) after convulsive seizure activity, AMS of
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unknown etiology, and AMS in the setting of a known
acute primary neurologic condition, respectively. Even with
growing literature on the indications for use, discrepancies
remain within North America regarding access to CEEGs,
cost, request of Neurology or Neuro ICU consultation,
duration of data collection, and frequency of monitoring
(1,2,4-6,18,20,27,28,32,39-42). Several limitations remain
when implementing broader use of CEEG, including
inadequate staffing of trained EEG technologists,
neurologists, and clinical neurophysiologists (1,5).
Regardless of institutional differences, detecting NCS via
CEEG is essential to the acute management of critically ill
children and continues to be the focus of ongoing research
into the impact of NCS on neurologic outcome (1,2,8-19).
This review summarizes the current literature regarding use
and utility of CEEG in the PICU, as well as its influence on
clinical management and, most importantly, its impact on
patient outcomes.

Indications for CEEG

Identifying PICU patients at highest risk for NCS helps
guide CEEG usage by prioritizing when this resource-
intense monitoring tool should be used (1,5,41,42). Seizures
among critically ill children with AMS are common,
with the rate of NCS reported up to 47% and the rate of
NCSE up to 35% (1,3,7,25,27-40). Multiple studies have
suggested the potential significance of the co-diagnosis
of epilepsy or congenital heart disease, the presence of
clinical seizures prior to AMS, acute abnormalities on
neuroimaging, and interictal EEG abnormalities (thought
to represent evidence of an underlying seizure tendency) as
having an association with higher rates of NCS and NCSE
in PICU patients (4,23-25,27,29-31,34,35). A consensus
statement on CEEG in critically ill adults and children was
published in June 2015 by the Critical CEEG Task Force
of the American Clinical Neurophysiology Society, making
more formal monitoring recommendations; many of these
recommendations are included in Tuble 1 (4).

Two of the most significant risk factors consistently
shown to be associated with NCS activity are clinical
seizures prior to CEEG placement and acute neuroimaging
abnormalities (4,10,25,30,39,41). In a study of 75 children
referred to the PICU for possible NCSE, if both clinical
seizures and acute neuroimaging changes were present,
Greiner et 4l. identified an 82% probability of NCSE (25).
This is in contrast to 34% NCSE in patients with clinical
seizures and normal imaging, or 29% NCSE with
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abnormal imaging and no clinical seizure; if neither of
these risk factors were identified, probability of NCSE was
only 4% (25).

In a review of 122 critically ill children, McCoy et al.
reported an independent increase in risk of NCS after
clinical seizure as well as in those with acute structural
brain abnormalities on neuroimaging, however data on the
combination of these two findings was not reported (41).
Additional risk factors for NCS identified in that review were
acute presentation of epilepsy, prior diagnosis of epilepsy
and interictal epileptiform discharges on CEEG (41). In a
similar review of 20 children of varying age and diagnoses
with NCSE, Abend et a/. reported that 75% of children
had clinical seizure activity (isolated or status epilepticus)
and 82% had abnormal neuroimaging (39). Additional risk
factors for NCSE identified in this smaller review were
prior diagnosis of epilepsy, congenital heart disease, and
ischemic stroke (39). A larger review by Abend er 4l. in
2013 showed that of the critically ill children with NCS or
NCSE on CEEG, 47% had clinical seizures prior to CEEG
placement and 73% had an acute structural neurological
disorder on imaging (10).

Therefore, while multiple potential risk factors
are proposed for NCS and NCSE in critically ill
children with AMS, the highest and most consistently
reported risk is in children with clinical seizure prior
to CEEG placement accompanied by acute structural
neuroimaging abnormalities (10,25,39,41). This was
further emphasized in a consensus statement on CEEG
use in critically ill adults and children, published in June
2015 by the Critical CEEG Task Force of the American
Clinical Neurophysiology Society, in which formal
recommendations were made for initiating CEEG in
critically ill children with AMS after clinical seizures and/
or acute supratentorial brain injury (4). Table 1 summarizes
common risk factors reported for NCS in critically ill
children, including specific abnormalities identified on
neuroimaging and interictal CEEGs.

Duration of CEEG monitoring

Deciding which patients to monitor with CEEG is the
first step in detecting NCS in critically ill children, but
variable access to CEEGs, EEG technicians, neurologists,
and remote viewing opportunities continues to limit the
utility of this neurodiagnostic tool (1,5,15). Therefore, it
is important to discern ideal monitoring times, balancing

practicality with maximal efficacy in identifying NCS.
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In the recent survey on EEG utilization by Sanchez er al.
of 58 major pediatric academic centers in North America,
the optimal and practical duration of EEG monitoring and
review frequency remains undecided (1,5,41). While the
majority of large pediatric academic centers report ability to
obtain EEGs twenty-four hours per day, EEG technicians
may not be in house, and are only available by call outside of
regular business hours 51% of the time (1). Once a CEEG
is placed, the majority of survey respondents report that a
technologist or physician typically reviews the data within
one hour of placement (1,5). Beyond the first hour, CEEG
data is continuously collected, but most commonly only
reviewed twice per day (37% of institutions), unless clinical
changes warrant earlier re-evaluation (1,5). Prompt review
of the first hour is crucial to diagnosing NCSE rapidly and
may identify up to 40-70% of NCS (37,41). Notably, only
10-15% of NCS may be detected in the first 20 minutes
(27,41) but this increases to 80-100% of NCS detected
within the first 24 hours of CEEG data (16,27,29,37,41).
Monitoring for >24 hours has been shown to only identify
4-20% more cases of NCS in critically ill children when
compared to 24 hour monitoring (27,42). Although the
impact of continuous real-time EEG monitoring by
appropriately trained personnel on early NCS and NCSE
detection has not been specifically studied, it seems intuitive
that this would facilitate earlier detection, and therefore
treatment, in many instances.

The cost of CEEG monitoring in the PICU must be
considered as it increases with longer durations, according
to US data recently published by Abend et al. (42). Their
research attempted to provide cost-to-benefit analysis of
CEEG in the ICU setting, ultimately suggesting a 24-
hour period as the optimal duration (42). Unfortunately,
cost-effectiveness of prolonged CEEG has yet to be
prospectively assessed and such monitoring may be too
resource intensive for many institutions. Nonetheless a
minimum of immediate EEG review (at least within the
first hour of hook up) and subsequent twice daily review
is recommended by the 2015 Consensus Statement by
the Critical CEEG Task Force of the American Clinical
Neurophysiology Society (5,42). Additionally, it was
recommended that 24-hour CEEG monitoring be used
as the optimal study length, however the task force
recognized that shorter or longer periods of monitoring
may be indicated on a case by case basis (4). Similar to
neonatal and adult neurocritical care practices, CEEG
monitoring for 24+ hours after the last identified seizure
or withdrawal of continuous anti-epileptic mediation helps
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demonstrate adequate seizure control (2,4,6).

NCS and acute management

Prolonged CEEG monitoring helps identify NCS in high
risk pediatric patients, which subsequently impacts acute
management, including medication options, continued EEG
monitoring, imaging, or work up for other diagnoses (8-19).
In a study of 100 PICU patients with AMS, acute medical
management was modified based on results of CEEG in over
half the cases (10). Of the 43% of patients in which seizures
were identified on CEEG, anti-epileptic drugs (AEDs)
were initiated. Furthermore, characterization of movements
as non-epileptic was established in 21% of these patients,
thereby avoiding unnecessary AED administration (10).
Finally, identifying a need for urgent neuro-imaging occurred
in 3% of cases (10). In the remainder of patients, no specific
management modification was reported, but investigators
felt ruling out NCS in a patient with AMS may allow the
clinician to more confidently pursue other etiologies (10).
The presence of NCSE specifically changed management in
92% of patients in a related study, either due to initiation or
dose escalation of AEDs (25).

There have not been definitive studies regarding optimal
AED management in the treatment of seizures (convulsive
or nonconvulsive) in the PICU. The majority of clinicians
continue to use benzodiazepines as first line agent as
recommended by the 2012 guidelines for evaluation and
management of status epilepticus (class 1, level A evidence) (6).
The use of phenobarbital, fosphenytoin, levetiracetam, and
valproic acid to treat seizures in the PICU has been studied
extensively, although management approaches remain
variable (6,8-11). One study reported that nearly half of all
seizures were controlled with only one AED, but another
21% went on to require >4 AEDs for adequate seizure
control (11). Though it is clear that using CEEG to identify
NCS in PICU patients influences management, the details
on which anti-epileptic to use varies based on the patient,
the clinician, drug availability, and institutional guidelines
(1,6,8-11).

NCS and patient outcomes

Increasing investigation into the impact of NCS and NCSE
on neurological outcomes suggests that, similar to adult
data, prolonged seizures negatively impact prognosis and
outcomes in critically ill children (7-19,21,22). This is an
important area of ongoing research, given earlier studies
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which suggested that children were more resilient to
brain damage from seizures or status epilepticus and that
morbidity was influenced more by severity of underlying
illness than by seizure burden (43,44). More recent studies
have instead shown that seizures, as an independent factor,
do appear to negatively affect outcomes in critically ill
children (4,7-22). Since the presence of NCS may be
impossible to identify on clinical exam alone, prompt
detection via CEEG is critical to initiating appropriate
management (3,23-26). As yet, the full impact of CEEG
use and the mechanism of brain injury, both in children and
adults, from seizure activity remains uncertain (4,6,21,22).
However, multiple studies into both short and long term
outcomes have continued to show the negative impact
of NCS and NCSE on outcomes in critically ill children
independent of other factors (4,7-20).

Short term outcome measures for critically ill children
with seizures include measures such as mortality, length
of PICU stay, Pediatric Cerebral Performance Category
(PCPC) scores, and King’s Outcome Scale for Childhood
Head Injury (KOSCHI) scores at time of discharge
(7,12,13,18,20). PCPC scores were designed as an
assessment of neurologic function for critically ill children,
while the KOSCHI score was developed as an outcome
measure for pediatric patients after head injury (45,46).
Duration of stay in PICU was significantly prolonged for
patients with NCSE (median, 11 days), and statistically
trended towards longer length of stay in patients with NCS
(median, 8 days) when compared to critically ill children
without NCS or NCSE (median, 5.5 days) (13). Multiple
studies have shown that status epilepticus in critically ill
children, whether convulsive or not, is associated with
increased risk of mortality, and worse outcomes measures
including worse PCPC and KOSCHI scores at discharge
compared to deduced pre-admission scores (7,12,13,18,20).
These studies used multivariate analyses of many possible
factors including age, etiology, EEG background category,
and acute and pre-existing neurologic disorders to focus
on the independent risk of seizure or status epileptics on
these outcomes measures. Topjian et /. found that NCS
(in contrast to NCSE), did not result in increased mortality
or worse short term neurologic outcomes (as measured by
KOSCHI scores) (11).

Interestingly, all of these studies defined SE or NCSE as
>30 min of continuous clinical and/or electrographic seizure
activity or >50% seizure burden in one hour (7,12,13,18,20).
However, in the study by Payne et 4/. final data on seizure
burden was further categorized as <20% (<12 minutes) of
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time spent in seizure per hour, 20-50% per hour, or >50%
per hour. This approach allowed a more detailed assessment
as to the amount of time spent in seizure and the effect
on short term neurological decline (measured by pre-
admission versus discharge PCPC scores) in 259 critically
ill children aged 0.3 to 9.8 years (20). Using a multivariate
analysis to account for factors such as age, sex, diagnosis,
and illness severity, it was shown that for every 1% increase
in seizure burden per hour, the odds of neurological decline
increased by 1.13. More specifically, there was a significant
delineation for neurologic decline in patients before and
after 20% seizure burden per hour (=12 minutes) (20).
Patients who spent less than 12 minutes per hour in seizure
had the same risk of neurologic decline as those with no
seizures (around 60% of these patients had worsening
PCPC score) versus children who spent >12 minutes
per hour in seizure, who had a 98% risk of neurologic
decline, regardless of whether they spent 20-50% per hour
in seizure, or >50% per hour (20). This is an important
distinction that argues for more rapid treatment of clinical
and electrographic seizures, and supports the definition of
status epileptics as >5 minutes duration as in Brophy ez a/.’s
guidelines on the management of status epilepticus (4-6,20).

Long term outcome measures for PICU patients with
seizures include Glasgow Outcome Scale with extended
pediatric version scores (GOS-E Peds), Pediatric Quality
of Life Inventory (PedsQL) scores, risk of acquiring an
epilepsy diagnosis, and sustained neurologic deficits at
follow up (12,14,18,31). The GOS-E Peds is an 8-point
scale ranging from 1= good recovery and 5= death, with
categories 1-3 more specifically divided into upper and
lower categories for each (47). PedsQL is a 23 item
measure to look at patient and parent perceptions of health
related quality of life (48). Patients with status epilepticus,
convulsive or not, had lower scores on both GOS-E Peds
and PedsQL (47,48).

In a study of 204 comatose pediatric patients in Kenya
and the UK, seizure activity was measured via 1-3 channel
EEGs and seizure burden categorized as number of
seizures, total duration of time in seizure throughout
monitoring (not continuous), and duration of a single
seizure event (continuous). Again, using multivariate
analyses to minimize effect of other factors on outcomes, it
was identified that patients with >139 seizures, a combined
duration of 759 minutes, or a single seizure event lasting
>6 hours had worse outcomes on follow up GOS-E Peds
scores at one month follow up (31). Along this continuum,
refractory status epilepticus has been associated with a
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higher risk of subsequent epilepsy diagnosis and sustained
neurologic deficits, such as diffuse hypotonia, hemiparesis,
and loss of developmental milestones (14,18).

A recent prospective study by Abend et 4/. includes
some of the longest outcome data published in critically ill
children with NCS and NCSE to date. This group evaluated
neurobehavioral outcomes in children 1.2-3.8 years
after an episode of critical illness and NCS activity.
Neurobehavioral outcome measures such as adaptive
behavior concerns, emotional or other behavioral issues,
and executive functioning deficits were collected via the
Adaptive Behavior Assessment System-II, Child Behavior
Checklist, and Behavior Rating Inventory of Executive
Function, respectively. Their results show that patients with
NCS and NCSE had worse adaptive behavior in long term
follow up, and, though not statistically significant, trended
towards worse emotional issues, other behavioral problems,
and executive functioning (22). This data suggests that
increased seizure burden is associated with worse long term
outcomes including quality of life, neurobehavioral issues,
and long term disability in PICU patients with AMS. Given
the high risk of NCSE in this population, the utility of
CEEG is paramount to detect seizures, aid management,

and may ideally help improve outcomes in critically ill
children.

Conclusions

NCS are common among critically ill children with
AMS and nearly impossible to diagnose without CEEG
monitoring. Risk factors associated with NCS and
NCSE remain varied; however the significance of acute
encephalopathy with clinical seizure prior to CEEG
placement, acute structural brain abnormalities on
neuroimaging, and interictal abnormalities on CEEG
is continually reinforced in the scientific literature.
Monitoring high-risk PICU patients for at least 24 hours
on CEEG appears to be ideal based on existing literature;
however shorter duration CEEG or incremental routine
EEG studies may ultimately prove to be more practical and
cost-effective for some cases. The diagnosis of NCS should
prompt caregivers to re-evaluate management and initiate
or escalate AEDs to improve seizure control as indicated,
although evidence-based treatment algorithms remain
limited. The impact of NCS and NCSE on neurologic
outcome continues to be area of significant investigation,
as increased seizure burden has been associated with higher
mortality, longer PICU stays, and greater short term and
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long term disability in critically ill children. Ultimately,
a better understanding of the mechanisms involved in
the development of NCS and NCSE is fundamental to
improving clinical management in critically-ill children and
optimizing CEEG usage across the highly diverse landscape
in which it is utilized.
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