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AZ EPILEPSZIA

SEBESZET CELJA

A ROHAM INDULAS HELYENEK
MEGHATAROZASA

EPILEPTOGEN ZONA ELTAVOLITASA A
FUNKCIOK MEGORZESE MELLETT




EPILEPSZIASEBESZET
JABLAK AZ AGYRA”

Klinikai adatok smile Fogarasi, memoria Borbély, orgazmus Szlics, iktalis vokalizacio Janszky
Tudatzavarok Halasz
Genetika Kelemen
Morfologiai vizsgalatok hipocampus Magloczky [ Freund [ Wittner
HFO viszgalatok Halasz [ Fabo
halamogrammok Bodizs [ Fabo [ Jordan
Resting state Entz
Halozati vizsgalodasok CCEP Entz
Intracranialis invaziv EEG simeretek Halasz
Stimulacios ismeretek mapping Eréss | Entz | Borbély
Képalkotas voxel based morfometriai vizsgalatok, DTI, MAPO7 Barsi [ Kozak [ Kiss [ Halasz L.
Intracorticalis in vivo és in vitro elektrofizioldgia Ulbert
Alvas kutatas Halasz
Memoria konszolidacio Clemens | Borbély FO-hippocampus vizsgalatok
REM alvas elektrofiziologia FO Bodizs
Plaszticitas kutatas Clemens
In vitro single cell electrofiziologia Wittner
2 foton mikroszkopia intracellularis funkcionalis valtozasok kévetese Ulbert | Rozsa







MULTIMODALIS MEGKOZELITES

ELEKTROFIZIOLOGIA

o

MODERN KEPALKOTO TECHNIKAK




MORFOLOGIAI VIZSGALATOK




VOXEL ALAPU MORFOMETRIA (MAPO7)




FEHERALLOMANYI PALYAK
VIZUALIZACIOJA

KERESZTEZODO ROSTOK
MODELLEZESE

VALOSZINUSEGI

ROSTKOVETES
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FUNCKIONALIS KEPALKOTAS

OLVASAS
KEPMEGNEVEZES

,.._":_ :::

BESZED AKTIVACIO FMRI
STIMULACIOS ES FMRI
ADATOK VIZUALIZACIOJA
AZONOS TERBEN



% BOLD change

S

NON-INVASIV HALOZAT ALAPU IZSGALATOK

r Seed Time Series
Correlated Time Series

BESZEDKOZPONTOK KOZOTTI KAPCSOLATOK

Keller, ENTZ et at PNAS 2011



INVAZIV FAZIS

SUBDURALIS ES/VAGY SEEG
ELEKTRODAK IMPLANTACIOJA

LONG-TERM VIDEO-EEG
MONITOROZAS

KIVALO TER-IDO FELBONTAS -
ECOG

ELEKTROMOS STIMULACIO/
FUNKCIONALIS TERKEPEZES

KIVALTOTT VALASZOK (CCEP, AD)
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HAZAI FEJLESZTESU

FO ELEKTRODA MUSZAKI ADATAI (1996)
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Platina-iridium huzal (szigetelés nélkil) ~ sebvarrd polyamide




" NEURONAVIGACIO
ES RTG ASSZISZTALT

SUBDURALIS STRIP IMPLANTACIO

(Eréss et al.J Neurosurg. 2009 Feb;110(2):327-31.)




\ SEEG IMPLANTACIO

VOROS JEL AZ IKTALIS AKTIVACIO SORAN A
ROHAMOKBAN BEVONT KONTAKOK POZiCIOJA







INTERIKTALIS AKTIVITAS
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IKTALIS NAGY FREKVENCIAS AKTIVITAS




ELEKTROFIZIOLOGIAI
ADATOK TERBEL| VIZUALIZACIOJA

MATLAB ALAPU SAJAT
"EJLESZTESU SZOFTVER

AZ ELEKTROFIZIOLOGIAI
ADATOK AUTOMATIZALT
VIZUALIZACIOJA

Fabo Daniel, Entz Laszlo, Kozak Lajos







GLOBALIS KONNEKTIVITASI
TERKEP e I

(3T - 7T MR, PET, FMR, DTI (PROBABILISZTIKUS, DETERMINISZTIKUS),
MRS, MAP)

UJ “LATASMOD”

UJ ELEKTROFIZIOLOGIAI TECHNIKAK (HFO, CCEP, EGY-SEJT AKTIVITAS)
HALOZATI SZEMLELET/GRAF ELMELETI MEGKOZELITES
ELEKTROFIZIOLOGIA

KEPALKOTAS

UJ SZEMLELET AZ ADATOK INTEGRALASA ES ERTELMEZESENEL

Entz et al. HBM 2014

UJ SZOFTVEREK KELLENEK A NAGY MENNYISEGU ADAT
FELDOLGOZASAHOZ
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ELERT ROHAMMENTESSEG

MEGOSZLASA ETIOLOGIA ALAPJAN

Vascularis malformacio

Kettds patologia

Egyéb

0% 23% 45% 68% 90%



ROHAMMENTES BETEGEK MEGOSZLASA

1 EV UTANKOVETES ALAPJAN

2011-2016

0% 20% 40% 60% 80%

B extratemporalis [ temporalis



ENGEL-FELE EPILEPSZIA MUTET

KIMENETELI KLASSZIFIKACIO

70%

11% 11% 40,
5% 6%
0) 0) 0)
- 0% M 0% 0% 0% K&

I/A /B 1/C /D 1I/A 11/B 11/C-D lHI/A-B I\V/A-C
B 2006-2010 " 2011-2016
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ANTIEPILEPTIKUS

NEUROMODULACIOS ELJARASOK

NON-INVAZIV INVAZIV

Periférias
neurostimulacio

Centralis
neurostimulacio




VNS TERAPIA

CLOSED LOOP




VAGUS IDEG STIMULACIO

H O SSZ U TAV U E R E D M E NY E K Data on file. Cyberonics, Inc. Houston, TX; April 25, 2003.

Nn=775

70

o1
55

52,5
B 3 honap
35 . 12 hénap
| 24 hénap

17,5

>90%



CENTRALIS NEUROMODULACIOS
CELPONTOK EPILESZIABAN

Caudate nucleus | Cortex
(Chkhenkel, Mammillary ,‘ ‘\ (Lesser 1598)
1994) bodies {Duprez \

2003}

\ Thalamus -
__ % anterior
nucleus

T halamus-
Centro median
nucleus

Velgsco 1987)

.

erebellum
(Cooper 1973)

Subthalamic
nucleus-

. . | S
. .' .
= ) ._
substantia nigra

‘Benabid 2002) S Hippocampus (Velasco 2000)



Epilepsia, 51(5):899-908, 2010
doi: 10.1111/5.1528-1167.2010.02536.x

FULL-LENGTH ORIGINAL RESEARCH

Electrical stimulation of the anterior nucleus of thalamus

for treatment of refractory epilepsy

*Robert Fisher, {Vicenta Salanova, {Thomas Witt, fRobert Worth, iThomas Henry,
IRobert Gross, §Kalarickal Oommen, §lvan Osorio, §Jules Nazzaro, #Douglas Labar,

#Michael Kaplitt, **Michael Sperling, fEvan Sandok, jjJohn Neal, {IAdrian Handforth,
§8John Stern, {{Antonio DeSalles, §§Steve Chung, Y9 Andrew Shetter, ##Donna Bergen,

##Roy Bakay, *Jaimie Henderson, ***Jacqueline French, ***Gordon Baltuch,
TTTWilliam Rosenfeld, {ifAndrew Youkilis, I1iWilliam Marks, IiiPaul Garcia,

TIiNicolas Barbaro, §§8Nathan Fountain, § 99 Carl Bazil, Y9 9YRobert Goodman,
999 Guy McKhann, ###K. Babu Krishnamurthy, ###Steven Papavassiliou, ICharles Epstein,
“John Pollard, ****Lisa Tonder, ****Joan Grebin, ****Robert Coffey, ***Nina Graves, and the
SANTE Study Group'

*Stanford University, Stanford, California, U.S.A.; {Indiana University, Indianapolis, Indiana, U.S.A,; {IEmory University, Atlanta,
Georgia, U.S.A,; §University of Oklahoma, Oklahoma City, Oklahoma, U.S.A.; YUniversity of Kansas, Kansas City, Kansas, U.S.A,;
#Weill-Cornell, New York, New York, U.S.A.; **Thomas Jefferson University, Philadelphia, Pennsylvania, U.S.A.; {fMarshfield Clinic,
Marshfield, Wisconsin, U.S.A.; I {Veterans Affairs Greater Los Angeles Healthcare System, Los Angeles, California, U.S.A.; §§Geffen
School of Medicine at UCLA, Los Angeles, California, U.S.A.; Y9YBarrow Neurological Institute, Phoenix, Arizona, U.S.A.; ##Rush
Presbyterian St. Luke’s Medical Center, Chicago, lllinois, U.S.A.; ***University of Pennsylvania, Philadelphia, Pennsylvania, U.S.A ;
TT1St. Luke’s N. Medical Building, St. Louis, Missouri, U.S.A.; {IiUniversity of California San Francisco, California, U.S.A;
§85University of Virginia School of Medicine, Charlottesville, Virginia, U.S.A.; Y99 Columbia University College of Physicians and
Surgeons, New York, New York, U.S.A.; ###Beth Israel Deaconess Medical Center, Harvard Medical School, Boston, Massachusetts,

U.S.A.; and ¥**Medtronic, Minneapolis, Minnesota, U.S.A.
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18%
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Atlagos rohamfrekvencia
csokkenés 7 év utan /9%

Responder rate:
50% rohamszam
csOkkenés

43%
1 év utan y LA
7/ év utan
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38% 39%
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Baseline 6 hdnap 12 honap 18 hdénap



ANISOTROPIA

NON-SZELEKTIV STIMULACIO

A~vymatec
nlectre feld
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F;g 7. ) Electrodes positioned in the STN with simulated electric field with isolevel 0.2 V/mm
presented with MRI. b) Isolevels traced in yellow. ¢) An anatomical atlas superimposed on the MRI
together with traced isolevels.d) Superior view of an anatomical structures together with animated DBS
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electrode and surrounding electric field.
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Fig 8. Example of patient-specific visualization of electric field simulation using DTI as input. a) axial
and b) cornal slice. The anisotropy in tissue is presented by the superquadratic glyps superimposed on
the preoperative MRI. The electric fields are visualised with two isolevels 0.2V/mm (inner) and 0.05

V/mm (outer) circles. Image from (Astrém, 2011).

Medtronic-Sapiens

Medtronic 3387
Medtronic 3389
direct STNAcute

Abbott Infinity




LATERALIS
FRONTALIS A kontaktok 50%-a az ANT-ben
A kontaktok 43%-a az ANT-ben MAX 2 kontaktus
MAX 3 kontaktus I

—

- L — e —
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PARIETALIS
A kontaktok 70%-a az ANT-ben, MAX 4 kontaktus
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Parkinson kor - DBS

Thalamus
Pallidum
STN

PPN

/ona incerta




PARKINSON-KOR

LIMBIC-ASSOCIATIVE MOTOR REGIONS ~ SENSORY-MOTOR STN
OFC, HIPPOCAMPUS, PRESMA, SMA, | H “
AMYG, ACC, DLPFC PREOMOTOR, M1 M1, 51



Célpont
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Current steering with directional electrodes
(Pollo et al Brain 2014)

Dual stimulation in different target structures in the
brain

(Sims-Williams et al. 2013 Streotact Funct
Neurosurgery)




EREDMENYEK STN STIMULACIO - PD

Improvement in UPDRS-III

1 year

3 years

5 years

83%

6 month
Tremor /9%
Rigiditas 58%
Akinesia 42%

74%

52%




Zona incerta stimulacio PD tremor

~10 and 20 Hz
oscillations

~10 and 20 Hz

Motor cortex

Pre-motor cortex

oscillations

~5Hz
rebound
burst
firing

~10 and 20 H

-, bursts ¢\“'Z>

LXXVII 8
Hy~35

anrnansEn RNt
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~10 and 20 Hz
bursts

B Glutamatergic
= GABAergic
Serotoninergic

@ . ~10and 20 Hz

RRA, mSNc

s Cerebellum

LXXvil

[l Dopaminergic

SA 150

P Plaha, S Filipovic, S S Gill
Induction of parkinsonian resting tremor by stimulation of the caudal zona incerta
nucleus: a clinical study J Neurol Neurosurg Psychiatry 2008;79:514-521.



DBS - Pedunculopontin nucleus

(Moro et al., Brain 2010)

Levodopa reziszetens axialis tlinetek

Anterolateralis tegmentum pontomesencephalikus

junctioban

OFF medications

Preoperative 3 months 12 months
UPDRS-III (contralateral scores) Six patients
Tremor (item 20 and 21) 1.6 (0.9) 0.9 (1.2) 1.2 (1.6)
Rigidity (item 22) 3.1 (1.1) 2.3 (1.5) 2.2 (1.2)
Bradykinesia (item 23, 24, 25 and 26) 6.9 (2.7) 6.9 (2.4) 7.6 (2.4)
Tapping test (contralateral scores) 86.5 (17.0) 95.3 (17.5) 90.0 (12.8)
Walking test time 28.4 (14.7) 14.8 (4.5) 34.9 (29.1)
Walking test steps 21.2 (8.2) 12:9 (3.9) 17.4 (7.5)

LEDD

1401.3 (641.4)

1226.3 (521.2)

1158.3 (594.0)




HF stimulacié hatdsmechanizmusa(i)?

FeszUltség fliggd ion csatorndk nem szinaptikus blokkolasa (Beurrier
etal., 2001)

GABA-erg afferens palyak aktivalasa (Dostrovsky et al., 2000)
Efferens palyak szinaptikus depresszidja (Zucker et al.,2002)

A koros halozatok aktivitasanak elektromos megszakitasa
(Montgomery et al., 2000)

Helyi gatlo korok aktivalasa a célpontban (Strafella et al.1997)
Mikrolézids hatas (Mann et al., 2009)



Deep Brain Stimulation
OITI mutéti protokol

¢ J_m_a_g_l_n_g: FrameLink protokol szerint

— MRI: Philips Achieva 3.0T TX

 lv. narcosis
e T1: 3D gadolinum, teljes fej, 1 mm szelet vastagsag
o T2: axialis, 1.2 mm szelet vastagsag, teljes fej, FSE

— CT: siemens Somatom Plus4
o stereotxias CT, iv. contrast injektorral!




Deep Brain Stimulation
OKITI mutéti protokol

e Leksell-G frame

o Targeting:
— Medtronic Framelink 5:

« direct targeting”
o Mutét elbtti napon:
— célpont és mutéti behatolas
megtervezése az MRI képeken
— Stereotaxias CT, + képfuzid az
MR képekkel

RADULY ZSANETT

RADULY ZSANETT

S RADUISY, ZSANETT

B .I »
a

61.6 deg From Axial Plane

P

S

st StealthStation®

Prep P*ﬁ Setup Nav End

{_JFrame Detect

{ JReformat Exam
(*)Planning

() Frame Settings

Mark the target and entry )
points. Place cursor and hold @
Shift key to adjust surgical
plan. To adjust target, plan
must be on the target plane.

e

x|l +l-y |l < Store )

® 71 ©

0.0 nm past target
0.0 mm off plan

New Plan to Offset

Target Selection

s )

AC-PC Coordinate

Lat=(1950| = |08S | x |23.02
AP=[284 | = 013 | x |2302
Vert=|936 | = |[f0a8 | x |23.02




Deep Brain Stimulation
OITI mutéti protokol




INTRAOPERATIV
TERKEPEZES

A preoperativ terv
elektrofiziologial
validacigja

B Coronal

P Axial

P Sagittal

B Probe's Eye



Deep Brain Stimulation
OKITI mutéti protokol

V /A

« MItol pozicionalas:

— Képerdsitd a mutéti izolalast segiti
— Az izolalas atlatszo, a beteg arca jol [athato




Deep Brain Stimulation
OITI mutéti protokol

« Mutéti behatolas furt
lyukon keresztul

— Kozel vonalas bormetszés
(nem flap!)

— Duranyitas arachnoidea intact!

— Elektrdda fixalas eldkészitése

— Dura-Seal liquorvesztés
elkerulése céljabdl a vezetd
tubusok behelyezése utan
azonnal




Deep Brain Stimulation

OITI mutéti protokol
7

o Lead belltetés:
— Az intraoperativ microrecording és macrostimulacios
adatok alapjan a neurologus és elektrofiziologussal
kozos dontés alapjan

— Az elektroda fixalasakor képeroésitovel ellenérizzuk a
poziciot







INTRAOPERATIV
TERKEPEZES

A preoperativ terv
elektrofiziologial
validacigja
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Deep Brain Stimulation
OITI mutéti protokol

« IPG implantacio:
— ITN

o J o

— Axillaris behatolasbol
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