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A definition and classification of status epilepticus — Report

Treatment of Status Epilepticus with Diazepam (Valium) of the ILAE Task Force on Classification of Status
Epilepticus
*{Eugen Trinka, §Hannah Cock, {Dale Hesdorffer, #Andrea O. Rossetti, **Ingrid E. Scheffer,
H. GASTAUT, R. NAQUET, R. POIRE aND C. A. TASSINARI f+Shlomo Shinnar, £iSimon Shorvon, and §§Daniel H. Lowenstein
. . avAaos
I. Generalized Status Epilepticus Table 2. Axis I: Classification of status epilepticus (SE) four axes:
. Generalized convulsive status TWith prominent motor symptoms 1 »SCITHUI()gy
(i)(Tonic—clanic status epilepticus)grand mal status), or the classic status epilepticus A.| Convulsive SE (CSE, synonym: tonic—clonic SE) 2 Eli()l()g y
of Calmeil (2) and Bourneville (1), with generalized tonic—clonic paroxysms repeated AliG lized Isi B
.|.a. Generalized convulsive 3 EEG correlates
1-5 times per hour, coma, progressive autonomic disturbances, and a fatal prognosis A.1.b. Focal onset evolving into bilateral convulsive SE 4 .
if not stopped quickly. We distinguish between primary tonic—clonic status with fits A.|.c. Unknown whether focal or generalized AgL
generalized from the start, and secondary tonic—clonic status with partial seizures A.2 Myoclonic SE (prominent epileptic myoclonic jerks)
secondarily generalized. A2 Witi coma
(i) sually occurring in childhood. Such attacks occur 4-20 times A2.b. Without coma
in an hour and may disappear or fade away until they can only be perceived on the o

EEG. Autonomic disturbances may increase and lead to death from asphyxia and /1.3 Focal motor

circulatory collapse. A.3.a. Repeated focal motor seizures (Jacksonian)

(iiionly occurring in infancy as prolonged clonic attacks, lasting A.3.b. Epilepsia partialis continua (EPC)
several hours or days and accompanied by coma. A.3.c. Adversive status

(iv)(Myoclonic status)also occurring in childhood as continuously repeated frag- A.3.d. Oculoclonic status
mentary or massive myoclonus, lasting several hours or days with impaired conscious-
ness of varying degree from subject to subject.

A.3.e. Ictal paresis (i.e., focal inhibitory SE)
A.4 Tonic status
o5 bivperkineric SE J
(B) Without prominent motor symptoms (i.e., nonconvulsive SE, NCSE)
B.| NCSE with coma (including so-called “subtle” SE)

B. Non-convulsive generalized status epilepticus

This absence status is characterized by clouding of consciousness, which may be
slight, with simple slowing of ideation and means of expression; or more marked

and accompanied by confusion; or severe with drowsiness or even stupor. They may B.2 NCSE wnthogt o
last for hours or days. These states correspond to what Lennox (7) suggests should B.2.a. Generalized
be named petit mal status. B.2.a.a Typical absence status
B.2.a.b Atypical absence status
II. Unilateral Convulsive Status Epilepticus B.2.a.c Myoclonic absence status
These occur in young children, as hemiclonic attacks and may last for hours or days. B.2.b. Focal
They are always followed by hemiplegia, which fortunately usually passes off but B.2.b.a Without impairment of consciousness (aura continua, with

may be permanent (H.H. syndrome), and sometimes may be accompanied by second-

v Peis autonomic, sensory, visual, olfactory, gustatory, emotional/
ary epileptic attacks (H.H.E. syndrome).

psychic/experiential, or auditory symptoms)
II1. Partial Status Epilepticus B.2.b.b Aphasic status

B.2.b.c With impaired consciousness
B.2.c Unknown whether focal or generalized

R 2 a2 Auronomic SF

This form is confined to adults with repetition at varying intervals of any type of
partial epileptic seizures and usually presenting itself as Jacksonian motor status or
jerks incessantly repeated in the same part of the body [epilepsia partialis continua of
Kojewnikoff (5)].
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APPENDIX 1: LIST OF ETIOLOGIES

THAT May CAUSE STATUS

EPILEPTICUS (NOT EXHAUSTIVE)

1 Cembrovascular discases
a lschemic sroke
b Intracercheal bleeding
© Subarachnoid biceding
d Subdural bemaoma
© Epidural hamatoma
£ Sinus vencus thrombosis and cortics
benis
§ Posterior revarsible Jeskoencephalog
b Viscular dementia

a Acuic bacterial meningitis
b Chronic bacterial meningitis

encephalitis, herpes smplex ence
hempesving 6)
d Progresive multifocal leukoencephs 1
© Cembral wapl smoss
{ Tuberculosis
§ Newrocysicermoss
b Cerchral malaria
i Atypical bacienal infections
j HIV-sclated discases
k Prion discases (Creutzfeldi-Jakob dis
| Protoeoal infections
m Fungal discases
B Subacute slerosng panencephalitis
o Prograssive Ruballa cncephalitis

a Alzheimer's discase
b Conicobasal degeneration
¢ Frontolcmporal damentia

& Glial tumons

b Meringioma

€ Metastases

d Lymphoma

© Meningeosisncoplastica

f Ependymoma

& Primitive neumectodermal tumor (P

Axis 2: Etiology

APPENDIX 2: LIST OF SPECIFIC
ASSOCIATIONS IN WHICH SE Is AN
INTEGRAL PART OF THE SYNDROME,
THE ENTITY, OR IS A SYMPTOM WITH
STRONG CLINICAL IMPLICATIONS
(L1sT Is INCOMPLETE AND WILL BE
ELABORATED)

Absence status in Ring chromosome 20 syndrome.

Angelman syndrome.
Absence status epilepsy.®’

Axis 3: Electroencephalographic correlates

None of the ictal EEG patterns of any type of SE is spe-
cific. Epileptiform discharges are regarded as the hallmark,
but with increasing duration of SE, the EEG changes and
rhythmic nonepileptiform patterns may prevail. Similar EEG
patterns, such as triphasic waves, can be recorded in various
pathologic conditions, leading to substantial confusion in the
literature. Although the EEG is overloaded with movement

A definition and classification of status epilepticus — Report
of the ILAE Task Force on Classification of Status
Epilepticus

*i;Eugen Trinka, §Hannah Cock, {Dale Hesdorffer, #Andrea O. Rossetti, **Ingrid E. Scheffer,
+tShlomo Shinnar, {Simon Shorvon, and §§Daniel H. Lowenstein

Epilepsia, 56(10):1515-1523,2015
doi: 10.1111/epi. 13121

Table 5. SE in selected electroclinical syndromes
according to age

SE occurring in neonatal and infantile-onset epilepsy syndromes
Tonic status (e.g., i br VWest syndrome)
Myoclonic status i
Focal status
SE occurring mainly in childhood and adolescence
Autonomic SEin early-onset benign childhood occipital
epilepsy(Panayiotopoulos syndrome

NCSE in specific childhood epilepsy syndromes and etiologies
(eg. d other karyotype abnormalities,
Angelman syndromelepilepsy with myoclonic-atonic seizures
other childhood myoclonic encephalopathies; see Appendices
1-3)

Tonic status if{Lennox-Gastaut syndrome)

Myoclonic status in progressive myoclonus epilepsies

Electrical status epilepticus in slow wave slee

Aphasic status in Landau-Kleffner syndrome

SE occurring mainly in adolescence and adulthood

Myoclonic status in juvenile myoclonic epilepsy

Absence status in juvenile absence epilepsy

Myoclonic status in Down syndrome

SE occurring mainly in the elderly

Myoclonic status in Alzheimer’s disease

Nonconvulsive status epilepticus in Creutzfeldt-Jakob disease
De novo (or relapsing) absence status of later life

These forms of SE may be encountered prevalently in some age groups, but
not exclusively.
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Epileptic Disord 2005; 7 (3): 253-96

Nonconvulsive

status epilepticus:

Epilepsy Research Foundation
Workshop Reports

Matthew Walker, Helen Cross, Shelagh Smith,

Camilla Young, Jean Aicardi, Richard Appleton, Sarah Aylett,
Frank Besag, Hannah Cock, Robert Delorenzo,

Franck Drislane, John Duncan, Colin Ferrie,

Denson Fujikawa, William Gray, Peter Kaplan,

Micheal Koutroumanidis, Mary O’Regan, Perrine Plouin,
Josemir Sander, Rod Scott, Simon Shorvon, David Treiman,
Claude Wasterlain, Udo Wieshmann

Proposed definition

«Nonconvulsive status epilepticus is a term used to denote
a range of conditions in which electrographic seizure
activity is prolonged and results in nonconvulsive clinical
symptoms. »

Table 1. Classification scheme for NCSE.

NCSE in the neonatal period and infancy

= Neonatal NCSE

* NCSE in neonatal and infantile epilepsy syndromes
— West Syndrome
— Ohtahara syndrome
— Severe myoclonic encephalopathies of infancy
— Benign neonatal seizures (and benign familial neonatal seizures)
— NCSE in other early neonatal and infantile epilepsies

NCSE in childhood

* NCSE in benign focal childhood epilepsy syndromes

* NCSE (often specific forms) in severe childhood epileptic encephalopathies/syndromes
— Electrical status epilepticus in sleep (ESES)
—Landau Kleffner Syndrome
— NCSE in Dravet's syndrome
— NCSE in Ring Chromosome X
— NCSE in myoclonic syndromes of childhood
— NCSE in Angelman's syndrome
— Severe myoclonic encephalopathies of childhood
—Myoclonic-astatic epilepsy

NCSE in childhood and adult life
* NCSE in the severe epileptic encephalopathies/syndromes (atypical absence and other forms of NCSE)
— Lennox Gastaut syndrome
— Other childhood epileptic encephalopathies
* NCSE in acute cerebral injury
— Acute confusional states (including acute symptomatic partial SE)
— NCSE in coma (including myoclonic status epilepticus in coma)
¢ NCSE in patients with epilepsy but without encephalopathy
— Simple partial NCSE
EPC and non-motor forms of simple partial NCSE
— Complex partial status epilepticus
— Absence status epilepticus in idiopathic generalised epilepsies
Panyotopoulos syndrome, EMA, JME
—Myoclonic status epilepticus in idiopathic generalised epilepsy
— NCSE in the postictal phase of tonic clonic seizures
— NCSE inpatients without epileptic encephalopathy/acute cerebral injury, which take the form of cognitive impairment or
confusion, and which do not conform to the categories of simple or complex partial SE

Status epilepticus confined to adult life
* De novo absence status epilepticus of late onset

Boundary syndromes
= Cases with epileptic encephalopathy in whom it is not clear to what extent electrographic seizure activity is contributing to
the clinical impairment
» Cases with acute brain injury in whom it is not clear to what extent electrographic seizure activity is contributing to the
clinical impairment )
» Cases with behavioural disturbances/psychosis in whom it is not clear to what extent electrographic seizure activity is
contributing the clinical impairment )
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Neonatal period/Infancy

* NEONATAL SE DUE TO ACUTE INJURY
* SEIN 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 SYNDROMIE)
EARLY MYOCLONIC ENCEPHALOPATHY

OHTAHARA SYNDROME
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EL
Neonatal Status Epilepticus

Russell Lawrence, MD,** and Terrie Inder, MD**

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.



INVITED REVIEW
2012

J Clin Neurophysiol 2012;29: 441-448

Neonatal Seizures and Status Epilepticus

Nicholas S. Abend* and Courtney J. Wusthofft

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

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.



Apr il 2013 INVITED REVIEW

J Clin Neurophysiol 2013;30: 106—-114

Continuous EEG Monitoring in the Neonatal Intensive Care Unit

Blathnaid McCoy*1 and Cecil D. Hahn*71

Multichannel Conventional EEG (Routine or Continuous )
Amplitude-inteqrated EEG (aEEG)
Automated seizure detection algorithms (SDAs)

A ugust 20 13 Seminars in Fetal & Neonatal Medicine 18 (2013) 202208

Contents lists available at SciVerse ScienceDirect

Seizure burden in neonates can be
very high, status epilepticus a
frequent occurrence, and the
el sl m_ai-oritv of seizures do not have any
Geraldine B. Boylan®*, Nathan J. Stevenson? Sampsa Vanhatalo® Clmlcal Correlate'

Seminars in Fetal & Neonatal Medicine

journal homepage: www.elsevier.com/locate/siny




2013 INVITED REVIEW

Diagnosing Neonatal Seizures and Status Epilepticus

Courtney J. Wusthoff

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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BRAIN

A JOURNAL OF NEUROLOGY

Seizure burden is independently associated with
short term outcome in critically ill children

Eric T. Payne, Xiu Yan Zhao,? Helena Frndova,® Kristin McBain,? Rohit Sharma,’
James S. Hutchison® and Cecil D. Hahn'

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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BRAIN

A JOURNAL OF NEUROLOGY

Seizure burden is independently associated with
short term outcome in critically ill children

Eric T. Payne,” Xiu Yan Zhao,” Helena Frndova,® Kristin McBain,> Rohit Sharma,’
James S. Hutchison® and Cecil D. Hahn'

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 2%
video-EEG monitoring and 37% received at least three '\
antiepileptic drugs. A




rwprated Armgiiude - CETE

BT HT-T] EEL- T FHoaoh G0 O
i graARE Arsgamte - 1T

J:,Mzh | p;f—wh A e B o E‘-‘ﬁ;?"—mm
:,1"1: W::-:::} w’\"‘\%ﬁ:‘hﬁﬂ M -“'\n‘h Pane #ﬂ‘] m

o

Fpi €32 "\_..ﬁu‘--.—r—--’\--‘-‘-"i\_‘\-’"v Tt \-"‘.u"'/M‘”"w

(4=

"r 0 S
=S M RARAR S ? :

Timer 02 41370

How | 20606 FEPFF.LALY ol |
Dt - 1 LORT00H i |

“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 mdependent bilateral discharge occurs, lasting more than 60 min (*- - - - - *); at
22.06 SE persists on the right side (* *) while stops in the left side (§88§), 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”.
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“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”.



031-3998/1 1/N05-0535 Vol. 70, Na. 5, 201
"EDIATRIC RESEARCH Primted in USA.
“opyright © 2011 Iniemational Pediatric Research Foundation, Inc.

Risk Factors for Epilepsy in Children With
Neonatal Encephalopathy

HANNAH C. GLASS, KAREN J. HONG, ELIZABETH E. ROGERS, RITA J. JEREMY, SONIA L. BONIFACIO,
JOSEPH E. SULLIVAN, A. JAMES BARKOVICH, AND DONNA M. FERRIERO

In @ multivariable analysis

adjusting for degree of encephalopathy
and severe/near-total brain

injury, status epilepticus was
independently associated with epilepsy.
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Epilepsia, 28(5):537-541, 1987 A
Raven Press, Ltd., New York P~ )
© International League Against Epilepsy MMWMWP”WWM
| |
The Exact Ictal and Interictal Duration of | ”\M/\W/\J““\{\WW
Electroencephalographic Neonatal Seizures 'ﬁ' MMWWWMM\NW«“W“M
Robert R. Clancy and Agustin Legido

) -
~ |
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— <3minin 75% ' : \f\t‘w '
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200
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<9min in 97%
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PAEDIATRIC

Official Journal of the European Paediatric Neurology Society

Orginal article

Neonatal status epilepticus: Differences between
preterm and term newborns

Elena Pavlidis ", Carlotta Spagnoli °, Annalisa Pelosi ”, Silvia Mazzotta °,
Francesco Pisani *

5. Conclusions

Considering the existing data on NS duration and trend, and
the adverse effects of prolonged and recurrent seizures on
neonatal brain, it is advisable to adopt a shorter temporal
criterion that allows early therapeutic intervention. It is also
true that for NSE no standard treatment protocols exist,
leading to a lack of a targeted intervention and no effective
anticonvulsant drugs are available at the moment. However,
before the right therapeutic approach, a correct definition of
this clinical entity with a shorter temporal criterion would be
the first step towards a proper treatment.
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“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



for convulsive SE has been proposed, referring to at

g For children >5 years old, an operational definition
Review articl least 5 min of continuous seizures or two or

What is new: Talk about status epilepticus in the ) . . . .
bt il P more discrete seizures between which there is
SRS e incomplete recovery of consciousness.

Concerning the first time-point (t1), data show that the mean LowenStEIn E,DIIE’pS/G 1999
duration of seizures in neonates varies from a minimum of An Operat|0na| dEfInItIOI’l ShOUId be applled aISO tO

2 min to a maximum of 19 min and some authors reported a

maximum seizure duration of 6.3 min on average, being < 9min neonates
in 97% of cases and >30 min only in 0.4%.'” '® However,

differently from what recognized for older children,"” a tem- Cross Eplleptlc Dlsord 2014

poral duration after which a spontaneous resolution of the
epileptic discharge is less probable has not yet been established

in neonates.

operational definition:
when seizures are prolonged, recurrent and when

they persist or recur during 5-15 min
Mizrahi & Kellaway, 1998
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- Danish Epilepsy Centre
/ v Aarhus University Hospital pliePRs

‘ 7} Department of Clinical Neurophysiology F I L A D E L F I A
AARHUS UNIVERSITY

+ Seizures:

1. Electrographic:
a. EDs > 2.5 Hz (= 25 discharges /10s; > 10s) or
b. Evolving pattern (= 10s)

3. Electroclinical:
a. Time-locked clinical correlate (any duration) OR
b. EEG and clinical improvement with an IV-AEDs
(Only EEG improvement = possible NCSz /NCSE)

- Status epilepticus
a. > 10 minutes or
b. total duration of >20% (12 min) of any 60-minutes

Sandor.Beniczky@aarhus.rm.dk




(/ Clin Neurophysiol 2013;30: 161-173)

INVITED REVIEW

American Clinical Neurophysiology Society Standardized EEG
Terminology and Categorization for the Description of
Continuous EEG Monitoring in Neonates:

Report of the American Clinical Neurophysiology Society Critical
Care Monitoring Committee

Tammy N. Tsuchida,* Courtney J. Wusthoff.1 Renée A. Shelthaas,} Nicholas S. Abend,§|| Cecil D. Hahn,
Joseph E. Sullivan.f Sylvie Nguven, ** Steven Weinstein,* Mark S. Scher, 1 James J. Riviello,] }
and Robert R. Clancy$)|

TABLE 7. Seizures and Status Epilepticus

Seizures
Duration =10 seconds
Location
Diffuse)
Lateralized
Hemispheric: left and right
Focal
Frontal
Central
Temporal
Occipital
Vertex
Quadrant- anterior and posterior
Bilateral Independent
Multifocal
Migrating
Seizure Burden
Number of seizures per hour or
Summed duration of seizures divided by duration of epoch
Status epilepticus: summed duration of seizures totals =50% of a
1-hour epoch

ACNS - Terminology for cEEG in Neonates

Brief Rhythmic Discharges

This transient EEG pattern consists of evolving rhythmic
patterns of electrical activity that share many characteristics with
seizures but are very brief, with a duration of <<10 seconds (Nagarajan
et al., 2011; Oliveira et al., 2000; Shewmon, 1990). These have pre-
viously been altematively described in the literature as BIRDs (brief
ictal/interictal rthythmic/repetitive discharges) and BERDs (brief elec-
trographic rthythmic discharges). Given that the true significance of
these discharges is uncertain, the operational term “brief rhythmic
discharges™ (BRD) will be used here. They are usually seen in the
context of an abnormal EEG background and/or confirmed electro-
graphic seizures. Also, BRDs are rarely seen in isolation in a normal
EEG. At this time, their pathologic significance is not fully under-
stood. However, recent studies in adults suggested that clinical behav-
ior changes can coexist with epileptiform discharges under 2 seconds
in duration (D’Ambrosio et al., 2009). Similarly, a case series dem-
onstrated similar mortality and neurologic disability for infants with
BRDs as with seizures (Nagarajan et al., 2011). Further study is
needed to better understand the basis and significance of BRD in
the neonate.
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BIRDs

J. Clin. Neurophysiol., Vol. 7, No. 3, 1990

Journal of Clinical Neurophysiology
7(3):315-368, Raven Press, Ltd., New York_ R
® 1990 American Electroencephalographic Society

What Is a Neonatal Seizure? Problems in
Definition and Quantification for
Investigative and Clinical Purposes

D. Alan Shewmon

FIG. 7. Durational continu-
um of brief ictal thythmic dis-
charges (BIRDs)in a 1-month-
old term infant with herpes Y
encephalitis. Epochs are tem-
porally distinct at the same

pair of electrodes.

Over the years, this author has collected a number of neonatal EEGs demon-
strating a continuum of durations of ictal discharges from a single waveform up to
unequivocal (i.e., >10 s and evolving) seizures (Shewmon, 1983a). This phenome-
non isillustrated in Figs. 7 and 8 and will be further illustrated in a manuscript nowin
preparation. Sometimes such discharges are called “larval seizures,” but I prefer the
term “bricfictal rhythmic discharge,” which conveys more clearly that they are truly
mini-seizures and not mere anlagen that must undergo metamorphosis before be-
comingseizures. The term is also advantagous forits acronymic properties (BIRD
in keeping with the traditional animal tetish of neurologists (viz., scans,
scans, and BAERs [sic]).




ESEVIE Clinical Neurophysiology 111 (2000) 1646-1653

www elsevier.com/locate/clinph
Duration of rhythmic EEG patterns in neonates: new evidence for clinical
and prognostic significance of brief rhythmic discharges

Andréa J. Oliveira®®, Magda L. Nunes™*, Liicia M. Haertel”,
Fernando M. Reish, Jaderson C. da Costa™®

Group N Abnormal Epilepsy Death
neurodevelopmental
outcoms
No-RD 53 B(15.1%) 1 (1.9%)
BRD 249 5(17.2%) 3 (103%)
LRD 31 7 (22.6%) 2(6.5%)

AP = 005, =P = (.01 vs. No-RD (chi-square test).

Original Article

Brief Electroencephalography Rhythmic
Discharges (BERDs) in the Neonate With Seizures:
Their Significance and Prognostic Implications

Lakshmi Nagarajan, MD"Z‘], Linda Palumbo, BSc', and
Soumya Ghosh, PhD?
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Table 1 (modified)

Paroxysmal Rhythmic

Activity on EEG

No. of Babies

Neurologically

BERDs only

BERDs+EEG Szs

EEG Sz only
P values

Mortality Normal (survivors)
22.2% 28.6%
18.2% 22.2%
21.8% 36%
.96 73
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EPILEPSY OF INFANCY WITH MIGRATING FOCAL SEIZURES



Epilepsia, 36(10):1017-1024, 1995
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Migrating Partial Seizures in Infancy: A Malignant i .
Disorder with Developmental Arrest O '
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*G. Coppola, T3P. Plouin, *C. Chiron, $O. Robain, and *$0O. Dulac Nt
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TABLE 1. Various criteria of “‘Migrating Partial
Seizures in Infancy’’ in the present series

Number of infants

Major syndrome criteria Meeting Each Criteria ) N
1. Normal development before - o
first seizure 12 of 14 -
2. Onset of seizures before 6 e
months 13 of 14 5y —

3. Focal motor seizures at onset 10 of 14

4. Multifocal seizures becoming ) B —
nearly continuous 14 of 14
5. Intractability to conventional

15ml

AEDs 3 of 14 died el
2 of 13 survivors
seizure-free at 1 year

.

i

11 of 13 survivors at 1-5 1m—
years B B i S e e
6. Lack of definable etiology 14 of 14 el sl il e e
7. Severe psychomotor delay 11 of 13 survivors at 1 iem s

FIG. 1. Age of onset of seizures and evolution
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Table 1.

Electroclinical Features, Imaging Findings, and Evolution of

Journal of Child Neurology
Volume 23 Number 5

May 2008 497-506

© 2008 Sage Publications

Original Article

Typs of . . . . 10.1177/0883073807309771
o Awew Scmmew - ~ Migrating Focal Seizures in Infancy: ¥
Patient Onset (d) Onset CPMS Electroclinical Patterns Ictal EEG Finding - . . Weosted at
T w s ekt wmiswar Analysis of the Electroclinical Patterns i ol s com
bilateral asynchronous " .
2 O crs Independent and 5-6 activity in TO-R 1 7 P
bilateral asynchronous ln atlents
3 @ CFS-MC Al g, indep Fl. ing, fast activ
and bilateral in FI-R . ; . . .
axyrithimons Roberto Horacio Caraballo, MD, Elena Fontana, MD, Francesca Darra, MD,
1 R FMS b ’"“b‘;:"::“"“ i Spikes and SWin T [ ayra Cassar, MD, Francesca Negrini, MD, Elena Fiorini, MD, Hugo Arroyo, MD,
atera . - 5 ~ . .
asynchronous Stella Ferraro, MD, Natalio Fejerman, MD, and Bernardo Dalla Bernardina, MD
5 35 FMS Yes Independent and Spikes and S-Win |
bilateral asynchronous se1zures
6 @ CFS-MC Alternating, independent Flattening, fast activity - Moderate increase Hypotonia, microcephaly, Died
and bilateral in FI-R CSF spaces SPR
asynchronous
7 @ FMS Yes Independent and bilateral Spikes and S-W in RR Yes Moderate ventricular Hypotonia, microcephaly, Daily
asynchronous enlargement SPR seizures
8 58 CFS-MC Al ing, independ: Fl. ing, fast activity Yes Mod n icul Hyp ia, MPR Sporadic
and bilateral in FI-R enlargement seizures
asynchronous
9 @ CFs - Independent and 8-0 activity in TO-R Yes MTS Hyp ia, mi phaly, Sporadi
bilateral SPR seizures
asynchronous 7 1 7 /
10 46 CFS - Independent and bilateral 8-8 activity in TO-R Yes Normal Hypotonia, microcephaly, Daily / n eo n a ta Onset
asynchronous MPR seimires
11 @ FMS Yes Independent and bilateral Spikes and S-W in RR - Normal Hypotonia, microcephaly, Died
asynchronous SPR
12 ’ FMS Yes Independent and bilateral Spikes and S-W in RR Yes Mild ventricular Hypotonia, microcephaly, Daily
asynchronous enlargement SPR seizures
13 59 CFS-MC - Alternating, independent Flattening, fast activity Yes Mild increase CSF Hypotonia, microcephaly, Daily
and bilateral in FI-R spaces SPR seizures
asynchronous
14 48 FMS Yes Independent and bilateral Spikes and S-W in RR Yes Moderate increase Hypotonia, microcephaly, Seizure
asynchronous CSF spaces SPR free
15 38 CFS - Independent and bilateral 8-8 activity in TO-R Yes Mild increase Microcephaly SPR Daily
asynchronous * spaces seizures
16 52 FMS Yes Independent and bilateral Spikes and S-W in RR Yes Mild ventricular Hypotonia, microcephaly, Daily
asynchronous enlargement SPR seizures
17 55 CFS - Independent and bilateral 8-8 activity in TO-R Yes Moderate ventricular Hypotonia, SPR Died
asynchronous enlargement

NOTE: FMS = focal motor seiz
FI-R = frontotemporal region:

PND =}

= status epilepticus;
CSF =

I nocturnal dysp

I Auid.

es; CFS = complex focal seizures; MC = motor component; CPMS = continuous partial motor seizures; S-W = sharp waves; RR = Rolandic region; TO-R = temporo-occipital region;
= mesial temporal sclerosis; SPR = severe psychomotor hal t

MPR = mod psvchometor fation; FEG = el Sezione
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SELF-LIMITED (FAMILIAL) NEONATAL SEIZURES/EPILEPSY



Epileptic Syndromes in Infancy, Childhood and Adolescence (4th edn). |. Roger, M. Bureau, Ch. Dravet, P. Genton, C.A. Tassinari & P. Welf
©2005 John Libbey Eurotext Lid, pp. 171-179.

Sleep stage ll REM Sleep
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Idiopathic and/or benign
localization-related epilepsies in infants
and young children

Federico VIGEVANO and Michelle BUREAU*



SUPPRESSION-BURST

SAND.. T. 2 days 23-VII-75 CPV 5790/75



Early Myoclonic Encephalopathy (EME)



TM-RF
Fp2-C4
C4-02
Fp2-T4
T4-02
C4-Pz
Pz-C3
Fpl-C3
C3-01
Fpl-T3
T3-01
T4-C4
C4-Pz
Pz-C3
C3-T3
delt dx
delt sx
resp
quadr dx

quadr sz

-~




Early Infantile Epileptic Encephalopathy (EIEE)
or OHTAHARA SYNDROME
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* EPILEPSY SYNDROMES WITH CHARACTERISTIC SE TYPES

SELF-LIMITED EPILEPSY WITH AUTONOMIC SEIZURES (PANAYIOTOPOULOS SYNDROME)
MYOCLONIC-ATONIC EPILEPSY (DOOSE SYNDROMIE)

LENNOX-GASTAUT SYNDROME

RING20-RELATED EPILEPSY

ATYPICAL SELF-LIMITED FOCAL EPILEPSIES OF CHILDHOOD
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Epilepsia, 37(1):31-35, 1996

Prolonged Nonepileptic Twilight State with Convulsive
Manifestations After Febrile Convulsions: A Clinical and
Electroencephalographic Study

Naoki Yamamoto
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Epilepsia, 47(6):1079-1081, 2006

Occurrence of a Prolonged Nonepileptic Motor Status
after a Febrile Seizure

*Nicola Specchio, *Raffaella Cusmai. tJosiv Volkov, iPaolo Montaldo. and *Federico Vigevano




ORIGINAL ARTICLE

Non-convulsive febrile status epilepticus mimicking the postictal state after a febrile seizure:
ictal electroclinical and evolutive study

Jacopo Proietti*<, Elena Fiorini'?, Lisa Meneghello'#, Gaetano Cantalupo'**, Elena Fontana*?,
Tommaso Lo Barco*#, Bemardo Dalla Bernardina®, Francesca Darra'~*?
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Epilepsia, 37(10):1020-1022, 1996
Lippincou-Raven Publishers, Philadelphia
D Intcrnational League Against Epilepsy

Brief Communication

“‘Obtundation Status (Dravet)’’ Caused by Complex Partial
Status Epilepticus in a Patient with Severe Myoclonic
Epilepsy in Infancy

Shuji Wakai, Masami Ikehata, Hiroshi Nihira, Nozomi Ito, Hirofumi Sueoka,
*Yoshitaka Kawamoto, *Hiroyuki Hayasaka, and Shunzo Chiba
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Dravet C, Bureau M, Roger J. Severe myoclonic epilepsy in infants.
In: Roger 1, Bureau M, Dravet C, Dreifuss FE, Perret A, Wolf P,
editors. Epileptic syndromes in infancy, childhood and adolescence, (c) a type of non-convulsive epileptic seizure
2nd ed.. London: John Libbey, 1992. pp. 75-88.
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Severe myoclonic epilepsy in infants — a review based on the Tokyo Boin & Development 23 (2001) 136-748

Women’s Medical University series of 84 cases

Hirokazu Oguni®*, Kitami Hayashi®, Yutaka Awaya®, Yukio Fukuyama®, Makiko Osawa®
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A Peculiar State Observed in 4 Patients
with Severe Myoclonic Epilepsy

in Infancy

Sumie Yasuda, M.D., Masako Watanabe,
M.D., Tateki Fujiwara, M.D., Kazuichi Yagi,
M.D. and Masakazu Seino, M.D.
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PCDH19-RELATED EPILEPSY



PANAYIOTOPOULOS SYNDROME



Early onset benign occipital susceptibility syndrome: video-EEG Clinical Neurophysiology 111, Suppl. 2 (2000) S81-S86
documentation of an illustrative case ' '

Federico Vigevano™, Maria Luisa Lispi, Stefano Ricci
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Documentation of autonomic seizures and autonomic status epilepticus with ictal

EEG in Panayiotopoulos syndrome

Nicola Specchio **, Marina Trivisano ®, Dianela Claps ® Domenica Battaglia ¢,

Lucia Fusco ?, Federico Vigevano?

40’ after clinical onset
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Case Report

Recurrent autonomic status epilepticus in

Panayiotopoulos syndrome: Video/EEG studies
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DOOSE SYNDROME



LENNOX-GASTAUT SYNDROME



Rev. E.E.G. Neurophysiol. clin., 1985, 15: 361 —368 Tonic Status / ‘ UNIVERSITA ‘

i 4 ol
U,

di VERONA

© Elsevier, Paris

LES ETATS DE MAL DANS LE SYNDROME DE LENNOX—-GASTAUT

C. DRAVET, O. NATALE, A. MAGAUDDA, J.L. LARRIEU,
M. BUREALU, J. ROGER et C.A. TASSINARI

Atypical Absence Status

SUBJECT CONFUSED.DOES NOT ANSWER QUESTIONS

\MWMWMVWWM
WAL

!\J\ﬂﬁ\ ~—ne——

CHARB.. S MYrs 7Mths  10-12-76 CSP/45140 rsec_1OOHY

gMWWMW\MMW

§MMWW | M%

20min AFTER 25ctg EUNOCTAL IM..NO CLINICAL CHANGES

R LALLM,
A AT g °
IR WMWWWWWMWWWm o
AN LS )
CAVMARANA TN AT VLV wmmmme

Lwpeom L e e b b

MWMW RLIP COM M

1 sec SAL.. G 4Yrs 1-1-70 Csp- 28614 4Yrs CSP 25693

o
°




Rev. E.E.G. Neurophysiol. clin., 1985, 15: 361368 Tonic Status
© Elsevier, Paris

LES ETATS DE MAL DANS LE SYNDROME DE LENNOX—-GASTAUT

C. DRAVET, O. NATALE, A. MAGAUDDA, I.L. LARRIEU,
M. BUREALU, J. ROGER et C.A. TASSINARI

Atypical Absence Status

SUBJECT CONWFUSED._DOES NOT ANSWER QUESTIONS

XM«%%W

@WM

20min AFTER 25cty EUNOCTAL IM..NO CLINICAL CHANGES

Absence Status with interspersed Tonic seizure series

GRAN... 8 yrs. 100pv I_ 19994 CS.P.
1 sec




Rev. E.E.G. Neurophysiol. clin., 1985, 15: 361 —368

© Elsevier, Paris

LES ETATS DE MAL DANS LE SYNDROME DE LENNOX—-GASTAUT

C. DRAVET, O. NATALE,

A. MAGAUDDA, I.L. LARRIEU,
M. BUREALU, J. ROGER et C.A. TASSINARI

Tonic Status
o“ ) u\‘ ‘\J ' .H

EKG

JNIVERSITA
i VERONA

R s S L T

Bt i e e e e e A

B e N e

CHARB, 5  1iYes 7Mihs  10-1276 CSP/45140 tsec PO
SAN... 140 L S

MMﬂW&ﬁNWVM% i I.l| UM\M/W
FWW%M\NWWWW W"‘F(M"'M‘!W&w \“»/\\J/\‘\/\\/W
Cm=Og MMM’MWWM“WWW

O MMM M WWMW&WMWWMM
FWC’"MMAMWWMW e ';E\W“’W

Resp J\J\J\J\M\f\f




Rev. E.E.G. Neurophysiol. clin., 1985, 15: 361 —368
© Elsevier, Paris

LES ETATS DE MAL DANS LE SYNDROME DE LENNOX—-GASTAUT

C. DRAVET, O. NATALE, A. MAGAUDDA, I.L. LARRIEU,
M. BUREALU, J. ROGER et C.A. TASSINARI

Atypical Absence Status

Tonic Status

Absence Status with interspersed Tonic seizure series

RLIP COM.

SAL.. G 4Yrs 11-1-70 Csp- 28614 | 4Yrs CSP 28693




JNIVERSITA
i VERONA

Rev. E.E.G. Neurophysiol. clin., 1985, 15: 361 —368
© Elsevier, Paris

LES ETATS DE MAL DANS LE SYNDROME DE LENNOX—-GASTAUT

C. DRAVET, O. NATALE, A. MAGAUDDA, J.L. LARRIEU,
M. BUREALU, J. ROGER et C.A. TASSINARI

W il ‘ﬁ ‘. . M .*‘*"l
4’1'1’ i i

SUBJECT CONFUSED_DOES N

Lup com 13 TR i bbb bbbl bbb

R LIP COM

A00pV
“sec ] &Yrs CSP 28603

SAL.. G 4Yrs 11-1-70 CspP- 28614




Super-refractory Tonic-Myoclonic Status
Epilepticus with insidious onset and catamenial
recurrence in Epilepsy with Myoclonic atonic
seizures (Doose syndrome)

J. Proiettit, T. Lo Barco’, G. Rizzi", E. Santangelo, E. Parrini?, C. Bonin3, G. Cantalupo’, E. Fontana* F.
Darra?, E. Fiorini!, B. Dalla Bernardina*

_ 1U.0.C. Neuropsichiatria Infantile, Azienda Ospedaliera Universitaria Integrata, Verona.
2 Laboratorio di Neurogenetica, Azienda Ospedaliero-Universitaria “A. Meyer”, Firenze.
3U.0.C. Ostetricia e Ginecologia B, Azienda Ospedaliera Universitaria Integrata, Verona.

CLINICAL CASES AND REVIEWS IN EPILEPSY (under review)



RING20-RELATED EPILEPSY
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Ring chromosome 20 and nonconvulsive status
epilepticus
A new epileptic syndrome

Y. Inoue.! T. Fujiwara.! K. Matsuda.! H. Kubota.! M. Tanaka.! K. Yagi.! K. Yamamori' and
Y. Takahashi®
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Epilepsia, 39(9):942-951, 1998

Chromosome 20 Ring: A Chromosomal Disorder Associated
with a Particular Electroclinical Pattern

Maria Paola Canevini, Vincenzo Sgro, *Orsetta Zuffardi, Raffaele Canger, Romeo Carrozzo,
§Elena Rossi, 'David Ledbetter, +Fabio Minicucci, Aglaia Vignoli, Ada Piazzini,
Loredana Guidolin, Amalia Saltarelli, and YBernardo dalla Bernardina
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ATYPICAL SELF-LIMITED FOCAL EPILEPSIES OF CHILDHOOD

e Convulsive (hemiclonic) SE
 NCSE

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



Epilepsia, 28(4):351-355, 1987
Raven Press, Ltd., New York
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Status Epilepticus of Benign Partial Epilepsies in Children:

Report of Two Cases

Natalio Fejerman and A. Marcelo Di Blasi

In summary, we believe that there are neither
clinical nor theoretic reasons to refute the possi-
bility that a neurologically normal child with BPEC
might have clinical and electrical signs of SE corre-
sponding to the type of epilepsy suffered and have a
complete SE remission without neuropsychologic
deterioration. We have no explanation for the lack
of response to antiepileptic drug therapy and the
dramatic improvement after steroid treatment in
our two cases. Finally, we are aware that a longer
follow-up of these cases is needed to support the
hypothesis that episodes of SE can exceptionally
occur in patients with BPEC-R without changing
the prognosis of this condition.

Epilepsia, 32(3):329-334, 1991
Raven Press, Lid., New York
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Status Epilepticus in Benign Rolandic Epilepsy
Manifesting as Anterior Operculum Syndrome
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MYOCLONIC STATUS IN NONPROGRESSIVE ENCEPHALOPATHIES
OR DALLA BERNARDINA SYNDROME
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Myoclonic Status in Nonprogressive Encephalopathies: Study
of 29 Cases
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Other rare conditions



Y e In 9 patients, one of whom had been seen during an earlier

1986, Vol. 17, pp. 75-80, © Hippokrates Verlag GmbH "Humﬂﬂmam phase, EEGs were taken when frequent, usually focal seizures
had become a prominent feature of the illness. In all 9 cases

. . . . . an EEG taken at this stage of the illness showed unusual and
Progressive Neuronal Degeneration of Childhood with Liver Disease strikingly similar abnormalities. These consisted of very slow
(“Alpers’ Disease”): Characteristic Neurophysiological Features activity (1 c/s or less) of very high amplitude (200 microvolts

to about one millivolt), mixed with polyspikes which were of

> 6 s much lower amplitude and which had a rather distinctive
LE configuration (Figs. | bottom, 2, 3). These polyspikes were of-
. Egger

ten more prominent over one area, including the occipital
G. Pampiglione cortex (Fig. 4). Clinical attacks were usually contralateral to
the hemisphere showing focal discharges. However, surface
polyEMG recordings in three cases did not show a clear corre-
lation between the groups of muscle action potentials and the
EEG discharges. In six cases, the slow activity was grossly

continuous twitching foce ond limbs

T e A RSN A A

Fig.2 (Case 10) This 6-year-old boy had frequent left sided polyspikes are seen particularly over the right temporal and mid
twitching. Note the marked asymmetry in the EEG with high ampli-  occipital regions -f\ 0 i
tude slow activity over the right hemisphere. Lower amplitude 20
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FULL-LENGTH ORIGINAL RESEARCH

Status epilepticus in children with Alpers’ disease caused
by POLGI mutations: EEG and MRI features

*Nicole |. Wolf, {Shamima Rahman, {Bernhard Schmitt, §Jan-Willem Taanman,
fAndrew ]. Duncan, §Inga Harting, {Gabriele Wohlrab, *Friedrich Ebinger,
*Dietz Rating , and *Thomas Bast
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Status epilepticus in children with Alpers’ disease caused
by POLGI mutations: EEG and MRI features
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Clinical Neurophysiology 129 (2018) 2127-2131

Specific EEG markers in POLG1 Alpers' syndrome

Anouk van Westrhenen*”, Elisabeth A. Cats
Sandra M.A. van der Salm**, Nico W. Teunissen*, Cyrille H. Ferrier

4, Bart van den Munckhof?,
* Frans S.S. Leijten**, Karin P.W. Geleijns *
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Four video recordings were lacking (patient 1 and 6) or had
incomplete imaging of the patient (patient 7 and 8). In two
patients a co-occurrence of clinical epileptic signs (myoclonus of
right leg and foot in patient 1 and 4 respectively) and RHADS
was found [Table 1]. Patient 3 showed visual agnosia along with
nearly continuous RHADS in the occipital region. Subsequent
EEGs displayed no RHADS and clinical records described restored
vision.

Our results suggest that RHADS are a highly specific marker
of AHS, and can (dis)appear over time. Using our criteria, RHADS
can be well detected by the non-expert clinician. The appearance
of correlating clinical epileptic symptoms and ripples indicate
that RHADS signify an epileptic phenomenon. Further studies
should give more insight in the pathophysiology of RHADS in
AHS.
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