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Disorders of Arousal



Nocturnal Frontal Lobe Epilepsy



Neuronal nicotinic acetylcholine receptor subunits 

(nAChR)

Autosomal Dominant NFLE  - ADNFLE
(Scheffer et al. Lancet 1994, Nat Genetics 1995)

Missense mutations in KCNT1, 

Heron et al Nat Genetics 2012

Mutation of  DEPDC5 

(DEP domain-containing protein 5)

Mutations of  the CRH gene

Guerrini et al Neurotherapeutics 2014

Combi et al Ann Neurol 2005;  Picard 

et al Neurology 2014



Nocturnal Frontal Lobe Epilepsy

✓Prevalence 1.8-1.9/100.000 (Vignatelli et al. 2015)

✓Seizures begin before the age of 20 years, with a peak during childhood-
adolescence (Vignatelli et al 2015, Nobili et al. 2014)

✓Seizure frequency is usually high, and patients generally experience many
seizures a night (Scheffer et al 1995 , Oldani et al. 1996, Nobili et al 2014)

✓Occasional seizures during wakefulness can occur (Provini et al. 1999, Nobili et al 2007)

✓Clinical neurologic examination is normal and intellect is usually preserved, 
but reduced intellect, psychiatric comorbidity, or cognitive deficits may occur 
(Oldani et al. 1996, Magnusson 2003, Heron et al. 2012) 

✓30% of cases are resistant to carbamazepine and to other antiepileptic drugs
(Hirsh et al., 1994; Provini et al., 1999, Nobili et al., 2007)



Clinical Features

✓Major attacks: stereotyped movements of 20-30 seconds’ duration characterized by 
asymmetric tonic or dystonic posturing, ballistic or other complex movements (Lugaresi
and Cirignotta, 1981; Lugaresi et al. 1986; Oldani et al 1996, Provini et al.1999, Nobili et al 2007)

✓Epileptic Nocturnal Wanderings:   paroxysmal ambulation during sleep (Pedley and 
Guilleminault 1977; Montagna 1992, Plazzi et al 1995, Nobili et al 2002, Aridon et al. 2006)

✓Paroxysmal arousals:  lasting about 5-10 seconds and characterized by frequent 
abrupt stereotyped movements of the trunk with head elevation, often associated 
with vocalization and frightened expression (Peled and Lavie 1986, Scheffer et al 1995, Provini et al 
1999, Oldani et al 1996, 1998, Zucconi et al. 1997, Montagna et al 1990, Montagna 1992, Nobili et al 2003, Conti et 
al 2015)

✓Minor motor events:  short-lasting (2-4 seconds) stereotyped movements 
interesting the limbs, the axial musculature and/or the head (recurring periodically) 
(Sforza et al 1993, Oldani et al 1996, 1998, Provini et al 1999, Terzaghi et al 2007)

common to the genetic and symptomatic forms



Semeiology Pattern 1
early elementary motor signs, which included early clonic signs, 

asymmetric tonic postures and/or an asymmetric facial contraction. 

Gibbs et al., Epilepsia under review



Semeiology Pattern  2
unnatural hypermotor movements, which included non-integrated or anarchic gestural 

hypermotor movements with axial tonic postures and/or symmetric facial contractions.

Gibbs et al., Epilepsia under review



Semeiology Pattern  3
integrated hypermotor movements, which included hyperkinetic behaviours (pedalling, kicking, rocking), distal 

stereotypies and/or manipulation/utilisation movements in the absence of  clear a goal-directed purpose.

Gibbs et al., Epilepsia under review



Semeiology Pattern  4
gestural behaviours with high emotional content, which included integrated gestural behaviours of  fear, fight or flight 

behaviour, frightened facial expression and/or autonomic signs.

Gibbs et al., Epilepsia under review
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Paroxysmal arousals and minor motor events



Ictal and interictal EEG is unrevealing in a large proportion of cases 



Stereo-EEG allow to investigate the spatiotemporal evolution of 
epileptic activity and its relation to clinical signs 

Diameter: 

0.8 mm

Contact: 

2.0 mm

Distance: 

1.5 mm

If signs and symptoms:

– Are not in agreement with MR or interictal EEG

– Identify the lobe but not the side 

– Suggest a precocious diffusion in wide areas

– Are not pointing to an univocal origin of seizures

And Video-EEG doesn’t resolve the doubtful points
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Hypermotor seizures arising outside the frontal lobe

J. Clin Sleep Med 2015

Epilepsy Behav. 2013

Epilepsia. 2011 

Epilepsia. 2006

Neurology 2004

Proserpio et al., 2011



Early seizure semiology

Gibbs et al., Epilepsia under review



Proserpio et al. Epilepsia. 2011



Gibbs et al., Epilepsia under review

Assessment of  post-ictal confusion was possible in 101 patients (88%). In total, 25 patients 

experienced post-ictal confusion, most often of  short duration. The temporal SHE group had 

a significantly higher proportion (67%; 8/12 patients, p = 0.001). 



• Seizures analysis from 2-year post-operative Engel I patients

• Frontal SHE (43 pts, 108 seizures)

• Extra-frontal SHE (15 pts; 39 seizures)



Individual electrographic seizure duration from both groups divided into 10‐second bins



Latency between stereo‐EEG seizure onset and the start of  the hypermotor

manifestations, divided into 5‐second bins



Elapsed time from the first video-EEG detectable movement, usually an awakening, to the 

start of  HMS semiology. 
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Onset of  hyperkinetic behaviors
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FCD type II is the most common histopathological substrates

of  drug-resistant SHE (67% of  the cases) with no significant differences in relation 

with the location of  the SOZ

Nobili et al Epilepsia 2009, Tassi et al Epileptic Disorders 2012;

Losurdo et al 2014

the presence of  a Taylor Focal Cortical Dysplasia 

(FCD typeII)  increased 14-fold the risk of  
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FCD type II is the most common histopathological substrates

of  drug-resistant SHE (67% of  the cases) with no significant differences in relation 

with the location of  the SOZ

Nobili et al Epilepsia 2009, Tassi et al Epileptic Disorders 2012;

Losurdo et al Epilepsy Res. 2014

the presence of  a Taylor Focal Cortical Dysplasia 

(FCD typeII)  increased 14-fold the risk of  

Sleep Related Epilepsy
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Consensus Conference, Bologna 2014

Sleep-related Hypermotor Epilepsy  (SHE)

2016

2 major outcomes:
✓ To change the nomenclature

✓ to recognize the disorder as a distinct epilepsy syndrome 
with specific diagnostic criteria 



• Sleep-related

✓ Sleep, rather than time of day, is critical

✓ Seizures may originate outside the frontal lobe

• Stereotyped, abrupt, hypermotor seizures

✓ “Hypermotor” includes seizures with vigorous hyperkinetic features 
and seizures with asymmetric tonic or dystonic posturing

Tinuper et al Neurology 2016



Disorders of Arousal



Parasomnia

… Parasomnias are undesirable physical events or experiences that
occur during entry into sleep, within sleep, or during arousal from
sleep. Parasomnias may occur during non-rapid eye movement
sleep (NREM), rapid eye movement sleep (REM), or during
transitions to and from sleep.”

…. often they seem to be purposeful and goal directed. They may
result in injuries, disturb of sleep (of the patient as well as the
sleep of others), and they may cause untoward psychosocial
developments.

American Academy of  Sleep Medicine 2014



Proserpio P and Nobili L . Parasomnias in Children. In Sleep Disorders in Children, Nevšímalová S. and  Bruni O (Eds.). Springer 2017

Classification of  Parasomnias



Disorders of  Arousal
Sleepwalking Confusional 

Arousals

Sleep Terrors

Usual timing First third First third First third

Duration 1-10 min 5-40 min 1-5 min

Agitation None/mild Moderate Marked

Autonomic arousal Mild Moderate Marked

Age of  peack incidence Middle childhood -

pre-adolescence

Toddler

pre-school

Adolescence

Amnesia Yes Yes Yes

Family history Common Common Common

Modified from Ferber and Kryger 1995



Classifying NREM parasomnias into strict distinct entities is probably an 

oversimplification;  indeed there is a hierarchical continuum between different 

behavioral patterns of  arousal parasomnias

Derry et al Sleep 2009



Constitutional and Precipitating factors

1.Constitutional or predisposing factors
- Genetic

- Developmental

- Sleep Deprivation

- Chaotic wake/sleep scheduling

- Psychologic

2.Precipitating factors
A) Endogenous

- Obstructive Sleep Apnea

- Gastroesophageal reflux

- Seizures

- Fever

- Periodic movements during sleep

B) Exogenous

- Drugs

- Stimulation-auditory, tactile, visual

Modified from Ferber and Kryger: Principle and Practice of  Sleep Medicine in the Child, 1995



Confusional Arousals

Characterized by confusion\disorientation, sometimes inappropriate
behaviors, during and following arousal from slow wave sleep.

The episodes may last minutes (less than 5 to more than 30 minutes)
and are generally terminated by retrograde and anterograde amnesia.

Very frequent among children with less than 5 years. The prevalence in
adults is 4%.

NREM sleep

Disorders of  Arousal

• Confusional Arousals

Sleepwalking

Sleep Terrors









Sleepwalking

Sleepwalking may be either calm or agitated, with varying degrees of

complexity and duration. Typical episodes are characterized by complex

behaviors ranging from simple sitting up in bed to walking and rarely, to

‘‘escape’’. The episodes may end with the patient awakening, appearing

confused and amnestic for the events.

Typical frequency may range from several episodes/week to rare

episodes. Somnambulism may give rise to a wide range of adverse

consequences and is one of the leading causes of sleep-related injury.

NREM sleep

Disorders of  Arousal

Confusional Arousals

• Sleepwalking

Sleep Terrors

Zadra et al 2013; Mahowald M 2011; Avidan A 2009  









Sleep Terrors

Also termed pavor nocturnus. They occur in 3% of children and

constitute the most dramatic disorder of arousal. Episodes

commonly initiate by a loud scream and are characterized by intense

fear, panic, confusion, tachycardia, tachypnea, mydriasis, agitated

motor behaviors sometimes resulting in bodily injury. A typical

feature is inconsolability; attempts at consolation might prolong or

increase the confusional state.

Episodes are generally followed by amnesia and disorientation,

although amnesia may be incomplete.

NREM sleep

Disorders of  Arousal

Confusional Arousals

Sleepwalking

• Sleep Terrors

Mahowald M 2011; Avidan A 2009



A :start of the episode

B: after 7 minutes C: after 20 minutes



Dissociated wake-like and sleep-like electro-cortical activity 

during disorders of  arousal from sleep

The brain is partially awake and partially in NREM sleep 

Awake enough to perform complex motor or verbal functions

Asleep enough not to have conscious awareness of  these actions

Partial arousal

Mahowald and Schenck



Activation of the thalamocingulate pathways occurs with persistent deactivation

of other thalamocortical arousal systems

Partial arousal
Dissociated brain metabolic activity

during disorders of  arousal from sleep



Atypical Parasomnia





Terzaghi et al. J Sleep Res, 2012

Confusional arousal



Nature Rev 2018



Sleep-related Hypermotor Epilepsy  
(SHE) and Disorder of Arousal: 

Differential Diagnosis



Clinical Features



The Frontal Lobe Epilepsy Parasomnias Scale

Derry et al Arch Neurol 2006



The FLEP scale gave an incorrect

diagnosis in 4/71 (5.6%) of the
cases, namely NFLE patients
with episodes of nocturnal
wanderings and uncertain
diagnostic indications in 22/71
subjects (30.9%)



sensitivity of 59.5% and specificity of 96.6%



The polysomnogram using an expanded EEG montage is indicated in
children to confirm the diagnosis of an atypical or potentially
injurious parasomnia or differentiate a parasomnia from sleep-
related epilepsy when the initial clinical evaluation and standard EEG
are inconclusive.

Limits of Video-PSG recording:
✓ Not always capture the event in a single-night recording
✓ Absence of epileptiform abnormalities in a substantial percentage of SHE patients
✓ interictal epileptiform abnormalities may occur in some DOA patients



SLEEP, Vol. 32, No. 12, 2009

Sleep 2009



Sleep 2009

‘If the captured episodes are minor motor events or 
paroxysmal arousals, and if few episodes are 
captured, the clinical diagnosis may be unreliable’

DOA

Tinuper et al Neurology 2016

SHE



A major source of variance was the disagreement in distinguishing 
between Paroxysmal Arousals and nonepileptic arousals, without 
differences in the level of agreement between experts and trainees.



Sleep Stage and Time of Occurrence of DOA and SHE episodes



Sleep Stage and Time of Occurrence of DOA episodes

Group A: sleepwalkings and sleep terrors

Group B: sleep enuresis and bruxism

Somnambulism: all-night 
electroencephalographic studies

Jacobson, 1965

“most episodes of DOA arose during 
the first 3 hours of the night, from 

sudden but incomplete arousal out of 

slow-wave sleep”



Sleep Stage and Time of Occurrence of SHE episodes



Sleep Stage and Time of Occurrence of SHE episodes



Sleep Stage and Time of Occurrence of SHE and DOA episodes

Derry et al., Sleep 2009





Patients selection

All vPSG recording conducted for sleep-related paroxysmal events were blindly reviewed
to select patients (>15 years) with the following criteria:

• full PSG with Video recording available for all night duration;
• at least one major or minor habitual episode recorded;
• absence of other sleep disorder;
• definite final diagnosis of SHE or DOA.

‘Confirmed’ SHE

Tinuper et al Neurology 2016

‘Confirmed’ DOA

• Fulfill ICSD3 criteria
• diagnostic consensus agreement by all 

clinicians on the basis of anamnestic features, 
vPSG data, home-Video recordings, clinical 
follow up and therapeutical responses 
(avoiding triggering factors and/or drugs).



Methods

All the Video recordings of the sleep-related paroxysmal episodes were
reviewed by experts in epilepsy and sleep medicine to define major or
minor events.

SHE DOA

Minor episodes: 
✓ simple arousal movements (pattern I) 
✓ rising arousal movements (pattern II) 
Major episodes: 
✓ complex arousal ambulatory movements 

(pattern III)

Minor episodes: 
✓ paroxysmal arousals
✓ minor motor events
Major episodes: 
✓ complex hypermotor seizures

Loddo et al., Sleep Med 2017



Methods

We analysed:
✓ the stage of occurrence of every episodes
✓ the relative time (first or second half of sleep period time-SPT-) of 

occurrence of every episodes
✓ the “events distribution index”:

[Nb events during 1st part SPT– Nb events during 2nd part SPT]/
total Nb events

✓ the “N3 distribution index”*:
[Nb N3 epochs in the 1st part of SPT – Nb N3 epochs in the 2nd part of SPT]/

total Nb N3 epochs

* Also in 22 control subjects, matched for age and sex with patients.



Results

Parasomnia SHE p-value
(N=59) (N=30)

Sex (female) 25 (42%) 14 (47%) 0.7
Age [year] 28.4 +/-10.1 30.4 +/- 14.4 0.81
Nb total events 3.2 +/- 2.4 6.9 +/- 8.2 0.03
Nb major events 1.15 +/- 1.30 4.47 +/-5.20 1.25E-06
Nb minor events 2.05 +/- 2.27 2.43 +/-5.81 0.07
Nb total events during N3 2.92 +/- 2.21 1.90 +/-2.41 0.0036
Nb total events outside N3 0.29 +/- 0.83 5.00 +/-7.43 8.56E-11
Nb major events during N3 1.10 +/- 1.26 1.37 +/-1.96 0.91
Nb major events outside N3 0.05 +/- 0.22 3.10 +/-4.89 2.19E-13
Nb minor events during N3 1.81 +/- 1.94 0.53 +/-1.25 4.62E-05
Nb minor events outside N3 0.24 +/- 0.82 1.90 +/-4.71 0.0023
Total events distribution index 0.50 +/- 0.66 0.14 +/-0.71 0.0119
Major events distribution index 0.55 +/- 0.77 -0.01 +/-0.78 0.0026
Minor events distribution index 0.36 +/- 0.67 0.25 +/-0.52 0.2015



Distribution of events according with stage



N3 distribution Index



Performance of predictors

The occurrence of at least one major event outside N3 was 
suggestive for SHE 

(accuracy = 0.898, sensitivity = 0.793, specificity = 0.949)

The occurrence of at least one minor event during N3 was 
suggestive for DOA 

(accuracy = 0.73, sensitivity = 0.733, specificity = 0.723)



Conclusions

✓ the stage and the relative time of occurrence during sleep of minor and major episodes 
represent a useful and simple tool to discriminate DOA from SHE manifestations

✓ the differential diagnosis between SHE and DOA can be challenging also after a Video-
PSG recording

✓ the occurrence of at least one major event outside N3 was highly suggestive for SHE 
while the occurrence of at least one minor event during N3 was highly suggestive for 
DOA



Conclusions

✓ The “N3 distribution index” was higher in patients with DOA than in patients with SHE. 
Both patients with DOA and patients with SHE had a significantly lower index than 
control subjects

✓ sleepwalkers compared with control subjects had a significantly lower level of 
SWA during the first NREM period (Gadreau et al., 2000).

✓ a lower SWA decline overnight was described in patients with DOA than in control 
subjects (Guilleminault, 2001)

✓ significant variations in the sleep microstructure have been reported in SHE 
patients (Zucconi et al., 2000)

✓ the high amount of epileptic attacks occurring particularly during light sleep could 
lead to a sleep fragmentation and prevent to reach a stable deep sleep
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