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Introduction Amplitude-integrated electroencephalography (akEG) is one of the
most widely used neuromonitoring tools in neonatology today. However, little is known
about its clinical indications and potential benefits in pediatric intensive care patients.
Based on limited experience, its impact on therapeutic decision-making in this patient
population is unclear.

Case Description We report the case of a 16-year-old boy who, after a pansinusitis,
developed a severe meningoencephalitis and intracranial empyema with increased
intracranial pressure that required drainage and decompressive craniectomy. He
subsequently developed status epilepticus despite a combination of various anticon-
vulsants. Only after the initialization of an aEEG, we were able to adequately diagnose
and continuously monitor his seizure activity and titrate the effect of the antiepileptic
drugs. During his hospital stay, we were able to clearly monitor and guide our therapy by
accurately identifying the termination of status epilepticus and the recurrence of
seizures.

Discussion With the help of aEEG, it was easy to identify the nonconvulsive status
epilepticus (NCSE) and the ongoing seizure activity in this teenage patient. NCSE is a
clinical problem with an effect on the outcome of the patient and is often under-
diagnosed. AEEG enabled a rapid detection and management of seizure activity and
thereby reduced the overall seizure burden, which was associated with better neuro-
logic outcome.

raw EEG in a semilogarithmic display. In the beginning, it was
only an one-channel analog method with crosscerebral record-

was ing, but now it has developed into a two-channel digital aEEG,

developed and first used in the 1960s by Maynard et al.! It is
a simplified method to monitor brain activity by a filtered and
time-compressed visualization of the amplitudes from a classic
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which allows side differentiation of the signal from the brain and
records the corresponding raw EEG. With its use in the hypo-
thermia studies in neonatology, it has become a standard for
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neuromonitoring in neonates.” The main indications for moni-
toring with an aEEG in neonatology are asphyxia3 and seizure
detection.* Numerous other possibilities of use of aEEG have
been published in neonatal patients, such as monitoring brain
activity after intracranial hemorrhage,® posthemorrhagic ven-
tricular dilation,® metabolic encephalopathy,’” and predicting
outcome in preterm infants.®

Despite the very successful and promising indications in
neonatology, aEEG has been rarely used in the pediatric
intensive care or adult setting. Mainly brief reports and case
reports have been published thus far.? Neuromonitoring in the
pediatric intensive care unit may be beneficial in cardiac
surgery,'? neurocritical care,'" severe metabolic conditions,”
and various forms of epilepsy that are difficult to treat.'?

We describe a case of a teenage patient with severe
neurologic pathology, where we continuously monitored
seizure and electrical brain activity. With the help of aEEG,
we had a convenient, safe, and easily applied method to better
identify and treat nonconvulsive status epilepticus (NCSE)
and the ensuing clinical seizure activity.

Case Description

Our patient is a 16-year-old boy with an unremarkable medical
history except for a small posterior cleft palate surgically
repaired in infancy. He had a prior upper respiratory tract
infection with sinusitis, and 1 week before admission, he
suffered a head injury while playing sports and subsequently
developed a left-sided headache. He presented to an outside
hospital with increasing neck pain, vomiting, and fluctuating
levels of  consciousness. Cranial computed tomography (CT)
revealed left-sided hemispheric generalized swelling, midline

shift, and diminished sulci. Meningitis doses of cefotaxime were
administered to the patient. His initial Glasgow Coma Scale
(GCS)was 11. A magnetic resonance imaging was performed the
next day that revealed an enlarging subdural empyema over the
left hemisphere. Because of signs of increased intracranial
pressure, he was transferred by helicopter to our pediatric
intensive care unit for further treatment.

After admission to our hospital, removal of the empyema
was immediately performed and abscesses in the paranasal
sinuses were drained, followed by decompressive craniec-
tomy. He was admitted to our pediatric intensive care unit
and extubated. Initially, he was able to move his arms and to
speak single words. In the next 2 hours, he developed inade-
quate fixation with his eyes for periods of up to 2 minutes and
short rhythmic movements with his right hand. Focal seizure
activity was clinically presumed and levetiracetam was
started to treat the seizures. Over the next 12 hours, the
patient gradually became less responsive with GCS of 5-8.
Cranial CT revealed progressive brain herniation due to
increasing cerebral edema (~Fig. 1). After deterioration of
GCS < 5, the patient was intubated and aEEG was started to
assist with neuromonitoring of the patient. Immediately after
the aEEG was started, it revealed status epilepticus with a
classic “saw-tooth pattern” (=Fig. 2, arrow 1). An extra dose
of levetiracetam was given and the dosing was increased to 35
mg/kg/day. At this point, no obvious clinical seizures were
present, only slight movements of the mouth. The amplitude-
integrated EEG revealed no change in the status epilepticus
and, therefore, a total dose of 2 mg of lorazepam was given
intravenously (=Fig. 2, arrow 2). The amplitude-integrated
EEG changed from status epilepticus to an identifiable con-
tinuous background pattern. However, within the continuous

Fig. 1 Cranial computed tomography showing the herniation of the left side of the brain after decompressive craniectomy.
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Fig. 2 Initial hours of amplitude-integrated electroencephalography (aEEG) monitoring. The upper two graphs show the right- and left-sided
aEEG recording over 4 hours. The lower two graphs show the right- and left-sided actual raw EEG during the status epilepticus, which shows in the
aEEG with a classic saw-tooth pattern (arrow 1). After intravenous application of lorazepam, the pattern changes and a background pattern
becomes recognizable (arrow 2). But the patient showed continued seizure activity within a continuous background pattern (arrow 3).

pattern, repeated seizures were still identified (~Fig. 2, arrow
3) and, therefore, status epilepticus was ongoing. Because of
the ineffectiveness of levetiracetam and lorazepam in combi-
nation to terminate the seizure activity, we started phenytoin
of 15 mg/kg and 1 hour later a second dose of 10 mg/kg. After
the second dose, the aEEG showed a major improvement in
brain activity with termination of the status epilepticus. Only
single pathological spike-wave complexes and very short
single seizure activity were occasionally seen in the raw
EEG recording (=Fig. 3). Phenytoin was continued at 3.5
mg/kg/day intravenously. After 3 hours, short single seizures
again could be identified in the aEEG (~Fig. 4). An additional
dose of levetiracetam was given and total dosage was
increased to 50 mg/kg/day, which sufficiently terminated
these single seizures. 36 hours after the identification of
status epilepticus by the aEEG, the patient was free of any
further seizure activity under therapy with levetiracetam and
phenytoin and aEEG revealed a continuous background
pattern (~Fig. 5). After another 48 hours of neuromonitoring
and the absence of seizures, we discontinued phenytoin and
continued with levetiracetam monotherapy at the same dose.
We monitored the patient with aEEG for 3 more days, but no
further seizure activity was observed. The patient was dis-
charged to rehabilitation 37 days after admission with only
mild impairment of the fine motor skills of his right hand.

Discussion

Existing guidelines for adult patients recommend an EEG for
patients with encephalitis, who are comatose or have unex-
plained neurologic deficits, to rule out NCSE, as in this case.'>
“NCSE is a term used to denote a range of conditions in which
electrographic seizure activity is prolonged and results in
nonconvulsive clinical symptoms.”'* NCSE is a clinical prob-
lem with an effect on the outcome of the patient and is often
underdiagnosed.'®

Seizures have been identified as a predictor for an adverse
outcome in many different neurologic pathologies: pediatric
arterial ischemic stroke,'® patients with central nervous
system infections,'”'® metabolic diseases,'® and more.

Not only the general presence of seizures, but also the
overall seizure burden including seizure frequency and dura-
tion is important with regard to the neurologic outcome.202

Currently, most information regarding seizures in pediat-
ric intensive care units is obtained by EEGs with 21 electrodes
either as single recording for 30 to 60 minutes or as a
continuous EEG for 12 to 48 hours. Continuous EEG monitor-
ing is considered essential to titrate antiepileptic therapy in
recurrent status epilepticus and to identify recurrent NCSE.?

Amplitude-integrated EEG has become a widely accepted
standard for neuromonitoring in neonatology? and, therefore,
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Fig. 3 Terminated seizure activity with rarely identifiable epileptiform patterns in the raw electroencephalogram.
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Fig. 4 Increasing repeated seizure activity marked with arrows.

Journal of Pediatric Intensive Care



Guiding Antiepileptic Therapy with the Use of aEEG Schettler et al.

[

Annotation 3|
REC START 2

Al+A2 OFF

IMP CHECK ON
IMP CHECK OFF
IMP CHECK ON
IMP CHECK OFF
IMP CHECK ON
IMP CHECK OFF
IMP CHECK ON
IMP CHECK OFF
IMP CHECK ON
IMP CHECK OFF
IMP CHECK ON

E

REC START 2 Kanall 5
A w83 OFF
#4P CHECK. DN
®P CHECE, DFF
P CHECK. DN

P CHECK. OK
P CHECE, OFF
MP CHECK ON
#P CHECE OFF

WP CHECE, ON
S0 ELCEY Qe
.

Fig.5 Final seizure free continuous background pattern of the patient. Elevation of the signal in the middle of the recording on the right side was

caused by artifacts.

many intensive care pediatricians who also trained in neo-
natology feel comfortable in using it. AEEG has the advantage
of being easy to use, as it is easier to read and understand than
a classic raw EEG. Because of its time-compressed signal, it is
more suitable for long-term monitoring of intensive care unit
patients. Indications and usefulness in neonatology include
hypoxic-ischemic encephalopathy,? seizure detection and
monitoring, posthemorrhagic ventricular dilation,® and
other forms of increased intracranial pressure, as well as
encephalopathy in inborn errors of metabolism.” It also may
be used in prediction of neurologic outcome in very small
preterm infants.

So far, the use of aEEG in children is mainly reported in
case reports.” Applying some form of continuous neuromo-
nitoring may clearly be beneficial for the pediatric intensive
care unit, especially in patients with epilepsy.?> Recently,
aEEG also has been presented as a useful monitoring tool
in adults with cardiac arrest.’* Because of its ease of use,
even for nonexperts in the field, aEEG has utility for the
identification of seizures and for monitoring of appropriate
treatment.?

In our case, aEEG allowed us to clearly identify the seizure
activity with a higher level of certainty and helped us guide
our antiepileptic therapy. As a result, we could minimize the
seizure burden of our patient and, therefore, might have
improved the overall neurologic outcome of the patient.

The aEEG was easy to apply and to interpret in our pediatric
intensive care setting. In addition, the aEEG helped us to
identify the termination of seizures and, therefore, allowed us
to reduce the number of antiepileptic drugs as early as
possible. In addition, there was always the safety of rapid
recognition if seizure activity recurred.

The reduced montage of 5 electrodes for the aEEG was
sufficient in this case; guidelines consider the recommenda-
tions for using a standard montage with 21 electrodes weak
with poor quality of evidence (grade 2c)."> Nevertheless, the
use of a reduced montage of electrodes is expected to result in
lower sensitivity in seizure detection. The sensitivity in a
montage with 7 electrodes has been reported as 93%2¢ and in
a montage with 4 electrodes as 68%.2” The sensitivity of aEEG
for seizure detection in pediatric patients still needs to be
clarified; but in a hospital setting, where full EEG recording
and assessment is not always available 24 hours per day and
7 days per week, aEEG might be a useful alternative.

In conclusion, we clearly saw a benefit for our patient and
his medical treatment. Amplitude-integrated EEG is a helpful
and easy-to-use tool in the pediatric intensive care setting.
We believe that aEEG could be a valuable tool for use in
pediatric neurocritical pathologies such as severe meningitis,
traumatic brain injury, brain edema after ketoacidosis, and so
on, especially if continuous EEG recording and assessment is
not immediately available.

Journal of Pediatric Intensive Care
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