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Tonic Seizures in a Patient With Lennox–Gastaut Syndrome Manifest
as “Icicles” Rather Than “Flames” on Quantitative EEG Analysis
Eva Catenaccio, Mariko L. Bennett, Shavonne L. Massey, Nicholas S. Abend, and Christina Bergqvist

Division of Pediatric Neurology, Department of Pediatrics, Children’s Hospital of Philadelphia, Philadelphia, Pennsylvania, U.S.A.

Summary: Quantitative analysis of continuous
electroencephalography (QEEG) is increasingly being used to
augment seizure detection in critically ill patients. Typically,
seizures manifest on QEEG as abrupt increases in power and
frequency, a visual pattern often called “flames.” Here, we
present a case of a 16-year-old patient with intractable Lennox–
Gastaut syndrome secondary to a pathogenic variant in the
SCN2A gene who had tonic seizures that manifest as abrupt

decreases in power on QEEG, a visual pattern we term “icicles.”
Recognition of QEEG patterns representative of different seizure
types is important as QEEG use becomes more widespread
including in pediatric populations.
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Continuous electroencephalography (CEEG) is widely used as
a neuromonitoring tool in critically ill patients with or at risk

for brain injury in conditions such as status epilepticus, hypoxic–
ischemic injury after cardiac arrest, and traumatic brain injury.1

CEEG can be used to identify electrographic-only or subtle
clinical seizures and to assess response to treatment of seizures.
Traditionally, CEEG is reviewed intermittently by neurophysi-
ologists or EEG technologists, which is time-intensive and
requires extensive specialized training.

Quantitative analysis of raw EEG data (QEEG) can
enhance the efficiency of EEG interpretation and allow for
real-time bedside interpretation by nonneurophysiologists.
Quantitative electroencephalography relies on the application
of mathematical transformations of raw EEG data to summa-
rize features of cerebral activity, including the power or degree
of rhythmicity across different frequencies. Quantitative
electroencephalography trends are displayed on compressed
time scales using color density spectral arrays. As with
conventional EEG, specific QEEG patterns are recognizable.
For example, seizures typically manifest as abrupt increases in
power and frequency compared with baseline activity. The
visual signature of a seizure on QEEG is often referred to as a
“flame” (Fig. 1).2

There is evidence that QEEG can augment conventional CEEG
interpretation for the detection of seizures in children and adults.3–5

However, recognizing atypical QEEG patterns specific to certain

seizure types is necessary as QEEG gains more widespread use in
children.6

CASE PRESENTATION
A 16-year-old patient with intractable Lennox–Gastaut syn-

drome secondary to a pathogenic variant in the SCN2A gene pre-
sented with increased frequency of tonic seizures with a respiratory
infection. Continuous electroencephalography identified numerous
tonic seizures (Fig. 2A), which resolved after the initiation of a
midazolam infusion. Unlike the typical “flames” pattern seen with
most seizure types, this patient’s QEEG demonstrated an atypical
pattern of decreased power (“icicles”) compared with the baseline
high-amplitude background (Fig. 2B).

DISCUSSION
This patient’s QEEG “icicle” pattern of decreased power

was associated with tonic seizures, which are most often seen
in pediatric patients and/or patients with Lennox–Gastaut
syndrome.7,8 On conventional EEG, tonic seizures are often
associated with an electrodecrement and emergence of gener-
alized paroxysmal fast activity.9 The icicle QEEG pattern
observed in this patient reflects the relative electrodecrement
seen on the conventional EEG, and in theory, it could be seen
with other phenomenon associated with a similar EEG pattern
such as state changes, other seizure types, or artifacts. As with
all QEEG interpretation, correlation with the conventional
EEG is necessary. Future studies including additional patients
will need to assess whether this pattern is specific for tonic
seizures. Although most studies evaluating QEEG have been
performed in adults, this case highlights that assessment of
QEEG patterns in children may be important given differences
in seizure types. In addition, as patients with Lennox–Gastaut
syndrome often continue to have these seizures as adults,
recognition of this QEEG pattern is relevant for adult neurol-
ogy providers.
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FIG. 1. A, CEEG of a 4-month-old patient
with focal seizures arising from the left
parieto-occipital region. B, On QEEG,
seizures (black arrows) manifest as abrupt
increases in rhythmicity (rhythmicity
spectrogram), power (FFT spectrogram),
relative left hemispheric power (asymmetry
spectrogram), and peak-to-peak amplitude
(amplitude-integrated EEG). There is no
change in the suppression ratio. The visual
pattern of a seizure on the FFT spectrogram
is often referred to as a “flame.” CEEG,
continuous electroencephalography; FFT,
fast Fourier transform; QEEG, quantitative
electroencephalography.
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FIG. 2. A, CEEG in a 16-year-old patient
with Lennox–Gastaut syndrome second-
ary to a pathogenic SCN2A variant, which
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rhythmic 1 to 2 Hz sharp-and-wave dis-
charges. Seizures consist of a diffuse
attenuation of background activity with
the emergence of low-amplitude fast
activity, associated with bilateral tonic
stiffening (black arrow). B, On QEEG,
seizures (black arrows) manifest as
abrupt decreases in rhythmic background
activity (rhythmicity spectrogram),
decreases in power across all frequency
bands (FFT spectrogram), and decreases
in amplitude (amplitude-integrated EEG).
The visual pattern of the seizure on the
FFT spectrogram we refer to as an “ici-
cle.” CEEG, continuous electroencepha-
lography; FFT, fast Fourier transform;
QEEG, quantitative
electroencephalography.
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