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ABSTRACT

KleWOTdS-‘ Objectives: This article aims to critically review the literature on continuous electroencephalography
ge{?ure (cEEG) monitoring in the intensive care unit (ICU) from an Australian and New Zealand perspective and
pilepsy

provide recommendations for clinicians.
Design and review methods: A taskforce of adult and paediatric neurologists, selected by the Epilepsy
Society of Australia, reviewed the literature on cEEG for seizure detection in critically ill neonates,
children, and adults in the ICU. The literature on routine EEG and cEEG for other indications was not
reviewed. Following an evaluation of the evidence and discussion of controversial issues, consensus was
reached, and a document that highlighted important clinical, practical, and economic considerations
regarding cEEG in Australia and New Zealand was drafted.
Results: This review represents a summary of the literature and consensus opinion regarding the use of
CEEG in the ICU for detection of seizures, highlighting gaps in evidence, practical problems with
implementation, funding shortfalls, and areas for future research.
Conclusion: While cEEG detects electrographic seizures in a significant proportion of at-risk neonates,
children, and adults in the ICU, conferring poorer neurological outcomes and guiding treatment in many
settings, the health economic benefits of treating such seizures remain to be proven. Presently, cEEG in
Australian and New Zealand ICUs is a largely unfunded clinical resource that is subsequently reserved for
the highest-impact patient groups. Wider adoption of cEEG requires further research into impact on
functional and health economic outcomes, education and training of the neurology and ICU teams
involved, and securement of the necessary resources and funding to support the service.
© 2023 The Authors. Published by Elsevier B.V. on behalf of College of Intensive Care Medicine of
Australia and New Zealand. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Patients in the intensive care wunit (ICU) with non-
pharmacologically depressed conscious state, particularly those
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with acute neurological disorders and brain injuries, are at risk of
seizures, often without overt clinical manifestations. Electrographic
or EEG-only seizures (ESz) and electroclinical seizures (ECSz) are
more prevalent in ICU patients who have prior clinical seizures
(acute symptomatic or epilepsy related), infective and autoimmune
encephalitis, stroke, traumatic brain injury (TBI), hypoxic-
ischaemic encephalopathy (HIE), and extracorporeal membrane
oxygenation (ECMO) therapy. Seizures are theoretically an indicator
of cerebral cortical injury in neurological and cranial insults and
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may impact adversely on neurological outcome, over and above
that of the underlying neurological disorder. Additionally, affected
patients may benefit from treatment with antiseizure medication
(ASM). In some patients, electrographic status epilepticus (ESE) is
the cause of their altered consciousness and prompt treatment with
ASM reverses the coma. Conversely, episodic nonepileptic move-
ments and autonomic changes in ICU patients are commonly mis-
interpreted and unnecessarily treated as seizures, prolonging ICU
stay and impacting adversely on outcome.' '°

EEG with video is essential for accurate diagnosis of seizures and
nonepileptic phenomena and is the only way ESz and ESE can be
identified. Video-EEG recordings of relatively brief duration
(0.5—3 h), herein referred to as routine EEG, are often sufficient to
answer clinical questions, including diagnosis of ESE and identi-
fying those patients at risk of ESz. However, if the clinical episodes
are not recorded, or if clinical and EEG risk factors indicate a high
likelihood of infrequent ESz or intermittent ESE, then longer
duration (continuous) EEG with video, herein referred to as
continuous electroencephalography (cEEG), is required for diag-
nosis. Additionally, if ESz are discovered, cEEG may help determine
seizure burden, monitor disease progress, and allow assessment of
response to therapy.!! Other potential applications of cEEG include
monitoring for vasospasm in subarachnoid haemorrhage and
ensuring maintenance of burst suppression during pharmacolog-
ical management of raised intracranial pressure and ESE.!?

cEEG is not utilised routinely in ICUs in Australia and New
Zealand (ANZ), unlike in North America and many centres in
Europe.! The availability of inpatient EEG services varies around our
countries, particularly between city and rural, and paediatric and
adult hospitals. Impediments to cEEG in ANZ include the following:
it is a resource- and time-intensive investigation, well-trained staff
members to perform and interpret cEEG in a timely fashion are few,
the clinical significance of some cEEG findings remains uncertain,

Table 1
EEG-related terminology, acronyms, synonyms, and definitions.

the cost-effectiveness of cEEG and treatment of ESz remains to be
demonstrated, and specific financial reimbursement is lacking.
This critical review and position statement attempts to (i)
summarise the evidence for, practicalities of, and controversies in
cEEG for detection of ESz and ESE in ICU patients with depressed
conscious state and (ii) provide recommendations for clinical
practice, research, and reimbursement of cEEG in ANZ ICUs.

2. Methods

The Epilepsy Society of Australia tasked a working group to re-
view the literature, determine current practices in ANZ, and
establish consensus recommendations for the use of cEEG in ICUs
for the detection and management of seizures. Taskforce members
had a range of clinical expertise in neonatal, paediatric, and adult
neurology and ICU settings and were all skilled in EEG. For this
review and statement, we considered cEEG to be eight or more
channels (usually standard 10—20 systems in adults and children)
of scalp EEG recording for typically greater than 12 h duration, with
simultaneous video recording, being reviewed either continuously
or intermittently. The terminology and acronyms used in this
document are those recommended by the American Clinical
Neurophysiology Society (ACNS)'? (Table 1). Unless stated other-
wise, seizure includes both ESz and ECSz.

The methodology and issues of interest were defined during
regular teleconference sessions of the Epilepsy Society of Australia
taskforce, commencing in May 2020. Literature searches were
conducted with the goal of identifying relevant clinical studies and
international practice guidelines on cEEG in the ICU. Studies
reporting on the valuable role of shorter duration routine EEG in
the ICU, and on animal research, were not reviewed. Review of the
English language literature was done following searches in
PubMed, Embase, CINAHL, Web of science, and Cochrane databases

Terminology (synonym) Acronym Definition

Compressed (amplitude is logarithmic and time is linear) recording of EEG using 2 or several channels, typically
of greater than 12 h duration and in ICU settings, with the aim of detecting background changes indicative of

>16 channels (>8 in neonates) of EEG recording with simultaneous video recording, typically of greater than
12 h duration and in ICU settings, with the aim of detecting and monitoring seizures, including electrographic

The predominant EEG activity, in ICU recordings typically categorised as: normal or sedated sleep; slow and
disorganised; discontinuous or burst suppression; or attenuated and featureless.'66~ 168103

A seizure with clinical manifestations and time-locked to an EEG pattern (note: EEG pattern does not need to
fulfil electrographic seizure criteria) OR an electrographic seizure and subsequent clinical improvement
M98:169

An uninterrupted electroclinical seizure lasting 10 min or longer OR recurrent seizures totalling 12 min in any
1-h period (hourly seizure burden >20%) OR > 5 min of a convulsive (i.e. with bilateral tonic-clonic motor

An abnormal paroxysmal electrographic event that differs from the background activity, lasts longer than 10 s
(briefer if associated with clinical change), has a plausible electrographic field, typically has a frequency of
>2.5 Hz, and evolves in frequency, morphology, or spatial distribution (except for neonatal seizures which may

An uninterrupted electrographic seizure lasting 10 min or longer OR recurrent electrographic seizures totalling
12 min in any 1-h period (hourly seizure burden >20%)'*1%9

An EEG pattern that does not qualify as an electrographic seizure or electrographic status epilepticus, but there
is a reasonable chance that it may be contributing to coma, causing other clinical symptoms, and/or

>16 channels (>8 in neonates) of EEG recording, typically 20—60 min duration with simultaneous video
recording, with the aim of detecting abnormalities of EEG background, interictal epileptiform discharges,
seizures, and status epilepticus. In ICU settings, routine EEG is considered a screening tool.

Amplitude-integrated EEG aEEG
encephalopathy or suggestive of seizures.
Continuous EEG monitoring cEEG
(EEG only) seizures.
EEG background
Electroclinical seizure (clinical seizure, ECSz
convulsive seizure)
attributable to suppression of seizures with an AS
Electroclinical status epilepticus (clinical or ECSE
convulsive status epilepticus)
activity) seizure.!>9%169
Electrographic seizure (EEG seizure) ESz
not evolve).'*170
Electrographic status epilepticus ESE
Ictal-interictal continuum IIC
contributing to neuronal injury."®
Routine EEG
Sporadic epileptiform discharges (interictal SEDs

epileptiform discharges)
Total seizure burden
Video-EEG monitoring

Non-rhythmic and non-periodic (intermittent) interictal EEG phenomena that are intermixed with the
background and are associated with seizures e.g. spikes, polyspikes, sharp waves.'?

The proportion of time occupied by seizures during cEEG.*”

>16 channels (>8 in neonates) of EEG recording with simultaneous video recording, typically greater than 3 h
duration and in ward or ambulatory settings, with the aim of recording seizures and other episodic phenomena.
In ICU, video-EEG monitoring is generally referred to as cEEG.
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until June 2022 for each topic area using Medical Subject Headings
keywords (see Electronic Supplementary Material).

Taskforce members considered the strength of evidence behind
the outcomes of interest, as well as issues pertaining to risk-to-
benefit ratio and cost.'*'® Given the paucity of high-quality evi-
dence in the field, the taskforce issued recommendations that were
primarily based on consensus opinion. Formal grading of evidence
was not undertaken given the few randomised controlled trials
(RCTs) comparing cEEG to routine EEG for the detection of seizures
in ICU. Additionally, some important outcomes of cEEG are difficult
to evaluate in RCTs or cohort studies (e.g., distinguishing epileptic
vs. nonepileptic events).

The draft review, position statement, and recommendations
were reviewed in 2021 by several ANZ societies representing
neonatal, paediatric, and adult neurology and intensive care med-
icine, with incorporation of their feedback into subsequent drafts.
In summary, this document presents (i) a summary of clinical
research studies and international guidelines on cEEG for seizures
in different ICU settings (reported in the Results) and (ii) the au-
thors’ expert opinions on cEEG in ANZ (reported in the Discussion).
Commentary and recommendations about cEEG are made broadly,
recognising the sometimes significant differences in patients and
practice in neonatal, paediatric, and adult ICU settings.

3. Results
3.1. cEEG in the neonatal ICU

Seizure burden in neurologically sick neonates is higher than at
any other time in life, with neonatal seizures occurring in 1—4/1000
live births.”’~2° Evidence suggests that seizures contribute to sec-
ondary brain injury in neonates, especially in neonates with
HIE.?'=?’ Delay in recognition and treatment of seizures in neo-
nates is associated with poorer response to treatment and poorer
outcomes.?%%°

Neonatal seizures are challenging to manage as many parox-
ysmal phenomena mimic seizures, neonatal seizures have variable
and subtle clinical manifestations, and most neonatal seizures are
ESz, especially in neonates with moderate to severe HIE** 3¢ and
those on ASMs. Even experienced neonatologists and neurologists
are unreliable at distinguishing seizures and nonepileptic move-
ments at the bedside.>**"*” Studies indicate that 20—46% of neo-
nates receiving ASM for seizures identified on clinical assessment
do not have ESz on cEEG, exposing them to the risk of adverse
neurodevelopmental effects of ASM.>’~* Conversely, under-
recognition and undertreatment of neonatal seizures, including
ESE, is associated with  worse neurodevelopmental
outcomes,??244754

Amplitude integrated EEG (aEEG) is used frequently in neonatal
ICUs (NICUs), aEEG background being a useful indicator of neuro-
logical prognosis, especially in term and near-term infants. How-
ever, aEEG has low sensitivity and specificity for the detection of
ESz, especially ESz of low amplitude, brief duration, and occurring
at a distance from the 2—4 recording electrodes.>> >°

An RCT performed in Australian NICUs, randomising encepha-
lopathic term or near-term neonates to management of aEEG
detected plus clinical seizures versus management of clinical sei-
zures only, found no difference in mortality or severe neurological
morbidity at age 2 years.?° Limitations of the trial may be that aEEG
was not commenced early enough in some infants, aEEG findings
are not necessarily influencing ASM dosing and timing, and aEEG
has a low sensitivity and specificity for detection of neonatal sei-
zures.%"%2 Nevertheless, the trial highlighted the possibility that
potentially neurotoxic GABAergic ASM like phenobarbitone and
midazolam mitigated the potential benefits from reduced seizure

burden.*®#163 Levetiracetam, topiramate, and lacosamide have
been proposed as safer ASMs®* 70 although less effective in one
trial.>®

Video-EEG remains the gold standard for diagnosis of seizures in
neonates, either during short-duration routine EEG or cEEG.”! 74
cEEG is widely used in NICUs in North America (see Fig. 1 for
CEEG set-up).%7>

cEEG studies in the NICU report seizures in 20—60% of high-risk
neonates (80—90% being ESz) and ESE in up to 40%.24%7%73 High-
risk groups include neonates with HIE, metabolic or genetic dis-
orders, stroke, meningitis, and neonates on ECMOQ.”>148.76

cEEG impacts clinical care in up to 75% neonates, including the
early detection of seizures and encephalopathy, the appropriate
and prompt use of ASM for seizures, and the curtailing of ASM
when episodes are not seizures.”?*%6 Both under-recognition and
overestimation of seizures occur when cEEG is unavailable in the
NICU, with undertreatment and overtreatment contributing to
adverse neurodevelopmental outcomes.*0~#>727778 studies sug-
gest improved long-term outcomes and cost-effectiveness for ne-
onates with HIE or ESE when managed with cEEG.#410.79-83
However, when it comes to the issue of which ESz or how much
seizure burden to treat, and which ASM to utilise, opinion is
divided; aetiology might determine management and outcome just
as much as seizure burden,>'48:84-86

VIDEO AND AUDIO
RECORDING wiTH EEG

Fig. 1. Typical cEEG set-up in the NICU, PICU, and ICU. Abbreviations: cEEG, continuous
electroencephalography monitoring; ICU, intensive care unit; NICU, neonatal ICU;
PICU, paediatric ICU.
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3.2. CEEG in the PICU

CEEG detects seizures in up to 40% of children in the PICU with
unexplained coma and risk factors.5*387=97 Risk factors include age
<2 years, prior clinical seizures, HIE, stroke, head injury, encepha-
litis, ECMO, cardiac surgery, and routine EEG showing discontin-
uous background activity and epileptiform discharges.”® 110

cEEG is widely used in North American and European PICUs,
with some variation in indications.’* The role of cEEG in PICU pa-
tients with refractory ESE is well established.*®98!111-118 There is
evidence from prospective cohort studies for cEEG to detect sei-
zures in children with unexplained, persistently depressed or
fluctuating consciousness and children with acute cerebral
injury.®>1%4119 Other indications include children under pharma-
cological paralysis and children with paroxysmal events suspected
to be seizures, though evidence supporting these practices is
weaker!08~ 110117120121 and routine EEG may suffice if there are no
additional clinical or EEG risk factors.

Several cohort studies of children in the PICU have shown an
association between ESE and increased mortality and poor neuro-
logic outcome, when corrected for aetiology.3%:3%92:93.100,104114
Greater seizure burden, defined as the maximum percentage of
any given hour occupied by ESz,'>? and the presence of ESE are
associated with worse outcomes.''?'?? Delay in the identification
and treatment of ESE in children is associated with decreased
effectiveness of ASM and a lower likelihood of seizure termina-
tion.”” Improved detection and treatment of ESz have been shown
to improve patient outcomes, including reduced mortality, reduced
length of stay, and improved short-term neurologic outcomes in
children admitted to the PICU with an altered level of conscious-
ness due to all causes.?>9%10211L116 1mpact on longer-term out-
comes, including likelihood of subsequent epilepsy and effects on
cognition, is being explored.'”!1?

The impact of cEEG on resource utilisation depends on selection
of patients.'>> Health economic modelling suggests that cost-
effectiveness of cEEG of 24—48 h duration in high-risk groups in ESz
identification and management improves patient outcomes by as
little as 3—7% (see Fig. 2 for EEG interpretation resourcing).'>>!%4

3.3. CEEG in the adult ICU
ESz and ESE are detected on cEEG in 10—30% of adults with

critical illness in the ICU, particularly following electroclinical or
convulsive status epilepticus (ECSE) and in adults with an acute

CNS insults such as TBI, cerebral infection, inflammation, and
intracranial haemorrhage (e.g., in Fig. 3).!18118.125-139

Clinical predictors most consistently associated with ESz in
adults are the presence of persistent coma and clinical sei-
zures.'?>0 Additionally, epileptiform abnormalities and periodic
or rhythmic patterns on routine EEG are associated with a 2- to 3-
fold increase in the likelihood of detecting ESz on cEEG.>%141142 A
simple algorithm that combines clinical and routine EEG features
(“2HELPS2B” score) identifies patients most likely to have ESz, this
potentially being useful to guide the rational use of cEEG in
adults, 43144

There is evidence that ESz have harmful secondary effects on
cerebral physiology in adults, in addition to the underlying aeti-
ology. Evidence of inflammation, elevated neuron-specific enolase,
low brain oxygen, high lactate, and increased intracranial pressure
is more commonly identified in adults with acute brain insults such
as TBI who have ESz than in matched patients without seiz-
ures.'?6145-149 qupporting this are case series showing increased
mortality and morbidity in adults with ESz, and particularly ESE,
compared to matched cohorts without seizures,!3313>139.145,150-153
Furthermore, two large registry studies of critically ill adults
admitted to the ICU reported those undergoing cEEG compared
with only routine EEG had a lower mortality rate.">* However, there
is some evidence that suggests cEEG-identified ESz and ESE do not
confer a worse prognosis, independent of the underlying
aetiology, 34152157

Only one RCT of cEEG has been performed, in which critically ill
adult patients with impaired consciousness and no recent seizures
were randomised to cEEG or routine EEG."*® Unsurprisingly, sei-
zures were more frequently detected and ASM more frequently
escalated in patients undergoing cEEG, but no difference in mor-
tality was shown. This was a pragmatic study, with enrolment
dependent on need for EEG, the reasons for which were not spec-
ified. Furthermore, the prevalence of seizures was low, patients
with prior clinical seizures were excluded, and detailed functional
outcomes in survivors were not reported.

3.4. Guidelines and recommendations for cEEG monitoring

Whilst there are no universally accepted international guide-
lines for the use of cEEG, the Consensus Summary Statement of the
International Multidisciplinary Consensus Conference on Multi-
modality Monitoring in Neurocritical Care is published,>® and
there are several country-specific consensus statements with
evidence-based recommendations. The ACNS produced

Fig. 2. Continuous electroencephalography interpretation.
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Fig. 3. Electroencephalography example.

standardised, critical care EEG terminology, with a recent up-
date,’>'%0 as well as consensus statements on the practice and
technical standards for cEEG in neonates,”® children,%'®' and
adults.>'®! Guidelines and consensus statements have also been
published by several other neurocritical care societies.>*’~>10

The ICU patient subgroups and clinical problems recommended
or suggested by different international societies for cEEG are
summarised in Table 2. These publications all acknowledge insuf-
ficient, high-quality evidence to support many of the recommen-
dations and are therefore written as consensus statements rather
than guidelines. They describe an ideal system that may help guide
cEEG but do not cover issues regarding implementation into clinical
practice.

4. Discussion

Seizures, predominantly ESz, may occur in ICU patients with
depressed conscious state, and ESE is present in a proportion of
these patients. The prevalence of ESz in ICU patients with
depressed conscious state depends on age
(neonates > children > adults), the presence of prior clinical sei-
zures, and aetiology (highest risk in patients with stroke, enceph-
alitis, TBI, HIE, and intracerebral haemorrhage). Reported
prevalence rates for ESz and ESE are 10—60% and 5—10%, respec-
tively, in at-risk patients in the ICU, higher rates being reported in
neonates. There is some evidence, particularly in neonates and

children, indicating ESE and high seizure burden have adverse ef-
fects on outcome, over and above that of the underlying condition.
However, there is a paucity of high-quality evidence that detection
and treatment of such seizures improves health or economic
outcomes.

Routine EEG, ideally with neurological consultation, is widely
available and funded in ANZ. Routine EEG is effective for diagnosis
of many seizure-related issues in the ICU, such as detection of
frequent ESz or ESE, and clarification of clinical or aEEG-identified
phenomena. Additionally, routine EEG may show background ab-
normalities, epileptiform discharges, or rhythmic/periodic pat-
terns, indicating a higher likelihood of subsequent ESz and
potential benefit of cEEG.

cEEG allows characterisation of infrequently occurring events,
detection of infrequent or variable frequency ESz and intermittent
periods of ESE, determination of seizure burden, and assessment of
the response to treatment of seizures. There is evidence suggesting
cEEG is cost-effective and contributes to improved mortality,
neurological outcomes, and economic benefits in certain age
groups and aetiologies.

4.1. Controversies and gaps in evidence with cEEG monitoring

While there is no debate that ESz are present in a significant
proportion of critically ill patients in the ICU, well-designed, large-
scale, prospective trials to evaluate the impact on morbidity and
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Table 2

Summary of international guidelines and consensus statements on cEEG in the ICU.

Society/body

Summary of recommendations

American Clinical Neurophysiology Society®”-161

International Multidisciplinary Consensus Conference on
Multimodality Monitoring in Neurocritical Care®'>°

European Academy of Neurology®

Neurointensive care section (European Society of Intensive Care
Medicine)?

Diagnosis of ESz, ESE, and paroxysmal events (recommended)

Assessment of efficacy of therapy for seizures and status epilepticus (recommended)

Identification of cerebral ischaemia (suggested)

Monitoring of sedation and high-dose intravenous anaesthetic therapy (suggested)

Assessment of severity of encephalopathy and prognostication (proposed)

All patients with TBI and unexplained and persistent altered consciousness (strong recommendation,
low quality of evidence)

ECSE with no return to functional baseline within 60 min after ASM and patients with refractory ESE
(strong recommendation, low quality of evidence)

During therapeutic hypothermia and within 24 h of rewarming to exclude ESz in all comatose patients
after cardiac arrest (strong recommendation, low quality of evidence)

Comatose ICU patients without an acute primary brain condition and with unexplained impairment of
mental status or unexplained neurological deficits to exclude ESz, particularly in those with severe
sepsis or renal/hepatic failure (weak recommendation, low quality of evidence)

Not waking 60 min post convulsive status epilepticus (Grade 1C evidence)

Refractory status epilepticus (Grade 1C evidence)

TBI, SAH, CH, encephalitis with unexplained altered consciousness (Grade 1C evidence)

Cardiac arrest with persistent coma (Grade 1C evidence)

Unexplained altered consciousness without primary brain injury (Grade 1 B evidence)

Severe TBI with high-risk features, e.g., large contusion (Grade 2C evidence)

Acute ischaemic stroke with unexplained altered consciousness (Grade 2D evidence)

Other nonseizure indications, e.g., SAH-associated cerebral ischaemia, prognostication in all ICU pa-
tients with unexplained coma, prognostication in cardiac arrest with persistent coma, prognostication
in encephalitis with unexplained coma (Grade 2C evidence)

Refractory SE: recommend urgent (within 60 min) cEEG in patients (strong recommendation, low
quality of evidence—grade 1C)

TBI, SAH, ICH: recommend cEEG to rule out ESz in all patients with unexplained and persistent altered
consciousness (strong recommendation, low quality of evidence—grade 1C).

Stroke: suggest cEEG to rule out ESz in all patients with unexplained and/or persistently altered
consciousness (weak recommendation, very low quality of evidence—grade 2D)

Coma after cardiac arrest: recommend cEEG during therapeutic hypothermia and within 24 h after
rewarming to rule out ESz in all patients (strong recommendation, low quality of evidence—grade 1C).
Infectious and noninfectious encephalitis: recommend cEEG if comatose or have unexplained
neurological deficits to rule out ESz (strong recommendation, low quality of evidence—grade 1C)
Comatose ICU patients without primary brain injury: suggest cEEG if unexplained impairment of
mental status or unexplained neurological deficits to rule out ESz, particularly in those with severe

sepsis or renal/hepatic failure (weak recommendation, low quality of evidence—grade 2C).

mortality of detecting and treating ESz are few. Additionally, some
cEEG studies in adults include findings that could be determined
and actioned from routine EEG.

Many observational studies of cEEG reporting poorer outcomes for
patients with recorded ESz failed to distinguish the impact of seizures
from the impact of the underlying condition and the effects of ASM
and anaesthesia. However, several prospective cohort studies in the
PICU and NICU suggest a seizure burden greater than 20% contributes
to morbidity, over and above the underlying aetiology.”>!14~117

The only RCT of cEEG versus routine EEG,'*® in selected adult
patients at low risk of seizures, showed no reduction of mortality
despite the higher rate of seizure detection and escalation of ASMs.
Although this study suggests routine EEG is a reasonable approach
for patients with impaired consciousness who require an EEG, the
findings cannot be extrapolated to patients with prior seizures and
does not adequately address potential reductions in neurological
morbidity.'®> A similarly pragmatic RCT in the NICU,%? assessing
mortality and developmental outcomes in term and near-term in-
fants with HIE, found no difference in neonates whose treatment
was escalated for ESz diagnosed on aEEG versus those whose
management was only of ECSz. These two studies highlight some of
the difficulties in performing EEG-related research in the ICU,
notably that care did not change in either arm of the NICU study,
suggesting the incorporation of EEG into care is not sufficiently
“protocoled.” They also highlight obtaining long-term health
outcome data in cEEG research is challenging; cohort study evi-

dence obtained mainly in the PICU suggests feasibility and
impact,22:4483.110,114-117124163,164

The goals of treatment (e.g., abolition of all seizures vs.
reduction of seizure burden) and whether infrequent brief sei-
zures need to be treated are areas of ongoing investigation.
Treatment impact may differ based on aetiology, seizure duration,
and management approach.83'%4 Given it may be considered
unethical not to treat cEEG identified ESz and ESE in a randomised
study, novel study designs have been suggested.®®'%> Further-
more, focus on treatment of specific and potentially uncertain
cEEG patterns, as well as a minimal dataset and defined outcome
sets, is needed.

Inter-rater reliability and training issues regarding the
interpretation of cEEG patterns have only been partially
addressed by the introduction of internationally agreed and
standardised adult ICU EEG terminology.”> Furthermore, there
remains no clear international consensus on the definition of ESz
and ESE, although criteria have been proposed by the ACNS to
address this issue in adults, along with clarification of cEEG
patterns.'®

Cost—benefit analysis of cEEG has not been adequately investi-
gated. Cost assessments need to include, in addition to the costs of
CEEG, the costs of treatments to which cEEG findings often lead,
with associated prolongation of ICU stay.>*!3° Benefit analyses
need to include, in addition to health economic costs. The impact of
the underlying neurological condition or brain injury on long-term
outcomes in patients often confounds interpretation of potential
benefits of interventions.

Whilst consensus statements suggest indications for patient
selection and ideal cEEG monitoring set-up, there are no
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Fig. 4. Suggested clinical application of routine EEG and continuous EEG monitoring in the ICU. EEG, electroencephalography; ICU, intensive care unit.

recommendations for resource-poor settings or indications for
transfer of patients to cEEG-capable centres.

The Critical Care EEG Monitoring Research Consortium is a large
international collaboration of experts in cEEG committed to
addressing uncertainties in these areas. Tertiary centres in ANZ
could commit to contribute to the evidence base.

4.2. Challenges with implementation of cEEG monitoring in
Australian and New Zealand ICUs

Considerable challenges exist to providing cEEG monitoring
services in ANZ in a coordinated and equitable manner, both at
single centres and nationwide. As such, the uptake of cEEG in ICUs
has been limited."”%1%7

cEEG would typically be provided by the EEG department of a
major teaching hospital, potentially as an extension of their video-
EEG service for patients with epilepsy. cEEG would be impossible in
small, maternity, private, and rural hospitals without partnerships
with a major neurological centre, access to neurophysiology
personnel and equipment, and a high-bandwidth telemedicine
platform. More likely, patients in peripheral ICUs and high-de-
pendency units would be transferred to major centres for cEEG.

The additional equipment, staff, and time required for most
well-resourced neurology departments to provide cEEG as a new
service would include the following: one or more portable, digital
video-EEG recording units; neurophysiology scientists with expe-
rience in cEEG, the ICU environment, and ICU EEG patterns; neu-
rologists with expertise in EEG patterns related to coma, cerebral
injury, anaesthesia, and seizures, in different age groups; after-
hours availability of neurophysiology scientists to commence,
maintain, troubleshoot, and cease cEEG recordings; after-hours
availability of neurologists to interpret cEEG and to assist ICU staff
in seizure management; network connectivity with the neurology
department's EEG server and archive storage (local or cloud based);
remote access from neurology clinics and offices in the hospital and
from home to live and archived cEEG recordings; funded time for
neurophysiology scientists and neurologists to review, report, and
archive cEEG studies in a timely fashion each day; online analysis
software with compressed EEG display, trend analysis, and seizure

detection capabilities; and cEEG training and continuing education
programs across neurology, neurophysiology, and ICU teams.

Paramount to successful implementation of cEEG is a good
working relationship between medical, nursing, and technical staff
in the neurology, ICU and medical imaging departments, and the
development of appropriate clinical standards and protocols.
Additionally, specific training would be necessary for ICU nurses,
staff neurologists and intensivists, rotating neurology and ICU
trainees, and neurophysiology scientists, in cEEG technology, the
capabilities and caveats of cEEG, and the management of cEEG
detected seizures. An appropriately credentialed neurologist/
neurophysiologist with experience in cEEG and ICU medicine
would ideally oversee, supervise, and coordinate the service;
collaborate in national and international research; and conduct
regular audits.

Lack of dedicated funding or reimbursement is a major chal-
lenge for implementation of cEEG in ANZ. Inpatient EEG services
are poorly reimbursed in general, and some EEG services are not
reimbursed by funding bodies. For public inpatients, reimburse-
ment is typically by activity-based funding to hospitals according to
patient diagnoses. A minority of patients in ICUs of major teaching
hospitals are privately insured or compensable, and even then,
reimbursement is meagre. For example, the Australian Medicare
items 11003/4/5 used for prolonged EEG monitoring attract a
scheduled fee of only A$344/day. Such reimbursement would
barely cover the salary of a neurophysiology scientist performing
cEEG, let alone the equipment, consumables, and neurologist time.
While case-mix funding for ICU patients is significantly greater
than for typical ward patients, based on their complexity, compli-
cations, comorbidities, and protracted length of stay, this funding is
not directly shared with ancillary departments providing care in
the ICU, such as neurology. Furthermore, it would be inadequate to
support the interdisciplinary, neurocritical care team required for
implementation of this new service.

Providing cEEG without the appropriate resources, training, and
reimbursement risks poor clinical outcomes for patients, cost
overruns for neurology departments, staff burnout, and diversion
of care away from established epilepsy services. Attempts to
convince hospital administrators and health funding bodies to
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support cEEG would require detailed “new technology” sub-
missions from neurology and ICU departments for block funding,
with submissions supported by clinical and health economic evi-
dence of improved patient outcomes and cost benefits.

5. Conclusions and recommendations

CcEEG should be considered in ICU patients with clinical or
routine EEG risk factors for seizures and in patients in whom
routine EEG fails to clarify the clinical question (Fig. 4).

cEEG should only be undertaken by appropriately trained
neurophysiology scientists and neurologists or neurophysiologists
with ICU EEG experience. The resources and funding required to
implement and maintain a cEEG service in the ICU are substantial.
Although video-EEG monitoring capabilities exist at most tertiary
hospitals, these are primarily for epilepsy assessment on neurology
wards, not for cEEG in ICUs. Furthermore, remuneration for EEG
services is poor and insufficient for many hospitals to establish or
maintain a cEEG service. A case should be made by neurologists and
intensivists to hospitals and health departments for specific fund-
ing of targeted cEEG of appropriate duration in high-risk ICU pa-
tients. Advocacy by professional societies would help promote
awareness of the value of targeted cEEG in the ICU.

One important, presently unmet need for cEEG is for neonates
and infants in ICUs, where onsite neurological and neurophysio-
logical service provision is often limited, and seizure management
is typically undertaken by neonatologists and intensivists using
aEEG and other “cerebral function monitors.”

High-quality clinical research (multicentre, age-specific, pro-
spective, randomised, pragmatic) including ANZ-specific health
economic evaluations is required to better define the appropriate
patient groups for cEEG, the ideal duration of monitoring, and the
outcomes of detection and treatment of cEEG-based seizures. Until
that time, and until adequate resourcing and funding is provided,
neurologists and intensivists will need to rely upon targeted use of
existing clinical and EEG services. Coma and seizure management
protocols in the ICU should include EEG-based criteria to improve
diagnosis and management, where resources are available.
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