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Mozkova plasticita, neuroplasticita

Schopnost mozku ménit se v pribéhu Zivota

Mozku vlastni (intristicka) schopnost ménit
svou strukturu a funkci v pribéhu zivota na
zakladé environmentalnich potreb

Funkce muze byt transferovana do jiné
oblasti, proporce sedé hmoty mozkove se
muZze zménit, posileni/oslabeni/vytvoreni
novych synapsi

Neurogeneze?? (Sorrells et al., Boldrini et al.)

,<Use-it or lose it" princip
Pozitivni/negativni neuroplasticita
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Ruzné urovne: mikroskopické zmény na urovni neuronu az po
zmena na urovni velkych mozkovych siti

Zmeny na mozku Cloveka (in vivo)

Strukturalni

- tloustka nebo objem mozkovych struktur (taxi drivers; Maguire et al., 2006)
Funkcni

- aktivace novych regionu v ukolu

- zvySeni/snizeni aktivity ve strukturach spojenych s ukolem

- zmény konektivity (propojeni, komunikace) riznych mozkovych oblasti



Kognitivni trenink

= Typy treninku:
- Papir-tuzka / pocCitacove /
virtualni realita
= Ve skupiné / individualni
- Cilené / Necilené na
specificke funkce

- Casto forma her

Y
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Efektivnéjsi u MCI pacientu nez vyssich stupnu postizeni

Zdravi seniofi (55 studii, 4,885 subjektu):

Maly efekt: ne/verbalni pamét, pracovni pamet, rychlost zpracovani,
zrakove-prostoroveé schopn. (Lampit et al., 2014)

MCI
Stfedné velky efekt: exekutivni funkce (TMT-B, g = 0,8)
Maly efekt: globalni kognice (G=0,37), pamét (g=0,31)

Typ tréninku: vice komponent, trenink zamereny na pamet’
(Sherman et al., 2017)



Stabilizovany vykon v kogn.
testech (ADAS-Cog, MMSE)

Oblasti metabolické
Levy gyrus temporalis anterior, B BN '
levy kortex cingularis anterior




Cognitive training and neuroimaging

(Belleville, 2012)

Biomarker used

Grey matter volume (VBM)
Cortical thickness

White matter integrity (DTI)
Biochemistry (MRS)

Glucose metabolism (FDG-PET)

Task-related activation

Effect observed

Increased volume

Increased thickness

Increased FA

Increased creatine and choline signal

Reduced activation in healthy aging

Increased activation in MCI

Increased & decreased activation in healthy aging

Increased activation in MCI
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Fyzicke aktivity a cviceni— meta-analyzy
- Typ:
= aerobni cviceni (plavani, rotoped, chuze,
jogging)
- Aerobni v kombinaci s posilovacim cvicenim
(Colcombe et al., 2018)

- 29 studii, 2049 subjektd (mixovana HC and |
MCI skupina)

maly efekt: pozornost a rychlost zpracovani
(g=.158),exekutivni funkce (g = .123 ), pamét
(g=0,128)

- Pamet: MCI (g=0,237) X zdravi seniofri
(g=0,096)

= (Smith, 2010)
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Cviceni zvetsuje hipocampy a zlepsuje pamet’Eickson, 2011)
Spatial memory task

1 second

500 ms

3 seconds

- 120 zdravych senioru .
. Match Non-match

= 1 rok intervence
- Intervence: Aerobni cviceni

- Kontrola: Stretching A Hippocampus o, T
- Vystupy: EES | —=—: %”J
E&;ﬁﬁ o~ "

- 1 Prostorovy pametovy test — -

B Caudate NUCEeus LEFT CAUDATE NUCLEUS

- Volumetrie: 1 hippocampus anterior ‘

2 second response window
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Tanecni rehabilitacemopéeové et al., 2019)

Mix zdravych seniort a MCI
Intervence: 6 mésicu tanecni
rehabilitace

Kontrola: Life as usual




Taneéﬂl' rehablhtaCe (Kropacova et al., 2019)

- Behavioralni zlepseni
- Five point test — figuralni fluence

- Analyza kortikalni tloustky

= 71 right inferior temporal, fusiform
and lateral occipital

Table4 Change between baseline testing and cognitive assessment after 6 months

Intervention group (n=49)

Control group (n=350)

Between groups

M Sd T df p M Sd T Df  p P

TCF 1 —-0.42 1.1 -268 48 0010 -3.68 098 -267 49 0010 0802
TCF 2 -0.57 .1 =348 48 0001  -049 105 =331 49 0002 0727
WMS II: LogPaml -0.09 09 -070 48 0488  -0.25 099 -176 49 0085 0418
WMS HI: LogPam? -0.07 07 -064 48 0526 -024 094 -178 49 0081 0323
WAIS 111: Symbols -0.14 082 -121 48 0234 0.08 0.80 067 49 0506 0252
WMS III: DigitSpan =012 075 —112 48 0268 0.05 0.66 058 49 0562 022

ToH 3 time 504 478 073 47 0469 19.6 59.4 234 49 0024 0.185
ToH 3 movements 0.12 1.00 0.81 47 0425 =013 12 =07 49 0469 0286
ToH 4 time 378 83.0 274 35 0010 16.5 76.6 138 40 0176 0244
ToH 4 movements 0.09 1.61 035 38 0732 0.19 1.7 0.74 43 0462 0466

| FPT -0.53 091 -44 48 0.000 0.02 1.1 006 49 0872 0.008 |

1LO 0.01 0.78 0.10 48 0920 -0.3 081 =117 49 0248  0.366
TCF: copy -0.01 061 =003 48 0974 0.06 0.48 095 49 0348 0542




Neinvazivni mozkova stimulace
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“Neinvazivni vs. invazivni’
DBS (PD)

“Mozek”

Vagus nerve stimulation (depression, partial - epilepsy), neuromuscular
electrical stimulation (paralysis, post-stroke)

“Transcranial” — pres “cranium” — lebka

Transkranialni magneticka vs. elektricka stimulace



princip Faradayova indukCniho zakona —
civka indukuje pomoci magnetickeho
pole proud

Vznik akcniho potencialu na neuronech
pod civkou

Modulace kortikalni excitace

Cca 30 minut, 3 cm do hloubky,
kumulativni efekt

Repetitivni transkranialni magneticka
stimulace (rTMS)




Historie TMS

Thompson Magnusson & Barker, 1985
1910 Stevens, 1911
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Vysokofrekvencni (25 Hz) rTMS je excitaéni
nad M1 (Pascual- Leone, Valls-Sole,
Wassermann, & Hallett, 1994)

Nizkoferekvenéni (<5 Hz) rTMS je inhibi¢ni
nadM1 (R. Chen et al., 1997).

VF and NF rTMS mohou mit rizné efekty na
jinymi oblastmi (Houdayer et al., 2008).

Continuous theta burst stimulation a
intermittent theta burst stimulation — nové
intenzifikované typy

spTMS | II | | | | I I |
+— 15—

1 Hz rTMS | | I I I I |
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Civky
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Navigace, lokalizace cilovych obasti

= Craniometricka lokalizace

- EEG Cepice, EEG-
frequency estimation

- MRI-based stereotactic o
- fMRI-based '
- FDG-PET, SPECT- based

Offline: Stimulation after neurcimaging

Brainsight 2
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rTMS v praxi

- Lze provadeét ve specializovanych centrech
- Momentalne urCena pro IéCebné ovlivnéni neuropsychiatrickych onemocneéni

o If{idijt se bude mozne aktualizovanymi doporucenymi postupy psychiatricke pece
(zatim nezverejnéné)
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viz odkaz &. 1

viz odkaz ¢. 12, 13
Kontraindikace ano rTMS nelze
rTMS > aplikovat
ne
FPosouzeni
Klinické indikace |
viz odkaz ¢. ‘ &
2, 3a4 viz odkaz C. 5* viz odkaz €. 6* viz odkaz . ?’* viz odkaz ¢. 8+ viz odkaz ¢. 5‘* viz odkaz ¢. ?U* viz odkaz C. TT*
lzolovaneé Negativni Zavislost
Deprese sluchoveé priznaky Tinnitus na tabaku ocD PTSD Dal&i indikace

halucinace schizofrenie a craving

| | | | | | | |
Y

viz odkaz ¢. 14 viz odkaz ¢. 14

Komedikace
(analgetika);
Uprava stimulaénich
parametrl

Zavaine
nezadouci
uginky

NeZadouci
Gé&inky

ne -

ne ano

* + viz odkaz ¢. 16

viz odkaz ¢. 15

Pozitivni
|ééebna
odpovéd

Zvazit zménu
parametri
slimulace

viz odkaz ¢. 15

Pozitivni
lééebnd
cdpovéd

Ukonéeni rTMS

ano

-

Ukonéeni stimula&ni
1&Eby; eventudlné
zvaZeni pokratovaci
stimulaéni lécby

ano

Ukonceni
stimulaéni lecby

(Ustohal, nepublikovano)
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Kombinovani NIMS se zobrazovacimi technikami
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Kombinace NIMS se zobrazovacimi metodami

= Online vs. Offline stimulace
- Online = metodologicky a technicky

narocné Offline: Stimulation after neuroimaging Offline: Stimulation before neuroimaging

- Offline = jednodussi na provedeni,
ale kratSi Cas na zobrazovani (30 min
TMS? 1 hod tDCS)
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Zakladni experimentalni pristupy vyuzivajici NIMS

NTBS approach
|

- Kvantifikovat — Méreni =
excitability: MEP, TEP i M

o R ” | | | |
- Interferovat — “virtualni léze quantify interfere modulate facilitate inhibit

. , (LTP-like plasticity) | | (LTD-like plasticity)
- Modulovat — terapeuticky N
efekt % Pice

| @
e P AN

&.g. performance

guantify interfere modulate increase decrease
local network with ongoing the level or timing the excitability the excitability
properties by a neuronal processing | | of neuronal activity of a brain region of a brain region
stimulation strong and measure and measure and measure and measure
enough to produce its immediate its immediate its subsequent its subsequent
direct output CONSEqUEnCES consequences consequUences CONSEqUENCES

in/for behaviour, perception, EMG, EEG, MEG, fMRI, PET, MRS, NIRS, etc.
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Kortikalni excitabilita

=  Kvantifikovat vlastnosti lokalni sité

- Motorické evokované potencialy (MEP)
vs. TMS evokované potencialy (TEP)

= Potfeba EMG nebo EEG

= Pouziti — biomarker, prediktor,
determinace motorického prahu

PAS ISI1 25

MEP
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Virtualni léze

Interference s probihajicimi neuronalnimi procesy a méreni okamzitych
nasledku

- vyzkum kauzality

videa

LD CEITEC




https://www.youtube.com/watch?v=mwDFR5FFBa0


https://www.youtube.com/watch?v=mwDFR5FFBa0
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https://www.youtube.com/watch?v=qkNbYHu_STU

Terapeuticky potencial

= rTMS zpusobuje mozkové zmény,
které mohou pretrvat mesice i roky

= Bezpeéné, velmi malo nezadoucich
ucinku
« rTMS terapeuticky potencial u

mnoha neurologicky a
neuropsychiatrickych nemoci

« FDA-approved rTMS terapie
deprese (2008), migrény (2013) a
dTMS pro OCD (2018)

CHDCEITEC



Modulace — kombinace ARl (TMS.AMRI - Stroop task in scanner
s fMRI (Ofﬂine) imulation sites = rIFG;
o

Modulation of cognition and brain connectivity by
noninvasive brain stimulation in patients with mild waen | 000 — Zoon B8 YES Renponse

Cue ! )
(e.g., blue color type) 2| RED Silent reading

cognitive impairment due to Alzheimer’s disease
(Lubomira Anderkova, Martin Gajdos, Dominik Pizem, Irena Rektorova) (0. dle coorives

2 reo
/ cangruent\s
Nonmatch @_.D (e.g., red color type) NO-Response
e ™~ ’/:;ilenl reading
(e.g., blue color type) 4| BLUE

incangruent
(e.g., red color type)

Does the color of the cue match the color of the Stroop target?
Sample (] Stroop target m

1] BLUE

= Sledovani kognitivnich zmén v dusledku rTMS

Stimulace Time displayed: 450 ms 300 ms 1100 ms 1450 ms
= Sledovani zmén v mozkové funkcéni konektivitée v 8 blocks:
dusledku rTMS stimulace e L i LS

incongruent| incongruent|

gr [i congruent
maich+ | match+ | SONOIUENt| paichs | congruent | pmaigh +
match nonmaich

nonmatch | nonmatch | Math | nonmatch | Nonmatch | nonmatch

= Porovnat kognitivni zmény a zmény mozkove plasticity A A DA

o 19.8 3926 594 79 188 38. 884 sec

v zavislosti na véku a kognitivnim stavu




Modulace — kombinace s
fMRI (offline)

Effects of non-invasive brain stimulation of the
superior temporal gyrus on motor speech

disorder in Parkinson's disease

(Lubos Brabenec, Jiri Mekyska, Zoltan Galaz, Patricia Klobusiakova, Milena
Kostalova, Irena Rektorova)

|dentifikovat specificky rTMS protokol s
optimalnimi efekty na hypokinetickou dysartrii pfi
PD

Odhalit neuralni korelaty sledovanych zmén

Vysledky:1 Hz rTMS nad STG zlepsilo artikulaci a
rytmus reci

60%

40%

20%

0%

-20%

1 Hz rTMS nad STG
relativni SD druhého formantu

04

Changes in rel. SD of 2nd formant

-04-

T
20,00

I | I
0o 20,00 40,00

Changes in activation of STG
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Neinvazivni, prenosna, dobre tolerovana
neuromodulacni technika

Aplikace slabého elektrického proudu
(1-2mA) pomoci dvou elektrod
pripevnénych na hlave

Moduluju spontanni kortikalni aktivitu a
excitabilitu

Uginek cca 1 hodina, kumulativni efekt,
stimulace velkych oblasti

Druhy stimulaci tES

tACS
romal | .. 0.5 mA 0.5 mA
b
ok L 05ma 05mA
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Historie tES

No. 766,530, : PATENTED JULY 19, 1904.
G. F. WEBB.
MEDICAL BATTERY.

ATPLICATION FILED MAY 3, 1904,
F0 MODEL. 2 BEEETB—BHEET 1.

LT B N

It should be in every home.

HE_CONSTANT ELECTRIC CURREN

FROM OUR ELECTRIC GENERAT
B g n CURES Headache, Neuralgin, Rheu
g 4 \ tism, Pains in the Back, Loins, Li

| 3 and Kidneys, Female Weakness, N¢
|
i

Sleeplessness, Debility, Premature
eline in Man, Liver Complaint, and
other diseases requiring the peculiar stimulation
Sorded b? a emastant eleclric curreat. This gentle st
¥ lation of the affected part induces nutrition in ths
§ glon, and gives nature the aid required tosetall o
repairing agencies actively at work This powerft
E LE E.Tﬁl [ simple and compact generator developa a conting
- j mild elecirie current, capable of pessing eng
[\ through the human bndy.kaﬂ'rcbing AVEry organ, n

o and tissue, producing marked curative effoo:

5 ENE RATO R d i 15, The

rent, althongh eo subtile and permeating, is not

ousness, Incipient Consumption, P|
Malarial Aches and Pains, Indigest

el ¥ " g

LI_'. NSTANT (R REN

ceptible Lo the penaes, vet it will operate a galvanon
through a resistance of 5,000 whms, equal ioa teleg
¥ line over 800 miles long, This fruly scientifie instra)
d i indorsed by physician: and electricians, and will
when ail other things fail

The CONSTANT CURBRENT ELECTRIC GENERA

, SIZE. with full foruse, is sent by mail, on re
PRICE $5. oo wmﬁw$ ’fgz.'m ot brain
ine hard rubber ease, Nickel plated binding pos (] o X
e, L g 1 M PHYSIOIANS' FARADIC BATTERY.
R AL o b e oTINTOSE
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Transkranialni stimulace stejnosmernym proudem (tDCS)

« Polarita

= Intenzita

« Delka stimulace

«  Umisténi elektrod (tzv. montaze)

Contralateral Forehead: AFS W
PreMotor: F1

Motor: Cc3 *
PostMotor: CP5 <
Occipital: BT

Anodalni stimulace = excitace

Katodalni stimulace = inhibice

Directionof
current flow

CHDCEITEC



ZvySuje pravdépodobnost vyskytu
akcniho potencialu namisto primeho
zahajeni akcniho potencialu
—>zvyseni €i snizeni excitability
Podprahova zmeéna klidového
potencialu membrany smérem k
depolarizaci Ci hyperpolarizaci

+40

Napéti (mV)

-70

Depolarizace Repolarizace
Prahowvy
potencial o
Selhani
Stimul
refrakterni faze _
0 I 2 3 4 5

Cas (ms)



ZvySuje pravdépodobnost vyskytu
akcniho potencialu namisto primeho
zahajeni akcniho potencialu
—>zvyseni €i snizeni excitability
Podprahova zmeéna klidového
potencialu membrany smérem k
depolarizaci Ci hyperpolarizaci

+
e
o

Napéti (mV)

Pra

Depolarizace Repolarizace

hovy

potencial

A

— 4 Selhani

LI

Stimul

refrakterni faze

0 2 3 4

Cas (ms)

|



Mechanisus ucCinku LTP / LDP

Dlouhodoba potenciace/ dlouhodoba deprese
= Staly narust/snizeni synaptické sily
= Mechanismus pritomny pfi uceni Ci tréninku

Initial State Repeated 1 week Later
Stimulation

EHACEITEC



= Moduluje mozkové oscilace — synchronizace akénich potencialu

pred tACS po tACS

Meurondlni oscilace tACS Meurondlni oscilace

2910, 0010,
OO0 0919,

2010, 0010,

Soufet Primérny vektor Soufet Priamérny vektor
Amplitud Amplituda inhibitory T ‘ F l I b |l E
neurons : 4 !!. . 3
el A W\/\/ ALK p" ~ tj ‘,;-:.. "'.m'}‘”.'
PN i [P
excitatory Jof } ‘ " “ j; ‘ M
neurons ‘5, F 0 BEL % % <
l. E ot r ,J C Iﬁ.,(‘ . "'i.-’. l1
3 LI . . * i "
. f{" - Tﬁ s ek
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tDCS v praxi
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tDCS pro domaci pouziti

« Predpfipravené umisténi elektrod

« Spusténi po zadani koédu sdelovaném odbornym pracovnikem

CHDCEITEC



ProcC tES?

« Jednoducha aplikace

= Cenova dostupnost

« Spolehliva placebo stimulace

« Mirné nezadouci ucCinky (svédeéni, brnéni, paleni)

« Moznost pro farmako-rezistentni pacienty (jiny mechanismus
ucinku)

CHDCEITEC



Do It Yourself?

> Ohsnapitsnathan / Reddit

P CEITEC



rTMS

tDCS
Ultrakratkeé protokoly Moznost stimulovat vice oblasti
Fokalnost a pfesnost metody jednim zarizenim
Schvaleni FDA pro Ié&bu Prenosnost a uziti v domacich
farmakorezistentni deprese podminkach
Uznani pojistovnami v CR pro Velmi dobra snasenlivost
neuropsychiatricka onemocneni Cena

Momentalné pouze vyzkumna metoda



U zdravé populace — vyzkum kauzality (omezeng)

— zlepSovani schopnosti
U patologické populace
Alzheimerova choroba
LéCba deprese
Zavislosti (craving)
Fibromyalgie (bolest)



Enhancement of visual attention in MCI patients

= Vizualni pozornost, vizualni pracovni pamet’ a vizualni
vhimani naruseno u MCI pacientu

- Specifické naruseni v identifikaci rotavanych vs
nerotovanych objektu (Elfmarkova et al.,2017)

H. - -
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Enhancement of visual attention in MCI patients

Dvé skupiny: Zdravi seniofi x MCI pacienti
Dve stimulacni podminky: Placebo x Real
- Crossover design

Task1+ fMRI Task 2 +tDCS Task1+ FfMRI

- Qutcome: zlepSeni ve vykonu v daném ukolu

EHACEITEC



Plany do budoucna

- MCI pacienti
- Dlouhodoba stimulace
- Ekologicka validita— ukol ve virtualni realite

N Uz

MARODNI USTAV DUSEVNIHO ZDRAVI

Transfer task: The Virtual
Supermarket Shopping task
(Plechata et al., 2017)

CHDCEITEC




Kombinace behavioralnich intervenci se stimulacnimi metodami
Cileni na nékolik mozkovych oblasti v ramci mozkovych siti
Intervence pfizpusobené jednotliveum

Vyzkum pre-klinickych stadii a preventivni programy
Prozkoumani ekologicke validity dosazenych zlepseni
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