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CASE DESCRIPTION
A 24-year-old female patient underwent presurgical evalua-

tion for pharmaco-resistant, exclusively sleep-bound seizures, 
which were first noted at the age of 7. Seizures were charac-
terized by prominent oral automatisms with tongue protrusion 
and dystonic posturing of both arms with superimposed stereo-
typic movements. She was not responsive during seizures and 
had no recollection of the episodes, but was rapidly oriented 
once the motor manifestations had ceased. Family members 
had noted that seizures could be triggered by noise (such as 
the sound of an opening door or the squeaking of the mattress), 
but not by touching the patient. The patient denied experienc-
ing exaggerated startle reactions during daytime. Seizures did 
not respond to levetiracetam, valproic acid, clobazam, and ox-
carbazepine, and her current treatment (carbamazepine 1200 
mg/d and pregabalin 225 mg/d) only alleviated seizure fre-
quency to approximately 20 times per night. She had been born 
at term after an uneventful pregnancy and had reached normal 
age-specific developmental milestones. Her family history 
and personal medical history were otherwise unremarkable, 
particularly with regard to parasomnias (sleepwalking), head 
trauma, and central nervous system infections. Neurological 
examination was normal. Cerebral MRI did not show a clear-
cut signal alteration.

An overnight video-polysomnography documented 31 sei-
zures during NREM 2 and 3, lasting 50-60 sec each. They 
started with tonic posturing of both arms (elbow flexion and 
wrist extension), occurring first and more prominently on the 
left side, and sustained tongue protrusion, and progressed to su-
perimposed slow, stereotypic circular movements of the hands 
and rhythmic flexion and extension of the head and trunk. At 
the end of some seizures, the patient repeatedly touched her 
nose with her right hand.

Electroencephalographically, most seizures started with ei-
ther a single K-complex or serial K-complexes (Figure 1) that 

INTRODUCTION
In nocturnal frontal lobe epilepsy (NFLE), seizures occur 

almost exclusively during NREM sleep. The precise reasons 
for this sleep-related occurrence remain enigmatic. Converg-
ing evidence at different levels supports the notion that the 
arousal system plays a major role in NFLE pathogenesis. 
Electrophysiological studies, for instance, demonstrated that 
seizures are often associated with electroencephalographic 
markers of arousal, such as typical and atypical K-complex-
es1-3 and phase A of the cyclic alternating pattern.4 Familial 
forms of NFLE with an autosomal dominant inheritance pat-
tern (ADNFLE), have been shown to be caused by mutations 
in the arousal promoting cholinergic system.5 In particular, a 
PET study performed in these patients documented a particu-
lar high density of acetylcholine receptors in the epithalamus 
(a structure that is functionally connected to the thalamus) 
when compared to control subjects, leading the authors to 
suspect the presence of upregulated mesopontine arousal 
pathways.6 Finally, at a clinical level, alerting stimuli have 
been shown to trigger seizures in patients with ADNFLE.1

These studies were predominantly performed in patients 
with genetic (non-lesional) forms of NFLE. It is not known 
how other forms of sleep-bound epilepsy relate to the arousal 
system. We report the case of a patient with probably crypto-
genic, strictly sleep-bound epilepsy, in whom seizures could 
be clinically elicited by alerting stimuli, and present electro-
physiological and ictal SPECT findings.
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(FDG-PET) was also performed, and showed right orbital hy-
pometabolism (Figure 3).

DISCUSSION
The patient presented in the current case report had strictly 

sleep-bound, focal epilepsy with seizures that occurred spon-
taneously and in response to arousing stimuli, in association 
with increased ictal bilateral thalamic and right orbital-insular 
hyperperfusion documented by SPECT imaging.

Although the fact that seizures could be elicited by acoustic 
stimuli suggests startle epilepsy, other typical features of this en-
tity, such as perinatal brain injuries, neurological impairment, and 
occurrence of seizures during daytime when exposed to a typical 
stimulus were not present. Rather, the sleep-related nature of sei-
zures originating in the right orbito-opercular-insular region (as 
determined by SPECT imaging) confi rmed NFLE in this patient.

Several features indicate that seizures were linked to an 
arousal reaction. Firstly, most spontaneous and all stimulus-
induced seizures started with one or more K-complexes, which 
are known electroencephalographic markers of arousal.

Secondly, seizures could be elicited by alerting stimuli, in 
particular by sound. Alerting stimuli might be an underreport-

sometimes had a “spiky” confi guration and were followed by 
generalized alpha activity that evolved into bilateral rhythmic 
delta activity with a fronto-central maximum.

Seizures could consistently be triggered by loud hand 
clapping carried out by the examiner during NREM sleep. 
A seizure was considered stimulus-induced when clinical 
and electroencephalographic seizure correlates followed the 
acoustic stimulus within milliseconds. Seizures that occurred 
spontaneously, in the absence of acoustic stimulation, had 
identical clinical and electroencephalographic features as 
stimulus-induced seizures. Subclinical EEG discharges were 
not observed. The same acoustic stimulus during REM sleep 
did not induce seizures.

Technecium-99m was injected intravenously 4 sec after the 
onset of a typical seizure that occurred spontaneously during 
sleep stage N3 and lasted 50 sec. A brain scan was performed 
the next morning. Ictal images were compared to an interic-
tal SPECT obtained after tracer injection during the same 
sleep stage on a subsequent night. Ictal SPECT documented 
increased bilateral thalamic (more evident in the right side) 
and right orbital- insular hyperperfusion (Figure 2). Interic-
tal F-18-fl uorodeoxyglucose positron emission tomography 

Figure 1—Video EEG recording of a stimulus-induced seizure. Noise (indicated by the black arrow on the bottom of the EEG) induced a seizure beginning 
with dystonic posturing of the left hand (second image from the left, corresponding to the fi rst muscle artifact on deltoid and chin [MILO] EMG), followed by 
mouth dystonia with tongue protrusion. Scalp EEG shows a “spiky K-complex” at the beginning of the seizure.
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terestingly, in a series of nine patients with clinically overt focal 
SIRPIDs, three patients showed bilateral thalamic abnormali-
ties on MRI, one had an upper brainstem lesion, and fi ve had 
prerolandic abnormalities.9 The authors of that study postulated 
that these abnormalities in the arousal system may provoke sei-
zures because of cortical hyperexcitability in response to acti-
vation of the arousal circuitry. Finally, a PET study in ADNFLE 
found an increased expression of nicotinic AchR in the epithal-
amus.6 In fact, the mediodorsal thalamic nucleus acts as a relay 
station for the ascending cholinergic activating projections to 
the prefrontal cortex. The authors hypothesized the existence of 
hyperfunctioning mesopontine pathways that chronically over-
activate the mediodorsal thalamic nucleus and transform sleep 
spindle oscillations into pathological thalamocortical oscilla-
tions. These oscillations would trigger seizures in the regions of 
maximal projection of the mediodorsal thalamic nucleus (that 
is, the orbital and dorsolateral prefrontal cortex).

In summary, seizures in the patient presented here were 
linked to activation of the arousal system (suggested by the 
stimulus-associated nature of seizures and bilateral thalamic 
hyperperfusion) and showed a focal epileptic origin, as docu-
mented by a right orbital-insular hyperperfusion and interictal 
hypoperfusion in the same region. We hypothesize that in case 
of an arousal (spontaneous or stimulus-induced), the epilepto-
genic region would facilitate transformation of normal thala-
mocortical oscillations into pathological oscillations, giving 
rise to focal seizures. The mechanisms mentioned above are in 
keeping with studies showing that seizures can emerge from 
cortical slow oscillations during sleep.10 They would also ex-
plain why seizures could only be elicited in NREM sleep but 
not during REM sleep. In fact, thalamo-cortical interactions are 
highly synchronized during NREM sleep, while the thalamo-
cortical network is maximally deactivated during REM sleep.11
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