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Co je za horizontem?

Vyvijené léky pro lécbu dusevnich poruch v r. 2018*

/Schizofrenie

Deprese
Zavislosti
ADHD
Uzkostné por.
Bipolarni por.

Por. pfij. potravy

\ Ostatni

M Fazel
Faze Il
M Faze lll

M Zazadano

/

* Nékteré léky se testuji ve vice indikacich

www.phrma.org; Report 2016

Nové lékové formy starych lékl: inhalacni loxapin
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Masopust et al., 2015
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Systém OROS: osmotické uvolnovani farmaka

usti v semipermeabiini membrané
vyhloubené lasarem
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Blokada D2 receptort 6 mg paliperidonu

Optimalni D2 blokada je > 65% pro Ucinnost a < 80% pro bezpecnost
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6-nasobny pokles kolisani u paliperidonu ER ve srovnani
s paliperidonem s okamzitym uvolnovanim (IR)

Karlsson et al, 2006
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%
100

Uzivaji pacienti se schizofrenii medikaci?

49%

pocitani tablet

elektronicky

plazmatické hladiny

Velligan et al, 2007

Adherence (%)

Antipsychotika Antid

Adherence a diagnézy

Rate of Adherence (%)

20+

10+
0
Once Twice Three times Four times
daily aday a day a day
Medication Schedule

(horizontal bars). Data are from Claxton et al.”

Figure 1. Adherence to Medication According to Frequency of Doses.
Vertical lines represent 1 SD on either side of the mean rate of adherence

Cramer and Rosenheck, 1998

Keck et al, 1997
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Diabetes (per

Asth

Kdy je adherence nejobtiznéjsi?

Redukce hmotnosti
Schizofrenie
Cviceni
Flosovani

Hypertenze

Diabetes (na inzulinu)

os)

Deprese

Revmatoidni artritis

ma

Bolest v krku
Antikoncepéni tablety

Bolest hlavy

1
20 40 60 80 100
Snadna Obtiznd

Keith a Kane et al, 2003

% rehospitalizovanych pacientd

N=4325

Non-adherence a riziko relapsu/rehospitalizace

Maximalni pocet souvislych dn(i bez medikace v jednom roce

Weiden et al, Psychiatr Services 2004,55:886-91.
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Risperidon mikrosféry /

Paliperidon palmitat

Flufenazin enantat /

dekanoat

Haloperidol dekanoat

Flupentixol dekanoat
Zuclopentixol dekanoat

EZN N N T

Olanzapin pamoat
Aripiprazol monohydrat

Flufenazin
enantat

Flufenazin
dekanoat

Haloperidol
dekanoat

Flupentixol
dekanoat

Zuclopentixol
dekanoat

Perfenazin
dekanoat
Pipotiazin
dekanoat

Depotni antipsychotika 1. generace

Vehikulum

Ester v sezamovém
oleji

Ester v sezamovém
oleji

Ester v sezamovém
oleji

Esterv triglyc.
nebo kokosovém
oleji
Esterv triglyc.
nebo kokosovém
oleji
Ester v sezamovém
oleji

Ester v sezamovém
oleji

DEIEN
rozmezi

(mg)

12,5-100

12,5-100

50-400

10-50

200-400

25-200

25-400

Frekvence Cas do dosazeni Polocas Cas do dosazeni
aplikace max. vyluCovani po | rovnovaz. stavu
(tydny) koncentrace opak. podani (tydny)
(dny) (dny)
1-4 2-3 3,54 8 avice
(jednorazové)
14 0,31,5 14 3
4 3-9 21 812
2-4 47 21 12
24 47 7-19 8
2-4 4-6 14 12
34 0,51 1516 -
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Dny 1-21

Dny 22-48

Dny 49 addle

Initial release

Days 1-21—Initial release
Encapsulated risparidos microspheres
are released

Days 22-48—Drug release and diffusion
Sustained release risperidone ensures
conlinuous superior efficacy

Days 49 and beyond—Polymer erosion
Na risperidone remains

Drug difussion

Sustained release

Polymer erosion

Sah a Lee, 2006; Chue, 2007.

Technologie nanokrystal(: systém Elan

Propojeni v ester

‘0
proimions e I PO

Paliperidon
palmitat

* Vétsi velikost ¢astic

* Témér nerozpustny

Proces sniZeni
velikosti ¢astic

Paliperidon palmitat
Nanocrystal® Eastice

* Vétsi ploSny obsah

* ZvySena rozpustnost ve vodé
*Zvysena mira absorbce

*Zvysena biologicka dostupnost

Formulace

Paliperidon palmitat

pro IM poufziti

* Na vodni bazi

*Neni potreba predchozi
stabilizace peroralni Ié¢bou

1. Elan Drug Technologies (2009). Technology focus: helping you bring products to market [Brochure]. Dublin, Ireland.

Available at http://www.elandrugtechnologies.com/invisibleray/media/images/ client specific/TechnologyFocus2.pd]
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LAl 2. generace

Vehikulum Dévka, Frekvence Cas do dosazeni Polocas Cas do dosazeni
rozmezi (mg) aplikace max. vyluéovani po | rovnovaz. stavu
(tydny) koncentrace opak. podani (tydny)
(dny) (dny)
Risperidon Mikrosféry ve 25-50 2 28 4-6 8
mikrosféry vodni suspenzi
Paliperidon Nag°§ésfice ve 50-150 4 13 25-49 28
ez vodnisuspenzi
palmitat 1M
Paliperidon Nanoasticeve 175-525 12 23-34 m. deltoides: N/A
palmitét 3M vodni suspenzi 84-95
m. gluteus:
118-139
Olanzapin Nanodastice 150-405 2-4 2-4 14-30 812
pamoét (mikrokrystalicka

stl olanz. a kys.
pamoové) ve vodni

suspenzi
Aripiprazol Malo rozpustné 200-400 4 57 29-46 12
hydrat krystaly ve vodni
Dy eliE] suspenzi
Aripiprazol Malo rozpustné 441-882 4-6 4 29-35 16-24
| il Céstice ve vodni
QUOXT suspenzi

Plazmatické koncentrace PP-LAI-1M a PP-LAI-3M

Deltoid
100,04
=5
-E. 10,0 4
=]
- ®
g o
(]
g g
c
8
= 1,04
S
i
[—FPiM
1.04 — PP3M
0 S 8 13 17 29 41 53 65
Cas (tydny)
PP1M = 1mésiEni forma paliperidon palmitatu (Xeplion); PP3M = 3mésiéni forma paliperiden
palmitatu (Trevicta).
Zdroj: Janssen-Cilag
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], PAGIENT A RODINNY

* PRISLUSNIK VHPLNUTT THONE

JEDNODHCHY DOTAZNIK,

POCITAC AUTOMATICKY
ViHODNOCHTE

SKORE DOTAZNIKH,
NA SVHcH OSOBNICH
INTERNE TOVYGtH
STRANKACH LEKAR
NALEZNE AKTHANG
INFORMACE O STAVH
L | PACIENTAV GRAFICKE
1 SLOVMI PODOBE,

ITAREPS
et 111

b S A R M

| E——

L |
LEKAR DOSTAVA
DO SVE E-MAILOVE
POSTY OKAMZITOH
INFORMAC!
O ZMENE STAVYH
PACENTA

10.

Casné varovné pfFiznaky: dotaznik ITAREPS

Zhorsilo se u vas od posledniho hodnoceni
soustifedéni, napfiklad pfi ¢teni ¢i sledovani
televize?

Zhorsil se u vas od posledniho hodnoceni
spanek?

Zhorsila se u vas od posledniho hodnoceni
chut k jidlu?

Zpozoroval/a/ jste u sebe od posledniho
hodnoceni strach, obavy ¢i jiné nepfijemné
pocity z ostatnich lidi?

Zpozoroval/a/ jste u sebe od posledniho
hodnoceni zvySeny neklid nebo
podrézdénost?

Zpozoroval/a/ jste u sebe od posledniho
hodnoceni, Ze se bezprostfedné kolem véas
dé&ji véci, kterym nerozumite?

Zpozoroval/a/ jste u sebe od posledniho
hodnoceni ztratu energie a zajmu?

Zhorsila se u vas od posledniho hodnoceni
schopnost fesit kazdodenni problémy?
SlySel/a/ jste od posledniho hodnoceni hlasy,
i kdyz nikdo v té chvili nebyl ve vaSem okoli?
Zpozoroval/a/ jste od posledniho hodnoceni
néjakou jinou napadnou zménu svého stavu?

> w N

10.

Rodinny prislusnik

Zména charakteru spanku
Népadna zména chovani
Obtize s komunikaci

Zhor$ené fungovani v kazdodennich
¢innostech

ZhorSeni v oblasti osobni hygieny

Ztrata iniciativy, motivace

Népadné obsahy mysleni, napadné zaujeti
zvlaStnimi myslenkami

Népadné chudost v fe¢i a mysleni
Podrazdénost, neklid, agresivita

Jin& napadna zména v porovnani s pfedchozi
stavem
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133

127 : ‘
o Pred ITAREPS | Po zatazeni do ITAREPS |

115

109
103
97
91

85
79

134

73
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67
61 i
55
49
43 ==
37
31
25
19
13

500 400 300 200 100 0 100 200 300 400 500 )
hospitalization days

Spaniel et al., 2008a; 2008b; 2012.

Efektivita ITAREPS pfi 100% adherenci

= 10 1
2 | I
é 08 H ITAREPS group
= e T N=45
Z 06 ' 5
= ; Control group
g 12 mésicu
2 044
o p=0.033 by the log-rank test
3 02
2
e + Censored subjects
0.0
T T T T T
0 100 200 300 400

Days after randomization

hazard ratio = 0.21 (95% CI 0.04-0.99), p=0.049; number needed to treat (NNT) = 4,95% (Cl 2.1-35.5)
Délka hospitalizace: p=0,0036 (18,5 dne vs. 88,8 dne)
Pocet rehospitalizaci: p=0,035

Redukce rizika hospitalizace na 1/5

Komatsu et al., 2013
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Implantaty antipsychotik

Solid lipid

Solid lipid/PLGA solution

Solvent (BB/BA)
BB/BA solvent
Step 1: PLGA and solid Step 2: Injectable solid Step 3: Solvents difiuse  Step 4: The hybrid implant
lipid are dissolved in BB/ lipid/PLGA solution is out after intramuscular is formed in situ
BA solvent system obtained injection

Scheme 1 In situ-forming hybrid implant

—

‘\> i 5‘*%\

1
i ’ A 4
y . (

Meztger et al., 2007
Dongetal., 2011

Pacient / rodinny pfislusnik

;

Zobrazeni na mobilni displeji

Tableta s elektronickym
senzorem

‘9 1 55
Elektronické upominky
S
Zabezpeceny

Naplast se senzorem server

Detekce poziti

Cirkadianni rytmy

Poloha téla

Fyzicka aktivita Adherence s medikaci

Srde¢ni akce Denni aktivity

— .

Nalada

Subjektivni stav pacienta

Schéma elektronicky monitorované tablety

Kane et al, J Clin Psychiatry 2013;74:e533-e540.
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Elektronicka tableta aripiprazolu Abilify MyCite

Mobilni telefon
Tableta se po # pacienta pfijme pres

poziti rozpusti a l  bluetooth signal
aktivuje se senzor

zpravu lékafi nebo
rodinnému pfisludnikovi

Senzor vysle
signal k
néplasti na
rameni

e Vezon = a21PM

{ January 17 - 23
i i I

® == :

© o

'
e o *
e 8

Systém elektronické tablety aripiprazolu
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A Local ek
BDNF. plasticity/
Translation
& Secretion

® GABAergic
Interneuron

Synapto-
genesis

ladarola et al., Ther Adv Chronic Dis 2015,;6:97-114.

I Depression I

Y

Acute suicidal
Responders TRD ideation

(ketamine) -

AMPA
potentiating agents

NMDAR antagonists

Synaptogenic and | Potential new
neurotrophic effect therapeutics

* NR2B subunit
NMDAR antagonist

* AMPA potentiators
-+ mTOR modulators

A A

Murrough & Charney, Nature Medicine 2010;16:1384-5.

16.5.2019
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Rychla odpovéd na ketamin u rezistentnich a suicidalnich pacient(

RESPONSE RATE AT 1 DAY COMPARED TO >8 WEEKS RAPID DECREASES IN HIGH SUICIDAL IDEATION
WITH CURRENT RXs IN REFRACTORY POPULATIONS WITH SINGLE DOSE KETAMINE

Scale for Suicidal Ideation (SSI)

129
% Response Baseline SSI

10 i
= Ketamine Nortriptyline " [hghSSSSII (534)
= Placebo Venlafaxine + Li 54 ow (<3)

SSRI + Li
6
41 *
*
20% 1% *
13% 2 *
9 Days
I ——— +
0 T T T T T 1
40 Min 110 Min 1 Day 8 Weeks =60 o 6d 120 180 240
Minutes

* Proof of concept studies from academic sources.
Zarate et al.Arch. Gen Psychiatry 2006.
Rush et al, STAR-D, AJP, 2006. Diaz Granados et al: JCP, 2010.

J.Z.: muz, 56 let, zenaty, otec 2 déti.

OA + RA: nevyznamné
Depresivni potize od 17 let.

0d 47 let lécen antidepresivy (selegilin, tranylcypromin, citalopram, fluoxetin,
reboxetin, trazodon, venlafaxin, paroxetin, fototerapie).

NO: depresivni faze stfedni trvajici 11 mésicd, dominuje pesimismus, obavy, Uzkost,
litostivost az plac, pocity viny, obavy o rodinu, inhibice, anhedonie, abulie, suic.
ideace 0.

Terapie: paroxetin do 60 mg, venlafaxin do 200 mg, amitriptylin do 125 mg, mirtazapin
do 60 mg (v komb. s SSRI).

Dg.: periodicka depresivni porucha, souc. faze stfedni bez somat. priznaku -
farmakorezistence 11. mésic.

14



V.Z.: Muz, 45let, zenaty, otec 2 déti.

OA: nevyznamna
RA: matka (65), depresivni porucha, 1x TS (utopeni), bratr matky: deprese.

Ve 12 letech TS (Skolni potize), od 34 let psychiatricky lé¢en, prvni rok OCD, nasledné
depresivni potize. 3x hospitalizace pro depresi.

NO: 24 mésict depresivni faze se zhor$enim v posl. 8 mésicich. Dominuje pesimismus,
Uzkost, litostivost, suicidalni rozhodnuti. Lécen dibenzepinem, 13x ECT, Li,
olanzapin, venlafaxin (prechodné zlepseni).

Pro farmakorezistenci implantovan pred 4 mésici stimulator nervus vagus, bez vyraz.
efektu.

Posledni terapie: tranylcypromin 10 mg (pred ketaminem vysazen), quetiapin 400 mg,
lithium 600 mg, .

Dg.: periodicka depresivni porucha, soucasna epizoda tézka, farmakorezistence 2 roky.

Vysazeni medikace
EKG, somatické vysetreni, lab, EEG.
Podpis IS.

i.v. do levé v. cub., pripevnény elektrody
pro EEG.

infuze ketaminu: 0,54 mg/kg béhem 30
min. (0,27 mg/kg behem 10 min.,
nasledné 0,27 mg béhem 20 min.).

16.5.2019
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30

254

20

15 —o—J.Z. HAMD tot
—&—V.Z. HAMD tot.

104

pred po 1 dni po 1ty. po 2ty.

35 ‘

3 \
25

\ / —e—1J.Z HAMD - D(01)

15 —8—V.Z. HAMD- D(O01).

\ /

pred po 1 dni po 1ty. po 2ty.

Kazuistika €. 2: pokracovani

Efekt ketaminu je prakticky promptni,nasledujici 4 dny je zcela bez
deprese, poprvé po letech opét maluje, je klidny, normoforicky.

Stav se ale béhem 1 tydnu navraci na pocatek.

Zahajena ECT, zprvu v poméru 1:2 s ketaminovou anestézii; po 4. ECT
dale jiz thiopental (série 11 ECT).

Zprvu je patrny efekt, opét projasnéni nalady, nicméné na vikendové
propustce prudké zhorseni, opét suicidalni ideace.

44, den opakovana aplikace ketaminu. Opét je témér 1 tyden jasné

zlepsen, az do prvni propustky, kdy se stav propada a vraci do vychoziho
bodu.

Nasazen Anafranil, titrujeme do davky 100 mg/d. Propustén ve
stacionarnim stavu, opét depresivni, nebylo dosazeno trvalého
zlepseni. Spolu s manzelkou vytvarime krizovy plan, antisuicidalni
kontrakt

16.5.2019
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Efekt ketaminu na suicidalni ideace

B. MADRS Item 10

A. Clinician-Reported Suicidal Ideation

4.0
g
35 e Ketamine 8
=== = Control §
4
30
25 o

€. HAM-D Item 3

Mean Score
~N
(=]

0.5

Mean Score

0
Baseline Dayl Day2 Day3 Day 7

Wilkinson et al.., Am J Psychiatry 2018

Screened
n=238 Excluded
(unfulfilled Inclusion Criteria,
l MADRS score < 20
subject’s decision)
~ n=8
n=30
Ketamine hydrochloride
n=11 Week 1 Placebo (saline solution)
Excluded (depression worsening) n=19

n=2

. .

Ketamine hydrochloride

Placebo (saline solution) n=19
n=9 Week 2 Not crossed-over (placebo response)

n=1

Intent to Treat Intent to Treat
n=9 n=18
Analysed
Completers y Completers
n=7 n=15

365 et al, 2013
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Ketamin v lécbé unipolarni deprese: studie PCP

Tab. 1. Demographic and outcome data according to the treatment sequence

ketamine first (K-P)
(n=11) mean £ SD

placebo first (P-K)
(n=19) mean £ 5D

Statistical
significance level

Age (years)

Gender (M : F)

Duration of depressive disorder (years,

Duration of current episode (months;

Number of previous psychiatric hospitalizations
Baseline MADRS score

Treatment before enrolment

42.2+15.1
5:6
10.2+9.4
11.2+9.9
2.2+1.2
20.414.7
SSRI (n=2
NaSSA (n=1
SNRI (n=1)
AD comb. (n=
AD augm. (n
BZD (n=6

44.6+10.9
10:9
10.4+£8.3
11.6£11.5
3.6+2.4
24.6+4.8

SSRI (n=2)
NaSSA (n=2)
SNRI (n=3)
AD comb. (n
AD augm. (n
BZD (n=7)

W~

NS 2
NS
NS¢
NS¢
NS <
p=0.04¢
NA

365 et al, 2013

Ketamin v lécbé unipolarni

deprese: studie PCP

MADRS
&

T

BPRS score change

01
.
0
ad . . -
} *
0.1 .‘ .,
. - v, *e
0.2 Fy =
. * o
0.3
» .
04
.
0.5
0.4 0.2 0.0 0.2 04 0.6 08 1.0

MADRS score change

BL o1 D4

Fig. 2. Superiority of ketamine over placebo at all post-infusion

visits was found (day

1: p<0.001 day 4: p=0.002; day 7: p=0.02

Fig. 3. Association between BPRS score change during acute

administration of ketamine and MADRS score change at day
seven, analysed by Pearson’s correlation coefficient (r=-0.40
p=0.04

363 et al, 2013

16.5.2019
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Meta-analyza Ucinnosti ketaminu dle casu

|
i '.th r

h}

I

++1+ |H|I|

4

IR

{
i

Coyle & Laws., Hum Psychopharmacol Clin Exp, 2015

Mechanismus Ucinku ketaminu: synapticka plasticita

Spine synapse
number and
function

Ketamine mGIUR2/3

antagonist
Glutamate

Glutamate burst;

- o
BDNF, synaptic 55008 VDCC BONFO8% T roene
plasticity AMPA r ‘ r
_—
«—

Relapse

GluA1
PSD95

Scopolamine m Synaptin
¥ * proteins,
GluA1 and

Stress and cortisol, g
_" K Rapamycin  pSpDgs

inflammation,
diabetes, obesity,
cardiovascular disease

Duman et al., Nature Medicine 2016

16.5.2019
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Nezadouci ucinky ketaminu

Neuropsychiatric side-effects

Confusion

Dissociation

Intense euphoria

Perceptual disturbances/psychosis

Vivid dreams s
Anxiety

* Cardiovascular side-effects
Increase in blood pressure

astric side-effects
Naysea

Peripheral
side-effects
Muscu\nskeletﬂl Pain or
side-effects erythema at the
Increase in skeletal injection site
muscle tone Urogenital side-effects
(a) Increase in libido

[A[F] (a) Systemic side-effects of ketamine atsubanaesthetic dose (Salvadore 2013); (b} systemic complications of chronic ketamine use (Noppers 2011; Pappachan

2014; Stahl 2014).

Withdrawal P i lication:
Depression Neurotoxicity
Irritability Impaired short- and long-term memory
Aggression Impaired attention
Fatigue Impaired executive funetion
e Vi_n\em behaviour

Nightmares

Hallucinations

Seizures

" Cardiovascular complications
Myocardial apoptosis
Arthythmia

Hepatic complicati

Impaired liver functior

Cholestasis
Renal complications
Cystitis
Hydronephrosis
Urinary incontinence

(b) |

Ho & Zhang., BJPsych Advances 2016

THE ANTI
ANTIDEPRESSANT
Depression afflicts 300 million people.
One-third don't respond to treatment.

A drug
el
e

o KETAM?N E

TREATMENT CENTERS

Ketamine Clinics

of Los Angeles

¥

Ketamine Care Clinic

Y& o
KETAMINE LAFE CENTERS

KETAMINE

Sy KETAMINE
L J INSTITUTE

16.5.2019
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Halucinogenni ucinky serotoninergnich halucinogenti — mescalin (MESC), psilocybin (PSILO), LSD a DOI - jsou

primarné mediované 5-HT2A receptorem

5-HT inhibitory
autorecaptors
(fe. 1A/1B/2B)

4 Y/

Competitive o ®°® = Atored
reuptake i ’ SHToff

Py © inhbiton  =FR IS @ o x

5-HT G,

(e 20728

5-HT,, mediates
hallucinogenic
effects

TTDIAP\:s g Aterd ranscrpton <_Tl cAMP

and neuronal plasticity

Ho. SR
//p\o
¢

Korpi et al. Pharmacol Rev 2015,67:872-1004

CBF (Before)

\ / N’ N
Change in amygdala CBF v depression change

Depression change (QIDS:scan 2 - scan 1)

Change in amygdala CBF v depression change

.
o % 0 E -3
L]
I
°
L]
. y
..
o L]
o
.
0
Amygdala CBF change (scan 2 - scan 1)
N=19

10 mga 25 mgv tydennim intervalu

Odpovéd: 47% po 5 tydnech

Carhart-Harris et al. Sci Rep 2018

16.5.2019
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Koncept neurobiologie dusevnich poruch

,Mozek neni talif polévky.

Nestaci jen pridat chemikalii a zamichat.” Komplexni sit vzajemné

propojenych funkénich okruht
a mozkovych center

Helen Mayberg, 2005

¢ Hipokrates: horecka pri malarii vylécila priznaky dus. nemoci

e Zlepseni dus. stavu po horeckach pri stfedovékych epidemiich cholery

v Ustavech pro dusevné choré
® Roess (1786): zlepseni po naockovani pravymi nestovicemi

Hypotéza o inkompatibilité epilepsie a schizofrenie

Malarioterapie — Julius Wagner von Jauregg, 1917
Insulinova komata — Manfred Sakel, 1927

Metrazolova komata — Ladislaus von Meduna, 1934

Eletrokonvulzivni terapie — Ugo Cerletti a Lucio Bini, 1937

16.5.2019
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Nové neuromodula¢ni metody v psychiatriil.

Magneticka
stimulace

(TMS g MST

-
Positioning qamry/ \
€ .

Electromagnet

Electromagnet ~&
Pulsed .
magnetic field —

Seizure
Pulsed
magnetic —
field

Transkranialni magneticka stimulace (T

Neinvazivni metoda umoznujici indukovat metabolické
zmény v relativné malé oblasti mozkové kary

\
;
Vysokofrekvencéni magneticka stimulace (>1-20 Hz)
vede k dlouhodobému narlstu synaptického prenosu
\_ J
( )
Nizko-frekvencni (<1 Hz) vede k oslabeni pfenosu
\ J
>

rTMS = opakovana stimulace s frekvenci do 50 Hz

Kratkodobé elektrické pole produkuje kratkodobé pole magnetické, které se
Sifi pres kranium bez odporu a indukuje ve vodici (mozku) sekundarni proudy

16.5.2019
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Motoricka odpovéd na TMS

Intensita stimulace

udavana v % motorického
prahu (motor treshold),
ktery je definovan jako
nejmensi intensita
stimulu, ktera evokuje
MEPs o amplitudé =50uV
alespon v 5 z 10 aplikaci

Kopecek a Pasler 2003

rTMS v terapii rezistentnich sluchovych halucinaci

Infracervena kamera |
NDP Polaris

Ridici jeias
(pocitad

Chlazena AHRS SCORE
s reflexnin30

1TMS stimuldt
Magstim Supe

2 WEEKS 2WEEKS
AFTERMEAN  AFTERSD

1823333 722869
2260000 5415260
18.70000 5657636
S| 0000 [

-
treatment

treatment

TMS TREATMENT NEGATIVE POSITIVE
RESPONSE RESPONSE

STANDARD POSITIONING
NEURONAVIGATION

Klirova et al., Eur Arch Psychiatry Clin Neurosci. 2013;263:475-84
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Meta-analyza rTMS u rezistentnich sluchovych halucinaci

Study name Subgroup within study Hedges's g and 95% CI
Hedges's

g p-Value
Slotema (25) fMRI 0.088 0.775
Slotema T3P3 0.000 1.000
Vercammen (26) T3P3 T4P4 0.176 0.638
Vercammen T3P3 0066 0.858
Jesus de (24) T3P3 0.456 0.329 L
Rosa frequency ahrs (28) T3P3 0770  0.182 L
Lee frequency ahrs (20)  T4P4 0.524 0176 T
Lee T3P3 0483 0197 —|+—a—1
Fitzgerald HCS (29) T3P3 0.340 0.329 ——
Blumberger (32) left stg priming 0113 0737 ——
Blumberger left stg 0.294  0.382 —t—
Jandl (16) T3P3 0.534  0.154 -+——
Jand| T4P4 0.246 0503 —il—
Poulet (21) T3P3 1.350 0.005 —
Klirova (14) T3P3 1.038 0.006
Klirova PETT3P3 1.638  0.000

0.447  0.000 <

-2.00 -1.00 0.00 1.00 2.00

sham rTMS

Slotema et al., Biol Psychiatry 2014,;76:101-10.

Elektricka
stimulace

TDCS

pulse -milliampere current

Electrode

[

—— Vagus nerve — Implanted wire

&— Electric Pulse
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Transkranialni stimulace pfimym proudem (tDCS)

N=30

2 mA po 20 min 2x denné

po dobu 5 dnt
FIGURE 1. Effect of Active and sham Transcranial Direct-
Current stimulation (tDCS) on the Severity of Auditory ver-

bal Hallucinations®

100

920

(
©
=}

AHRS Scores
~
=}

60
== Sham
50 !
wP= Active
Baseline After tDCS 1 Month 3 Months

2The graph illustrates the significant interaction between the mean
percentage change in Auditory Hallucination Rating Scale (AHRS)
score in the two groups across the four assessments (F=10.97,
df=3, 84, p<0.0001). Post hoc analyses showed significant differ-
ences between groups at each postbaseline assessment: after tDCS,
t=—4.45, p<0.001; 1 month after treatment, t=—4.48, p<0.001; 3
months after treatment, t=—4.58, p<0.001. Error bars indicate
standard error.

Brunelin et al., Am J Psychiatry 2012;169:719-24.
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'8 : N=25
N H
\ = _
N L =
o
g NG 5 dnl RCT
B : Verum N=12
iy . Sham N=13
N
eSS Open-label extenze N=13
A B
“ € gl samocs ey
. [l vewmcs oo
X = 2,
= - o 3
» - — ~a . s
g o = g
LI B %
bE : 2
g : > B
2 . E‘ R
I -3
i i
ncs sham Strl, Mean Dference An DiTerence
b (1 ar S| 1] SDToral 1] Il o, 9 5% C]
Bruneln 2017 188 A3 15 251 7 16 F90% 074148000 ————
Frahlich 2016 QWED B3 13 1818 1077 11 E1.0% D25 [F0&2 1 09 — T
Smith 2014 247 177 A7 2 A3 1B 381% 1:28 -0 40, 0 98| T
Total (35% (1) 45 44 100.0% {006 [-0.77, 0.60] -'*‘-—
Hetaroganaity Tau = 020, ChR= 4 84, of = 2 (P= 0.09); F= 9% 2 o b H t
AR SRR = U (P = ESJ FRunIIe [RenRrIMantall  Favnurs [conirni

Li et al, 2016

Bose et al., Schizophr Res 2018.

tACS

e O APA A
-1mA
s

rrs O AAA ™

N=22
5 dnd, 2xd 20 min

tACS (10 Hz, 2 mA) N=8
tDCS (2 mA) N=7

Sham N=7
10-
@ 3 | Condition
g 1
8 - Sham
5 2  ———— - ucs
3 Zos- - 1DCS
014 -5 025 -
z
3
o1z
o8-
Day 1 ) F2

Dwrs E
Study Session

Mellin et al., Eur Psychiatry 2018.
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Stimulace nervus vagus

Bloudivy nerv

Implantovany pulsni generator a kabel

e Mirné elektrické pulsy aplikované na levy
vagovy nerv odesilaji signaly do mozku (1-
145 Hz, 0-12 mA, sirka pulsu 130-1000

Usec)

e Automatickd intermitentni stimulace

e UZiti magnetu dovoluje pacientovi
e Stimulaci dle potieby
* Kontrolu vedlejsich G¢inku dle potieby

e Jednoduché programovani

e  Zajisténa compliance

16.5.2019
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Umisténi bipolarni elektrody k nervus vagus

o ‘o Solitary Tract Nucleus
Communicating Branch of Vagus N J ]
Nerve to Carotid Sinus Branch of 4
Glossopharyngeal Nerve

Spinal Tract and
Spinal Nucleus

of Trigeminial Nerve

~ ™ Dorsal Vagal Nucleus

Nucleus Ambiguus
Vagus Nerve

Pharyngeal Branch of Vagus Nerve

Superior Laryngeal Nerve:
Internal Branch
External Branch

NCP Lead Electrode

Lead Electrode Location
Right Recurrent
Laryngeal Nerve

,' Superior Cervical Cardiac 1
: Branch of Vagus Nerve

Left Recurrent
Laryngeal Nerve

Thoracic Cardiac Branch of
e Vagus Nerve

Mista implantace

-

Clavicula Misto incise
: it na krku .
Predni zahyb axily: 4
smisto incise

¥

LY
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Implantace a umisténi elektrody

UkotveTi
Kranialni »

« Kaudalni

Pozitivni
elektroda

Terapie VNS — nastaveni stimulace

Actual size

16.5.2019
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Neurobiologie VNS

eL0Zkové jadro stria

Endokrinni systém
terminalis

(hormonalni)

/

? eCentralni jadro amygdaly

Limbicky systém / eParaventrikularni jadro

: L.-=Y (behavioralni) hypothalamu

e eLateralni oblast

hd hypothalamu

NTS “*e... eCentralni $edad hmota
A P o

Premotoricky systém eLateralni parabrachialni
(autonomni) jadro

eLocus coeruleus
eRaphe nuclei

T 3

Vagalni aferentace , ! ) )
Vagus Nerve Projects Bilaterally to Key Brainstem Regions

-Srdce

-Cévy @ﬁ@“‘”‘;\ Bifateral

N , . i, s projections on

Dychaci cesty a plice *"\?‘ wr AOelets v
-GI trakt i solitarius (NTS)

VNS moduluje struktury mozku regulujici afektivitu

Cortical/limbic brain specificity with VNS Therapy*

Orbitofrontal cortex Leftinsula Mid-cingulate gyrus

Left amygdala and hippocampus Left thamalus

Signifikantni bilaterdlni zmény v krevni perfusi:

e Thalamus (zvy3eni)

e Hypothalamus (zvySeni)

. Insuldrni kortex (zvyseni)

e  Amygdala (snizeni)

«  Hippocampus (snizeni) Data acquired from St. Louis University, analyzed at Medical University of South

Carolina Center for Advanced Imaging Research by Xingbao Li, MD; 6 patients

* Posteriomi gyrus cinguly (snizeni) for 3 months of VNS Therapy, compared with baseline

Henry TR, et al. Epilepsia. 1998;39(9):983-990.
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5100 pf.n.l. - archeologické diikazy
0 1. (ispéSném neurochirug. zakroku
Ostatky 50-letého muze nalezené ve Francii

se zhojenym znamkani trepanace - odstranéni
castilebky. Byla provedena bud ke snizeni tiaku
nebo vypusténi duchi.

NATURAL LA

SYMBOL] . HEAD

ILLUSTRATING THE

OF THE
FACULT

" 1ekd 1946 - transorbitélni lobotomie
5100 pf.n.l. - archeologické d. o — r Froaman americki ney
0 1. Usp&&ném neuroc urobg,
Ostatky 50-letého muze nale
se zhojenym znamkani trepe g
gastilebky. Byla provedena
nebo vypustént duch.

ry Wycis uvadej
fistroj pro neurochi

1951 - konce|
Lars Leksell a Bor
s protonovymi pa
maljch zvifat

ey ot am end 1o b
st st

Hluboké mozkova stimulace - 1991
Prvni popis chronicky impllantace DBS elekirod
s dlouhodobou stimulaci

1973 - limbicka leukotomi
Desmond Kelly uskuteciuje prvfi
limbickou leukotornii
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Tye et al., Mayo Clin Proc 2009;84:522-32.
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Fibers of passage:
orthodromic and
antidromic activation?

Afferent inputs:
antidromic
activation?

| 00®
o0 ) .
) Synaptic plasticity? Local cells:
O¢ cell body inhibition
Neurochemical & orthodromic
efflux? activation?

64 kombinaci rliznych spojeni
unipolarni (80-90%)
vs. bipolarni (10-20%)

amplituda3Vv 0.6V

Sirka pulsu60-450 us

frekvence 130-150 Hz
(zpravidla 130 Hz)

Low voltage, High voltage,  Low voltage,
short pulse short pulse Long pulse
duration duration duration

Activated Not activated

Target neural ° O
elements

Non-target neural

elements ° o

Kringelbach et al., Nat Rev Neurosci 2007;8:623-35.
Tye et al., Mayo Clin Proc 2009;84:522-32.

Obsedantné kompulzivni porucha

Syndrom Gilles de la Tourette

Depresivni porucha

Mentalni anorexie

Posttraumaticka stresova porucha

Alzheimerova nemoc

16.5.2019
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Anatomické struktury a funkéni okruhy v patofyziologii deprese

Exteroception
Attention
Appraisal

Action

(s _Pue ]| pardo |
CBTr Mcca)|_apHo | oczs)

' '

'

Mood regulation Mood acCoal 7
Seftrsievarce | (mF10n) ooy | | KNGS | montoring -
Prioritization P 1 Novelty =
Contingencies | LMOE11) A amg J| mbva] |salience
F 1t N 3 I Habit e
’ DBS S
e o
scczs )| vatic Meds
Interoception
Drive states

Autonomic function
Circadian rhythms

Mayberg, J Clin Invest 2009;119:717-25.

f Autobiographical g Tryptophan h SERTS/S<L/L i Depression post-mortem
memory (sad) depletion (sad) structural differences decreased glia

Corpus callosum

Medial
Ventrial

Lateral

Agid, Nat Rev Drug Discov 2007;6:189-201.
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Cilové struktury stimulace u deprese

Nucleus

Subgenual Ventral capsule/
accumbens

cingulate gyrus ventral striatum

Inferior
thalamic
peduncle

Lateral
habenula

Anderson et al., Neurosci Biobehav Rev 2012;36:1920-36.

Ovlivnéni symptomu deprese

Odména
MedidIni svazek
pfedniho mozku

\__~
Psychomotorické .
agitovanost T
zpomaleni "°3,"'t'?’"' Neurovegetativni
_pocity viny Emoini poruchy spanku
pocity menecevnntzstll anhedonie nechutenstvi/vahovy Gbytek
poruc}ly sogstrefﬁenl depresivni nalada (inava/ztrata energie
sebevrazedné myslenky Gzkost

Anderson et al., Neurosci Biobehav Rev 2012;36:1920-36.
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Cilova oblast Studie N Délka sledovani Vysledek
Nucleus accumbens Bewernick, 2012 11 Do 4 let 1 rok: 45,5% resp., odpovédi do 4 let
9,1% remise
1 suicidalni pokus, 1 suicidium
Millet, 2014 4 Do 1,5 roku Resp.: 75%

1 rok: resp. 55%, remise 20%
. 2 roky: resp. 45%, remise 20%
cinguly 3 roky: resp. 60%, remise 40%
Posled.: resp. 55%, remise 35%
2 suicidalni pokusy, 2 suicidia

Subgenualni gyrus Kennedy, 2011 20 Do 6 let

Lozano, 2012 21 Do 1 roku 1 més.: 57% resp.
6 més.: 48% resp..
1 rok: 29% resp.
1 suicidalni pokus, 1 suicidium

Holtzheimer, 2012 17 Do 2 let 6 més.: resp. 41%, remise 18%
(sham) 1 rok: resp. 36%, remise 36%
2 roky: resp. 92%, remise 58%
2 suicidalni pokusy
Puigdemont, 2012 8 Do 1 roku 6 més.: resp. 88%, remise 38%
1 rok: resp. 63%, remise 50%
1 suicidalni pokus
Puigdemont, 2015 5 6 mésich Remise: aktivni 425
sham 225
Ramasubbu, 2013 4 9 mésict Resp.: 75%
Ventralni capsula / Malone, 2010 17 Do 4 let 3 més.: resp. 47%, remise 20%
Lpnt . 6 més.: resp. 40%, remise 20%
ventralni striatum Posled.: resp. 53%, remise 40%
1 suicidium
Dougherty, 2014 30 16 tydnd (sham) Resp.: DBS 20%, sham 14,3% (n.s.)

12 més.: 20%
18: més: 26,7%
24 més.: 23,3%

+2 roky (open)

Pfedni raménko Gabriels, 2007 3 6 mésicd Resp.: 100%
q Remise: 66,6%
capsula interna

DBS cinguly u rezistentni deprese

A Pre-op MRI B Pre-op PET C Post-op MRI D 6 mDBS PET

dMF9 dNIFa

i

|
QF11

vMF10 ;
vCd

Scee2s ‘hth

SCC25/hth

Confirm electrode
Overactive SCC25 placement

Electrode target: Depression:
SCC white matter

Recovery with DBS
SCC25 suppression

bs

Mayberg et al., Neuron 2005;45:651-60.
Mayberg, J Clin Invest 2009;119:717-25.
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Meta-analyza Ucinnosti DBS u rezistentni deprese (RCT)

Terapeuticka odpovéd za 16 tydna

Odds Ratio Odds Ratio
Study or Subgroup __ log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Internall ventral capsule
Bergfeld 2016 262 072 209%  13.74 (3.35, 56.33) -
Dougherty 2014 0.33 0.997 114% 1.39 [0.20, 9.82) ] =
Subtotal (95% CI) 32.3%  4.85(0.52, 45.32) e

Heterogeneity: Tau® = 1,87; Chi* = 3.47, df = 1 (P = 0.06); I = 71%
Test for overall effect: Z = 1.38 (P = 0.17)

1.1.2 Subcallosal cingulate

Holtzheimer 2012 1.44 1.83 35% 4.220.12, 152.43) g
Holtzheimer 2017 0 089 14.1% 1.00[0.17, 5.72) ——

Merkl 2016 1.98 167 42% 7.24[0.27, 191.17]

Puigdemont 2015 1.79 1.44 56% 5.99 [0.36, 100.72) SER) 1 S
Ramasubbu 2013 3.045 1.78 3.7% 21.01[0.64, 687.96) M. =
Subtotal (95% CI) 31.3% 2.98[0.91,9.77] -

Heterogeneity: Tau® = 0.00; Chi*=3.26, df =4 (P =0.51); F= 0%
Test for overall effect: Z = 1.80 (P = 0.07)

1.1.3 Medial Forebrain Bundle

Fenoy 2016 195 097 120%  7.03[1.05, 47.05)
Schilaepler 2016 22 066 244% 903248, 3290) ——
Subtotal (95% CI) 36.4%  8.34[2.86,24.30] >

Heterogeneity: Tau® = 0.00; Chi* = 0.05, df = 1 (P =0.83), F = 0%
Test for overall effect: Z = 3.89 (P = 0.0001)

Total (95% CI) 100.0%  5.50 [2.79, 10.85] L J

2 9 . : - = B 4
Heterogeneity: Tau® = 0.06; Chi* = 8.43, df = 8 (P = 0.39); I" = 5% 0.001 01 H 10 1000
Test for overall effect: Z = 4.92 (P < 0.00001) Eavours shadh  Favours active
Test for subgroup differences: Chi* = 1.60, df = 2 (P = 0.45), I* = 0%

Kisely et al., Depress Anxiety 2018.

DBS u rezistentni OC

Capsula interna:
5 studii, N=14, 3-51 més.

— Pre £ 75%
Alni la int./ventralni striatum: ~~ I AP o)
Ventralni capsu : : Prim. redukce YBOCS: 46,5%

4 studii, N=29, 12-36 més.
Prim. response: 50%
Prdm. redukce YBOCS: 41,5%

Capsula
interna

Pedunculus thalamicus inferior:
2 studie, N=11, 12-36 més.
Priim. response: 100%

Prdm. redukce YBOCS: 82,5%

Subthalamické jadro:

5 studii, N=23, 3-6 més.
Prim. response: 57,1%
Prdm. redukce YBOCS: 45,3%

Ncl. accumbens:
8 studii, N=37, 3-24 més.
Prim. response: 45,5%
Prdm. redukce YBOCS: 37,8%

Kohl et al., BMC Psychiatry 2014;14:214.

38



Neurobiologie systému odmény: cil DBS u zavislosti

Prefrontal
Planning, cortex

judgement Frontal

cortex

Nucleus N \ ——— Gortal Giuamate inputs
A e coriee B 3 Giutamats inputsioutputs
accumbens ‘ ————> GABA Inputsiouputs

Medial forebrain,
bundle

» Glutamate outputs
Reward

Top down Inhibitory control

- Proposed targes for DBS
&, Caudate
3
é Puts Thalamus
w

Habit
2
SNr

Motor
Gpl
v
Autonomic DASHT
Output

Ventral tegmental

Emotions, |1 cdala
conditioned effects ygaala

‘Gurrent Opinion in Neurobiology

GPe output
Pelloux & Baunez, Curr Opin Neurol 2013;23:713-20.

Kazuistické studie DBS v |éCbé zavislosti (NAc)

Studie N Latka Indikace k DBS  Délka sledovani Vysledek

Kuhn, 2007 1 Alkohol Anxieta 12 mésict Remise

Kuhn, 2011 1 Alkohol Zavislost 12 mésict Remise

Miiller, 2009, 2016 5 Alkohol Zavislost Do 8 let Absence cravingu, 2

abstinuji, 3 sign. redukce

Voges, 2013 5 Alkohol Zavislost Do 38 més. Redukce spotfeby
|

Kuhn, 2009 10  Nikotin RUzné, ale ne - 30% (3) ukonili koufeni

abusus

Mantione, 2011 1 Nikotin 0oCD 24 mésicu Ukoncil koufeni
|

Goncalves-Ferreira, 1 Kokain Zavislost 2,5 roku Redukce cravingu a

2016 spotfeby
|

Zhou, 2011 1 Heroin Zavislost 2,5 més. aktivni, ~ Remise po dobu 6 let

3,5 més. off
Valencia-Alfonso, 2012 1 Heroin Zavislost 6 mésict Remise
Kuhn, 2014 2 Heroin Zévislost 24 mésich Redukce uZivani a deprese

16.5.2019
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DBS u mentdlni anorexie I. (NAc)

N NN
SN B
w
@
-

-
(=]

12:
10

Body Mass Index (kg/m?)
»

) ] L) L) LJ L L L L)

0 6 12 18 24 30 36 42 48
Follow-up Period (Months)

Figure 1. Changes in body mass index (BMI) over time. This figure shows

BMI measurements (n = 4} at O (baseline), 3, 6, 9, 12, 18, 24, 36, and 48

months during follow-up {up to 9 months in case 4, who as of this writing
underwent the procedure less than a year ago).

Wu et al., World Neurosurg 2013;80:529 E1-10.

DBS u mentalni anorexie Il. (Sub.Cal.Cg.)

Body-mass index

12
10
8 T T T T T T T T T 1
@ o o o o o
@‘?\Q Ef o‘\& co‘$\ c{\“\ 00&
< & IR o« R
Time of measurement
Baseline  Preoperative 2months 3months 6months 9 months
— Patient1 111 160 150 171 183 210
— Patient2 142 163 135 148 142 160
— Patient3 141 146 125 136 136 143
— Patient4 137 184 152 144 140 140
— Patient5 151 169 139 145 182 200
— Patient6 140 142 140 140 13-6 141
Mean 137 (14) 161(15) 140(10) 147(12) 153(23) 166(32)

©Patient1 @ Patient? @ Patient3 @ Patisntq @ Patients © Patient6

Lipsman et al., Lancet 2013;381:1361-70.
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Baseline 1month 3 months 6 months 12 months Baseline vs 12 months
pvalue Effect size
(Cohen'sd)
BMI
Patients assessed 16 8 16 14 14
Mean (SD) 13-83(1-49) 14-30(213) 1497 (1-84) 1612 (2.80) 17:34/(3-40) 00009 =1340
Bingeing
Patients assessed 8 8 8 7 8
Mean (SD) 09525 (83.93) 32-00(4973) 4813 (7772) £5-14 (101-02) 3300 (48-19) 0009 0654
Purging
Patients assessed 11 11 1 10 1
Mean (SD) 18936 (238-31) 95.64(190-21) 13400 (213-08) 7770 (190-50) 84.64 (205-85) 0078 067
40 -8 Y-BOCS
#- HAMD
35 #- BMI
304 8
25+ ] I {
§ 20+ e | e —om -
! T *
15-3 | ‘ . * |
Se——9 ? i !
| ®
10 ®
5
0= T T T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10 1 12
Measurement timepoint (months)
Lipsman et al., Lancet Psychiatry 2017.

Neurobiologie strachu a Uzkosti: amygdala jako cil DBS u Uzkosti

@) (b) ©
- Hvoothalamus
Dorsal Anterior Hippocampus
Cingulate Cortex L £
(dACC) - Mixed findings
- 4 with fear imordi
~ acquisition i E:Ir:?::ﬁ::'l B
o - W with fear i
ACTH — 4,
oOg 0Ll information
{
o Ventromedial
© | prefrontal Cortex Aea
(vmPFC) - 4 with fear
n acquisition
-¥ with fear - A with fear
Adrenal acquisition extinction
e - A with fear
faces Scenes | exiinction
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Bazolateralni amygdala: cil stimulace u PTSD

Frequency

—==Severity

O w N M = 1n O N

Months

baseline

0w o O
-

Koek al., Trials 2014;15:536.
Langevinet al., Brain Sci 2016

Teoreticky podklad DBS u kognitivnich poruch

A Hippocampus

Entorhinal cortex

 J

Fornix

&

Mammillary bodies

Pamétovy mozkovy okruh (Papeziv okruh)

Cilové struktury DBS:
- Fornix

- Entorhinalni kortex

- Ncl. basalis Meynerti

- Predni thalamické jadro
- Hipokampus

|| stimulus

NGF release

neural hijacking increased
acetylcholine
release
oo
° °
DBS o —

Hescham et al., Neurosci Biobehav Rev 2013;37:2666-75.
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Kazuistické studie DBS u kognitivnich poruch

Decreased metabolism in AD
compared to Controls

DBS ELECTRODE POSITION

Alzheimerova
Stimulace: forr |
N=6

N=42

One month of DBS comparac
to baseling

Alzheimerova
Stimulace: ncl.[g
N=6
N=6
N=2

©One year of DBS compared
to baseline

Alzheimerova demence
Stimulace: VC/VS
N=3

Demence u Parkinsonovy nemoci
Stimulace: ncl. basalis Meynerti
N=6

Hescham et al., Neurosci Biobehav Rev 2013;37:2666-75.
Aldehriet al., Surg Neurol Int 2018

Rizika DBS

Spojena s implantaci (operaci):

Zachvaty (1-3%), krvaceni (1-5%), infekce (2-25%)

Spojena se zafizenim:

Zlomeni elektrody, odpojeni, pohyb elektrody, porucha funkce
(5-15%)

Spojena se stimulaci:
Parestezie, kontralateralni svalové kontrakce, dysartrie, diplopie,

zmény nalad, psychomotorické zpomaleni, zavraté, panické
zachvaty, sebevrazedné pokusy (0,3-0,7%)

Mobhr, Neuroendocrinol Lett 2008;29(Suppl. 1):123-32.
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DBS je perspektivni terapeutickd metoda, ktera primo moduluje narusené
neuronalni okruhy. Je reverzibilni, dobre tolerovan3, se zajisténou adherenci.

Malé pocty pacientll a rizné cilové struktury stimulace, které vedou k obdobnym
vysledktim, nedovoluji priliSnou generalizaci.

Zapotrebi je ziskat data z kontrolovanych studii; identifikovat potencialni
respondéry, ktefi mohou z DBS profitovat.

Komplikace a nastrahy: vysokd cena, potencialni etické problémy a dilemata.
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