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Rapid ictal transition of focal epilepsy to infantile spasms in
neurofibromatosis type 1 captured with EEG
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We report a novel case of an infant with neurofibromatosis type 1 (NF1) who presented with new onset pre-
sumed focal impaired awareness seizures with motor onset followed by rapid progression to infantile spasms
(IS). Electroencephalography (EEG) captured evolution from focal epileptiform discharges tomultifocal and gen-
eralized discharges, then to hypsarrhythmia over three days. Development of ISwithin days of focal seizure onset
is rapid, and to our knowledge, has not been demonstrated electrographically. The pattern of rapid ictal transition
to hypsarrhythmia is essential for neurologists to be able to recognize as it can help lead to early treatment,which
is necessary for improved outcomes in IS.
© 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction
Infantile spasms (IS) reflect an age-specific epilepsy syndrome de-
fined by the presence of epileptic spasms often in conjunction with
hypsarrhythmia recorded with electroencephalography (EEG). If IS
progress to an epileptic encephalopathy, along with psychomotor
delay and developmental regression, it is known as West syndrome.
EEG patterns in IS can include hypsarrhythmia or modified
hypsarrhythmia, with variations such as asymmetry, or even no associ-
ated hypsarrhythmiawith a similar response to treatment [1]. Focal sei-
zures preceding IS have been reported in the literature, but the rapidity
of clinical and electrographic transition over a few days has not previ-
ously been described to our knowledge. In our case of IS, EEG captured
rapid evolution from focal discharges to multifocal discharges, then to
hypsarrhythmia over three days.
2. Materials and methods

2.1. Patient case

The patient was an 11-month-old female with neurofibromatosis
type 1 (NF1) and developmental delay presented to the emergency de-
partment following a first-time seizure described as generalized
oor, Department of Pediatrics,
ldren's Hospital at Vanderbilt
lle, TN 37232, United States of
shaking lasting 5 min. Family history was notable for unclassified epi-
lepsy in two second-degree paternal relatives. Her initial 2-hour EEG
captured frequent left hemispheric multifocal epileptiform discharges
with left-sided focal slowing in the context of normal sleep architecture
(Fig. 1). Due to the clinical description and left-hemispheric EEG find-
ings, this seizurewas classified as a focal to bilateral tonic–clonic seizure
[2].

Despite the initiation of levetiracetam, the next day, the patient had
multiple focal impaired awareness seizureswithmotor onset character-
ized by left-sided stiffening, jerking, and gaze deviation lastingup to 10–
15 min. Due to change in semiology that was witnessed by the family
and our team, a secondEEGwas obtained,which demonstratedmultifo-
cal and bisynchronous spike-and-wave discharges, again with a back-
ground containing normal sleep structures (Fig. 2).

The following morning, a brain magnetic resonance imaging (MRI)
studywas performed demonstrating abnormal focal areas of signal inten-
sity (FASI), consistentwith her knownNF1diagnosis. No focalMRI abnor-
malities thatwould explain focal seizureswere seen. After theMRI, a new
seizure type described as clusters of bilateral arm extension at the shoul-
der to 45–90°was observed.Multiple eventswere captured on EEG, dem-
onstrating epileptic spasms with hypsarrhythmia (Figs. 3 and 4),
consistent with IS. Subsequently, treatment with high dose steroids was
initiated.

IS resolved after one-time course of high-dose steroids. Follow-up
EEG at 2 months continued to demonstrate multifocal potential
epileptogenicity but showed no evidence of hypsarrhythmia or clinical
spasms. She was continued on levetiracetam. At a one-year follow-up,
no further seizures of any type have occurred.
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Fig. 1. EEGwith left-sided focal epileptiformdischarges. At presentation, EEG demonstrated abundant (5 in 10 s) high-amplitude left temporo-parietal, occipital and frontal spike and slow
wave discharges in the setting of left-sided cerebral dysfunction in the context of normal sleep architecture (arrowhead). Sensitivity: 15 μV/mm, Timebase: 10 s/screen, HFF (high-
frequency filter): 70 Hz, LFF (low-frequency filter): 1 Hz. Legend key: Arrows: epileptiform discharges; Arrowheads: sleep architecture.
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3. Results and discussion

Epilepsy in individuals with NF1 is uncommon, with the rate in re-
cent studies around 5.8–6.5%. Focal epilepsy is the most common type
Fig. 2.Multifocal discharges. One day later, EEG demonstrated high-amplitude abundant (N5 i
wave (arrows) in the context of normal sleep architecture (arrowheads). Sensitivity: 15 μV/m
1 Hz. Legend key: Arrows: epileptiform discharges; Arrowheads: sleep architecture.
of epilepsy in NF1, often secondary to a structural abnormality such as
a tumor [3]. In our patient's case, no structural lesion was identified,
highlighting that individuals with NF1 without structural lesions are
also at risk for both focal epilepsy and IS.
n 10 s) bilateral independent temporo-parietal discharges and bisynchronous spike-and-
m, Timebase: 10 s/screen, HFF (high-frequency filter): 70 Hz, LFF (low-frequency filter):



Fig. 3. Epileptic spasm. High voltage generalized delta followed by an electrodecrement clinically associatedwith arm extension. Sensitivity: 15 μV/mm, Timebase: 10 s/screen, HFF (high-
frequency filter): 70 Hz, LFF (low-frequency filter): 1 Hz. Legend key: Arrows: epileptiform discharges
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The specific prevalence of IS in NF1 is 0.76%, which is higher than in
the general population (0.02–0.05%). Ruggieri et al. in 2009, reported
ten patients with both NF1 and IS [4]. No patient had epilepsy prior to
the onset of IS. Out of these ten patients, six developed further seizure
Fig. 4. Hypsarrhythmia. 72 h after presentation, EEG evolved to hypsarrhythmia. Sensitivity: 1
filter): 1 Hz.
types including generalized tonic–clonic seizures, focal impaired aware-
ness seizures, and myoclonic seizures; with two of the six meeting
criteria for Lennox–Gastaut syndrome [4]. At one-year follow-up, our
patient continues to remain seizure-free on levetiracetam
5 μV/mm, Timebase: 10 s/screen, HFF (high-frequency filter): 70 Hz, LFF (low-frequency
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monotherapy. Based on this, her infantile spasms were classified as
symptomatic IS with NF1 as the etiology.

This case demonstrates the rapid evolution of focal hemispheric dys-
function and epileptiform discharges to a pattern of hypsarrhythmia on
EEG. There are previous descriptions of focal seizures evolving to IS
[5–8]. In 1999, Kubota et al. discussed that there canbe a temporal link be-
tween focal seizures and epileptic spasmsbasedonobservations in 8 of 45
patients (17%). However, seven out of the eight patients had severe “or-
ganic brain lesions” [5]. Ohtsuka et al. reported a transition from focal sei-
zures to hypsarrhythmia in patients with IS, but the time course was
unclear [6]. Philippi et al. performed a retrospective study reviewing
EEGs of patientswith IS obtainedprior to diagnosis and identified a highly
dynamic period on EEG, with an evolution from focal discharges tomulti-
focal and generalized discharges and then to hypsarrhythmia. This dy-
namic period evolved over 3 to 6 weeks [7]. In our case, development of
IS within three days of focal seizure onset was captured on EEG, demon-
strating that the dynamic period between pre-hypsarrhythmia to
hypsarhythmia may be as short as three days, rather than over the rela-
tively prolonged period of 3–6 weeks. This pattern of rapid evolution
can be a unique EEG signature that allows for further monitoring and
early treatment of IS, if suspected.

Donat et al. proposed a mechanism by which focal seizures lowered
the threshold for generating IS and hypsarrhythmia [8]. Our case explores
the theory that the dynamic period characterized by multifocal and gen-
eralized interictal discharges preceding hypsarrhythmia could represent
activation of multiple neuronal networks, including cortical, thalamic,
and brainstem activation [9]. Based on prior literature, we postulate that
the multifocal discharges may lower the threshold for the synchronous
activation of cortical and subcortical units and thus facilitate the develop-
ment of hypsarrhythmia. The other consideration is that this rapid ictal
transition could be a manifestation of the evolving phenotype from pre-
hypsarrhythmia to clinically apparent epileptic spasms with
hypsarrhythmia.

This case demonstrates the clinical importance of seizure semiology
and comparison with EEG findings, as the discordant findings of focal
impaired awareness seizures with motor onset with left-sided clinical
features in the setting of prior left-sided hemispheric discharges and
dysfunction, led to re-evaluation. Due to this re-evaluation, we were
able to obtain further EEG recordings that showed evolution of multifo-
cal discharges to hypsarrhythmia. The pattern of rapid evolution to
hypsarrhythmia is important for trainees and pediatric neurologists to
be able to recognize as it may lead to early treatment. Early diagnosis
and effective treatment of IS are vital for improving long-termoutcomes
[10]. This case illustrates how the combination of clinical and EEG find-
ings, identification of those at high risk for evolution to IS, close follow-
up, and clear counseling of families regarding infantile spasms can lead
to early treatment.
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