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Comprehensive ILAE teaching course with a combination of
lectures and expert-led practical sessions

Clare College, Cambridge, UK
30th March - 2" April 2026

EEG in the First
Year of Life

- from newborn to toddler

Course directors

Dr Ronit Pressler
Great Ormond Street Hospital for Children, London, UK

Dr Monika Eisermann
Dr. von Haunersches Kinderspital, Minchen, Germany




Timetable

Monday, 30" March 2026

09:00-10:20
10:20-10:30
10:30-11:00

11:00-11:30

11:30-12:00

12:00-13:00
13:00-13:30

13:30-14:00

14:00-15:30
15:30-16:00
16:00-17:30
18:30-19:30

Registration and refreshments
Welcome

Rachel Thornton (UK)

Technical aspects, challenges, and pitfalls

Fabrice Wallois (France):
Normal EEG in preterm and term infants

Emilie Bourel-Ponchel (France)
Normal EEG in Infancy

Lunch

Monika Eisermann (Germany):
Abnormal EEG in newborns and infants

Alexandre Datta (Switzerland)
Sleep in infancy — normal and abnormal

Workshop | - Normal EEG in newborns & infants
Coffee break
Workshop | - Abnormal EEG in newborns & infants

Dinner

Garden Room
Riley Auditorium

Riley Auditorium

Riley Auditorium

Riley Auditorium

Garden Room

Riley Auditorium

Riley Auditorium

Seminar rooms
Garden Room
Seminar rooms

The Buttery

LEARN MORE ABOUT OUR BRAIN SOLUTIONS!

Natus neonatal and infant

£ N\
0\4’!!‘

EEG solutions

Natus NeuroWorks

Powerful neurological monitoring for clinical confidence

Brain monitoring using Natus' renowned NeuroWorks system provides critical and immediate patient cerebral function to
ICU staff and remote monitors for physician review — changing the standard of care in the ICU. NeuroWorks features a
simple and intuitive interface designed specifically for the ICU along with powerful trending options, including qEEG.

[=]%= ]
B % f natus.

natus.com

©2025 Natus Medical Incorporated.



Tuesday, 31°* March 2026

09:00-09:30

09:30-10:00

10:00-10:30
10:30-12:30
12:30-13:30
13:30-14:00

14:00-14:30

14:30-15:00

15:00-15:30
15:30-17:30

Sushma Goyal (UK):
EEG in preterm brain injury

Geraldine Boylan (Ireland)
EEG in HIE & neonatal stroke

Coffee break

Workshop Il - Brain injury in term & preterm infants

Lunch
Ronit Pressler (UK):
EEG in neonatal seizures

Ronit Pressler (UK):
Classification of neonatal seizure & epilepsies

Topun Austin (UK):
Neonatologists view of EEG and aEEG
Coffee break

Workshop IV - Neonatal seizures

Free evening

Riley Auditorium

Riley Auditorium

Garden Room
Seminar rooms
Garden Room

Riley Auditorium

Riley Auditorium

Riley Auditorium

Garden Room

Seminar rooms

Wednesday, 1% April 2026

09:00-09:30

09:30-10:00

10:00-10:30
10:30-12:30
12:30-13:30
13:30-14:00

14:00-14:30

14:30-15:00

15:00-15:30
15:30-17:30
19:00-22:30

Monika Eisermann (Germany):

Riley Auditorium

Early onset developmental & epileptic encephalopathies

Christian Korff (Switzerland)
Hypsarrhythmia and epileptic spasms

Coffee break
Workshop V — DEEs in Infancy
Lunch

Nicola Specchio (Italy):
EEG abnormalities in genetic disorders

Federico Vigevano (ltaly):
EEG abnormalities in inborn error of metabolism

Nicola Specchio (Italy):

EEG in self-limiting epilepsy syndromes
Coffee break

Workshop VI — Epilepsy syndromes in infancy

Drinks Reception and Gala Dinner

Riley Auditorium

Garden Room
Seminar rooms
Garden Room

Riley Auditorium

Riley Auditorium

Riley Auditorium

Garden Room
Seminar rooms

Grand Hall




Thursday, 2" April 2026

09:00-09:30 Rachel Thornton (UK) Riley Auditorium
Cortical malformations in infancy

09:30-10:00 Maria Angeles Pérez-liménez (Spain): Riley Auditorium
Non-epileptic events in infancy

10:00-10:30 Coffee break Garden Room

10:30-12:15 Workshop VII — Mixed cases Seminar rooms

12:20-13:00 Ronit Pressler & Monika Eisermann Riley Auditorium
Quiz

13:00-13:30 Lunch Garden Room

13:30 END OF COURSE

Membership is free and &
open to all. Join today! &

Stay current. Build confidence. Advance care.

The Neuro Training Academy offers care teams around the world comprehensive neuro education to advance dlinical
expertise, keeping you up to date on the latest technological and scientific developments, and supporting confident care.

Ask the E
Educational i 2 F:\re“mxsperl Networking

Application
Tips & Tricks

EXPLORE EDUCATIONAL OPPORTUNITIES f natus
®

NAatus.COM ©2026 Natus Medical incorporated.




Course director and admin

Ronit M Pressler, PhD, MD, FRCP, MRCPCH, London, UK

Ronit Pressler is Head of the Department of Clinical Neurophysiology and Consultant
in Clinical Neurophysiology at Great Ormond Street Hospital for Children. She is
Associate Professor at the UCL Great Ormond Street Institute of Child Health, London,
and Visiting Professor at the Medical University of Vienna.

She serves as Secretary of the ILAE Europe Commission. Since 2015, she has served P b
on the Council of the British Society for Clinical Neurophysiology (BSCN) and currently a8
serves as President. She chairs and has chaired several ILAE task forces and neonatal
working groups, including the ILAE Neonatal Seizure Task Force and the ILAE Acute
Symptomatic Seizure Task Force. She is Associate Editor of Epilepsia Open.

Her research focuses on neonatal and paediatric EEG, the diagnosis and treatment of neonatal seizures, and
epilepsy in early childhood.

Monika Eisermann, MD, MD, Munich, Germany

Dr Monika Eisermann is Consultant Pediatric Epileptologist and Clinical
Neurophysiologist at the Munich University Center for Children with Medical and
Developmental Complexity in Germany. After medical studies, fellowship in
Pediatrics, Neuropediatrics and Epileptology, and doctorate in Germany, she trained
in Clinical Neurophysiology at Saint Vincent de Paul Hospital in Paris with Perrine
Plouin. Until 2025, she worked at the Pediatric University Hospital Necker Enfants
Malades Hospital in Paris.

SO
T
She served as member of the executive committee of the French Society of Clinical

Neurophysiology Society, acting as delegate and liaison officer to the International Societies. Her research
interests are neonatal epilepsies and early onset developmental and epileptic encephalopathies. She has a vast
teaching experience resulting from lectures given at French universities, by organizing national seminaries and
workshops in pediatric clinical neurophysiology, and by lecturing at national and international congresses and
courses. Since 2011, she is director of the Pediatric Virepa EEG course of the ILAE Academy, in 2018, she co-
founded the ILAE school of EEG in the first year of life.

Louise Jones, London, UK

Louise Jones is the Course Administrator. She also works as Administrator to
The British Society for Clinical Neurology and has previously worked as
Research PA to both Dr Ronit Pressler & Professor Helen Cross. With over 35
years’ experience as a PA / Medical Conferencing Coordinator, working both
for the private sector & the NHS across various medical specialties.




Faculty

Alexandre N. Datta, MD, Basel, Switzerland

Professor Dr. Alexandre Datta is head of Paediatric Neurology and Developmental
Medicine Department at the University Children’s Hospital Basel, co-head of the
Center of Epileptology, Sleep and Chronobiology of Basel University Hospitals and
Head of the Research Group “Paediatric epilepsy and sleep” at the Department of
Clinical Research of the University of Basel, Switzerland. He trained in Paediatrics and
Paediatric Neurology at University Children’s Hospitals Basel and Geneva, Switzerland .
and undertook a fellowship in Pediatric Epileptology at Hopital Necker-Enfants o
Malades and INSERM unity U663 CEA in Paris, France. He has a particular clinical and ”
scientific interest in childhood epilepsy and sleep and is involved in many national and (‘ :
international research projects, in particular in brain plasticity and nocturnal ’
regeneration epilepsy (in particular SeLECTS), sleep and circadian rhythm in preterm and term babies and
narcolepsy and other central disorders of hypersomnolence. He is in the executive board of the Swiss Society of
Clinical Neurophysiology (SGKN), the Swiss Federation of Clinical Neuro-Societies (SFCNS), the Swiss Narcolepsy
Network (SNANE). He gives talks in national and international congresses, is co-organizer of the Swiss EEG
Academy and of FAMOSES Switzerland as well as teacher at VIREPA.

: \‘”

Christian Korff, MD, Geneva, Switzerland

Prof Christian Korff is head of the Pediatric Neurology Unit at Children’s University Hospitals,
Geneva, Switzerland. He graduated from the University of Geneva Medical School in 1996,
and his post-graduate training included residencies in various Pediatric and Neurology
centers in Switzerland. From 2003 to 2005, he completed a clinical and research fellowship in
Pediatric Neurology and Epileptology at Children’s Memorial Hospital, Chicago, Illinois, where
he developed a specific expertise in pediatric seizure semiology and epilepsy syndrome
classification. Christian served the International League against Epilepsy (ILaE) as member of
the Task Force that developed the online epilepsy diagnosis manual (epilepsydiagnosis.org)
from 2009 - 2013. He has long been an active member of various international networks
involved in epilepsy genetics research, such as Euroepinomics, and has co-led a swiss-french
regional group of interest in the field since 2017. He has been involved in various clinical,
teaching and research projects in emerging countries, and is the principal investigator of a Swiss-Vietnamese joint
research project on genetic investigations in children with Developmental and Epileptic Encephalopathies. His
current clinical and research interests include in particular various aspects of pediatric epilepsy (semiology,
genetics, inflammation) and EEG analysis.

Emilie Bourel-Ponchel, PhD, France

Emilie is Professor of Clinical Neurophysiology (PU-PH) at Amiens University Hospital
and the University of Picardie Jules Verne (France). | work in the Department of
Paediatric Functional Explorations of the Nervous System and serve as associate
Director of the Inserm research unit UMR 1105 GRAMFC (Group for Research on
Multimodal Analysis of Brain Function). My clinical and research activities focus on
paediatric neurophysiology, with a particular interest in neonatal and paediatric
electroencephalography (EEG). My research aims to develop multimodal functional
biomarkers, combining EEG with other neurophysiological and clinical data, to improve
the early prognostic assessment of neurological disorders in newborns and children,
particularly in conditions such as prematurity and hypoxic—ischemic encephalopathy. |
am also actively involved in academic training in clinical neurophysiology and neuroscience in France, through
university teaching and national training programs for physicians and neurophysiology technologists.




Fabrice Wallois, MD, PhD, PU-PH, Amiens, France

Professor Fabrice Wallois is a specialist of clinical neurophysiological investigations in
children and premature infants. He is the head of the department of functional
explorations of the pediatric nervous system In Amiens University Hospital.

His research relates to the analysis and the maturation of the neural networks,
physiological or pathological, in the child and in the animal. More recently, the
development of acquisition and analysis tools allowing the characterization of the
electric (EEG), magnetic (MEG) and metabolic (NIRS) activities and their modulations in
certain pathological situations as well as the localization of their sources in the epileptic
child and in premature infants are in the centre of the research To meet this goal he
aims for development of tools allowing simultaneous analysis of modification in electric
and local hemodynamic cerebral activity, under physiological (cerebral maturation) and
pathological conditions (anoxic ischemia of the premature baby, neurological suffering of the preborn, convulsion
and epilepsy of the child). He developed the GRAMFC in 2004 as a multidisciplinary group and unifies since then a
team of neuropsychologists, intensive care paediatricians and specialists in signal processing. It is recognized by the
minister and by the Inserm (French National Institute of Health and Research in Medicine) (Inserm U 1105) since
2008.

Federico Vigevano, MD, Rome, Italy

Professor Federico Vigevano is Head of Developmental Disabilities DPT — IRCCS San
Raffaele — Rome. He has a Postgraduate Diploma in Neurology and Psychiatry achieved
in Rome; Training in Pediatric Epilepsy at Saint Paul Center of Marseilles in 1977; Since
1978 to 2024 Pediatric neurologist at Children’s Hospital Bambino Gesu where he held
the position of head of Neuroscience DPT. Since February 2024 he holds the position of
Developmental Disabilities DPT at San Raffaele Research Institute in Rome. He
identified a clinical entity that is currently called Self-Limited Infantile Epilepsy. He has
published as first author or co-author more than 300 papers in the most important
international journals dedicated prevalently to epilepsy and paediatric neurology.

Geraldine Boylan, PhD, Cork, Ireland

Geraldine Boylan is Professor of Neonatal Physiology, Department of Paediatrics &
Child Health, University College Cork and Director of the INFANT Research Centre
(www.infantcentre.ie ).

She is an expert in neonatal neurophysiology and leads the Neonatal Brain Research
Group at the INFANT centre - a multidisciplinary research team focused on
neuromonitoring for infants in the neonatal intensive care unit, particularly for
seizure detection and the early diagnosis of brain injury. Her team uses Al to
develop automated systems for newborn seizure detection and brain health
assessment. She has developed a number of patents in this area, licenced
technologies to industry and is co-founder of UCC spinout company CergenX.

Maria Angeles Pérez-Jiménez, MD, PhD, Madrid, Spain

Dr Maria Angeles Pérez-Jiménez is a Clinical Neurophysiologist and pediatric
epileptologist. She is responsible for the Paediatric Epilepsy Monitoring Unit, Nifio
Jesus Paediatric University Hospital in Madrid. She coordinates the comprehensive
presurgical multimodal evaluation of children and adolescents (epilepsy surgery
program), mainly conducting non-invasive and invasive video-EEG monitoring studies.
She is a researcher associated to clinical and translational projects regarding epilepsy
surgery and neurodevelopment. She actively collaborates in ILAE sponsored
educational activities on pediatric epilepsy, and she is a board member of the Spanish
Epilepsy Society (SEEP).




Nicola Specchio, MD, PhD, Rome, Italy

Nicola Specchio is a paediatric neurologist and epileptologist in the Department of
Neuroscience at Bambino Gesu Children’s Hospital (IRCCS) in Rome, Italy, where he
leads the Neurology, Epilepsy and Movement Disorders Unit. His clinical activity
focuses on the diagnosis and treatment of children with epilepsy, with particular
interest in seizure semiology and the classification of epileptic seizures and syndromes.
He is involved in the presurgical evaluation of patients with drug-resistant epilepsy and
in the management of genetic epilepsies.

He has published widely in international journals including Epilepsia, Epilepsy Research,
and Epilepsy & Behavior, and is involved in several clinical research projects on invasive
monitoring and the genetic causes of early-onset epileptic encephalopathies. He
currently serves as Chair of the ILAE Europe Commission and Secretary-General of the Italian Chapter of the
International League Against Epilepsy (ILAE).

Rachel Thornton PhD, Cambridge, UK

Dr Rachel Thornton is Consultant Clinical Neurophysiologist at Cambridge University
Hospitals NHS Trust. Her main clinical interests are pre-surgical evaluation in children
with Complex Epilepsy and EEG monitoring in paediatric and neonatal intensive care
settings. Her research focuses on the evaluation of brain networks using EEG in focal
epilepsy as well as seizure semiology in children in collaboration with groups at UCL
and Kings College London. She sits on the Enabling Technologies task force for the UK
Epilepsy Research Institute. She has a keen interest in education and training, having
co-founded an annual paediatric SEEG workshop and as well as developing the UK
ILAE EEG and semiology course

Sushma Goyal, MD MRCPCH, London, UK

Sushma is the Lead Consultant Paediatric Clinical Neurophysiologist at Evelina London
Children’s Hospital and an Honorary Consultant at King’s College Hospital, London. Her
specialist interests include diagnosis of seizures and epilepsy in neonates and children
and evaluation of children for epilepsy surgery. She was a part of the King’s team that
won the NHS Innovation Challenge Prize for developing Home video EEG telemetry in
the UK. She teaches on the British Neurophysiology and Paediatric Neurology training
programmes and is also a faculty on neonatal and paediatric EEG courses conducted by
the ILAE. She is the International Secretary of the British Society of Clinical
Neurophysiology and was a member of ILAE Neurophysiology taskforce set up for the
role of EEG in the diagnosis and classification of epilepsy syndromes.

Syed Shah, MD MRCP, Sheffield, UK

Dr Syed Shah is a Consultant Clinical Neurophysiologist at Sheffield Teaching Hospitals
NHS Foundation Trust. He trained in Leeds and has worked in neurology and
neurophysiology in different regions across the world. He was elected to the BSCN
Council in 2022 and currently serves as Webmaster. Alongside his clinical and academic
interests in EEG, nerve conduction studies and electromyography, he has been actively
involved in organising various national and international neurophysiology meetings




Topun Austin, PhD, MD, MRCP, MRCPCH, Cambridge, UK

Prof Topun Austin is Consultant Neonatologist and Affiliate Associate Professor at
the University of Cambridge and Honorary Professor of Neurophotonics at University
College London. He has a broad range of interests in neonatal neuroscience from
cerebrovascular physiology to sleep, consciousness and cognition in the developing
brain. He has a longstanding collaboration with the Biomedical Optics Research
Laboratory at University College London and together have pioneered a number of
new optical technologies to monitor and image the newborn brain. He is also a
visiting fellow at Nanyang Technology University in Singapore, where he is
collaborating on studies investigating mother-infant neural synchrony, early infant
development and improving cognitive flexibility in school-aged children. Clinically he
is the lead for neonatal neurocritical care in Cambridge, providing brain-orientated
care for preterm and sick newborn infants.
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Enhance your skills and knowledge in
Epileptology

Level 2

Blended learning: self-paced,

o

@ patient-centered e-learning
combined with adaptive learning
Self formats and tutored courses

Level 1

Assessment {online or face-to-face) to build

proficiency in epileptology

—— b st e e an s s R e
Self-paced e-learning,

including case-based
modules, covering

)

Level 3
ADVANCED
PROFICIENCY

Result:
Level 2 certificate

basic principles in
clinical epileptology

Result:
Level 1 certificate

Level 2
PROFICIENCY

Level 3

In-person training visits up to 3
months at advanced epilepsy
centers to build competency in
Level 3 learning objectives from the
ILAE Curriculum for epileptology

Highly interactive, e-moderated
online courses on EEG, epilepsy
L\/\A & sleep, neuroimaging.
Result:
Certificate of Completion Result:

Level 3 certificate

Resources

Supplemental reading and learning, including the interactive ILAE diagnostic manual,
: educational review papers, guidelines and other publications related to the course content,

Your learning path!  Eexclusive voucher code* for

: students of EEG 1St Year of Life:
I;_I,_ EXPLORE
= 2026
AND REGISTER eeg

(*valid until April 30, 2026 for ILAE Academy
Level 1 package 25% discount)

www.ilae-academy.org



Maturation of EEG in neonate and infants

Structural

Functional (EEG)
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Molecular
specification

Neuronal migration
Cell death

Cortical plate
thickness and
synaptogenesis

Thalamo-cortical
connections

Thalamo-subplate
connections

Subplate thickness

EEG reactivity to
external stimuli

Sleep cyclicity

Slow Anterior Dysrhythmia

Frontal Transients

Delta brushes
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Wallos et al, 2023 Inserm U1105
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New in Persyst 15 is a neonatal-specific
seizure detector. The Neonatal Seizure Y
Detector is the latest cutting-edge technology ;
from Persyst that leverages deep learning

and Al. The detector operates on reduced
electrode arrays from double-distance down

to just three electrodes. Combined with an he worldwide leader —
in EEG Software

optimized trend panel, Persyst 15 significantly
reduces the workload when analyzing
neonatal recordings.

Even though it has only been available
for a short time, two recent papers have
highlighted the effectiveness of the
neonatal-specific detector. 2

Duckworth E., Motan D., Howse K., Boyd S., Pressler R., Chalia M. Diagnostic Accuracy of the Persyst Automated Seizure Detector in the
Neonatal Population. J. Integr. Neurosci. (2024) 23(8), 150. https://doi.org/10.31083/}.jin2308150

Keene J,, Benedetti G., Tomko S., Guerriero R. Quantitative EEG in the neonatal intensive care unit: Current application and future
promise. Annals of the Child Neurology Society. (2023) 1(4), 289-298.
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FOR MORE INFORMATION, CONTACT  sales@persyst.com US:928.708.0705 UK & EU: +44 (0) 2045405597
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NEONATAL

BACKGROUND 7-9Hz 10-11Hz
ACTIVITY 6-7 Hz «

AWAKE 3 Hz
UNUSUAL Posterior slow waves
PATTERNS Rolandic p

Lambda waves

ACTIVATION

Hyperventilation

TRANSITION | o NREM Hypnagogic
hypersynchrony

FIGURES Vertex spikes
SLEEP ’ .
% REM -
I I || | ]
0 1 3 6 9 1 3 6 12 20
MONTHS YEARS

Monika Eisermann, Necker hospital, Paris

InVisus Pro is seamlessly

InVisus Pro integrated with Natus Elite 2

TR for simplified workflows and
natus.com/invisus - ol ofs
ultimate flexibility




ILAE classification of seizure and syndromes

~
:  Focal i Unknown :: Generalized :
: % whether f(_)cal 3o Typical absence » Myoclonic® :
. : ¢ orgeneralized . : : :
- 2 & : @ » Atypical absence » Negatwg s
3 ) : E . E E» Myoclonic absence myoclonic® E
Consciousness'? Consciousness®? » Eyelid myoclonia » Clonic’
: »Preserved sl »Preserved : t  with / without » Epileptic spasms® ©
: » Impaired sl »Impaired : ¢ absence » Tonic® :
: s i » Myoclonic-atonic =
5 . 5 E 5 » Atonic® E
i Focalto bilateral : : Bilateral . .Ge’l‘e'?"zef’
: tonic-clonic : tonic-clonic i omicscionic selzuies :
: coizure s coizire : ¢ - Myoclonic-tonic-clonic seizure :
: :s : . - Absence-to-tonic-clonic seizure :
Expanded descriptors: 3
Semiology descriptors in chronological : = :
sequence®’, including focal epileptic spasms, : UnClaSS":lEd :
myoclonus, tonic & clonic* : :
1. Operationally defined by awareness and responsiveness.
2. If the state of consciousness is unknown, classify as focal (without specifying
the sub-classification)
3. If the state of consciousness is unknown, classify as unknown whether focal
or generalized (without specifying the sub-classification)
4. Described using the terms in the ILAE semiology glossary (see table 2)
5. These phenomena may occur also in focal seizures (usually unilaterally or
asymmetrically) as part of the semiology of a focal seizure.
Main classes are in red, seizure types are in black, while descriptors are in blue
color. The horizontal vellow background in the figures highlights that bilateral
tonic-clonic seizures—associated with the highest morbidity and mortality—can
occur in all three main seizure classes.
I % International League
Against Epilepsy
\ J

Unknown
onset

Generalized
onset

Epilepsy types

Focal Generalized

Epilepsy Syndromes

Combined
Generalized
& Focal

Unknown

Co-morbidities

Etiology

Structural

Genetic

Infectious

Metabolic

Immune

Beniczky et al Epilepsia 2025

%

Scheffer et al Epilepsia 2017



A Angelini
_) Pharma

Every day we Care
for People’s Health,
embracing Science
with Passion.

For over b0 years, We consistently invest
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to improving the lives new products

of people living with and ensure their
mental health disorders  effectiveness, while
and, more recently, also standing up against
neurological conditions the stigma
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these conditions.




Classification of seizure and syndromes in neonates

[ Critically ill or with clinical suspicion ] Presentation

|

[ Nop—selzure episodes | | Video EEG / aEEG ] Diagnosis
(without EEG correlate)

|

Seizures
(with EEG correlate)
|
' }

'S N
With clinical signs [ Without clinical signs ] Seizure type

L (Electrographic only)
/ Motor

automatisms
clonic
epilepticspasms
myoclonic
tonic
Non-motor
autonomic
behavior arrest
Sequential

Unclassified /

—

Etiology

Seizure type

Infectious

Metabolic

Vascular

Unknown

Qi

Pressler et al Epilepsia 2021



Classification of epilepsy syndromes, based on age at presentation

(A)

(B)

1wk Imo6mo 1yr 6yrs 12 yrs 18 yrs 1wk 1mo6émo 1yr 6yrs 12 yrs 18 yrs
|
Neonate Infant Child Adolescent Adult Neonate Infant Child Adolescent Adult
FOCAL EPILEPSY SYNDROMES Mesial Temporal Lobe Epilepsy with GENERALIZED EPILEPSY SYNDROMES Juvenile Myoclonic
Hippocampal Sclerosis Epilepsy
— - o —
Self-Limited Epilepsy with Centro- Childhood Absence
Temporal Spikes Epilepsy
‘._’ -_— -
Self:Limited Epliensy With ‘Epilepsy with Generalized

Autonomic Seizures

Self-limited Familial Neonatal and
Infantile Epilepsy

Self-Limited (Familial)
Infantile Epilepsy

Sleep-Related Hypermotor
(Hyperkinetic) Epilepsy

~———————

Childhood Occipital
Visual Epilepsy

—a

Photosensitive Occipital Lobe Epilepsy

Familial Focal Epilepsy with
Variable Foci

e ——————

Familial Mesial Temporal
Lobe Epilepsy

+

Self-Limited (Familial)
Neonatal Epilepsy

Juvenile Absence

Epilepsy with Myoclonic
Absences
Myoclonic Epilepsy in
Infancy
- -

Epilepsy with Reading-
Genetic Epilepsy with Febrile Induced Seizures

Seizures Plus

Tonic-Clonic Seizures Alone
R

Epilepsy
Epilepsy with Eyelid
Myoclonia
—_— —

- : —_—
Epilepsy with
Auditory Features
|
1wk Imo6mo 1lyr 6 yrs 12 yrs 18 yrs 1wk Imo6mo 1yr 6yrs 12 yrs 18 yrs
(C) 1wk Imo6mo 1yr 6yrs 12 yrs 18 yrs
Neonate Infant Child Adolescent Adult

Syndromes with Developmental and Epileptic Encephalopathy and
Syndromes with Progressive Neurological Deterioration
Infantile Epileptic Spasm
Syndrome

Developmental and/or Epileptic
Encephalopathy with Spike-Wave
Activation in Sleep

—a

Lennox Gastaut
Syndrome

-

Epilepsy with Myoclonic-
Atonic Seizures

Dravet -

Epilepsy in Infancy
with Migrating Focal

Seizures
Rasmussen

- Syndrome
Febrile Infection-Related Epilepsy Syndrome

-

Progressive Myoclonus Epilepsy

Early Infantile
Developmental and
Epileptic
Encephalopathy

Gelastic Seizures with
Hypothalamic Hamartoma

Hemiconvulsion-
Hemiplegia-Epilepsy

1wk 1mo6mo 1yr 6yrs 12 yrs 18 yrs

Wirrell et al Epilepsia 2022




R Thornton (UK): Technical aspects and pitfalls

EEG in the First Year of Life

- from newbomn to toddler

T

EEG in neonates: How do |
record a better EEG?

Dr Rachel Thornton
Cambridge University Hospitals NHS Trust

‘Cambridge
University Hospitals
WO T

Igﬁ EEG in the First Year of Life- from newbom to toddler

(LY

Learning objectives

1. Understand
1. Why EEG is different in babies
2. How to optimise a recording for necnates and factors which may
affect interpretation
3. Indications for EEG in babies
4. How to modify testing in seizures for infants
2. Recognise
1. Common artefacts

EEGi in the First Year of Life - from newbomn to toddler

YR

Introduction

Why is it different in babies?
How can | optimise my

—
@ EEG in the First Year of Life- from newbom to toddler

Why are babies different?

Not just a small adult!

Size - || - s

recording? * The Brain and skull / -
— Montages 9 :
— Timing: how long is long enough? = Myelination and Sulcation E,q :
_ Video — Maturation of behaviour o S ’ @ @ Q o
— Polygraphy — Skull thickness and heterogeneity
* Environment * Endogenous influences Q Q @ e
— Artefacts — State: ultradian and dircadian rhythms are different
— Sedation * Exogenous influences neenR
* Considerations for interpretation — Medication/ Sedation
3 B
@ EEG in the First Year of Life - from newborn to toddler IU\«E % EEGin the First Year of Life - from newborn to toddler "_nﬂ

+  Assessment of impact of therapy

Indications for EEG <2 years

New Diagnoses of seizures and epilepsy
Paroxysmal events: what are these?

— Non-seizure episodes B : . e
— Clinical Seizures: including localisation N
— Electrographic seizures: (detected on CFM)
— Clinical/ electrographic uncoupling
Monitoring and prognostication

— HIE

— Early onset epilepsies/ encephalopathies — P .

- Assessment of development/ maturation

- i ing? is?
Coma: Why is the baby not waking? Prognosis’ Adelow et 2l 2008

How do | optimise my recording?

Number of electrodes
* Fewer electrodes:
Limited information

Limit Artefacts
* The Environment
* Leads: keep them still
* 50/60 Hz
* Surrounding electrical
equipment: move it!

More electrodes: more
disturbance to the baby (&
and risk of ‘bridging’
(hot cot + hot baby)

* Patients
ﬂ * Won't stay still...
* Too much information to 1 + Blink
process quickly (too many k * Sweat

lines = sweating doctor) F N * Have a heart...




@

EEG in the First Year of Life - from newbom to toddler

Artefacts: Tips to identify the culprit...

* Is this extracranial?
* Check other equipment and monitors
* Check polygraphic channels
* Checkvideo ~

+ YOU MAY NEED TO CHECK MORE
THAN ONE!
* Distribution on the EEG
* Eye movements
* Temporal channels: sucking, muscle
* Central: tongue, tapping -> potential on
2 low amplitude recording

BE EXTRA CAUTIOUS IF PROGNOSTICATING: CHECK GAIN AND DISTRIBUTION

I@ EEGin the First Year of Life - from newbom to toddler

LY

How long do | need to record for?

* It depends on your question ""“"] n n
e
= Consider pattern of circadian rhythm m—— {
= Meonates (preterm to 3 months post term) ‘°E' J J | [ O O |

— Capture sleep and wake (50 minutas)

Older children (>3 months)
— Yield is higher with sleep: time your record with feed to facilitate this

Monitoring: Consider aEEG or other quantitative approach

Telemetry {leng term video EEG monitoring)
— As long as is needed for the events
— Brief often sufficientin babies BUT check you have the right thing!

B

Stimulus

Testing

EEG in the First Year of Life- from newbom to toddler

A word on Stimulus and Testing

P e A e

*  Assessment of reactivity recommended
in literature

*  NICU: Standardise for your units:
auditory + tactile

+ =8 weeks:intermittent photic stimulus

+  Should include LOW frequency

*  Assessment of responsiveness
+  Information about where a seizure
starts {Yes even in babies!) & Mo
12 weeks, 3 seizures. SCN1A

EEG in the First Year of Life- from newbom to toddler

7

TESTING IN BABIES AND TODDLERS

‘ ‘Say what you see!!’

Squeeze my hand (both sides) h
Uncover & &b
Describe .
v b4 : s
Stimulus: v Stick cut your tongue Ch
Moise? Tactie? “& yourens ®,
Check limbs Paint to mummy/TV/teddy etc

After the Seizure, Record Obs and Description of Seizure

E

EEG in the First Year of Life- from newbom to toddler

What do | need to report...

Post menstrual age (more on why in the next talk)..
The Environment
* Is there an oscillator, ECMO, anything else which could not be
moved?
* Interventions during the recording
Why is the EEG being done? Have the events been captured
State of patient: sleep, wake, cooled?
Sedation
Developmental considerations
Family History

10

Igﬁ EEG in the First Year of Life- from newbom to toddler "_H'B

Summary

NICU, children’s wards and children are challenging, but not impossible
— Optimise the environment and ensure good and EQUAL impedance

— Use multiple sources to identify and eliminate artefact

Train your team to record, describe, stimulate and test

Consider the mode of recording most suitable for the question

Record for an adequate duration

Consider gestational age and circumstances (sedation, state etc)

11
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F Wallois (FR): Normal EEG in newborns

EEG in the FI rst Year Of Llfe - |I-% % EEG in the First Year of Life - from newborn to toddler |U\(E\

-from newborn to toddler

Overview

Physiology of EEG maturation and -
normal neonatal EEG nroduction | |

The immature cortex

. . EEG-biomarkers of functional maturation a
Fabl’lce Wa"0IS — Theta temporal and slow wave "-

. . " . . . — Delta brush
Amiens Picardie University Hospital elta brushes

— Frontal sharp transients

|

@ EEGin the First Year of Life - from newborn to toddler ILAR EEG in the First Year of Life - from newborn to toddler ILAR

Introduction The immaturity of the cortex

The basic mechanisms of structural neuronal |
development in the third trimester of gestation

Macroscopic level

Cellular proliferation
Cellular Migration

Cellular differentiation

« Synaptic selection/reorganisation 20 weeks 28 weeks EEG 33 weeks

- Gyration —— :

« Myelinisation 25week 30week 33 week

+ The subplate

3 4
@ EEG in the First Year of Life - from newborn to toddler IU\E % EEG in the First Year of Life - from newborn to toddler IU\B
The immaturity of the cortex The immaturity of the cortex
20ucA 2ucA
Atimndens ceowy: N [ The subplate A B o o
{ t ) il )

The subplate

\

J
: . pooviiomac
o
n L3
() @) -Y\" »
J0WGA 33wcA — Thal
™

LR

28wGA : 33wGA c o . =L
‘ s
‘\j \VS 4
20-26wk GA the subplate receives thalamocortical afferents
26-28wk GA the first afferents reach the cortical plate -
28-30w ,
EECTRREC RS k= O S Pl it | Complex structural and functional relationship?
Kostowic, 2010 Wal 21

% EEG in the First Year of Life - from newbomn to toddler |I_AB I% EEG in the First Year of Life - from newborn to toddler "_nE‘
The synopsis of functional electrical activities of the immature brain EEG-biomarkers of functional maturation: generators
Discontinuity Synchrony Amplitude Frequency
oy | W 5 mae e ! )
Sa——— wo | 7 i |
F— ___‘ 1
@ * rusl v
N @ 2
2B AS
—_— = . , ) .
Toasw _ [ | | { |
o e
- - _
[m— 5 E Rl i
av— bkl Qs
" R Moy XU 28WGA 3ZWGA 37WGA
P T 1 T T The discontinuity suggests that some generators of bursts are modified during the development
— — - - "." = - Walkiset al The synchrony suggests that both hemispheres are synchronized by deep mechanisms or metabalic ascillatory activity
< _2‘ kL kL] = = bl » 2021 seta. The occurrence of sleep stages suggests functional input from the reticula and thalami




ﬁ EEG in the First Year of Life - from newbom to toddler "_nﬁ

EEG-hiomarkers of functional maturation: generators

| T Deltabrushes b Y
T z

they occur at mostly 28 WGA
they might be triggered by different sensory modalities from 30 wGA

they are diffuse and can be recorded in different cortical areas

their source is unknown but they are recorded all over the different cortical layers
In the visual system, in rat, they might occur before visual experience (Colonese et al., 2010)
In the auditory cortices they occur together with auditory experience

Their shapes are modified by sleep IVH and PYL

Their connactivity is unknown

Igﬁ EEG in the First Year of Life - from newborn to toddler "_ﬂﬁ
EEG-biomarkers of functional maturation: generators

The internal world

: s The frontal sharp transient

D e 1 Maghimi etl 2020

-
Specific coupled or coalescent. and disappear or are masked

13

% EEG in the First Year of Life - from newbom to toddler IU“E\

EEG-biomarkers of functional maturation: generators

The transition from in to ex utéro
The frontal sharp transients

Frontal transient {34-21w)

Functional hypothesis:
The coding of odours and mother attachment

Located in the orhital or prefrontal cortex

FRoutier et al., 2022

% EEG in the First Year of Life - from newbom to toddler "_ﬂﬁ

The synopsis of functional electrical activities of the immature brain

14

Igﬁ EEG in the First Year of Life - from newborn to toddler IU\‘E\

Summary

In very premature neonates, activiti inked to
oscillators and network-based activities

Thenin thalamic
cortical plate activities are linked to
are modulated by afferent sensory inputs and network-based activities

relocated to the

Spontaneous and/or modulated oscillators participate to
- Synaptogenesis
- Myelinisation
- Neuronal migration
- Neursnal guidsnce
- Cellutar differentiation
- Establishment of neuronal functionalities

A grain of sand in this well-oiled horology might impact the life
span of the structural and functienal neuronal organisation leading
to Neurodevelopmental disorders and epilepsy

16

I% EEG in the First Year of Life - from newborn to toddiler "_ﬂﬁ

EEG-biomarkers of functional maturation: generators

b 4D The internal world
S ) The TTA-SW
L PTe— R o
26 8
- o=
Tonsw A
[ 156 20 1 S =
Syneveny ol N tm
o [ 0y 300y 2 100av
P T | ——— iH - Meghimi ctal, 2020
i B e Wallcis et al., -
=N 8 B » 2 ¥ =2 2D 2021 Specific coupled or coalescent oscillatorsappear and disappear or are masked
% EEG in the First Year of Life - from newbom to toddler "_ﬂf\ EEG in the First Year of Life - from newborn to toddler IU\B

EEG-hiomarkers of functional maturation: generators
'j. S o
28 wEA — TTA-SW participate to

- - Synaptogenesis
- - Myelinisation
- - Neuronal migration B
- Neuronal guidance
- Cellutsr differsntiation =
j - Establishment of neuronal functionalities

A grain of sand in this well-oiled horology might impact the fife | Coupiing offast and siow
= | span of the structursi and functional neursnal organisation of oscillators
language and communication.

T

The wiring of perisylvian areas

‘The location in tempor

EEG-biomarkers of functional maturation: generators

The internal world

The delta brush

|
- wa.r. e |
. ) =
vy
TTA-SW
s gt e [—— L) Moghimi =tal, 2020
L 1341vA1 i =
s
Speci coalescent and disappear or are masked
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Normal EEG in INFANTS during sleep and wakefulness
Haikou city, Hainan Province, China
26th - 27th April 2025

Prof, Dr. med. Alexandre N. Datta
Heac of Department of Pediatric Neurology. Medicine and N
University Children’s Hospital Basel UKBB and Children's Hospital Aarau, Switzerland

Head of Center of Epileptology. Sieep Medicine and Chronobiology of Base! University Hozpitalz
Head of Research Group . Pediztric epiepzy and deep” at Department of Clinical Rezearch, University of
Bazel, Switzerland

1. Normal EEG during sleep: b i
1.a. Function of sleep

Regeneration of body, brain and psyche

Brain growth and development

Synaptic strength, efficiency and plasticity
Leaming, memory and attention

Emotion regulation

wop N

Regulation of appetite, feeding, weight, growth,
risk-taking, pleasure-seeking behavior

@

Strengthening of immune system
7. Cleaning of neurotoxins and cellular debris (glymphatic system)

- Very active process

wawenihzou

e N.Daita Grigz-Damberger, Ontogeny of Sieep, Sieep Disorzers in Chiidren, 2017,
R Xie et al, 2013, Komaroff 2024; Cao et o, 2020, Elumberg et o), 2022

1. Normal EEG during sleep: e
1.a. Teamplayers of sleep

* Process C (internal Clock): Internal clock (circadian rhythm)

* ProcessS (Sleep pressure): Homeostasis wake/sleep continuity

Clock

Sleep pressure

Clock time B non o noppe

Lokandwais & Spencer, 2022; Borbely & Achermann, 1995, Berry et o, 2012

1. Normal EEG during sleep: e A
1.a. Teamplayers of sleep

Exogenous Zeitgeber d Zeitgeber:
- Light - Melatonin

Orexin / Hypocretin
Cortisol
- Temperature

- Eating
- Physical activity

W - cardiac rhythm
- Arterial pressure
- Growth Hormone

- \
SWe 2T,

@ i ——
0 Vi A

i o

| Maestro: internal clock: AT Nucleus suprachiasmaticus, hypothalamus

¥ L Adsptec: Kurien et al, 2013, Borbely & Achermann, 1995, Bemy et 3), 2012 und Euttgereit et o, 2013
Sl P = z

uiBB
1. Normal EEG during sleep: bt ettt
1.c. Structure of sleep

NREM sieep M1, 2 und 3

T
Gm  &m  ifw 1Gm Mmoo age nmonms

Lonughlin GM et al, 2000, adapted

u<BB

1. Normal EEG during sleep: bt Rt
1.c Structure of sleep at 24 weeks PMA-48 weeks PMA

S PR——
I < 1500

rierind T ol 3 21 ¥

o P ———
i
IRl g

Scrring seepin preterme:
- BB
Facial expraszion
Heart mte

Respiration

Ty TR — B




1. Normal EEG during sleep: 1. Normal EEG during sleep:
1.c. Sleep structure first 3 months, after 3 months 1.c Sleep structure first 3 months, after 3 months
sy 2
Limonths v Uil ‘#TIT e EEG during sleep in the first year
. wake — — Botore 3 montne of 4ot ‘ :
= Active sleep (AS, REM) R et eyt | ‘

*= Quiet sleep (QS, NREM)

after 3 months:

- w
= NREM N1
iz § menths of dge
= NREM N2 ks
= NREM N3 L t
— . fEu Moo 2wen tmon brea I Emon 10 men I 12 mon
scoaan mywhm
BB Ageancra N D=t ‘acapted from Grigg-Damberger, 2016 7
ukBB ukBB
1. Normal EEG during sleep: ervteal Sravirks 1. Normal EEG during sleep: ervtual b ravirk
1.c Sleep structure first 3 months, after 3 months 1.c Sleep structure 0-3 months, one cycle
EEG maturational stages 3
60 min
L MEONATAL | A

BACKGHOUND ToHe WNbe / \

ACTATY BT He
AWANE ke

e | Pk s s 15 min 3min 25 min 15 min

; ‘ e
ACTVATON i

Hygeneaton

el W
e —

| o) ERCERION  ImE(RG S
SLEER
M = Mived intermittent, .activite moyenne” | grigaoamperger etal, 2016
I T T T 1 1 T T 1 HVSW = High Voltage Siow Wave
° 1 ) s 3 1 3 . 12 m = < b oyl Dereymacker et of,
MONTHS YHARS = 3cé alternant !
s D i o e
Ak Eisermann et al, 2013 9 ©
Al = Batiag
1. Normal EEG during sleep: b pretered 3. Normal EEG 1. year of life dring wakefulness bt
1.d. Normal sleep patterns 3.a. Background activity during wakefulness
| infanay (2-12 mo) Sleep IFno seen sundes,
[ [ — spindls scorn il NFEM slosp
lesmaring atiar 1 o, a5 NREM (N onon
urcomawn e £ "“;n’f'e":; m Background activity — closed eyes
Domael | OFR rstsomn 3510 fO et tAL e
frafr) inchus first
ik DPA] | 3-Gma ::enw:.—mcl: < 3 months: 2-3 Hz, max centro-parietal
ﬁm:&?x 3-6 months: 3-4 Hz, max oCcipital
:;’;:J:::"“ 5-8 months: 5 [-6) Hz, max occipital
idma 9-18 months: meostly 6-7 Hz (70%), rarely 7-8 Hz
Verdex Hepomglenes st
wines il | pieer S-Gmo amplitude: 30-100 pV (passive eye closura), 200 pv at 12 mo
DOewzne=z | Hymogoge . | 3
sdHREM! | mrarny Kecormplesass | macvival frontal
{4~ He frsl een age e becead va e
-8 me mesanum wiives miavel cenlral
frorfooarinal regons: Fist ton Bma >2y: 7-BHz (B2%)
REM A 4-5 Hz wih bussts of
shesp s iooth waves i mo
Grigr-lamberger, M6 Schenitt & Wohirab, Zchokke, Springes, 12
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M Eisermann (D): Abnormal EEG in newborns and infants

EEG in the First Year of Life "_AB

Abnormal EEG
in newborns and infants

Université Monika Eisermann ASSISTANCE Ry

Paris Cité e PUBLIQUE DE PARIS

Hopital Neck: 3 I, Paris, France =

Eir?ra';‘:sma.:l;dres Necker K!\X
AP-HP

Movement artifacts
Hiccup artifact — head on the right side

Mouvement artifact — head on the left side

] Abnormal EEG In newborns and infants LA

Physiological Patterns

Lambda Waves
? e —— )

Mu Rhythm

Term newborn, 3 weekst

S Abnormal EEG In newborns and Infants LA

Normal Variants

Extreme spindles

« Trains » of vertex sharp waves

g Abnormal EEG In newborns and infants ImB

Impact of drug treatment

Fentanyl treatment After Fentanyl withdrawal

g Abnormal EEG in newborns and Infants ImB

:emr?:e Early-infantile developpemental and epileptic

= i :

E::hologlﬁl encephalopathy (DEE) — Burst Suppression
nd

b )

+ Continuity/
dis-
- continuity

5 6
g Abnormal EEG In newborns and infants IU}B % Abnormal EEG In newbomns and infants I%
How to . ; N . How to
describe Diffuse high voltage monomorphous théta/delta activity: describe Diffuse fast rhythms: chromosomal rearrangement 15q
pathological ANGELMAN Syndrome pathological
background P i background -
activity activity

* Freguency

+ Frequency TR osene
= e

9 months




How to
pathological

background
activity

* Symmetry

Abnormal EEG in newborns and infants

Aicardi Syndrome — Corpus Callosum Agenesis

[ mhs

LM

How to
describe
hologlml

Iﬁ;mnd

* Synchrony

Abnormal EEG in newborns and infants

Pathologically asynchronous background

T e s e bt

2-day-old full-term neonate. Discontinous intermittenthy

asynchronous BS pattern

10

e

How to
describe
pathologic
al grapho-
elements

Morphology

Abnormal EEG in newborns and infants

Positive temporal sharp waves
Positive rolandic sharp waves
d/chy high

Defo

b

ECG bbbt

S

How to
describe
pathologic
1 grapho-
elements

Morphology

Abnormal EEG In newborns and infants

Diffuse high voltage slow wave complexes — cluster of epileptic spasms

WJ\‘"‘-U ,V\-ﬁ

L ;

N 3 )
: (M )
ottt USRI P (9 4_%..4 "

1 year

11

12

e

How to
describe
pathologic
al grapho-
elements

Repetition

Abnormal EEG In newborns and infants

Periodic slow complexes

I P A

s f" /j A

ol | 1. . )

20 miths, Herpes Simplex Encephalitis

e

How to
describe
pathologic
al grapho-
elements

Spatial
distribution

Temporal
distribution

Abnormal EEG In newbomns and infants

Focal Tuberous Sclerosis Complex

’U-\fj\mwm_ﬂ‘u ')V' (R

A ot st | P e nm e,
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wwwj“’\»—w e, —A»\, P

P »w
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B L T Lt L

i

B AL e e
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14

e
destribe

patl';lﬁloglcal
elemems

Reactivity

Abnormal EEG in newborns and infants

Occipital spikes and myoclonia triggered by low frequency IPS:
ceroidlipofuscinosis

. g £ 0 s | 9 )

e M""'VMUJ"W mwwml\«xwxb w«lvvi: VS
f\-/‘w‘v’\u,.M'-\f‘

AP e PV SC RN, PO S

W
meos Phenfl A b At Y
OO
- “,Mw\.mvu e ”u‘*\)'\d*%
.f\.bv\_u LYWLV W NG
B P R P _"\‘,,-\r-,,"vn‘;’ “ﬂpmﬁq‘/v..- r«’i\»"‘u"\"‘\ -
LA B PSRN Y et S Y

LD

Abnormal EEG in newborns and infants

Summary

* Make sure that the EEG pattern you qualify as « abnormal »
is really abnormal (artifacts, unusual patterns, normal
variants, medication, maturational aspects, vigilance state)

* Keep in mind that it maybe more dangerous to conclude on

“pathological EEG tracing” facing a normal one, than
missing light abnormal transients

15
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Sleep in the first 2 years of life

PD Dr. med. Alexandre N. Datta
Head of Epileptology, EEG and Sleep Lab
Pediatric Neurology and Developmental Medicine Department

University Children’s Hospital Basel, Switzerland

1. Function of sleep

Regeneration of body, brain and psyche

Brain growth and development

Synaptic strength, efficiency and plasticity

Learning, memory and attention

Emotion regulation

Regulation of appetite, feeding, weight, growth, risk-taking, pleasure-seeking behavior
Strenghtening of immune system

Cleaning of neurotoxins and cellular debris

N N

-> Very active process

Adaptad from Grigg-Damberger, Ontogeny of Sleep, Sleep Disorders in Children, 2017

© UKBB Alexandre N. Datta

2. Neuronal structures of sleep?

Thalamus
Cortical activation
Spindels

EEG synchronization

Hypothalamus
Nucleus suprachiasmaticus (SCN)
Internal clock

Nudleus tuberomamillaris (TMN) and others:
Orexin/Hypocretin production

S| ARAS: Medulla
Ascending reticular
activating system

Out of Neurobiology of Sleep, Nationai Sieep Foundation

3. Team players of sleep

= Process C (internal Clock): Internal clock (circadian rhythm)

= ProcessS (Sleep pressure): Homeostasis wake/sleep continuity

Homeostatic sleep

3 Adapted: Kurien et al, 2013, Borbely & Achermann, 1999, Berry et 3}, 2012 und
© UKBB Alexandre N. Datta Buttgereitet al, 2015

3. Team players of sleep

Exogenous Zeitgeber : Endogenous Zeitgeber:
- Light - Melatonin

- Eating - Orexin / Hypocretin
- Physical activity - Cortisol

Temperature
- Cardiac rhythm
- Arterial pressure

2 4
2
\/J,‘; Nucleus suprachiasmaticus hypothalamus |

a _4;
8.5

Maestro: Internal clock:

© UKBB Alex

Adapted: Kurien et 31, 2013, Borbely & Achermann, 1999, Berry et al, 2012 und Buttgereit et a1 2015

4. Development of the circadian rhythm

fetus -

>

Interal cock mother
premature
2637 weeks i
ultradisn
- nternsl clock,
neanate
Upto3 manths - Afer & weeks:
light. Melatonin
infant
after3 months
toddier
circadian
School child
L sdctescent -
. T m e e m e e e

Adapted  Mirmiran et al, 2003
Cremer et al, 2017
Koch et al, under review.

Carpenter et 3l, 2014

5. Sleep structure ukBB
a. Sleep phases, cycles and stages T

1. Sleep phases

2. Sleep cycles

3. Sleep rhythm

o 3 months )

. wake

| older than di 3 months

- wake

5. Sleep structure - ?‘BB

a. Sleep phases, cycles and stages

- Amount of active sleep
term 3months
% of total sleep greatest at preterm age
20 l l =5
- ASattemn: 60%
Indeter - AS at3 months: 40%
o sleey
9 P/ quiet sieep (NREM) - ASat2years30%
w-/ N REM sleep N I ll und Il - AS after 3 years 20.25%
0 - Amount of quiet sleep
ol 2 increases after 8 months,
& REMiztp greatestat6 years
e e P e e e et e e |
2730 3536 3341 Im 2m 3m 6m 9m 12m 8m 24m agein months
a1 3738
in utero Newborn at infant toddler school age adolescence

premature infant | | term

Loughtin GM et al, 2000, adapted




5. Sleep structure UKBB

5. Sleep structure a. Sleep phases, cycles and stages e s
a. Sleep phases, cycles and stages
cearan [T
60 min . [S3mgwet | N
ol et o o
A - B oo o e
e 3.8 20 sl A apers 37w A o pain o 40 Ch, Gspoars s
priepriieiia i et 8 Y30 A 3410 7o
15 min 3min  25min 15 min oo Aeyitol e = -
e LT S
I_H’_A_V_H_H W | el | v o
Ty | hew 2 =
e -
el S e e et e
T e e Ty
M HVsW  TA v u;,;..ﬂ::;:&.:,::,;:,mw
ne T Wty toset
s R W Wi | o S and e | o ROy —
o . 0 = = o e = -
St =
et e ryncn
active sleep 1 (REM)  quiet sleep (NREM) active sleep 2 (REM) AR B e g el
. iy oo e 4
5 e - s i e ey o (e T - =
m ', i 2 et an predomnanty et - =
Hsw High Voltage Siow Wave N - sy IREN)
o boos) inackes . e L5 e ottty e s
w158 i ety
© Alexane Data@ukb ch Aedressal. 2000 © Alexandre Data@uit Grigg Damberger 2016 10
Grie Damberger 2016
5. Sleep structure uKkBB
P bl 5. Sleep structure

b. Sleep patterns in preterm infants

Table 1_Normal maturation in neonates

© Sncivary Craractoric s | Woversine oyie | _Reacivey
a3 D00 Srors = =
29 Dm0 0 z BT, et et w25 | =
peymophic 0314 e mecks s o occital
persyrevonous Gow actty
103 D5 205 ocopta /= Abundance of ccccal /= poary -
o i of 1 and 0 aeka actviy, centatob; | aiffventinied
tempnal regons: o
451 C ars o ppeur
I predemn G B0 G o8 over olandic and 25,05, A5 -
with 18] 5-15 52 AS: TC Becipital aress: tempoesl o« predominates
o

F5T e
lowvotoge mxed  vee (o4 M@ FSE 5| awaswass | -

activiy; GS: D, but TA sarts froquent

10 appear; AS: C max. i

occipral regions
3864w C low voltage mixed nare; Fully dovelapea |+
activiy; QS: TA (dsappears sleep cyckes

Copyright it M, resir R, EryHorman Development 2005
Slexandre GaAGukED ch

b. Sleep patterns in preterm infants

When do these patterns appear in sleep?

Delta brushes: NREM > REM.

Frontal sharp transients (encoches
frontales): NREM, especially at onset, but
also W and REM.

Slow anterior dysrhythmias (SAD) AS1 REM.

Sharp transients central and temporal, sharp

theta or alpha bursts: frequently in QS, esp. .

tracé alternant, persist during R and W. - ~—-_--""
Paviidis E et al, 2017 e

SAEERDAaG [ s [ s | s [ o | B |

5. Sleep structure
d. Sleep patterns infants after term in NREM

Hypnagogic hypersynchrony

D i first appears at 3 months, most
prominent between 3-11 months, in 95% of all infants and children
up to 4 years, gruadually disappearing , 10% in 11-year olds and
rare after 12 y.
initially continuous, then in bursts, initially fronto-central, then

diffuse. Rhythmic high amplitude 75-350 mikroV, 3-5 Hz waves

Gradual alpha dropout after the age of & years

At/ after arousal: Post arousal hypersynchrony: first appears at 3 months, peak at 1-

2 years, gruadually disappearing after 4 years

5. Sleep structure
d. Sleep patterns after term in NREM

Vertex waves:

* appear beween 3 and 6 months, mostly at 4 months, after 16 months with a shape

resembling older children and adults.

in NREM N1 and NREM N2, with maximum over central, predominantly

electronegative. At young age often in runs.

Around 3 years often with high amplitude (>250 mikroV) and sharply peaked,

as

central, fronto-central. or when to
& Alexandee Datauitb e 8T0USe, also called hypnopomic hypersynchrony. - .- .
uKBB ukBB
5. Sleep structure -.,..E pey 5. Sleep structure ..,...E.‘.w -
d. Sleep patterns after term in NREM d. Sleep patterns after term
K complexes: Spindels -, pre spindels at neonatal age, first spindels at 44-46 weeks
- appear at 5-6 months, well established after 18 months, CA (4-6 weeks).
-in NREM N2, in response to external stimuli such as sounds, -12-14 Hz, over midline central, often last 8 up to 10-15
touches on the skin and internal ones such as inspiratory around 3-4 months, can be asynchronous in the first year,
interruptions then synchronous in 70%. Often sharply contoured.
- Surface negative, 50-100 mikroV, lasting 200 ms, - Max central and parietal in the first 3 years, then vertex,
followed by a surface positive 30-50 mikoV 300-500 ms wave independent 11-12 Hz frontal spindels.
max. over prefrontal and frontal, often combined with spindels
R - sustained and relayed to the cortex by thalamo-thalamic and
- suppressing cortical arousal in response to stimuli that the Asill etal, 2014, thalamo-cortical feedback loops.
Lustenberger et al, 2012
sleeping brain evaluates not to signal danger Haders ctal 2015 - essential role in both sensory processing, long term memory
T e - aiding sleep-based memory consolidation. 1 . fluid i motor task accuracy. 1
5. Sleep structure -W.Km 5. Sleep structure .,_Km

d. Sleep patterns after term of NREM

= Slow wave activity of NREM 3 sleep
NREM N3 is scored when =/> then 20% of 30 s epoch contanins SWA, usually
>150 microV, in young children often > 300 microV. Often scored after 3
months of age as soon as N1, N2 and N3 can be distinguished.

= Bioccipital delta slowing in NREM sleep

Runs of high voltage 1-2 delta slowing over occipital regions bilaterally. Often
seen between 6 months and 4 years. Uncommona fetr 6 years.

= Fast activity of early NREM sleep
20-25 Hz Beta activity maximal over central and postcentral EEG derivations,
appears at drowsiness and persists into NREM N1 and sometimes N2.

Appears at 5-6 months and reaches max at 18 months, rarely seen after 7

years.
0 G Damimrge 206 e 207 17

d. Sleep patterns after term for REM sleep

REM sleep
= Ininfancy REM sleep resembels that of adult but with slower dominant EEG
frequency and higher voltage.
— At7-8weeks: 3 Hz,
— at 5 months 4-5 Hz with saw tooth waves,

at'9 months 4-6 Hz,

at 1-5 years runs of 5-7 Hz.

— After 5-10 years background activity of REM resembels adults with mixed
frequency activity, saw tooth waves midline central, REM.

Shiidon SH et al, Principies and Practice of pediatric sieep medicine, 2014
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S Govyal (UK): EEG in brain injury of prematurity

EEG in the First Yearof Life ~ =|| \fy S R e

- from newborn to toddler

L

Pretarm Birth [ Bosinital fociors | Premature birth <37 weeks

g 11.1% of all live births worldwide
Prematurity complications >mortality
( 36% in neonates)

Brain injury of prematurity and prediction of outcome

) + Extreme preterm ( <28 weeks)
l it * Very preterm ( 28-32weeks)
Late preterm | 32-36 weeks)

Dr Sushma Goyal MD MRCPCH

‘- & & - VLBW<1500g
.‘9 A FORVALS
LA 3 ] : '
E;ef?u??_: 2 & [Prtarm s iy _—

—— - a2 e~
Brain injury in premature infants: a complexamalgam of

Controversiesin preterm braininjury
and

Penn A . Neurobiol Dis. 2016

Voipe 11, Lancet Neurol. 2009 Jan;8{1):110-24.

Clineal nescimaging in the preeemn ixfant: Dagacsts and prognosis
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Positive rolandic sharp waves in the EEG of the
premarare newhomn: a five year praspective stady PRSW were classified as type A (isolated and sharply
differentiated from the background activity)

Sepaat e, Oueutbgu Vs, Bavsend oo, Dince B, Ol Fesard

B (occurring in bundles and less well differentiated
P s o) A2, t\mm.‘bxrgroumi activity) according to Blume and
o]

N~ A o Te0p Y
—‘[\,..,_Jt,. Lo (SNSRI [
A e, f“"‘/\/""\/\"\ cwo,  Incidence PRSW (383} 301 <33 weeks

o L N RVERNR [ i
L """ . Absence of PRSW on the neonatal EEG is correlated
A AT ol e e, with unimpaired motor development (98-2%)
+ R e w3, - Presenceimpaired development is more frequent
v !"\/‘ T30, P AP 104 (65%)
rhow A e o ©  ewc  Okumarareported their correlation (0.1/min) with
e e nes> ‘white matter injury
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Aetiology: Hypoxic-ischemic (33%) and i
(27%)

First seizure : Pe preterm median six days) vs Term ( median 27 hours)

SPRUIE CRAMTETRTCS
Aoy sbchvcal sezares 6] (96E:
Cnly suclinkal sewe 21 (4%

Daat 205 (% 6(33%) 09 781158)  <Q0)5
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Location of onset of seizures in premature infants with corrected age. (A) Onset
location for all infants in preterm group. (B) Age-related changes in location of seizure
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Background EEG features and prediction of cogaitive outcomes in very n
preterm infants: A systematic review =y

Asnice H.T. Kong™"". Melissa 31 Lai*”", Sirson Finnigas™”, Kodert 8. Ware', Bostyn N. Boyd
Daul B, Coldiez*"

Dysmature/disorganised EEG pattern
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Summary

* The cause, pattern and outcome of brain injury is complex and challenging in pre-
terms

* There is preliminary evidence that background EEG features can predict cognitive
outcomes in very preterm neonates

* EEG is a useful adjunct to diagnose and prognosticate outcome of pre-term brain
injury
« Standardisation is needed with respect to terminology

* Timing of first and serial EEGs is paramount
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G Boylan (Ireland): EEG in Hypoxic ischemic encephalopathy

EEG in Hypoxic Ischaemic
Encephalopathy (HIE)

Geraldine Boylan

Department of Paediatrics & Child Health
University College Cork

IRELAND

Hypoxic Ischaemic Encephalopathy
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Insalt

Cell death
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Deghes- Eacobar & Wi JAMA Paciatr. 20151800 307468 i) Infant
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-] Mawsiiaind 10 min
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recovery of EEG
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Uljfb“ 20 min
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b depressed EEG
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Brain insult

ELG SCUMItY
Kidokoro Pediatrics intematianal (2021)
63, 130-136
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EES eboermality | ££3 abncnmabty

HIE: temporal changes

|

I rrett 1 1 I m et
Early EEG - flat Bursts return after 9 hours

.

Return to continuity at ~ 56 hours

Seizures from ~12 hours

Grading the EEG in HIE

There are various scoring schemes for grading the severity of background EEG,
which can also be used in prognosis.

TABLE | Camtsfeabion ol 1653

-t

From Murray et al. 20097

<) Infant

Grading the EEG in HIE

Grade 1 —mildly
abnormal trace. The EEG
shows some periods of

0 . reduced amplitude but
continuous activity. Sleep
cycling is not clearly
evident on the EEG or
aEEG.

BUC ) Infant

Grading the EEG in HIE

it 4 abnormal trace. The EEG is

= 5 It i 1 ) " discontinuous with
T interburst intervals less
than 10 seconds.

) Infant




Grading the EEG in HIE

Grade 3 —severely
abnormal trace. The EEG
is highly discontinuous
withinterburst intervals
of 10-60 seconds.

) Infant

Grading the EEG in HIE

~ Grade 4 —Isoelectric
trace. EEG is fully

A s ibibin . skt suppressed with no
activity above 10uV or
interburstintervals in
excess of 60 seconds.

<) Infant

10

+ 58 infants with mild HIE: 15 controls
+ 1-hour of EEG at & hours

Munichsanct EEG s
il

with

Mild HIE

Infant

Garvay of al. Pwdart: Fasmarch (2021) 90,117 124

Seizure Prediction in HIE

22) Infant

11

12

Seizures & HIE

Seizure status by HIE group (n=181)

Moderate HIE ™ =

sevene iz (T o
1%

g E3 ko 150

W "oieTueionEEG [ AYIEaSione SEure on EES

Seizure characteristics HIE (n=55 with early EEG monitoring )

Allinfants Maderate HIE SeverzHIE prvalue

n=55 n=3L =24

Adedian (IQR) Median (IOR) e dian ()
Age ot start of EEG monitoring [hours) 4202873 4303369 212475 0635
Age ot first seizure fhours) 144{107494)  131(36-181) 14.8(13.518.7) 0181
Total seizure burden [min] 70 (30433 585(232752) 1195(425213)  0.005
Hour after birth max 58 reached 23 (14-36) 15 [12-31) 27 [20-53) 0.003

Infant

13

14

Seizure burden in HIE Effect of TH

Temporal evolution

ander (mindh)

Hourly Sel

Age ()

Conclusion

» EEG is a powerful marker of the severity of

encephalopathy

+ EEG evolves over first few days
+ Seizures are common in moderate and severe HIE

with onset generally in first 24 hours

<) Infant

15

16




R Pressler (UK): Neonatal seizures and classification

EEG in the First Year of Life

- from newbomn to toddler

EEG of neonatal seizure

and classification
Ronit Pressler, PhD MD MRCPCH

Great Ormond Street Hospital
Cambridge University Hospital
UCL Institute of Child Health

HITTITT G R A
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I@ EEG in the First Year of Life- from newborn to toddler IR

Diagnosis of neonatal seizures

* Non-seizure behaviour with similar semiology

20 video clips evaluated

by 137 health professionals

50% correctly identified

Only seizure type correctly identified
as seizures were clonic seizures

Poor interobserver agreement

FNGTH ORIGIMAL RESEARCH

.

.

.

@ EEG in the First Year of Life - from newbor to toddler N

Aetiologies of neonatal seizures

= Relatively common (2-3 /1 000 births)
* Mostly acute symptomatic

+ Depending on GA Hypoxic-ischaemic
. ’E encephalopathy
i
E = o Infections
i= ic  Metaboiic
‘E = Infaretion, '
H hasmorrhage

Leverne & Trounce 1886; Lanska ot 3l 1095; Ronen et a 1999; Sheth et al 1999, Tekzul et 3l 2006; Janackowa et 2l 2016, Glass et 31 2016

2

@ EEG in the First Year of Life - from newborn to toddler N

Diagnosis of neonatal seizures

* Non-seizure behaviour with similar semiclogy
* Electrographic-only (subclinical) in 50-70%
= Critically ill infants

Subdinical

* Muscle relaxants

* Uncoupling { electro-clinical dissociation “Ureo

+ Clinical diagnosis not reliable

* Necessity of EEG monitoring

Mzlone 2008, Mizrahi & Kellawzy 1688, Murray et 21 2008, Mazh et 3, 2011, Glas: et 21 2016, Boylan 2002, Scher 2003, Hahn & Riviello, 2004

I@ EEG in the First Year of Life - from newborn to toddler LM

Neonatal seizures and Outcome

* Seizures in HIE are independently associated with brain injury
* MNeonatal status associated with worse outcome than isolated seizures

* Seizure burden >12-13 min/hr associated with abnormal outcome

12000,
10600 it
= mop
E gop.
z
E o
a0 a1
o 5B — total seizure purcen MEE—
Maimum seizure burden
e ferimal

enarazhariays st sl 201

4

@ EEG in the First Year of Life - from newbom to toddler LM

Implementation of Neurocritical Care & cEEG

* Implementation of cEEG and treatment
protocols associated with:
— Improved and earlier seizure detection
— Improved treatment success
— Less progression to status epilepticus
— Shorter stay on NICU
— Reduced number of infants discharges on AED

Screening vs Confirmatory EFG Monl

* 3 RCT treating EEG vs clinical seizures
were all underpowered

Miller e= =i 2002, Pizzni et 21 2007, Payne et al 2014, Kharachankaya et 3l 2016, Fernandes ex 21 2017, Fiszgersid et al H18

Wietztnck et al 2016, Bashir t 3l 2016, Harris st 31 2016, Wusthoff et 2l 2021

5
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EEG in the First Year of Life- from newbom to toddler

&
Definition of seizures

+ ILAE, Fisher et al 2005/2014

— A seizure is 3 transient occurrence of signs and/or symptoms due to abnormal
excessive or synchroenous neuronal activity in the brain

— Does not including electrographic seizures
* ACNS, 2013: Definition of electrographic seizure

— A paroxysmal abnormal, sustained change in the EEG

duration of at least 10 seconds

LM

— repetitive and evolving pattern with a minimum 2 pV voltage (peak to peak) and

Igﬁ EEG in the First Year of Life- from newbom to toddler "_ﬂﬁ

Definition of Neonatal Status

ILAE: no definition specifically for neonates (Munes et al 2024)

American Clinical Neurophysiology Society
Status epilepticus as present when the summed duration of electrographic seizures
comprises »50% of an arbitrarily defined 1-hour epoch (Tsuchida et al 2013)

B

EEG in the First Year of Life - from newbom to toddler

EEG features

= Any rhythmic activity is suspicious

+ Sudden, distinct beginning & end

+ Focal origin with spread

+ Evolution of amplitude & morphology

* Minimum duration =10 sec

LMD

&

EEG in the First Year of Life - from newbom to toddler

EEG characteristics of neonatal seizures

Duration: mean ™ 2-3 min

Frequency: increasing with PMA

Localisation: central & temporal most
common R

Propagation: mostly focal and regional

Ref: Touchidz et 3 ACNS guicleines 2013

clancy 1987, Scher 1993, Patrizi 1993, Okumura 2008, Janackova 2010

EEGiin the First Year of Life- from newbom to toddler

[®

Ictal EEG pattern

Repetitive sharp waves or spikes

Spike-and-wave [ sharp-and-slow wave complexes

Rhythmic, often sinusoidal slow waves

Recruiting faster activities

Zip like pattern

Electrodecremental event

Simultaneous independent seizures

LM

EEG in the First Year of Life - from newbom to toddler

&

Discharges <10 s of uncertain significance ?

» Rhythmic discharges - with recruitment

* Occur in premature and sick neonates
{Associated with seizures in samefother EEG and
poor outcome

*+ Also described in adults

= If with clinical manifestation == seizures ?

Shewmon 1990, Nagarajaret ot 2l 2011, Oiiveira et 3l 2000, Yoo ez 312014, 2017
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ILAE Prasentation|
Neonatal Seizure I
Classification Viden EEG / aEEG diagnosis

Pressler et al, Epilepsia 2021

hittps:/{ wwww.ila=.org/guidelines

i
Jdefinition-and-classification elzure

I@ EEG in the First Year of Life - from newbom to toddler S

Motor
Clon

Definition:

- Involuntary contractions of muscles or
muscle groups

= Regularly repetitive jerking
at 2-3 c/s, prolonged

Clinical context:

+ Easy to diagnose clinically

= Common in stroke (unilateral)

= Multifocal seenin other astiologies

Mizrahi & Kellaway 1389, Tharp 2002, Low et 3l 2014; Spagnoli et 3l 2015; Nunes et 3| 2008 & 2016

@ EEG in the First Year of Life- from newbom to toddler LM

Motor

Ton

Definition:
= A sustained increase in muscle contraction,
= Lasts longer than spasms (> 2 sec)

Clinical context:

= Focal / asymmetric in neonates

Typically for early onset developmental epileptic
encephalopathy

Also in other epileptic encephalopathies and
genetic neonatal epilepsias

14

@ EEG in the First Year of Life - from newbom to toddler AR

Motor

Myodoni

Definition:

» Sudden & brief (<100 ms) involuntary
contraction(s) of muscles

- Single or multiple with variable
topography (axial, limb, distal)

Clinical context:

+ Clinically difficult to differentiate from
non-epileptic myoclonus

= Typical for early infantile DEE, inborn error of metabolism and in preterms

Aicardi and Ohtahara. 5.. 2002; Nabbout & Dulac 2003, Kato et 3l 2013: Mihl et al 2013; Pisano et al 2015: Nunes et 2l 2018, Cornetet al 2021

Plouin & Kamincka 2013; Ohtshars & Yamatogi 2006; Ronen et 2l 2007; Lioyce et 3l 2017, Nunes t 3l 2018

15

Fé EEG in the First Year of Life - from newbom to toddler LM

Mot

Definition:

« A more or less coordinated, repetitive motor activity
= Often resembles a voluntary movement / action

- Often oral or manual

Clinical context:

» Normal / abnormal behaviour mimic
automatisms (EEG confirmation)

Often a component of seizures in self-limited
neonatal seizures, or temporal lobe seizures

Mizrahi & Kellaway 1989; Sand et al 2016

16

Eé EEGin the First Year of Life - from newbom to toddler NG

Definition:

= Asudden flexion, extension, or mixed
extension—flexion of proximal and truncal
muscles

= More sustained than a myoclonic but<2 s

Clinical context:

+ Rare in neonates

= May be seen in pyridoxine dependent seizures
and other metabolic disorders, also genetic

Plouin & Kaminzka 2013; Porri et 3l 2014;
Ohtahara et 3l., 1992; Ohtahara and Yamatogi, 2003

17
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@ EEGiin the First Year of Life- from newbomn to toddler IS @ EEG in the First Year of Life - from newbom to toddler IR
A Non-motor
Behavioural arrest
« Definition: Definition:
- Adistinct alteration of autonomic nervous system +  Arrest {pause) of activities, freezing,
function such as respiratory, cardiovascular, i immeobilization.
pupillary and other functions
! Clinical context:
» Clinical context = + Only seen in wakefulness and therefore rare /
* Rarein isolation, often part of sequential T difficult to capture in neonates  S—
May be seen in intraventricular haemorrhage * Requires video EEG By courtesy of Dr MagdaMunez, Brasil
or temporal lobe lesions 1 - May be seenin HIE or as part of sequential
& seizures
MNunes et 21 2018 Sands et al 2016; Nunes et 2l 2019; Santarone et al 2020
19 20
@ EEGiin the First Year of Life - from newbon to toddler LM @ EEGin the First Year of Life - from newbom to toddler LM

Definition:
« Variety of clinical signs during a given seizure
» Sequence of heterogeneous components
= Often with tonic phase -
.
Clinical context:
+ Possibly associated with genetic
or metabolic causes
- Often seen in self-limited neonatal seizures
and KCNQ2 encephalopathy

1

Validation of neonatal seizure classification

Total of 146 babies

B g [ 3o
Exclusion of 10
Tm Paem »
= -
- w
- -
u ' :
e Sllenc EMyoclnic 8Toak  Secu

Simaneti et 31 2012; Mini et al 2013; Weckhuysen et 2l 2003; Fong et 2l 2014; Sand et 3l 2016, Nunes et al 2015; Cornet et 212021

Pressler et al 2021, Yosawitz et 3l 2022, 2024

21

@ EEG in the First Year of Life - from newbom to toddler e

Brighton Collaboration Case Definition
defining diagnostic certain F— =

Pellegrin etal, 2019, Pressler et al 2021

22

@ EEG in the First Year of Life - from newbom to toddler MG

Summary

* EEG is the gold standard in the diagnosis of neonatal seizure

Availability of EEG / aEEG affects diagnostic certainty

* High seizure burden associated with poor outcome

Classification of seizures can aid diagnosis and management

* New classification of epilepsy syndrome

23
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N Specchio (IT): Self-limiting epilepsy syndromes in infancy

Type of Syndrome

bino Gest
ALE FEDIATRICO

Nicola Specchio, MD, PhD, FRCP
Neurology. Epilepsy and Movement Disorders
Unit

Bambino Gesu Children's Hospital, IRCCS.
Rome, lialy

EEG in the First Year of Life - from newbom o foddler .
K tal., eps
Haikou — 27" April 2025 M et Fofepein, M2

Incidence and outcome of epilepsy syndromes with onsetin

i the first. of life: A retrospective population-based stud, -
A Incidence e repop s
Bambina Gest i Gy, Mo Lo, ik Lapotton, o 1} Ao BBrm Lakariodd B
General features SeLFE B
i
Three epilepfi ions di i i § + 0 S st Ressbis: Inclusion critaria wers Sifiled by 158 istants, of whom §2% ware fallowed
sThree epilepfic conditions differentiated mainly on age of onset —‘-wt asn Rapers 2905 20091 . kv poadaprarbectdoap mrhillphorods iy bindealog ol
PP R otk o 160,006, An apilepny y of ephlepsies by
- Self-imited neonatal epiepsy (SeLNE] G T o ILAE was identified in 58% of the patiencs. The most camman syndremes were West
e P — P — ayndrome (411100,000) and banign feritial o sontamillsl infantile spilepey (72
- Self-imited familial neonatal-infantile epilepsy (SeLFNIE) e 160,000), Gulology was wrisursl-netabaic in 5%, germiic b 179, and srkmown in
- Self-imited infanfile epiepsy (SeLIE) '
- l 1!
sFocal fo bilateral fonic-clonic seizures 1 1 T 1
]

sSelf-imited epilepsy

=Normal psychological development (before onset/ long term outcome)
sNormal interictal EEG

e a0
o see Signficance: Benign familal and norfamiial infantile epilepey appears & b more
I wmmon sedonly . Early age st oaset

e L P poor outcome.

= Autosomal dominant mode of inheritance

w
B

Lo ) ) Diagnostic Criteria for Self-Limited [Familial) Neonatal Epilepsy
Spectrum of Self-limiting epilepsy syndromes in L
Bambina
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MOLECULAR CORRELATES OF KCNQ2 AND KNQ3 POTASSIUM _—

Self-limited neonatal epilepsy (SeLNE) CHANNEL SUBUNITS

= All seizures start with a tonic component, uni- or bilateral, but = KCNQ2and KCNQ3 sinergistically
asymmetrical, changing side from one seizure to the nextina contribute to the formation of the "M

- current” which controls the threshold
given baby of neuronal excitation

= Autonomic, oculofacial features and/or clonic movements Reduced K' currents
follow l

= Mutations of either KCNQ2 or KCNG3

= Durafion is around one minute lead to a reduced M current

Ne myoclonic sz, no epileptic spasm, no GTCSz e —

" Mechanism: loss of function ./

NEONATAL SEIZURES |




Diagnostic Criteria for Self-Limited Familial Neonatal-Infantile Epilepsy
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Eenetic sesting in benign familial epilepsics of the first year of
ife: Clinical and diagnostic significance

BFNS (n=8)

BFIS (n=19)

1

0% 0% 0% 0%
Preportion of families

B0%

100%

wrea |
NG
scraa
WFPRTZ

o mutation |

KCNQ2 epilepsy phenotypes

Medtted from I Schwte
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Ataia

doced fom Uutlen e 3, 2011

Intractable infantile

seizures

edfjousyd o Kuenss Bussany)

Summar .
y 0y
® Seflimited epiepsies in the fist year of ife hove peculior clinical and EEG manifestations: some
features overap.
¥ The three enfities could ke included in a unigque “spectrum” with variable genstic mutations:
KCMGQ2 genetic variants are the major cause of Meonatal and Neonatal Infantile Sezures, PRRT2 of
Infantile Seizures, bt this ik not exclusive. SCHN2A and PRRTZ not found in the neonatal form.

Specirum of self-imiting epilepsies with onsetin the necnatal or necnatatinfanfile period
- KCNG2-3, SCN2A, PRRT2, SCHBA

" KCHQ2 5CN2A. SCHNBA encephalopathy or other neurological sympioms associated

Interictal EEG findings not very informative

= Consider seizure semiclogy and ictal EE
It is important o recognize all the seff-imifing entities. to avoid useless and harmful ASNE treatment.
Peculior asscciation with parcxysmal movement disorders

The same genes can provake severs spieplic encephalopathy, but the localzation of the
mutation and the funcfional impaimment of the protein are different.

" Long-term evolutionis variakble

13
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M Eisermann (D): EEG in early onset developmental & epileptic encephalopathies

EEG in the First Year of Life "_hf\

Haikou city, 26t and 27% April 2025 @

111 DL 2

LM

Early-onset
Developmental and Epileptic
Encephalopathies

Monika Eisermann
Service de Neurophysiologie Clinique
Necker Enfants Malades Hospital, Paris, France

3 Hopital Necker
Université Enfants malades ASSISTANCE HOPITAUX Necker A A K
Paris Cité AP-HP PUBLIQUE DE PARIS

Crine At Aguioat E5 Wy CAAE

Epllepsia

ILAE classification and definition of epilepsy
with onset in neonates and infants: Position by
the ILAE Task Force on Nosology and Definitions

Developmental and epileptic
encephalopathies (DEEs)
. Earbrinfantlle DEE(BDER)
Epllepsy ininfancy with migrating focal seizures (EIMFS)
Infantile eplleptic spasms syndrome (IESS)
Dravet syndrome

- — by

Developmental and epileptic
encephalopathies (DEEs)

S Tor ek et

et e

Early-infantile DEE (EIDEE)

* Onset of epilepsy in the first 3 months

* Frequent seizures, typically drug resistant

* Abnormal neurological examination

* Abnormal inter-ictal EEG (burst-
suppression pattern, diffuse slowing or
multifocal discharges)

+ Etiological classification in ~80% of cases
(neuroimaging, metabolic and genetic
testing) - B

Zuberi et ol 2022

Developmental and epileptic
encephalopathies (DEEs)

1976 Ohtahara : 8 cases 1978 Aicardi & Goutiéres : 5 cases

Early-infantile DEE (EIDEE)

L Bt ,»g'k s
S ey
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Developmental and epileptic

encephalopathies (DEEs) EEG

Early-infantile DEE (EIDEE)

* Burst Suppression, multifocal spikes, spike
waves, sharp waves, discontinuity and/or
Seizure types Slowing -

* Very rarely background within normal
limits at onset of seizures, but fast
deterioration with increasing seizure
frequency

« If evolution to infantile epileptic spasms
syndrome -> hypsarrhythmia
«  no exclusionary seizure type o If treatable etiology (metabqlic, structural
lesion amenable to surgery) improvement
or even normalization possible

* tonic seizures

« myoclonic seizures
* epileptic spasms

* sequential seizures

Developmental and epileptic
encephalopathies (DEEs)

Early-infantile DEE (EIDEE)

10 pV/mm o ST
4 weeks-old term born baby

Hemimegalencephaly




Burst suppression in full-term neonates - different aspects

Developmental and epileptic
encephalopathies (DEEs)

Focal cortical malformations
Early-infantile DEE (EIDEE) seizures with

/ focal signs, often epileptic spasms
Constant asymmetry ou focalisation of background and interictal anomalies

il

_ Left Hemimegalencephaly Left central cortical Dysplasia

Developmental and epileptic
encephalopathies (DEEs)

Metabolic diseases R S
Pyridoxine-dépendant DEE

Early-infantile DEE (EIDEE)

The three stages of epilepsy in patients
Etiology-specific syndromes with CDKLS mutations
*{Nadin B Buinsen, 1£iAnna Kaminska, S4Nathulo Boddaert, [Martine Rio,

Pyridoxine-dependent
(ALDH7A1)-DEE

10

Developmental and epileptic
encephalopathies (DEEs)

Developmental and epileptic
encephalopathies (DEEs)
Epilepsie of infancy with

Epilepsie of infancy with
migrating focal seizures

migrating focal seizures

Malignant migrating partial seizures in infancy:
An cpllepsy syndrame of unknawn ceiology

Ciamguasars Copets

e p—

Sedzure onset within the first six to seven months of ife {M3; D13-M7)
Drug-resistant focal seizures associated with severe encephalopathy
Saizures initially rare, often undiscovered during 45 d (1 wky3 mths)
Autonarmic manifestations: apaoe, facial erythrois, cyanosis,
hypersalivation
Correlation between topography of dicharges and semiology

- Occipital : oculoclonia and head and eye deviation

- Rolandic: contro-lateral clonies

- Temparal: staring, ather oral automatisms

- Frantal: contralateral hypertonia

In the beginning of the disease seizures can stay for a long time localized —
erranenas sungical indication!

Bmin

4 months-old infant nuccser A g K,
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N Specchio (CH)): Hypsarrhythmia and epileptic spasms

i LIRS ILABrunnn ‘CAR_C_
Bambino Gesi

= -~ - TRPEDAIT PIDIATRICD

Nicola Specchio, MD, PhD, FRCP

Neurology, Epilepsy and Movement Disorders

6 e \ R ki Bar ;Y\

REE RN J
| o Mt 4 Infantile Epileptic
‘L Pl * spasm: definition and
b ‘ m [ : EEG-EMG correlation
Myoclonic seizure  Tonic seizure Epileptic Spasms

Fusco and Vigevano, Epilapsic 1953

Unit
Bambino Gesy Children's Hospital, IRCCS, v' A sudden flexion, ion, or mixed flexion of pred ly proximal
Rome, Italy and truncal muscles that is usually more sustained than a myoclonic movement but
not as sustained as a tonic seizure.
v Limited forms may occur: grimacing, head nodding, or subtle eye movements.
¥ They commonly occur in clusters and most often during infancy.
EEG in the First Year of Lfe - from newborn fo foddler
Haikou - 27" April 2025 '
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Phenomena reported to occur in association with ictal
events in [ES

Ocular events Grunting noise
Eye deviation Smile
Nystagmoid motion Grimace
Eye opening or closing
Pupillary dilatation

Tongue/mouth movements
Autonomic alterations

Lacrimation Heart rate changes
Respiratory rate alteration Pallor
Hiccups Cyanosis
Crying Sweating

After seizure Flushing

During seizure Decreased responsiveness

Laughter Focal seizures
Frostand Hrachowy, 2003

Ictal EEG patterns
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SUBTLE SPASMS el saran e Z

= |solated signs of spasms R

= Beginning of a cluster of spasms

= |[f we observe a duster of spasms we see that there are some ictal events in e — — - -
which the movement of the limbs and trunk is very slight or almost absent ) aghet-uves A o A
and the ictal signs are limited to yawning, gasping, facial grimacingand -
staring .

= These minimal clinical events are called "subtle spasms™

Focal Sepurs rigpersshasm o % O.F. 3 m — Left frontal focal cortical dysplasia ~
SERE e TRBE RIS an Focal seizure during a cluster of spasms dinls

Papval. Sm Right temporal dysplasia

Vigevano £, Specchio N et al., 2007

9 10

Focal seizures and epileptic spasms
as a single ictal event o]

Pachan: C, Fusca L, Vigevass F, Eplepsia 2003

= Usually a focal seizure precedes and triggers the cluster of spasm, but
epileptic spasms could be intermingled with the focal seizure.

» The cortex probably plays a major role in generating activity

® More rarely the spasms trigger focal seizure associated with spasms.
= Etiology could be multivarious, mainty malfermation of cortical . T:E Dccurlrence of_spa;ms I'\kely:‘s related toda chomplsx an.d "
development {focal, unilateral or diffuse) :t n:tr:na interaction between the cortex and the subcortical
ructures.

» The ictal gamma rhythm might reflect neocortical
dysfunction involved in this abnormal interaction.

11 12




NEUROPHYSIOLOGY OF SPASMS

Akiyama 2005
Bisulli 2002

Mechanisms of infantile epileptic spasms
What have we learned from animal models? 202

Key points

= Animal models have been invaluable in our un
d ding of infantile cpileptic spasms syn-
drome (IESS).

« Multiple etiologies with independent mecha-
nisms are llkely important for IESS.

« Und: ng the
of IESS may allow for more targeted and ra-
tional drug design.

De ia Vazziere 2014
Three different scenarios for epileptic spasms
Luda Pasco*” Dnmmku Serise!, Marta Elera Santarcne «IESSy ’ BASED SOOREFOR UYESARRHYTHMEA
- "”‘W(" “""“"““""'““'-- BASED = Burden of AmpiituceS and Epileptiform Disharges
cors
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spasms. Furure infantiie pasms clinical erials require clrncation
of PypsarThytila crisers 6 ITGTOTE WLer-ser sgreement g
thas improve the validity of electiographic eutcomes

The 2021 Based score inciudes elements with high leveis
of inter-Rater Reliabiity and correiste: well with
the prazence or szence of Infantile Spazms

16

Conclusions

+ Multiple etiologies can provoke spasms

« There are some variables in the ictal clinical and EEG pattern

« The spasm can appear alone or as a part of a more complex ictal event

« Spasms are a subcortical event: difficult to apply the category of “focal” or “generalized”
« |ESS can present different scenarios

« Hypsarrhythmia plays the most relevant role on cognitive outcome and neuropsychiatric
comorbidities

+ To score the burden of Hypsarrhythmia it can be useful for predicting patient outcome.
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M Eisermann (D): Inborn error of metabolism

EEG in the First Year of Life
Haikou city, 26" and 27" April 2025 @

IS
Seizures and EEG abnormalities
in Inborn Error of Metabolism

Monika Eisermann
Service de Neurophysidlogie Clinique
MNecker Enfants Malades Hospital, Paris, France

Hépital Necker
Université Enfants malades ASSISTANCE HOPITAUX
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EEG in the First Year of Life, Haikou city, 26" and 27 April 2025

Metabolic diseases presenting with seizures

Neanatal Period-Ealy Infancy Late Infancy-Childhood Adolescence—Adul thood

Pyridoxine-depern

it epllepsy
¢ Creatine synthesks defects Juvenile NCT

Lafora body o
Unwerrich disease

Mitochondrial disorders: MELAS

{Mitachondrial

ncep yopathy, lactic

aciclosis and stroke

MERRF (M i

ase and

Organic acidurias
Sialidosis

cls

e
caused by CAD mutations
Disorders of methylation and

Congenital dlisord slism

Congenital and Neurotransmitter defects Porphyria
ceroid Congenital disorders of autophagy Wilson's discase
Mitoc

Sharma & Prosod, 2017

ol

EEG in the First Year of Life, Haikou city, 26" and 27 April 2025
Neonatal seizures
Inborn Error of Metabolism ?

Clues to the presence of IEM in the neonatal period:

Family history: parental consanguinity, family h/o neonatal deaths,
neurological ilinesses

Pregnancy: abnormal / excessive fetal movements (intrauterine seizures),
HELLP syndrome

Rapidly progressive encephalopathy

Deterioration after a period of apparent normalcy

Severe metabolic acidosis

Hiccups (fluttering or hiccoughs)

Excitability, pedaling, boxing, myoclonias, tremulations of high amplitude
Unusual odors of urine, cerumen (rare)

I

.

.

.

.

.

L

EEG in the First Year of Life, Haikou city, 26" and 27 April 2025

Pyrixodine-dependent DEE
Pyridox(am)ine 5’-Phosphate Deficiency DEE

Symptoms usually very early, within hours or days after birth
Intrauterine seizures reported with onset at the end of the last trimester
(mothers perceiving excessive fetal jerks)

Irritability, hyperexcitability

Sleeplessness, features of hyperalertness, hyperacusis

Paroxysmal facial grimacing

Abnormal eye movements

Emesis, abdominal distention, presenting as sepsis

Etiology-specific syndromes

ent

ine-depend;
(ALDH7A1)-DEE

R e e e e -

eckeeAik

Maple Syrup Urine Disease

Comb-like pattern

T YT VAT AT VTV Ty
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Isolated Sulfite Oxidase Deficiency

Seizures
Delta-beta complexes

HRB Open Fi

Glycine encephalopathy
(nonketotic hyperglycinemia)

discontinous, intermittently asynchronous background activity with dysmature features

Fp2.ca
: s esnate with 02
solate sufit oxidsse deficiency e
Fp2-Cz.
2
Fatca
301
Fol-T3.
T3-01
Fotce
ceor
£o6
Resp
R Dait
L0ot
'3 oy 2-day-old full-term neonate
- Congenital Glycolysation disorders
G|Ut1 defICIency cluster of epileptic spasms
Paroxysmal cye-head movements in
Glut! deficiency syndrome
Congenital Glycolysation disorders Peroxisomal Disorder
mutation HMZ gene HSD17B4
Epileptic spasms in congenital * Group of rare metabolic diseases, with multisystemic involvement and -
disorders of glycosylation frequent neurological impairment, particularly epilepsy = e S -
* Epileptic spasms were observed in ALG1-, ALG6, ALG11-CDG and CDG-Ix
« Epileptic spasms of early onset, showing possibly focal aspects, and
possibly associated with myoclonus
+ EEG: poorly organized background activity, abundant posterior spike and
fast rhythm activity, but no hypsarrhythmia
% A A
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Mitochondrial diseases 1 EEG in the First Year of Life, Haikou city, 26* and 27* April 2025 ||_M\

Hypotonia, clonic seizures - pharmarefractory status beginning at 2 weeks of age
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Summary

Numerous entities

Non-specific but few distinctive EEG pattern that should be
identified

In several IEM in infancy causative treatment is available

Diagnosis as early as possible to avoid further damage!

Seizure semiology and EEG aspect can give important clues to the
differential diagnosis
EEG helpful in assessing severity, treatment response and prognosis




Rachel Thornton (UK): Malformation of Cortical Development

Great Ormond street [TZE
Hospital for

Malformations of Cortical Development

Dr Rachel Thornton
Ci Clinical

Great Ormond Street Hospital, London
Addenbrookes Hospital, Cambridge
Honorary Senior Lecturer Institute of Child Health, UCL

g EEG in the First Year of Life m‘:“.hﬁ

Classification of MCD &

Group! I |
Group 2 Guue 3
mnmn’ﬂg""" FRS e — Atnomal post mgtion
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Classification based on proposed cellular mechanism

Overlap between histological and clinical phenotype and genotype/ astiology
Electroclinical syndrome varies by severity and distribution of abnormality
Reality is complex and a pathway based classification considering phenotype

may be helpful
Lissencephaly 4
‘Classic’ Lissencephaly: =
= 11.7 per 1,000,000 live births 1
Pachy/agyria on MRI .[

LIS1 or DCX gene
90% have seizures (<6 months in 75%)

: zoEsé Zz:z’::s on severity of malformation “ i ihﬁ *ﬁﬁ ﬁ# mﬁ @ ﬁ

Evolves to diffuse fast in 1 year of life

Cmz 0 .

f f}'u[w i The Evolution of Electroencephalographic

Festures in Lissencephaly Syndrome

Hakamada et al, Brain and Development 1979

Double cortex syndrome &

X-linked: 90% affected are female

Epilepsy onset later than Lissencephaly

+ DCX mutation

+ EEG shows spasms avolving to Lennox-Gastaut
Syndrome

Multiple seizure types including drop attacks and
focal seizures

Callosotomy may benefit drops

.

.

Introduction .

* MCD commonly associated with intellectual disability and intractable
epilepsy

» =100 genes identified as causative

+ Somatic mutations are commaon, but most probably still not detected?

= Focal cortical dysplasia: commonest cause of intractable structural
epilepsy in children

+ Delay in identification -> inappropriate counselling and delay in
treatment

Age at presentation depends on severity of malformation

Lissencephaly,
extensive PMG,
efc

TJamuar et al NEJM, 2014, *Guerrini and Dobyns, Lancet Meurol 2014

mTOR pathway: mechanism of MCD

| Growth factors
| Guidance molecules

(o]

Rein organzaien | | #22%
£

Barkovich et al. Cold Spring Harb Perspect Med 2015

Relation of EEG to Pattern of involvemen

14 patients with lissencephaly restricted to cortex
9/14 infantile spasms

7/14 type 1 EEG, anterior > posterior agyria on MRI
4/14 type 2 EEG, posterior > anterior on MRI

3/14 type 3 EEG, diffuse on MRI

e e e

1
] sioe smn e o8 —4

Menascu et al, Seizure 2013

Polymicrogyria (+/- PNH) &

+ Highly heterogeneous disorder

« Several chromosomal deletion/duplication syndromes . :: -

+ Ischaemic or infective insult in utero ﬂ "‘I_I_._I_._l_
+ Age of presentation relates to extent of abnormality
+  Most severe bilateral, generalised

« Highly variable EEG depending location and extent of PMG

« Focal motor -> ESES & atonic seizures reported in a small group of
bilateral PMG, with better outcome

Ty

1
¥
i

T

Leventer et al, Brain, 2010, Guerrini et al, Neurology 1998



Dysplastic megalencephalies

DMEG (formerly Hemimegalencephaly)

+ mTCRp y gene mutation iated

+ Most are somatic

+ In DMEG, 8-35% of cells may carry the mutation
+ Morphology variable

+ Early onset encephalopathy with seizures in first days 85%

Several small series in young children

+ EEG: suppression burst, hemi-hypsarrythmia or repetitive
spikes/ spike and wave

+ Progressive contralateral involvement?

+ Bilateral synchronous epileptiform discharges are not
associated with poor outcome after hemispherotomy?

+ Care with electrode position in relation to malformation

Di Roceo, et al., 2006, 2Bulteau et al., 2013

Epilepsy surgery in infants: The role of EE@

+ Reseclive epilepsy surgery is technically challenging with higher risk in
infants
+ Localisationis challenging: semioclogy may appear generalised when
focal®
+ Small series report good outcomes in focal seizures
+ |ntractable seizures -> poor neurccognitive outcomes
+ Recentreview of 20 papers with 465 patients < 3 years of age, selzure
freedom 45-90%
Most resections were multilobar or hemispherotormy
Highlighted semiclogy is difficult to interpret in this age group
Interictal EEG may be focal, multifocal or generalised even with a focal
lesion
« lctal EEGis usually focal
« |ntracranial EEG may be successful where data is discordant
+ sEEG notsuitable in <2 years

Dravet et al 1989, Dorfmuller et al, 2014.

Why is EEG and Semiology so challenging? &

Infants unable to report symptoms

Behaviour s difficultto pret (see infant gy lecture)

Grey and white matter maturation is earlier in visual, motor and somatosensory
cortices-> less complex behaviours or autonomic features

MRI less helpful: appearing and disappearing lesions

Nitin Gogtay etal PNAS 2004 Lebel etal, Neurolmage, 2008

©2004 by Natonal Acaoumy of Scincas

Tuberous Sclerosis

+ mTOR pathway mutation: TSC 1 or 2
« Multiple FCD2b like lesions
+ Biomarkers in TS study: 74% of infants had EEG change before
seizures
= Both interictal and ictal changes may be challenging to localise
* Patterns include focal sharp waves, diffuse slowing and hysarrythmia
* Prospective 130 patient study: Seizures in 76%, often refractory
+ EEG and clinical data collected in all

+ First seizure most frequent <12 months, 55% focal seizures, 57% spasms
+  32% infants had 1 seizure fype, 41 %, 2 seizure types, 3% 3 seizure types

Focal Cortical Dysplasia type 2b &

+ Commonest underlying abnormality in
refractory focal epilepsy in children e 2 et

« Seizure onset usually <5 years, varies with P
location o ||

» Large or multi-lobar abnormalities most ) | [||]|| .| Tas s
commen in <1 year * —

+ Presentation with unilateral or bilateral
epileptiform features and focal ictal EEG
change

* Focal fast activity prior to onset of spasms
suggests underlying structural pathology

lzlul_l,-'_'_

Widespread EEG change does not precludg

Hdauriogy €08) 35-387, 21N 34, 2007,
1008 35.1213)81 W OXIEASS £3713 3¢

s Kluwer Owd

Invasive EEG for young children -

« 26 children with drug refractory epilepsy

+ Mean seizure onset 5.2 months

« 15 focal seizures, 11 focal seizures + spasms
+ 3 had tuberous sclerosis

« Invasive EEG allowed delineation of the

epileptogenic region when MRI lesion was not -
defined

+ 21/26 had FCD on histology

« FCDon invasive EEG is defined by continuous
spiking on the interictal record with low voltage

fast at onset
e =
e E

Invasive explorations in children younger than 3 years

Delaine Taussis ", Ceerg Derfiiiler, Marsine Fudden, Clausde Julks Owistine Sulteiu,
Sarah Fesrand-Serbets, Mattehde Chapuinse. Ot vive Delabrde

Summary s

* Malformations of cortical development commonest
structural pathology with intractable focal epilepsy in
children

* Larger, more diffuse malformations -> onset of seizures in
early life

+ Specific EEG features in Lissencephaly

» Muiltifocal, focal and apparently generalised abnormalities
may seen in focal malformations in <1 year olds
* Role of EEG:
» May indicate diagnosis

» Localisation of focal malformations and identification of surgical
candidates (particularly ictal EEG)

» Potential role as a biomarker (e.g. in tuberous sclerosis)
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NON-EPILEPTIC paroxysmal EVENTS (NEEs)

Several NEEs in infancy and early
childhood show semiological features

which are quite similar to those “Non-epileptic

observed in certain epileptic seizures counterparts”
PRACTICAL CASES AT DIFFERENT AGES They are noted as “Potentially
mimickers of epilepsy” or their “no-
MARIA ANGELES PEREZ JIMENEZ epileptic counterparts”
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NEEs stratified by age and clinical features NEEs and video-EEG
In some instances, NEEs may be easily
MEE may be stratified by age range during recognized by means of a detailed clinical
which they typically present, and according to history and clinical observation, or home- Identification of
clinical features. The most common NEEs are: Neonates video recording the nature of
On other occasions, a video-EEG is needed aroxysmal
Moator events Infants E 4
. . . Toddlers NEE are one of the main clinical indications of events
Non-epileptic staring spells video-EEG in paediatrics is NEEs, represent 15-
Events with autonomic signs and symptoms 25% of the events recorded
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NEEs and video-EEG NEEs and video-EEG
A correct classification of the events can be achieved
The hallmark of NEEs is absence of an EEG in most instances
ictal pattern during the episode Different Clinical
i . . X scenarios V-EEG findings frequently implies a change of
In infants presenting NEEs interictal EEG . . . Challenges
epileptiform abnormalities may be recorded Neurologically intact diagnosis, or a more precise one, and a favorable d
(“Benign NEEs”) modification of clinical and therapeutic attitude, an
Coexistence with epileptic seizures, history of Neurlological irT anlrment such as antiseizure drug discontinuation Pitfalls
epilepsy and risk factors for epilepsy are Developmental delay . . . .
ossible, particularly in those with Autistic Spectrum V-EEG data may be crucial for the diagnosis of specific
p e i disorder/traits non-neurological conditions or neurological disorders
neurological impairment )
other than epilepsy
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Difficult to classify events

Some episodes may remain as "difficult-to-
classify events”, or of uncertain nature Epileptic or
non epileptic?
Repeated studies and
follow-up may
ultimately clarify the

NEEs and epileptic seizures may appear
intermingled

Epileptic seizures may show mild or bizarre
semiology and no ictal scalp EEG changes diagnosis
during the episodes, or unclear ones
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Infants with non-epileptic MOTOR spells (1)

Bilateral axoryzomelic motor spells P -
Bilateral brief axial contractions Yianslent Infant movements Tivk:
. frequent infant noa-pathalogical
Shuddering developmental motor phenomera

Head nods tariasan ——

Sandifer syndrome

Reflex tonic/dystonic spells in
neurologically impaired infants

Hyperekplexia
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Infants with non-epileptic MOTOR spells (2) Infants with repetitive motor behaviours
Focal of multifocal limb jerks Dyskinesias e Dk Pt et
Benign neonatal myoclonus Anti-NMDA encephalitis
Clonus .
) Glut-1 Deficiency
Erratic myoclonus i .
. Developmental and epileptic
Trembling )
Encephalopathies
Oculomoter phenomena Drug-induced
“Benign” Tonic upgaze
Nystagmus / Erratic movements Sleep rhythmic movement disorders
Oculomotor apraxia
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Staring spells” / motionless episodes /
&P . P TAKE-HOME MESSAGE
Autonomic and mixed phenomena
NEEs can be differentiated from epileptic seizures by means of video-
Self-gratification behaviour (Infantile EEG recording
masturbation) Video-EEG allows for early identification of clear-cut "benign
Breath holding spells pictures”, avoiding iatrogenic clinical management
Alternating Hemiplegia of childhood It also prevents overestimation of seizure incidence in neurologically
Benign paroxysmal vertigo srimie impaired infants and in those with previous epilepsy history
Cyclic vomiting : F}\Fferent\al r#|agn05\s may be chal\e-ngmg in some ca?es, particularly
in those having abnormal neurological status and epilepsy
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/ILAE Curriculum Learning Objectives addressed by this course \

1.4.10 Recognize & describe ictal patterns (L2)

1.4.7 Recognize & describe background activity & sleep patterns in infancy (L2)

1.4.9 Recognize & describe interictal abnormalities (L2)

1.7.5 Correctly diagnose & classify combined focal & generalized epilepsies including epileptic
encephalopathy (L2)

1.8.2 Recognize the semiology of PNES and the use of video-EEG procedures and suggestion

\ techniques in the diagnosis of suspected PNES in infants (L2) /

Please complete course feedback via this link:

e In-person: https://www.surveymonkey.com/r/EEG2026 \\ /
e Virtual: https://www.surveymonkey.com/r/EEG2026virtual ’,

Organized by ILAE Academy and CAAE
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