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Continuous EEG Monitoring in Critical Care

Andres Fernandez, MD?

Department of Neurology, Thomas Jefferson University, Philadelphia, PA

INTRODUCTION

Continuous video-EEG monitoring (CEEG) has increasingly been used in the critical
care population in large part due to the recognition that a wide variety of conditions
are associated with the risk of developing seizures. As most seizures in this population
are nonconvulsive, EEG provides the only reliable means to detect them and monitor
response to their treatment. Below are common questions on the role of continuous
EEG in the critical care patient followed by a brief overview.

ARE SEIZURES COMMON IN CRITICAL CARE PATIENTS ?

Seizures have been detected in 8-34% of critical care patients.>? The etiologies asso-
ciated with a high risk of seizures include subarachnoid hemorrhage, intracerebral
hemorrhage, traumatic brain injury, acute ischemic stroke, encephalitis, cardiac arrest
(hypoxic-ischemic encephalopathy), sepsis, and pre-existing epilepsy. In a study of 570
patients with a variety of predominantly neurological etiologies undergoing cEEG for
the detection of nonconvulsive seizures or unexplained impairment of consciousness,
seizures were detected in 19%, of which 92% were exclusively nonconvulsive.?2 A more
recent study of 625 adult inpatients undergoing cEEG (for > 18h) found an overall seizure
frequency of 27%.* The frequency of nonconvulsive seizures is especially high after
the control of convulsive status epilepticus. A prospective study of 164 patients with
convulsive status epilepticus undergoing cEEG for a minimum of 24 hours found
persistence of non-convulsive electrographic seizures after the control of convulsive
status epilepticus in 48% of patients.>

While most studies have concentrated on critically ill neurological patients, cEEG often
detects seizures in patients hospitalized in medical (MICU) and surgical (SICU) intensive
care units. Oddo et.al. found a 10% rate of electrographic seizures among 201 MICU
patients without known acute neurological injury undergoing ceEG (with purely elec-
trographic seizures on 67% of cases); sepsis was a significant predictor of electrographic
seizures and seizures were associated with poor outcome in this study.# In another
study of 105 patients without acute brain injury undergoing cEEG in the MICU and SICU,
electrographic seizures were found in 11% of patients and they too were associated with
worse functional outcome.®> Recently, Kurtz et.al. reported a 16% rate of nonconvulsive
seizures among 154 SICU patients undergoing cEEG for altered mental status; noncon-
vulsive seizures were again associated with poor outcome.®

DO SEIZURES HAVE AN IMPACT IN CRITICAL CARE PATIENTS ?

Seizures induce physiological changes and have been associated with secondary brain
injury. Vespa et.al. found an electrographic seizure rate of 6% in 46 patients with ischemic
stroke and 28% in 63 patients with intraparenchymal hemorrhage (ICH) undergoing cEEG
(76% had only electrographic seizures). In the ICH patients, seizures were associated with
greater neurological deterioration and increase in midline shift on CT scans during the
initial 72 hours after symptom onset.” More recently, a study of 48 comatose subarach-
noid hemorrhage patients undergoing multimodality monitoring including intracranial
EEG recordings, showed a seizure rate of 38% for intracranial and 8% for surface seizures;
intracranial seizures were associated with increases in heart rate, mean arterial pressure
and respiratory rate reflecting a sympathetic response and with trends for increased
intracranial and cerebral perfusion pressure.® Seizures, and more specifically seizure
burden, has recently been shown to independently contribute to neurological decline
in a large prospective study in a pediatric critical care population.® These associations
suggest the potential impact of seizures in worsening the already fragile clinical state
of the critical care patient.

WHAT ARE SOME COMMON
USES OF CEEG MONITORING
IN CRITICAL CARE PATIENTS ?

The most common indication for
peforming cEEG in critical care patients
is when there is a suspicion for seizures.
As described above, there are many
potential neurological and non-neuro-
logical etiologies that have a risk for
seizures. Seizures might have a wide
range of presentations. Critical care
patients frequently have changes in the
level of consciousness and/or altered
mental status and the clinical exam alone
is usually a poor marker for seizure detec-
tion in this setting, thus requiring cEEG for
reliable diagnosis. When nonconvulsive
seizures have clinical manifestations,
they are typically subtle (e.g. non-overt
rhythmic or repetitive movements,
clonic, myoclonic, or tonic movements,
gaze deviation, eyelid fluttering, etc) in
contrast with the more overt rhythmic
movements of the extremities seen in
convulsive seizures. Critical care patients
also frequently have paroxysmal events
(e.g. motor or autonomic repetitive
episodes) where an epileptic etiology
is suspected and continuous EEG is a
useful tool in establishing their potential
epileptic origin. Given the subtle seizure
semiology and the frequent occurrence
of artifacts in the critical care setting, the
video component of the EEG recording is
of great importance.

In patients with status epilepticus, cEEG is
key to assess the effectiveness of therapy.
Its use in this setting is recommended by
the recent neurocritical care guidelines
for the treatment of status epilepticus.?®
There are other indications for cEEG
beyond seizure detection and seizure
treatment monitoring including neuro-
logic prognostication after cardiac arrest
(as part of a multimodal approach);11?
there are also studies describing cEEG
(quantitative EEG) use for ischemia
detection in poor-grade subarachnoid
hemorrhage patients, 3% and cEEG use
for burst suppression monitoring to
determine therapeutic endpoints during
barbiturate coma.®
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EEG Monitoring

The 2012 Neurocritical Care Society
guidelinesareavaluable sourcefordetailed
recommendations on the indications for
EEG monitoring in the critical care setting.
These suggest strategies for evaluation
and management of status epilepticus.
In addition, the 2013 consensus state-
ment on the use of EEG monitoring in
critically ill patients from the Neuroin-
tensive Care Section of the European
Society of Intensive Care Medicine is
helpful 1016

WHAT IS THE TYPICAL DURA-
TION OF CEEG MONITORING
AND WHICH EEG FINDINGS
ARE ASSOCIATED WITH HIGH
RISK OF SEIZURES ?

There is no standard duration of cEEG
monitoring. Factors such as the clinical
state of the patient (e.g. comatose vs non-
comatose), EEG findings (e.g. presence
or absence of epileptiform abnormali-
ties, periodic or rhythmic patterns), and
underlying etiology may play a role in
defining the individual duration of moni-
toring. Close communication between
the intensivist and the neurophysiology
teams can help in assessing monitoring
duration for each patient. However, the
literature contains data suggesting how
EEG monitoring might be used.

In the retrospective study of 570 critical
care patients undergoing cEEG, most
seizures were detected within 24 hours of
recording in non-comatose patients but
longer monitoring periods were needed
in comatose patients. Only 80% of the
comatose patients had their first seizure
within 24 hours of recording, with 13%
of the comatose patients needing > 48
hours of recording to capture their first
seizure.

The authors suggest that this data doesn't
provide a guide for how long to monitor
a patient but rather helps in the decision
for cEEG discontinuation.? In a recent
study analyzing cEEG data from 625
inpatients monitored for varied, primarily
neurological etiologies, the 72 hour risk
of seizure could be determined based on
the presence of epileptiform discharges.

The 72 hour risk of seizure decreases to <
5% in patients with no epileptiform activity
over the first 2 hours of the recording and
for patients with epileptiform activity but
no seizures over the first 16 hours of the
recording.

Only 4% of patients without epileptiform
abnormalities had seizures, and 58% of
patients who had seizures had their first
seizure early in the recording (<30min of
monitoring).*Y

The association of specific EEG patterns
such as periodic or lateralized rhythmic
patterns with seizures has been described
in the literature. In a study of 67 coma-
tose neuro-ICU patients undergoing
prolonged cEEG monitoring (ten or
more days), the presence of prolonged
(> 5 days), intermittent (1-5 days), or
no recording of periodic epileptiform
discharges (PED) was seenin 37%, 31%, and
31% of patients, respectively. Prolonged
PEDs were associated with the presence
of electrographic seizures.'® Foreman
et.al. reported data on 200 patients
with generalized periodic discharges
(GPDs) matched with 200 controls.
Overall, 46% of patients with GPDs had
a seizure (clinical or electrographic)
during the hospital stay compared with
34% in controls. Nonconvulsive seizures
and nonconvulsive status epilepticus
were seen in 27% and 22% respectively
in GPD patients compared with 8% and
7% in controls.'® In a study by Gaspard
et.al. of 558 patients undergoing urgent
EEG or cEEG, lateralized rhythmic delta
activity (LRDA) was found in 27 subjects
(5%); lateralized periodic discharges (LPD)
in 49 (9%); focal nonrhythmic slowing
in 136 (24%); and no focal, periodic, or
rhythmic patterns (labeled as controls) in
241 (43%). Almost all subjects with LRDA,
LPD or focal nonrhythmic slowing had an
acute or remote cerebral injury. Almost
two-thirds of patients with LRDA were
stuporous or comatose.

A 63% rate of seizures during the acute
illness (almost all electrographic) was
seen for patients with LRDA, similar to
the rate seen for subjects with LPDs
(57%), and higher than in nonrhythmic
slowing and controls (20% and 16%
respectively).?®

The presence of patterns that have an
association with electrographic seizures
in a given recording may warrant a longer
recording than in ones where they are
absent.

IS THERE PRACTICE VARI-
ABILITY ON THE USE OF CEEG
IN CRITICAL CARE PATIENTS ?

The variability in clinical practice in the
use of continuous EEG in critical care
patients has been recently highlighted
on a survey of neurophysiologists and
neurointensivists. One-hundred thirty
seven physicians from 97 institutions
completed the survey (64% institutional
response rate). Almost all utilize cEEG
for nonconvulsive seizure detection in
patients with altered mental status after
clinical seizures, intracerebral hemor-
rhage, traumatic brain injury, and cardiac
arrest, and to characterize abnormal
movements suspected to be seizures.
There was variability in cEEG use for
altered mental status in the setting of
other etiologies such as tumors, ischemic
strokes, central nervous system infec-
tions and metabolic encephalopathy
where > 25% do not routinely perform
cEEG for these indications. The use for
vasospasm detection after subarachnoid
hemorrhage was low. Typical duration
of monitoring was similar, with most
reporting recordings lasting 24 or 48
hours (50% and 29% respectively). Almost
half of respondents reported an increase
in cEEG use compared to the prior year.?

It is important to establish institutional
protocols for indications and practice
of critical care video-EEG monitoring. A
team approach is ideal, which includes
close collaboration between intensiv-
ists and the neurophysiology team. An
upcoming consensus statement on
critical care EEG currently under devel-
opment from the American Clinical
Neurophysiology Society will provide
useful guidance in this process.
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CONCLUSION

In conclusion, continuous EEG plays an increasingly important role in the monitoring
and treatment of critical care patients, both in the neurocritical care setting and in the
general critical care population. Its role is expanding from the more typical use for
seizure detection to include other uses such as prognostication of outcome and more
generally for the neuromonitoring to aid management of the critically ill patient. There
are still many unanswered questions and further research is needed. New insights into
potential applications and overall significance in the care of the critically ill patient will

be seen in years to come.
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