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1981 1990 2014
NPD

Nocturnal
Paroxysmal Dystonia

NFLE
Nocturnal Frontal

Lobe Epilepsy

SHE
Sleep Related Hyper

motor Epilepsy

Tinuper et al., 2016
Tinuper et al., 1990

Scheffer et al., 1994-1995Lugaresi & Cirignotta, 1981

2021
SHE included in the 
ILAE Classification 
and Definition of 
Epilepsy Syndromes 

Riney et al., 2021 (submitted)

SHE is forty years old



“Nocturnal Frontal Lobe Epilepsy” was misleading because:
– Seizures may arise from extra-frontal regions

International Consensus conference on NFLE 
Progress and challenges in an enigmatic epilepsy syndrome

Bologna, 30th August -1st September 2014 

What was wrong with NFLE?
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Nobili 2002; Mai 2005; Duffau 2006, Ryvlin 2006, Rheims 2008; Proserpio 2011
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“Nocturnal Frontal Lobe Epilepsy” was misleading because:
– Seizures may arise from extra-frontal regions
– The relationship to sleep is crucial, rather than time of day
– Name did not capture typical semiology

International Consensus conference on NFLE 
Progress and challenges in an enigmatic epilepsy syndrome

Bologna, 30th August -1st September 2014 

What was wrong with NFLE?



SHE: diagnostic criteria 
Diagnosis based on clinical history

• Brief (<2 minutes) seizures with stereotyped motor pattern, abrupt onset and 
offset, may cluster

• Most common motor activity is hypermotor: vigorous hyperkinetic movements

Tinuper et al., Neurology 2016



Epileptic Nocturnal Wandering

Plazzi et al., 1995



SHE: diagnostic criteria 
Diagnosis based on clinical history

• Brief (<2 minutes) seizures with stereotyped motor pattern, abrupt onset and 
offset, may cluster

• Most common motor activity is hypermotor: vigorous hyperkinetic movements, 
and/or tonic or dystonic asymmetric posturing, with or without impaired 
awareness

Tinuper et al., Neurology 2016



Dystonic asymmetric posturing
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Diagnosis based on clinical history

• Brief (<2 minutes) seizures with stereotyped motor pattern, abrupt onset and 
offset, may cluster

• Most common motor activity is hypermotor: vigorous hyperkinetic movements, 
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awareness

Tinuper et al., Neurology 2016



Asymmetric tonic-dystonic

Morris et al., Neurology 1988
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SHE: diagnostic criteria 
Diagnosis based on clinical history

• Brief (<2 minutes) seizures with stereotyped motor pattern, abrupt onset and 
offset, may cluster

• Most common motor activity is hypermotor: vigorous hyperkinetic movements, 
and/or asymmetric tonic or dystonic posturing, with or without impaired 
awareness

• Occurrence predominantly during sleep

• Diagnosis not excluded by intellectual disability, neuropsychiatric features, 
absence of interictal and ictal EEG correlates, extrafrontal origin

Tinuper et al., Neurology 2016



SHE: diagnostic criteria 
Three levels of certainty

Witnessed (possible)
⁻ Clinical features provided by observer

Video-documented (clinical)
⁻ At least one stereotyped event, confirmed by observer to be typical

⁻ High quality audio-video including the onset and offset with clear visualization of the entire 

event

Tinuper et al., Neurology 2016



CRISI IPERCINETICHE



CRISI  TONICO ASIMMETRICHE 



Courtesy Dr Pruna

Mayo Clin Proc.January 2021



HOME-MADE video

• Raccomandare uso ai pz fin dalla prima visita
• Telecamera (infrarossi) accesa tutta la notte per almeno 1 sett
• Dormire senza lenzuolo, accendere luce all’inizio, etc

VANTAGGI
• Setting fisiologico 
• Risparmio tempo
• Abbattimento costi VPSG
• Ottima “resa” diagnostica per episodi maggiori
• ↓ misdiagnosis



SHE: diagnostic criteria 
Three levels of certainty

Witnessed (possible)
⁻ Clinical features provided by observer

Video-documented (clinical)
⁻ At least one stereotyped event, confirmed by observer to be typical

⁻ High quality audio-video including the onset and offset with clear visualization of the entire 

event

⁻ Minor motor events or paroxysmal arousals excluded

Tinuper et al., Neurology 2016



Paroxysmal Arousals, Montagna 1990;  Minimal, Minor and Major motor activity Oldani 1996, Zucconi 1997 

Minimal motor events 

Gibbs et al., 2016
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SHE: diagnostic criteria 
Three levels of certainty

Witnessed (possible)
⁻ Clinical features provided by observer

Video-documented (clinical)
⁻ At least one stereotyped event, confirmed by observer to be typical

⁻ High quality audio-video including the onset and offset with clear visualization of the entire 

event

⁻ Minor motor events or paroxysmal arousals excluded

Video-EEG documented (confirmed)
⁻ At least one stereotyped event during daytime sleep recording after sleep deprivation, or 

during full night sleep recording using ≥19 EEG channels, ECG, oculogram, and chin EMG

⁻ Definitive ictal epileptic discharge

Tinuper et al., Neurology 2016
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SHE: diagnostic criteria 
Three levels of certainty

Witnessed (possible)
⁻ Clinical features provided by observer

Video-documented (clinical)
⁻ At least one stereotyped event, confirmed by observer to be typical

⁻ High quality audio-video including the onset and offset with clear visualization of the entire 

event

⁻ Minor motor events or paroxysmal arousals excluded

Video-EEG documented (confirmed)
⁻ At least one stereotyped event during daytime sleep recording after sleep deprivation, or 

during full night sleep recording using ≥19 EEG channels, ECG, oculogram, and chin EMG

⁻ Definitive ictal epileptic discharge or interictal epileptiform abnormality

Tinuper et al., Neurology 2016
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1.8 cases (IC 95%  0.7–4.0)

F   1.1  (0.1–4.0)

M  2.6 (0.7–6.7)

Bologna
city

Modena
5 districts

1.9 cases (IC 95%  0.8–3.7)

F   2.3 (0.7–5.3)

M  1.5 (0.3–4.3)                       
per 100,000 residents
prevalence day 31-12-2010



SHE phenotype 

139 cases 

§ Prevalence 1.8-1.9/100.000 Vignatelli et al., 2017

§ M>F (63% M)

§ Age at onset  mean 13.4 ± 10.2 yrs (range: 1-56 yrs)

§ Sporadic 85.6%, Familial 14.4% (ADSHE 5%)

§ Parasomnias: familiy history 48.2%; [personal history 30%]

§ Normal neurological exam and IQ 89.2%

§ Bilateral convulsive tonic-clonic seizures: 33.8%

§ EEG negative: 43.8% interictal and 61.15% ictal 

§ Drug resistance rate: 38.8%



Epilepsia, 2010

Family study
Proband vs control relatives



SHE  and parasomnias: OVERLAPPING

SHEPARASOMNIAS



SHE and  parasomnias: OVERLAPPING

Tassinari et al., 2005, 2009, 2012

Innate motor
behaviors



SHE prognosis 
Cumulative Terminal Remission rate

~ 25% after 20 years

Licchetta et al., Neurology 2017

139 cases 

Drug resistance rate: 38.8%



LATE ONSET (>6 Y)

EARLY ONSET (<6 Y)

Predictor of Terminal Remission

P: 0.076

At least 1 among:
ID, abnormal NE or brain MRI

ANY LESION -

ANY LESION +

P: 0.020

100% of sleep-related events

TYPICAL SHE +

TYPICAL SHE- P: 0.008

Licchetta et al., Neurology 2017

Negative

Early onset <6 yrs

Atypical SHE (<100% of sleep-related events)

ID, abnormal NE/MRI



SHE etiology 

Licchetta et al., Neurology 2017

139 cases

Sporadic 85.6%, Familial 14.4% (ADSHE 5%)

§ Unknown 78.3%

§ Structural 13.7%

§ Genetic 5% 

§ Genetic-structural 3%
8% genetic etiology



Autosomal Dominant Nocturnal Frontal Lobe Epilepsy (ADNFLE)

1994-1995 

Nat Genet. 1995 May

Stenlein et al.,  1995



ENFL4
8p12.3

CHRNA2
α2 

Aridon et al, 2006

ENFL1 
20q13.2 
CHRNA4

α4
Steinelin et al, 1995

Autosomal Dominant SHE (ADSHE)



Autosomal Dominant SHE (ADSHE)

CHRNA4 p.Gly307Val



ENFL1 
20q13.2 
CHRNA4

α4
Steinelin et al, 1995

ENFL2 15q24
Gene ?

Philips et al, 1998

ENFL4
8p12.3

CHRNA2
α2 

Aridon et al, 2006

ENFL3
1q21

CHRNB2
β2

De Fusco et al,2000
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α2 

Aridon et al, 2006

ENFL1 
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α4
Steinelin et al, 1995

Autosomal Dominant SHE (ADSHE)



Autosomal Dominant SHE (ADSHE)

~15% ADSHE

nAChRs genes  

From 1995 only nAChr genes



From 2012 to nowàGenetic heterogeneity

Autosomal Dominant SHE (ADSHE)

~15% ADSHE

nAChRs genes  KCNT1

SEVERE PHENOTYPE

Heron et al.,  2012

§ Malignant Migrating Focal Seizures of Infancy (MMFSI) 

§



SHE-KCNT1
ADSHE 100% penetrance
Early onset
Drug resistancy
ID/Psychiatric disorders





4 MRI negative pts with DR SHE
3 underwent surgeryà mMCD



From 2012 to nowàGenetic heterogeneity

Autosomal Dominant SHE (ADSHE)

~15% ADSHE

nAChRs genes  KCNT1

SEVERE PHENOTYPE

Heron et al.,  2012

GATOR1 genes

Dibbens et al., 2013
Hishida et al.,  2013
Picard et al., 2014



12-37% of families with FE
13% of ADSHE Picard et al., 2014 



GATOR1 complex is a repressor of mTOR complex 1

Bar-Peled et al., Science 2013
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AKT3
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mTORC1

NPRL2 NPRL3

DEPDC5

GATOR1 complex

Amino acid 
sensing

Cell growth Cell proliferation Protein synthesis Autophagy



SHE

Malformation



SHE
Fronto-temporal lobe epilepsy
Abnormal MRI
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~15% ADSHE

nAChRs genes  KCNT1

SEVERE PHENOTYPE

GATOR1 genes

Autosomal Dominant SHE (ADSHE)

From  2012 to nowàGenetic heterogeneity

Heron et al.,  2012 Hishida et al.,  2013
Picard et al., 2014

Ricos et al., Ann Neur 2016
Korenke et al., Epilepsia 2016



EPILEPSY, OTHER FOCAL

SHE

UNDETERMINED (e.g. GTCS)
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penetrance: 67% 

NPRL2  Nitrogen Permease Regulator-Like 2, 3p21.31

NPRL2/NPRL3/DEPDC5 phenotypes
• Penetrance: 67%, but variable
• Familial or de novo mutations
• Onset usually childhood/adolescence
• Epilepsy usually mild
• Intellectual disability rare
• Dysplastic lesions in some



Overall detection rate: 8.7%
familial cases 19%
sporadic cases:7%

phenotypic spectrum of 
mTORpathies

(GATOR1-complex)

3/4 pts with 
DEPDC5 variants 
had FCD



GATOR1 phenotype

Baldassari et al., Genetics in Medicine 2018

ASD, ADHD, anxiety, 
depression, impulsivity, 

obsessive compulsive disorder
Favourable surgery outcome in most
patients

183 
probands

GATOR1 
PHENOTYPE

Focal sz
+ 

Incomplete 
penetrance

SUDEP
Drug

resistance

Malformations of 
cortical

development

Neuropsychiatric
comorbidities

~60%

~90%

9.3%
>50% 

23%
~36%

mostly sleep-related hypermotor 
seizures

Early age at onset: 
30% of probands <1y



• 1/3 of SHE pts are drug-resistant  
• >70% high seizure frequency (>25 seizures/month)
• SEEG often necessary if MRI is negative

Epilepsy surgery 
Excellent outcome in selected cases (>>FCDII) 
àBoth frontal or extra-frontal 

SHE & surgery



Genetic SHE & surgery ?

Surgical outcome of genetic dysplasia

FCD with DEPDC5 mutations suggests patients may still benefit from surgical 

resectionà DEPDC5 mutation means one should look again for FCD!

KCNT1à Subtle dysplasia (FCD type 1) 

Frequency of genetic-structural cases? 

Surgical outcome pts without dysplasia? 

Somatic mutations in cases with dysplasia (25% FCDIIb Niguarda Hospital)

Genetic study for cases excluded from surgery?

Outcome following resection

Follow-up, Correlation with pathology



CONCLUSIONS

ü SHE is a rare disorder (possibly underdiagnosed/misdiagnosed parasomnias)

ü Video recording of episodes mandatory for diagnosis 

ü Sporadic ≅ Familial cases

ü Etiology largely unknown (<10 % genetic, >15% lesional)

ü Genetic heterogeneity à different pathways involved 

ü Mutations in GATOR1 genes play major role in genetic cases of SHE: precision medicine?

ü A proportion of  mutated SHE patients fall into the mTORopathy spectrum à have drug-

resistant epilepsy, possibly associated with FCD à surgery
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