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Abstract

Background

Electrocencephalography (EEG) is a tool to assess cerebral cortical activity. We
investigated the indications and results of routine EEG recordings in neurocritical
care patients and corresponding changes in anti-seizure medication (ASM).

Methods

This was a single-center, retrospective cohort study. We included all adult Intensive
Care Unit (ICU) patients with severe acute brain injury who received a routine
EEG (30-60 minutes). Indications, background patterns, presence of rhythmic and
periodic patterns, seizures, and adjustments in ASM were documented.

Results

A total of 109 patients were included. The EEGs were performed primarily to
investigate the presence of (non-convulsive) status epilepticus ((NC)SE) and/
or seizures. A (slowed) continuous background pattern was present in 94%. Low
voltage, burst-suppression and suppressed background patterns were found in six
patients (5.5%). Seizures were diagnosed in two patients and (NC)SE was diagnosed
in five patients (6.4%). Based on the EEG results, ASM was changed in 47 patients
(43%). This encompassed discontinuation of ASM in 27 patients (24.8%) and initiation
of ASM in 20 patients (18.3%).

Conclusions

All EEGs were performed to investigate the presence of (NC)SE or seizures. A
slowed, but continuous background pattern was found in nearly all patients and
(NC)SE and seizures were rarely diagnosed. Adjustments in ASM were made in
approximately half of the patients.
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Introduction

Electrocencephalography (EEG) is an easy and non-invasive tool to assess cerebral
cortical activity. Especially in neurocritical care patients with multifactorial
causes of an altered consciousness, including brain injury, sedative medication,
and metabolic derangements, EEG can provide valuable information on brain
(dys)function. Furthermore, EEG is used to investigate the presence of (non-
convulsive) status epilepticus (NC)SE. The reported incidence of (NC)SE in adult
neurocritical care patients varies between 8 and 20% and has been associated with
poor outcome.!" 2 Early detection could prompt initiation of therapy with anti-
seizure medication (ASM) and early intervention could possibly improve outcome.
2 In international guidelines, it is recommended to use EEG for the diagnosis and
management of (NC)SE in patients with unexplained disorders of consciousness.
351 Whether continuous EEG has advantages over routine (30-60 minutes) EEG
registration remains an area of debate. Rossetti et al.l¥! showed in a randomized
controlled trial that in a mixed ICU population monitored with continuous EEG,
more epilepsy-like abnormalities were detected, leading to more treatment with
ASM. However, no improvement in outcome was found. Triggered by the lack of
knowledge in literature and consensus amongst experts, we explored the reasons
for routine EEG registration and subsequently the consequences of the EEG findings
on ASM regimen in our neurocritical care patients.

In this retrospective study, we investigated the indications and corresponding
results of routine EEG recordings in neurocritical care patients. Furthermore, we
describe the effect of EEG on clinical decisions regarding changes in ASM.

Methods

Design

This was a single-center, retrospective cohort study performed at the Amsterdam
University Medical Centers, location AMC. The local Medical Ethical Committee
waived the need for informed consent on May 30, 2022 (reference number W22-
192 # 22.240).

Study population

All adult patients (> 18 years old) admitted to the ICU with acute brain injury
defined as subarachnoid or intracerebral hemorrhage, intracranial infection,
traumatic brain injury, or acute ischemic stroke, who received a standard
routine (30-60 minutes) EEG registration, were eligible for this study. A hospital
administrative database and departmental log of all routine EEGs performed
between January 2018 and May 2022, were used to identify eligible patients.
Patients with other causes of unexplained disorders of consciousness, in the absence
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of acute brain injury (i.e. metabolic or septic encephalopathy, hypothermia,
alcohol or ASM withdrawal) or who were admitted due to epilepsy or a status
epilepticus as their underlying primary etiology, were excluded. Also, patients
admitted after cardiac arrest in whom continuous EEG was recorded according
to our protocol for neuroprognostication were excluded. Finally, EEG recordings
at the emergency department or clinical ward were also excluded. According to
hospital protocol an EEG is always ordered in consultation with a neurologist or
neurosurgeon. The neurology or neurosurgery consultant performs a neurological
assessment to evaluate clinical symptoms suspicious for (NC)SE/seizures and
disorders of consciousness prior to ordering an EEG. Any form of sedative medication
(propofol/midazolam) is discontinued prior to this consultation.

Patient characteristics

All data were collected from the electronic patient records. The following
demographic and baseline characteristics were documented: age, sex, admission
diagnosis, Glasgow Coma Scale score (GCS) at admission and GCS at the time of
EEG assessment. Clinical symptoms suspicious for epilepsy such as: tonic/clonic
movements, jerking, eye blinking, nystagmus, twitching, grand mal seizure or
convulsions or other motor movements were documented. The Glasgow Outcome
Scale (GOS) at ICU discharge was used to assess neurological outcome. The GOS
is an ordinal scale that classifies outcomes as: 1. Dead, 2. Vegetative. 3. Severely
disabled, 4. Moderately disabled, and 5. Good recovery.!!

EEG characteristics

Indications and timing of the EEG (in days after admission) were documented.
All EEGs were recorded using 21 electrodes following the international 10 to 20
system and assessed by experienced board-certified neurophysiologists following
the American Clinical Neurophysiology Society’s recommended standardized
critical care EEG nomenclature.® The minimal duration of EEG recordings was 30
minutes. From the EEG reports, we extracted data on background patterns and
reactivity. In case the background pattern was not described as ‘continuous’ in the
EEG report, the EEG was revised (by GN and AFVR) and scored again. Background
pattern was then classified as: ‘continuous’, ‘discontinuous’ (10-49% of record
suppressed or attenuated), ‘low voltage’ (most or all activity <20 microvolt, but
not qualifying as suppressed), ‘burst-suppression’ (50-99% of record suppressed),
burst-duration 0.5-30s and burst >4 phases), or ‘suppressed’ (>99% of record
suppressed). Reactivity, defined as any change in amplitude and/or frequency of
the EEG after external stimulation, was tested by the neurophysiology technician.
Reactivity testing consisted of passive eye-opening, acoustic simulations and if the
patient did not respond, a noxious stimulation.
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Presenceofrhythmicandperiodicpatterns, electroclinicalseizures,andelectrographic
seizures as described in the EEG report were documented. Electroclinical seizures
were defined as any EEG pattern with either definite clinical correlate time-
locked to the pattern (of any duration), or both EEG and clinical improvement
after administration of a parenteral ASM. Electrographic seizures were defined as
either epileptiform discharges averaging > 2.5 Hz for > 10 seconds (>25 discharges
in 10 seconds) or any pattern with definite evolution and lasting > 10 seconds.
Electrographic seizures were considered non-convulsive if the patient records did
not explicitly mention clinical symptoms consistent with seizures and that were
correlated with the electrographic seizure activity. If rhythmic and periodic patterns
were observed, but did not meet the criteria for an electrographic/electroclinical
seizure diagnosis, these were defined as ‘possible’ seizures in the EEG report.

(NC)SE was defined as either an electrographic or electroclinical seizure with a
duration of either > 10 continuous minutes or a total duration of > 20% of any 30 to
60-minute period of recording or an electroclinical and convulsive (i.e., bilateral
tonic-clonic motor activity) seizure of > 5 minutes. The term ‘possible’ (NC)SE was
used for rhythmic and periodic patterns lasting at least > 10 consecutive minutes or
for a total duration of > 20% of any 30 to 60-minute period of recording, which shows
EEG improvement after ASM administration, but without clinical improvement.®
The use of ASM therapy prior to or after the EEG recording was documented, so
were changes in drug regimen after the EEG. Changes in ASM were always EEG
guided and in consultation with a neurologist or neurosurgeon. Standardized
seizure prophylaxis protocols were not implemented within our center.

Statistical analysis

The data are presented as medians and interquartile ranges (IQR) for continuous
data with nonparametric distribution and as means and standard deviations for
continuous parametric data. Categorical variables were described as frequencies
and percentages. Outcome variables between patients with and without (NC)SE/
seizures were compared using the Mann-Whitney U test or Students t-test for
continuous variables and the Fisher’s exact test and Chi-Square test for categorical
variables. Additionally, differences in GOS scores at ICU discharge between patients
with and without reactivity were compared using the Mann-Whitney U test. A
p-value of 0.05 or less was considered statistically significant.
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Results

From 274 routine EEGs performed in the hospital between January 2018 and May
2022, we identified 109 eligible patients with acute brain injury who required an
EEG during ICU admission (Figure 1). Patient characteristics are presented in Table
1. The EEG was performed at a median of 4 days [IQR 2-7 days] after ICU admission.
Patients had a severely impaired consciousness, the median GCS total score at the
time of the EEG was 6 [IQR 3-7], the median GCS motor score was 3 [IQR 1-4]
Clinical symptoms suggestive for seizures were present in 63 patients (58%), while
the remaining 46 patients (42%) only displayed disorders of consciousness when the
EEG was requested.

Figure 1. Summary of selection process
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In all patients the EEG was requested to investigate the presence of (NC)SE or
seizures. The EEG results revealed a continuous, but slowed, background pattern
in nearly all patients (94%). Low voltage, burst-suppression and suppressed
background patterns were found in six patients (5.5%). EEG reactivity testing was
performed in all patients and EEG reactivity was observed in 51 patients (47%).
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Table 1. Baseline, clinical and outcome characteristics

n =109

Age (years) 61 [50-69]
Sex (female) 49 (45%)
Glasgow Coma Scale at admission 3[3-11]
Admission diagnosis

Subarachnoid hemorrhage 6 (33%)

Traumatic brain injury 2 (20%)

Intracerebral hemorrhage 0 (18%)

Acute ischemic stroke 9 (17%)

Intracranial infection 8 (7%)

Other* 4 (4%)
APACHE IV score 87 [71-99]
Highest SOFA score during ICU admission 12 [10-13]
GOS score at ICU discharge

1. Dead 32 (29%)

2. Vegetative state 37 (34%)

3. Severe disability 40 (37%)

Values are presented as count (percentages) or median [interquartile range].

*Other diagnoses encompassed: sinus thrombosis, cerebral air embolus, hemolytic uremic
syndrome with cerebral involvement and resection of a meningioma.

APACHE IV = Acute Physiology And Chronic Health Evaluation 1V score, GOS score =
Glasgow Outcome Scale score, ICU = Intensive Care Unit, SOFA = Sequential Organ Failure
Assessment score

Seizures were diagnosed in two patients and (NC)SE was diagnosed in five patients
(6.4%) (Figure 2). Additionally, 25 patients (23%) showed rhythmic and periodic
patterns consistent with possible seizures. Clinical features suggestive for seizures
prompted ASM administration prior to the EEG in 34 patients (31%). In these 34
patients the EEG registration led to the diagnosis of (NC)SE in 4 cases. After EEG
assessment, all patients diagnosed with seizures or (NC)SE received at least one ASM
or a combination of the following: levetiracetam, phenytoin, valproic acid, and/or
a benzodiazepine. In 6 patients sedation was administered (with propofol and/or
midazolam). Based on the EEG results, ASM was changed in 43% of all patients. This
encompassed discontinuation of ASM in 27 patients (24.8%) and initiation of ASM in
20 patients (18.3%), as illustrated in Figure 2. In all 7 patients who received ASM
both prior to and after the EEG, the EEG findings led to an ASM dosage increase and
in 2 patients a sedative (propofol and/or midazolam) was added as well.
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Figure 2. EEG findings and use of anti-seizure medication
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No significant differences were found in ICU length of stay, hospital length of stay
and mortality between patients with and without (NC)SE or seizures (Table 2).
Outcome at ICU discharge was poor in all patients (Table 1). In patients with a
higher GOS score at ICU discharge reactivity was significantly more frequently
found (p = 0.003).

Table 2. Comparison between patients with and without (NC)SE/seizures

(NC)SE/seizures (NC)SE/seizures p-value
present (n = 7) absent (n = 102)

Length of ICU stay (days) 16 [13-22] 12 [9-21] 0.33
Length of hospital stay (days) 22 [14-43] 20 [12-34] 0.84
Hospital mortality 3 (43%) 41 (40%) 1.0

Values are presented as count (percentages) or median [interquartile range].
ICU = Intensive Care Unit, (NC)SE = Non-Convulsive Status Epilepticus

Discussion

In this retrospective cohort study of neurocritical care patients on our ICU, the
primary and only reason to request a routine EEG was to investigate the presence
or absence of (NC)SE and seizures. A continuous, but slowed, background pattern
was most prevalent in these patients. (NC)SE and seizures were rarely diagnosed.
Adjustments in ASM occurred in nearly half of the patients following the EEG
assessment.

Our finding concerning the reason to request an EEG in the neurocritical care
population is in line with current literature. The most common indication reported
is to detect (NC)SE.™ 9! Likewise, international guidelines recommend the use of
EEG for the diagnosis and management of (NC)SE and seizures. 4 Although the
only indication to request an EEG in our study population was to evaluate the
presence of (NC)SE and seizures, current literature suggests EEG could potentially
also improve prognostication. Recent studies have shown promising results of
EEG recordings with reactivity testing for prognostication in patients with acute
severe brain injury and disorders of consciousness.['"'?l In our study population
reactivity was significantly more frequently found in patients with a higher GOS
score at ICU discharge. However, in this retrospective study, reactivity testing was
not performed following a standardized protocol or set of stimuli. Standardized
reactivity testing in a prospective cohort is needed to further investigate its
predictive value in patients with severe brain injury admitted to the ICU.
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Struck et al.!"® previously validated the “2HELPS2B” inpatient seizure risk prediction
tool. This tool uses five EEG features and a clinical factor (i.e. history of seizures
or recent suspected acute symptomatic seizure) to assess the risk of developing
seizures in hospitalized patients. They concluded that an initial screening EEG of at
least one hour is required to accurately calculate the score. If highly epileptiform
EEG patterns are present during the first hour, they recommended to record for
at least 24 hours. Furthermore, a systematic review by Limotai et al.l'"® found
that seizures were significantly more often diagnosed if continuous EEG was used
compared to routine EEG. These studies suggest that a prolonged EEG registration
may lead to increased detection rates of (NC)SE and seizures. In our cohort a
relatively low incidence of (NC)SE was found compared to previous findings in
neurocritical care patients.[" This may be related to the short EEG registration
duration (routine EEG of 30 to 60 minutes) used in our hospital. In patients with
clinical features suggestive for seizures aroutine EEG should be sufficient to rule out
(NC)SE and seizures, but in patients who only displayed disorders of consciousness
a longer EEG recording may have increased chances of diagnosing (NC)SE and
seizures. An alternative explanation for the low incidence of (NC)SE could be the
administration of ASM prior to the EEG in approximately one-third of our study
population. ASM was initiated most often because of clinical features suggestive
for seizures and/or an altered consciousness for which no other explanation was
found. However, the potential impact of ASM administered prior to the EEG on our
findings remains uncertain. A previous meta-analysis by Wat et al.[" studied the
effectiveness of ASM as prophylaxis of early posttraumatic seizures in patients with
severe traumatic brain injury. They concluded only limited evidence supported
the effectiveness of ASM prophylaxis in this context. Similarly, the most recent
guidelines for seizure prophylaxis in adults hospitalized with severe traumatic
brain injury from the Neurocritical Care Society did not find any significant positive
or negative effect of ASM compared to no ASM on seizures and mortality.["®

EEG results prompted the initiation or discontinuation of ASM in almost half of
all patients in this study. Interestingly, not all patients with ‘possible’ (NC)SE
and/or seizures were treated with ASM. In patients with ‘possible’ (NC)SE and/
or seizures other patient specific factors were considered alongside the result of
the EEG recording i.e.: the expertise of the neurologist or neurosurgeon involved,
comorbidities, and the presence of alternative explanations for an impaired
consciousness. For example in a patient with no other explanation for an impaired
consciousness and an EEG with ‘possible’ seizures, a trial of ASM is often conducted.
Nevertheless, it must be noted that adjustments in ASM do not necessarily lead
to better outcome. Rossetti et al.l! performed a randomized controlled trial
comparing repeated routine EEG to continuous EEG. In this study, continuous EEG
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led to increased seizure detection and adjustments in ASM. However, this did not
improve outcome compared to repeated routine EEG. Patients included in this
study were severely ill at admission, which is reflected in the high APACHE IV
score and SOFA score and low GCS score. Therefore, it is not surprising that a high
mortality rate was found. Patients who did survive were either severely disabled
or in a vegetative state at ICU discharge measured with the GOS score. However, it
is worth noting that we may have found better outcome scores if a longer follow-
up period was applied. Especially in neurocritical care patients, partial or full
recovery may be expected in months rather than weeks.["”!

Strengths and limitations

This is a retrospective study conducted at a large tertiary neurosurgical trauma
and neurovascular center and we anticipate that our findings can be applied to
similar institutions. A strength of this study is the extensive inclusion period of
more than four years, leading to a large study population. Furthermore, all EEGs
displaying a non-continuous background pattern were revised by experienced
clinical neurophysiologists. A limitation of this study is the relatively short follow-
up period and use of the GOS score at ICU discharge for outcome assessment. This
score is typically used to evaluate functional recovery a few months after sustaining
brain injury. Additionally, the effects on our results of ASM administration prior to
the EEG and the relatively short EEG recordings remain unclear.

Conclusions

We found that in our neuro-ICU, all routine EEGs were requested to investigate
the presence of (NC)SE and electroclinical/electrographic seizures. In nearly all
patients, EEG revealed a slowed, but continuous background pattern. Although
(NC)SE and seizures were rarely diagnosed, the EEG findings led to adjustments in
ASM in approximately half of the patients. It remains to be investigated that these
changes in ASM also improve patient outcome.
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