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Axis 2: Etiology



Proposed definition



Neonatal period/Infancy

• NEONATAL SE DUE TO ACUTE INJURY 
• SE IN NEONATAL-ONSET EPILEPSIES
• NEONATAL SYNDROMES DEFINED BY THE PRESENCE OF SE

– EPILEPSY OF INFANCY WITH MIGRATING FOCAL SEIZURES
– SELF-LIMITED (FAMILIAL) NEONATAL SEIZURES/EPILEPSY (WATANABE-VIGEVANO SYNDROME)
– EARLY MYOCLONIC ENCEPHALOPATHY
– OHTAHARA SYNDROME



Semin Pediatr Neurol 17:163-168; 2010

Definition
….. One of the challenges in discussing neonatal SE is the lack of a definitive definition that is relevant 
to the newborn brain…………

Neonatal seizures are also more difficult to diagnose clinically with many subtle signs not recognized 
at the bedside…….

Neonatal seizures commonly occur in the setting of encephalopathy (85%); thus, it is challenging 
to recognize any return to baseline mental status between seizures…….

Thus, because of a current lack of clear consensus on the term “status epilepticus” in 
the newborn brain, we avoid this term in favour of a focus on recurrent and prolonged 
seizure activity in this population.
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Summary: Neonatal seizures are common, often require EEG monitoring for diagnosis and management ……

A neonatal electrographic seizure is defined as a sudden, repetitive, evolving, and stereotyped event of
abnormal electrographic pattern …….

The diagnosis of neonatal seizures relies heavily on the neurophysiologist’s interpretation of EEG.

Diagnosing neonatal seizures can be quite challenging for two main reasons.
First, determining whether abnormal movements are the clinical manifestations of electrographic
seizures is difficult.

Second, 80% to 90% of electrographic seizures do not have any associated clinical correlate and would
not be identified without continuous EEG.

2012
J Clin Neurophysiol 2012;29: 441–448

Key Words: Seizures, Neonate, Electroencephalography, Status epilepticus.
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August 2013

Seizure burden in neonates can be 
very high, status epilepticus a 
frequent occurrence, and the 
majority of seizures do not have any
clinical correlate.

April 2013 

J Clin Neurophysiol 2013;30: 106–114

Multichannel Conventional EEG (Routine or Continuous )
Amplitude-integrated EEG (aEEG)
Automated seizure detection algorithms (SDAs)
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SEIZURE BURDEN AND STATUS EPILEPTICUS 
When diagnosing neonatal seizures, and particularly when EEG monitoring investigates
seizures over time, the clinical neurophysiologist is challenged to provide a quantification of
seizure burden…...

While subjective terms such as “frequent” or “occasional” are sometimes used to
describe seizure burden, these have no consistent definition between individuals and
are less useful for communicating findings.
Therefore, an objective quantification of seizure burden is preferred, although various methods
have been used. Counting the absolute number of seizures in a recording is imprecise because
both seizure durations and recording time may vary widely. Increasingly popular is the use of
the “ictal fraction” to quantify seizures (Pisani et al., 2008). This sums the overall duration of all
seizures in an epoch as a fraction of total recording time (Temko et al., 2011).
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Seizures are common among critically ill children, but their relationship to outcome remains unclear. We sought to
quantify the relationship between electrographic seizure burden and short-term neurological outcome, while
controlling for diagnosis and illness severity.
We prospectively evaluated all infants and children admitted to our paediatric and cardiac intensive care units
who underwent clinically ordered continuous video-electroencephalography monitoring ……

Seizure burden was quantified by calculating the maximum percentage of
any hour that was occupied by electrographic seizures.
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We conclude that in this cohort of critically ill children, increasing seizure burden was independently associated
with a greater probability and magnitude of neurological decline.

Our observation that a seizure burden of more than 12 min in a given hour was strongly associated with
neurological decline suggests that early antiepileptic drug management is warranted in this population, and
identifies this seizure burden threshold as a potential therapeutic target.

NB: our study population represents a treated cohort: 81% of
subjects received antiepileptic drugs before or during continuous
video-EEG monitoring and 37% received at least three
antiepileptic drugs.
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‘‘Status epilepticus’’ (SE) aEEG pattern (more than 1 discharge each 10 min of recording and/or a continuous
discharges for equal or more than 15 min): after 90 min with repetitive seizures ( ) on the left side (less evident in
the right hemisphere), a continuous independent bilateral discharge occurs, lasting more than 60 min (*- - - - -*); at
22.06 SE persists on the right side (*–"—*) while stops in the left side (§§§), to recur here after 10 min with left flat
EEG. Single seizures occur ( ). The aEEG background pattern can be classified as ‘‘severely discontinuous
normal without sleep–wake cycling’’.



‘‘Missed seizures’’ (MS) on aEEG recording (*#*), detected by cEEG traces in Cz-C3
(*——*): (i) the seizure lasts less than 15 s and (ii) the amplitude is less than 40 mcV.
Ictal events of various lengths are recorded before and after the MS (~). The aEEG
background pattern can be classified as ‘‘continuous extremely low voltage’’.
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In a multivariable analysis
adjusting for degree of encephalopathy

and severe/near-total brain
injury, status epilepticus was

independently associated with epilepsy.
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<9min in 97% 
of cases

<3min in 75% 
of cases



“repetition of clinical or subclinical seizures with abnormal interictal neurologic status, 
occurring for at least a few hours”

Monod et al. Arch Franc Pediatr 1969

“[(1) generalized high-voltage paroxysmal discharges OR (2) two or more discharges 
occurring every 10 s], persisting for at least 20 min”

Mora et al. Clin Electroencephalogr 1984
“continuous seizure activity for at least 30 min OR recurrent seizures for greater than 
or equal to 50% of the recording time (1-3 h)” [30-90 min].

Scher et al. Epilepsia 1993

“continuous EEG seizure-type activity in one or more channels for at least 4 h or 
separated for only a short period by activity with frequent sharp waves or spikes”

Wertheim et al. Arch Dis Child 1994

“total seizure duration greater than 30 min OR the sum of seizure duration and 
periodic discharges exceeded 50% of the EEG recording

Ortibus et al. Electroencephalogr Clin Neurophysiol 1996

(1) prolonged or frequently repeated seizures lasting more than 15 min, AND (2) 
refractory to treatment with conventional anticonvulsants, (3) no response to glucose, 
Calcium and Magnesium (4) mechanical ventilation required during seizures, and (4) 
further therapeutic options for Midazolam or Lidocaine needed

Yamamoto et al. Brain Dev 2007

“repeated seizures longer than 1 hour”
Co et al. Epilepsia 2007



operational definition:
when seizures are prolonged, recurrent and when 
they persist or recur during 5-15 min

Mizrahi & Kellaway, 1998

For children >5 years old, an operational definition 
for convulsive SE has been proposed, referring to at 
least 5 min of continuous seizures or two or
more discrete seizures between which there is 
incomplete recovery of consciousness.

Lowenstein. Epilepsia 1999
An operational definition should be applied also to 
neonates

Cross. Epileptic Disord 2014





ACNS – Terminology for cEEG in Neonates



BIRDs
10 s



Table 1 (modified)



Neonatal period/Infancy

• NEONATAL SE DUE TO ACUTE INJURY 
• SE IN NEONATAL-ONSET EPILEPSIES
• NEONATAL SYNDROMES DEFINED BY THE PRESENCE OF SE

– EPILEPSY OF INFANCY WITH MIGRATING FOCAL SEIZURES
– SELF-LIMITED (FAMILIAL) NEONATAL SEIZURES/EPILEPSY
– EARLY MYOCLONIC ENCEPHALOPATHY
– OHTAHARA SYNDROME



EPILEPSY OF INFANCY WITH MIGRATING FOCAL SEIZURES



1 m

5 y



7/17 neonatal onset



SELF-LIMITED (FAMILIAL) NEONATAL SEIZURES/EPILEPSY



Sleep stage II REM Sleep



SUPPRESSION-BURST



Early Myoclonic Encephalopathy (EME)





Early Infantile Epileptic Encephalopathy (EIEE)
or OHTAHARA SYNDROME



Infancy/Childhood
• FEBRILE SE IN

– OTHERWISE NORMAL CHILDREN
– DRAVET SYNDROME
– PCDH19-RELATED EPILEPSY
– (F.I.R.E.S.)

• EPILEPSY SYNDROMES WITH CHARACTERISTIC SE TYPES
– SELF-LIMITED EPILEPSY WITH AUTONOMIC SEIZURES (PANAYIOTOPOULOS SYNDROME)
– MYOCLONIC-ATONIC EPILEPSY (DOOSE SYNDROME)
– LENNOX-GASTAUT SYNDROME
– RING20-RELATED EPILEPSY
– ATYPICAL SELF-LIMITED FOCAL EPILEPSIES OF CHILDHOOD

• EPILEPSY SYNDROMES DEFINED BY THE PRESENCE OF SE
– ENCEPHALOPATHY with STATUS EPILEPTICUS during SLEEP (TASSINARI ENCEPHALOPATHY)
– MYOCLONIC STATUS IN NON-PROGRESSIVE ENCEPHALOPATHIES (DALLA BERNARDINA SYNDROME)



FEBRILE SE





Epileptic Disorders in press



DRAVET SYNDROME



obtundation status is caused either by

(a) complex partial status

(b) atypical absence status

(c) a type of non-convulsive epileptic seizure 

related to “post-grand mal exhaustion”



obtundation status is caused either by

(a) complex partial status

(b) atypical absence status

(c) a type of non-convulsive epileptic seizure 

related to “post-grand mal exhaustion”



normal gradually obtunded

motionless 

started to move 

both arms extended 30 min later



obtundation status is caused either by

(a) complex partial status

(b) atypical absence status

(c) a type of non-convulsive epileptic seizure 

related to “post-grand mal exhaustion”



PCDH19-RELATED EPILEPSY



PANAYIOTOPOULOS SYNDROME





40’ after clinical onset40’ after clinical onset







00:2100:21 00:3400:34 00:5100:51
+13’ +20’



Gardella & Cantalupo. Focal 
“Idiopathic” Epilepsies of infancy. 

In: Mecarelli 2019

«Oguni-Leal phenomenon» in PS



DOOSE SYNDROME



LENNOX-GASTAUT SYNDROME



Atypical Absence Status

Tonic Status

Absence Status with interspersed Tonic seizure series



Tonic Status

Atypical Absence Status

Absence Status with interspersed Tonic seizure series



Atypical Absence Status

Absence Status with interspersed Tonic seizure series

Tonic Status



Atypical Absence Status

Tonic Status

Absence Status with interspersed Tonic seizure series



Atypical Absence Status

Tonic Status

Absence Status with interspersed Tonic seizure series



Super-refractory Tonic-Myoclonic Status 
Epilepticus with insidious onset and catamenial

recurrence in Epilepsy with Myoclonic atonic 
seizures (Doose syndrome)

CLINICAL CASES AND REVIEWS IN EPILEPSY (under review)



RING20-RELATED EPILEPSY





ATYPICAL SELF-LIMITED FOCAL EPILEPSIES OF CHILDHOOD

• Convulsive (hemiclonic) SE
• NCSE

– Atypical absences +/- Myoclonic phenomena
– Opercular Status
– ESES (Tassinari Encephalopathy)





MYOCLONIC STATUS IN NONPROGRESSIVE ENCEPHALOPATHIES 
OR DALLA BERNARDINA SYNDROME





Other rare conditions





Rhythmic 
High-
Amplitude 
Delta with 
superimposed 
(poly)Spikes 
(RHADS)











EEG role in SE TREATMENT





1 hour







Grazie


