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ABSTRACT

Critically ill patients need to be treated quickly, carefully, precisely and comprehensively.
Neurological status should be concerned because of the severe impact that occurs if it is not
immediately handled, that is permanent disability or death. The neurologic problem like non
convulsive seizures may not distinctly clear. It is difficult to assess non-convulsive seizure only
by clinical physical examination. Continuous Electroencephalography (cEEG) is a useful to
measure electrical brain activity. It could be used to identify seizure, cerebral ischemic, monitor
and evaluate the medication, and prognostic of the diseases. This equipment is noninvasive and
could give real-time information about the patient condition. The complex procedure and
availability of skilled technician and competent reviewer, is the barrier to optimize this tools.
Besides the benefit and challenge, cEEG is recommended to be used in critically ill patients’
management.
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Abbreviations: ADR — Alpha to Delta Ratio; CBF — Cerebral Blood Flow; giEG — continuous
Electroencephalography; CNS — Central Nervous System; CT — Computed Tomography; DCI
= Delayed Cerebral Ischemiagf§EG — electroencephalography: GCS — Glasgow Coma Scale:
ICU - Intensive Care Unit; MRI - Magnetic Resonance Imaging; NCS — Non-Convulsive
Seizures; NCSE — Non-Convulsive Status Epilepticus; PAV — Percent Alpha Variability; PEDs
— Periodic Epileptiform Discharges.: RAV — Relative Alpha Variability; TBI — Traumatic Brain
Injury; TCD — Transcranial Doppler

INTRODUCTION

Critically ill patients have a high risk of neurologic problems. If this condition is not
realized and not detected early. it will cause morbidity and mortality outcomes. The main goal
in the management of critically ill patients is to identify. prevent, and treat
neurologic/underlying disease that may cause secondary brain injury.' Neurologic monitoring

is important. Electroencephalography (EEG) is a tool to detect, monitor, and evaluate brain
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activity. This is a noninvasive tool to assess brain function and may give useful data in the
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diagnosis and prognosis of cerebral complications.”” Continuous EEG monitoring (cEEG)

provides an important real-time information in detecting subclinical seizures and non-
convulsive status epilepticus in the critically ill patients. Therefore, it may be assumed be the
gold standard for seizure detection.** This review will emphasize the indication, method,
benefit, and challenge of cEEG. The English publication searching method was using PubMed

and Google Scholar database. The search term included continuous EEG, critically ill, non-

convulsive seizure.

INDICATION

In Intensive Care Unit (ICU), EEG is performed on patient with decreased level of
consciousness with unknown cause and indicated to detect non-convulsive seizure, ischemia,
to monitor sedation and to assess prognosis after cardiac arrest. acute brain injury, hypoxic-
ischemic encephalopathy, acute ischemic stroke, intracerebral hemorrhage, subarachnoid

hemorrhage, infectious and non-infectious encephalitis, severe sepsis and supporting data to

diagnose electrocerebral inactivity caused by brain death ®®

Detection of Non-convulsive seizure

c¢EEG is indicated for unconscious patients with unclear cause. This examination is
performed from 24 to 48 hours for patient with unknown neurologic injury.’ In critically ill
patient, seizure is dominated by n-convulsive seizures (NCS) or non-convulsive status
epilepticus (NCSE) and EEG monitoring is needed for detection. There are many causes of
NCSE, such as stroke, head trauma, CNS infection, sepsis. and organ transplantation.'*!!

NCS is seizure without prominent motor symptom. It has a subtle clinical presentation,

such as agitation, catatonia. psychosis. blinking, staring, nystagmus, facial muscle/limb




twitching, and associated with altered consciousness. The duration is at least 10 seconds. NCSE
is continuous seizure or intermittent electrographic seizure without prominent motor symptom
for minimum 30 minutes in comatose patient and without recovery between episodes. There
were no definitive diagnostic criteria for NCSE identification, but there were many criteria
proposed by Chong, Sutter. and Salzburg.' NCS and NCSE were found in 8-48% of comatose

patients.'* "4

The probability of seizure detection during cEEG increases with the duration of

monitoring. Claasen ef al, (2004) reported that seizures occurred in 110 (19%) of 570 patients
(1996-2002) who underwent cEEG monitoring in Columbia University New York —

Presbyterian Hospital. Most seizures was non-convulsive (92%). It was confirmed that

subclinical seizures were extremely common in these patients. The first seizure was recorded
after 24 hours in 20% of comatose patients. Only % of patients had their first event within 1
hour of EEG. and this percentage increased to 82. 88. and 93% within 12, 24 and 48 hours.
respectively.'”

If seizure is not detected and stopped. it can cause permanent brain damage and death.’
Seizure can increase metabolic demand and blood flow, worsen secondary brain injury, increase
intracranial pressure, worsen midline shift, alter tissue oxygenation, decrease hippocampal
mass and cause neuronal necrosis.'®!” Delay in the detection and management of seizure may
worsen the condition and could increase morbidity and mortality rate.® Patients with NCSE

were associated with prolonged ICU stay and poor outcomes with 20% to 30% mortality rate.

However, this poor outcome is strongly influenced by the underlying etiology.*-%-18:19-20

It was found electrographic seizures in 29% of patients with acute and severe metabolic
disorder. There are many metabolic derangements that provoke seizure, such as hypoglycemia,

hyperglycemia, hyponatremia, hypocalcemia, hypercalcemia, endocrine, hepatic and renal

dysfunction. EEG pattern give a little specific information about source of metabolic




derangements, but some pattern could give typical metabolic source, like triphasic waves
frequently seen in hepatic and renal dysfunction. Study from Cipto Mangunkusumo Hospital
Jakarta reported incidence NCSE is high (61.8%) in metabolic encephalopathy based on
Salzburg criteria. The EEG patterns showed epileptiform and non epileptiform pattern, like
focal slowing, general slowing, triphasic wave., and burst suppression. The treatment is
antiseizure and correcting the underlying metabolic derangements. It should be immediately
identified and treated before the brain injury becomes permanent.'??!-2

Traumatic Brain Injury (TBI) with pressed skull fracture, penetrating injury and large
cortical contusion/hematoma is high risk for non-convulsive seizure. It is advisable in patient
with lasgow Coma Scale (GCS) below 9 or fluctuating mental status doing EG monitoring
within 24-48 hours of admission. Seizure could happen within the first week after TBI
(incidence 4-14%). Some studies show that seizure and low Percent Alpha Variability (PAYV)

are independent risk factors for poor outcomes in TBI patients.”?"2

Mild TBI show atypical EEG pattern, like wing of the posterior dominant rhythm
and increased diffuse theta slowing. This condition may return to normal within hours to weeks.
Some condition should be considered in TBI, such as a breach artifacts in patient who did
craniotomy, EEG attenuation pattern in subgaleal hematoma patient. Epileptiform

abnormalities such as sporadic spikes and sharp waves, periodic epileptiform discharges, and

rhythmic patterns are at high risk for post traumatic epilepsy.**?

Detection of Cerebral Ischemia

Cerebral ischemia is found in approximately 30% patient with vasospasm and
ancurysmal subarachnoid hemorrhage."” cEEG may detect decreasing cerebral perfusion in
vasospasm. Cerebral ischemia is a risk factor for seizure. The study by Claasen ef al, (2004)

reported that 11% patient with ischemic stroke had seizure (mostly non-convulsive) and




associated increased mortality rate. Another condition that can cause cerebral ischemia is
surgical procedure (Carotid End Arteriectomy) and intracranial hypertension.>?’

Based on Cerebral Blood Flow (CBF), there were several EEG changes correspond to
cercbral ischemia. Loss of beta activity could be found at the CBF of 25-395 ml/100 g
tissue/minute. If the CBF diminished of 18-25 ml/100 g tissue/minute. it will show the theta
slowing. The EEG pattern showing delta slowing at the CBF of 12-18 m1/100 g tissue/minute.
The irreversible state of cerebral ischemia established at the CBF of <8-10 ml/100 g
tissue/minute and from this EEG pattern suggest there is suppression.™

The EEG record help to identify reduced CBF in critically ill patient who high risk of
cercbral ischemia and limited information from clinical examination. It is very sensitive to
ischemia and may reveal changes at a reversible stage of reduced CBF and neuronal dysfunction
(25 to 30 mL/100 g per minute).”?” The more rapidly decrease CBF, the more severe change
could be seen in EEG. EEG alteration happens within seconds of decrease CBF. Vasospasm
could be immediately detected in EEG, and the intervention could be soon applied. MRI and
CT Scan can also detect cerebral ischemia but it needs time to be seen in imaging, usually
infarction has occurred and the intervention seems to be late. The cEEG pattern that related to
vasospasm consist of ocal delta slowing associate with the injury area, burst of frontal biphasic
delta waves. continuous rhythmic delta activity, continuous rhythmic delta activity, and

continuous polymorphic or unreactive delta.® %17

elayed Cerebral Ischemia (DCI) is a severe complication caused by vasospasm and/or
subarachnoid hemorrhage. Suspicious diagnosis is made from clinical presentation, such as
decrease of consciousness, new neurological deficit. But in comatose patient, the new
neurological deficit presentation is difficult to evaluate. Angiography could identify DCI during

vasospasm but it is invasive procedure and need the patient to move to radiology room.

Transcranial Doppler (TCD) could be used to identify ischemia by measure cerebrovascular




velocity in only short time. Thus, cEEG is recommended non-invasive tools to identify DCI
during vasospasm in long period time. The limitation of cEEG is difficulty in ischemia
identification at subcortical region because of the position of electrode on the scalp, far away
to detect clectrical brain activity.>'7’

Quantitative EEG could help cEEG for detection DCI. Alpha to Delta Ratio (ADR) and
Relative Alpha Variability (RAV) are the useful parameter to detect DCI and correlate with the
outcome of SAH. The decrease of ADR and RAV (>38%) indicate DCI and it could be detected
in 7 hours before clinical deterioration and 44 hours before the imaging (CT scan) show
ischemic lesions. The recent study proposes cEEG monitoring in all aSAH patients. Early

detection and intervention of DCI may improve outcome. 23

Monitoring and evaluating therapy

cEEG is recommended to monitor and evaluate seizure, either convulsive and non-
convulsive seizure. The improvement of seizure could be seen from the EEG pattern and mental
status which achieved from bedside examination or video recording. After scizure have been
controlled and the medication stopped, cEEG still continue for at least 24 hours because of the
high risk seizure recurrence, especially in comatose patient and/or have Periodic Epileptiform
Discharges (PEDs). 3%

Treating the seizure to achieve burst suppression in EEG is effective in preventing
breakthrough seizure. It could be severe clinical presentation when this seizure happen. Jordan
and Hirsch (2006) reported the frequency of breakthrough seizures is low (4%) when burst
suppression achicved, conversely the frequency is high 53% if the treatment just only climinates
EEG epileptiform activity (seizure suppression). Cerebral metabolic rate and cerebral blood

volume decreases in burst suppression so it can provide patient’s brain protection.’3°




Sedation is used in 42% to 72% of critically ill patients in order to make patient comfort
and safe during application of mechanical ventilator. There are many scales have been
developed to monitor sedation administration, such as Ramsay Scale, Riker Sedation Agitation
Score (SAS) and the Richmond Agitation-Sedation Scale (RASS). cEEG is considered to
assess the degree of sedation when the patient is unresponsive and the scales cannot be used.
Burst suppression which found in cEEG is not the only indicator for monitoring NCS or NCSE
but also for monitoring of sedation administration. Burst suppression help to titrate the optimal
dose of sedation with minimal adverse effects. such as hemodynamic complication, cardiac
distress renal and hepatic failure. The maintenance of burst suppression may improve the
survival. The burst suppression in patient who have pentobarbital titration had a good recovery

(24%) with minimal or no disability (10%) at 1 year.”?73>37

Prognostication of disease

The data collected from cEEG help to predicting the outcome of comatose patients
caused by several neurologic conditions. like TBI, subarachnoid hemorrhage, hypoxic
encephalopathy after cardiac arrest. The presence of seizure (found in 18% of patients with
TBI) and the absence of normal sleep architecture will give poor outcome because of the
occurrence of secondary brain injury and metabolic distress. The other study by Vespa ef al.
(2002) reported that reduced percentage of alpha variability in patient with moderate or severe
TBI within 3 days after injury is highly predictive for poor outcome.”?”*

In SAH, cEEG is an independent factor to predict the outcome. The patient had good
outcome if it is obtained physiologic sleep architecture, state changes, reactivity to external

stimuli, and absence of periodic discharges. Conversely, Epileptiform discharges, NCSE and

absent EEG background reactivity associated with poor outcome (modified Rankin Scale 4 to




6). The mortality is high (30%-100%) when the NCSE was recorded and prolonged. The
survivor will still dependent.?®3*

The treatment of cardiac arrest is hypothermia and sedation administration. The
clinician should be aware that seizurc (subclinical) could happen after this treatment
discontinue. The cEEG is required to identify seizure because most of it is non-convulsive. The
presence of burst-suppression or status epilepticus ande absence of EEG reactivity to external

stimuli at 3 days after cardiac arrest significantly predict poor outcome.

2735
The most important thing to realize the EEG pattern, that sometimes give a false positive
in the outcome prediction. The EEG shows an improvement but still poor of the clinical

outcome.**

INSTRUMENTATION

Ideally, cEEG should be available 24 hours a day and 7 days a week. This examination
should be done immediately (less than 1 hour) after indication criteria are established. The
duration of cEEG varies, depends on the patient characteristics. Commonly seizures are
recorded during the first 24 hours, and frequently in the first 48 hours or more.” Most NCSE
(80-95%) may be found in the first 24-48 hours of EEG recording. The obtained data from EEG
were checked and reported at least once daily by a competent clinical reviewer.® The quality of
the recorded EEG should be checked twice daily to make sure that the electrodes were placed
correctly and maintained in low impedance (refilled gel). A good teamwork between EEG

reviewer, technician and ICU personnel is required for the best cEEG performance.™

BENEFIT
EEG examination is a non-invasive tool to detect seizures phenomena such as
subclinical seizures and non-convulsive status epilepticus. It allows *‘real-time’” exploration of




the spontaneous activity of the neurons in the cerebral cortex.’ cEEG pattern can help to detect
and monitor seizures, non-convulsive seizures, ICP changes. and cerebral ischemia, to assist in
titrating therapies such as barbiturate administration and to predict the outcome of comatose
patients. The other tools are less suitable to detect brain activity and its dysfunction, like
‘I\?agnetic Resonance Imaging (MRI) or Computed Tomography Scan (CT-Scan). Those
devices can show specific anatomy imaging but cannot find out the function and pathological

process in the brain. Moreover, the risk of transporting critically ill patient to radiology room

is quite high.!”3*

CHALLENGE

The limitations of cEEG are the high cost, the need for a skilled technician and a
competent data reviewer, the technical difficulty of implementation and the susceptibility to
drug effects and superficial artifacts such as those caused by eye and limb movements or
electrical interference.'?**° Artifacts may be barrier in interpreting EEG. They may mimic
seizure and could arise from chest percussion, rhythmic movement, intravenous device,
ventilator tubing, dialysis and other equipment that occupies space and produces a lot of
clectrical noise. The EEG ground plays a role in preventing power line noise from interfering
with the electrical signals from the brain. Poor grounding will produce 50/60 Hz artifact. The
other obstacles while undertaking long term recordings are the chance of detachment of
electrode contact that may be caused by drying out, impedance mismatches, head anatomy
change, open wounds, and body movement.”*" 2

There are three types of electrode, ie. cup electrodes, stick-on electrocardiogram
electrodes, and needle electrodes. Each type has their own strength and weakness. Cup electrode
has a high sensitivity (better signal quality) and familiar for daily activity but this electrode had

several limitations. It has to be removed for brain imaging, has a short lifespan (6-12 hours),




unpleasant smell from the collodion, and risk of fire. Stick on electrode has advantages such as
good adhesive properties and longer lifespan (24 hours): but this electrode also needs to be
removed when imaging is needed. A higher impedance can decrease the signal quality. Needle
clectrode is quite invasive and cxpensive, but it produccs the best records with the ability of
long-term application and doesn 't need to remove while doing brain imaging.*’

In developing countries like Indonesia, which lack of skilled technicians and competent
reviewers to perform cEEG. The disparity of health care. especially intensive care unit and
human resource concentrate in capital cities are need to be our concern. Intensive training
program and certification regularly performed by organization and network establishing have
been done to overcome this challenges. The health policy from the government is also required
to support and distribute these sophisticated facilities. The final purpose is to give the best

medical service and improving the quality of life.* ¢

SUMMARY

In critically ill patients, cEEG can provide significant information about the current
neurological state, like non-convulsive seizure, cerebral ischemia, efficacy of medication and
prognosis for the outcome. This examination should be combined with clinical information and
physical examination to give the best treatment for patients. The challenges in procedure and

availability of human resource should not hamper the application of cEEG to support the

management of critically ill patients.

Conflict of interest: No funding was used for the preparation of this review
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