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Paskaitos tikslas

* Ar galima paaiskinti neurodegeneracijos jtaka
sirdies aritmijy issivystymui



Inohara Taku et al. Association of of Atrial Fibrillation Clinical Phenotypes With
Treatment Patterns and Outcomes. JAMA Cardiol. 2018 Jan; 3(1): 54—63.
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MECHANIZMAI

Galimi mechanizmai:
e genetiné predispozicija (Heetal. variant rs2200733 and

rs10033464 on chromosome 4q25 are associated with increased risk of atrial
fibrillation after catheter ablation: Evidence from a meta-analysis. Cardiol J.
2018;25(5):628-638. doi: 10.5603/CJ.a2017.0143. Epub 2017 Dec 14.)

e strukturiniai audiniy pazeidimai

e , autoimuniniai procesai ir medziagy apykaitos
sutrikimai



SIRDIES EPILEPSIJA = Sirdies aritmijos

Turinys:

1. PrieSirdziy virpéjimo (PV) rizikos veiksniai

2. Anatominés ir neurocheminés PV polinkio
savybés

3. Insulto ir Sirdies aritmijy sgsajos
4. Neurodegeneracijos ir Sirdies aritmijy sgsajos



PrieSirdziy virpéjimo kilmeé

* PrieSirdziy virpéjimas (PV) yra heterogeniskas ritmo
sutrikimas, susijes su placiu etiologijy spektru ir turi
jvairius klinikinius duomenis.

* Mechanizmai, kuriais grindziamas PV, yra sudétingi ir
lieka nepakankamai suprantami, nepaisant iSsamiy
tyrimuy.

* Galima rasti sgsajas tarp rizikos veiksniy, morfologinio

substrato, jskaitant jony ir anatominj remodeliavimg,
genetinj polinkj ir neuro-humoralinius veiksnius.

Ghassen Cheniti et all. Atrial Fibrillation Mechanisms and Implications for Catheter Ablation.
Front Physiol. 2018; 9: 1458




AF prevalence in % of the population in the age group

PRIESIRDZIU
VIRPEJIMAS IR AMZIUS

Age in years

Kristina Wasmer, Lars Eckardt, and Giinter Breithardt. Predisposing factors for atrial fibrillation in the elderly. J Geriatr Cardiol. 2017

Mar; 14(3): 179-184.
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Metabolic syndrome

Sympathetic Diabetes

LYREREE 08 Overdrive mellitus

Structural

* Increased catecholamines remodelling . * Action potential &
* Enhanced Beta- conduction heterogeneity
adrenoceptor activity « Profibrotic sienalling * Shortened atrial effective
* Spontaneous calcium « Increases atrial size & refractory period
release pressure * Focal triggers & ectopic
« Increased RAAS activation e Loss of atrial systole, atrial  activity
* Increased automaticity decreased diastolic filling * Reentrant circuits
interval

Trigger Loop

._* Decreased cardiac output o : :
L Electrophysiologic
l remodelling

Atnal fibrillation

Revathy Carnagarin et all. Sympathetic Nervous System Activation and Its Modulation: Role in Atrial Fibrillation. Front Neurosci. 2019
Jan 23.



Neurodegeneracijos priezastys

Nebylus insultai

Ne dominuojancio pusrutulio insultai
Parkinsono liga

Genetinis polinkis



@
Pusiausvyra tarp ANS, ENS ir CNS

* Autonomineés nervy sistemos disfunkcija, apimanti
simpatine, parasimpatine ir vidine (Sirdies) nervy
sistemga, dalyvauja PV patogenezéje.

* Parasimpatinio aktyvumo sukelti elektriniai
iSkraviai isskiria acetilcholing, kuris sukuria
heterogeninj veiksmo potencialg ir tuo paciu
sudaro ziedinio aktyvumo atsiradimg ir palaikyma.

Yutao Xi and Jie Cheng. Dysfunction of the autonomic nervous system in atrial fibrillation
J Thorac Dis.2015 Feb; 7(2): 193-198.



2
ANS ir PV

* Padidéjes n. Vagus tonas susijes su paroksizminiu
priesirdziy virpéjimu tiek cholinerginiais, tiek
necholinerginiais keliais.

* |Jrodyta, kad simpatinés ir parasimpatinés nervy
sistemos sgveika, kuri jrodyta registruojant
potencialy padidéjusj aktyvuma is ganglion
stellatum ir n. Vagus, turi didele svarbg priesirdziy
Virpéjimo issivystmui.

Yigit Canga et all. Assessment of Atrial Conduction Times in Patients with Newly Diagnosed Parkinson’s Disease. Parkinson’s Disease
Volume 2018, Article ID 2916905, 5 pages



© SIMPATINE NERVU SISTEMA IR

PRIESIRDZIY VIRPEJIMAS

e Padidéjes simpatinis aktyvavimas padidina
cirkuliuojancius katecholaminus ir sukelia
hipertenzijg bei susijusig komplikacija, pvz., PV ir
stazinj Sirdies nepakankamuma.

* Hipertenzija daznai egzistuoja kartu su tokiais
susirgimais, kaip nutukimas, metabolinis sindromas
ir obstrukciné miego apnéja, kas dar labiau palaiko
simpatinés nervy sistemos aktyvuma.

Revathy Carnagarin et all. Sympathetic Nervous System Activation and Its Modulation: Role in Atrial Fibrillation. Front Neurosci.
Published online 2019 Jan 23. doi: 10.3389/fnins.2018.01058



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6351490/
https://dx.doi.org/10.3389/fnins.2018.01058

DSENSORRINIU,MOTORINIY IR POZIEVINIU

STRUKTURY ANATOMIJA
7 ~

Waxman, S.G.. Correlative Neuroanatomy (24" ed.). (2000) New York, NY:McGraw-Hill.
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Ghassen Cheniti et all. Atrial Fibrillation Mechanisms and Implications for Catheter Ablation.
Front Physiol. 2018; 9: 1458
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Blue: Postganglionic sympathetic nerves
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Purple lines highlightedin yellow: Effects of renal denervation

Sirdies ritmas reguliuoja Autonominé Nervy Sistema (ANS). Simpatiné¢ ir parasimpatiné
skaiduly projekcija atlickama paravertebraliniy gangliju ir n. Vagus.

Revathy Carnagarin et all. Sympathetic Nervous System Activation and Its Modulation: Role in Atrial Fibrillation. Front Neurosci. 2019 Jan
23. doi: 10.3389/fnins.2018.01058.



N. Vagus fiziologija

AChE, acetylcholinesterase;
AP, area postrema;

DMN, dorsal motor nucleus of the vagus nerve;

LPS, lipopolysaccharide (endotoxin);

mAChR, muscarinic acetylcholine receptor;

NA, nucleus ambiguus;

NLRs, nucleotide-binding oligomerization domain-like
receptors;

NTS, nucleus tractus solitarii;

TLR4, Toll-like receptor 4.
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other immune cells

Bonaz B et all. Anti-inflammatory properties of the vagus nerve: potential therapeutic implications of vagus nerve stimulation.

J Physiol. 2016 Oct 15; 594(20): 5781-5790.




N. Vagus vaidmuo

Enteriné Nervy Sistema (ENS), daznai vadinama ,,antrgja
smegenimi“, yra periferinés nervy sistemos dalis ir
autonominés nervy sistemos dalijimasis, kuri kontroliuoja
Sirdies funkcijg, ypaC simpatinémis parasimpatinémis
skaidulomis.

N. Vagus (NV) stimuliacija paprastai atliekama kairiajame n.
Vagus (NV), nes deSinéje NV kontroliuoja sinoatrialinio
mazgo (dalyvaujancio Sirdies daznio formavimo funkcijoje),
o kairysis NV kontroliuoja atrioventrikulinio mazgo
(reguliuoja Sirdies susitraukimo jéga) nervo-raumeny
jungties funkcija, turin€iy maziau jtakos Sirdies ritmui).

Bonaz B et all. Anti-inflammatory properties of the vagus nerve: potential therapeutic implications of vagus nerve stimulation. ) Physiol.
2016 Oct 15; 594(20): 5781-5790.




ANS ir PrieSirdziy virpéjimas

Adrenergic and Cholinergic Contributions to AF Mechanisms
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INSULTAS IR SIRDIES ARITMIJOS

* Arinsultas gali sukelti aritmijas?

* Galimas ne dominuojancio pusrutulio
insulto poveikis?



GALVOS SMEGENUY PAZEIDIMAS
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Boris Mravec. The role of the vagus nerve in stroke. Autonomic Neuroscience: Basic and Clinical, 2010-12-08, Volume 158, Issue 1, Pages 8-12,




NEDOMINUOJANCIO PUSRUTULIO
INSULTAS

Vizualiné erdvé ir kino ,,zemélapio” suvokimas

Mastymas, GPS diegimas, atminties
organizavimas, emocinis atspalvis

Parasimpatinés nervy sistemos kontrolé
(kraujospudis, Sirdies ritmas)

Koaguliacijos kontrolé e
. . . . - T4
Palaiko imunine sistema \/)
/

Neigimas ?

Kino schemos pazeidimas o 7/
. - AN y

Garso suvokimo sutrikimas ~_

Vestibuliarinés funkcijos orientacijos pazeidimas

Lenny E. Ramsey MS et all. Normalization of network connectivity in hemispatial neglect recovery. Ann Neurol 2016;80:127-141



INSULTAS IR SIRDIES DAZNIS
(LOKALIZACIJA)
(o Kamienas; Pusrutulis).
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Hans K. Naver et al. Reduced Heart Rate Variability After Right-Sided Stroke. Stroke. 1996;27:247-251
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qNSULTAS IR SIRDIES
ARITMIJOS

Ne dominuojancio pusrutulio
insultas-staigios mirties rizikos
veiksnys!

*QT intervalo prailgéjimas
*Bradikardija
*Supraventrikuliné tachikardija
*PrieSirdziy virpéjimas
Skilveliy virpéjimas

Cheung RTF, Hachinski V. The Insula and Cerebrogenic Sudden Death. Arch Neurol. 2000;57(12):1685-1688. doi:10.1001/archneur.57.12.1685
Cheung RTFHachinski V Cardiology. Samuels MAed Hospitalist NeurologyWoburn, Mass Butterworth-Heinemann1999;305- 330



Takotsubo kardiomiopatija (TC)

 TCsusideda is grjztamojo sistolinio kairiojo skilvelio
perkruvio, susijusio su krutinés skausmu.

* Elektrokardiografiniai sutrikimai ir minimalus Sirdies
zymeny padidéjimas serume yra panasus j uminio miokardo
infarkto, bet be miokardo iSemijos ar suzalojimo pozymiy.

e Takotsubo kardiomiopatija néra reta tUminio iSeminio
insulto komplikacija.

 Dazniausiai tai issivysto netrukus po insulto ir dazniausiai
blna asimptominé.

* Mot. lytis ir insulos pazeidimai buvo vyraujantys insultg
patyrusiy pacienty tarpe , kuriems pasireiské Takotsubo
kardiomiopatijos simptomai.

Fazio G et all. Clinical findings of Takotsubo cardiomyopathy: results from a multicenter international study. J Cardiovasc Med (Hagerstown).
2008 Mar;9(3):239-44.




PrieSirdziy virpéjimo pasireiskimas
inis jvykis
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Jaakkola%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27936187
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5148080/

Parkinsono ligos nustatymo amzius

Mean age at
Study Year inception (95%Cl) Age at

Granierietal 1991 —_— 62.6 (61.6, 63.6) Onset
Mayeux et al 1995 : i 76.3 (74.3, 78.3) Diagnosis

NOTE: Weights are from random effects analysis
I I
60 65 70 75 80
Mean age at inception

Fall et al 1996 —_— 65.6 (63.7, 67.5) Onset
Kusumi et al 1996 ——— 70.4 (68.5, 72.3) Onset
Vines et al 1999 — 69.5 (67.9, 71.1) Onset
Taba et al 2003 —— 68.8 (67.7,69.9) Onset
Van Den Eeden 2003 | * 70.5 (70.2, 70.8) Diagnosis
Foltynie etal 2004 —— 72.0(70.2,73.8) Diagnosis
Yamawaki et al 2009 —_— 68.7 (67.4, 70.0) Onset
Alves et al 2009 —=— 69.4 (68.4, 70.4) Diagnosis
Hristovaetal 2009 —_— 68.0 (66.2, 69.8) Onset
Linder et al 2010 —i'—*— 70.8 (68.9, 72.7) Diagnosis
Winter et al 2010 —— : 64.6 (63.5, 65.7) Onset
Bauso et al 2012 ) — 71.5(70.1,72.9) Diagnosis
Caslakeetal 2013 E —_— 72.3(70.9,73.7) Diagnosis
Duncan et al 2013 | — 72.4 (70.8,74.0) Diagnosis
Savica et al 2013 . 71.0(69.6, 72.4) Diagnosis
Overall (I =96.2%, p < 0.001) <:> 69.6 (68.2, 71.1)
I

Angus D.Macleod et all. Age-related selection bias in Parkinson's disease research: are we recruiting the right participants? Parkinsonism
& Related Disorders. Volume 55, October 2018, Pages 128-133
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Source: Panus PC, Jobst EE, Masters SB, Katzung B, Tinsley SL, Trevor AJ:
Pharrmacology For the Physics! Therspist: http:/ffwww. accessphysiotherapy.com

Copvyright @ The McGraw-Hill Companies, Inc All rights reserved.

Rizzi G, Tan RK. Dopamine and Acetylcholine, a Circuit Point of View in Parkinson’s Disease. Front. Neural Circuits, 22 December 2017



CHOLINERGINE MODULIACIJA
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e ACh jungiasi prie ty makrofagy a-7-nikotino ACh receptoriy, kad slopinty tumoro nekrozés faktoriaus
(TNF) a, pro-uzdegiminio citokino, issiskyrima.

* Paskutinis kelias yra bluznies simpatinis prieSuzdegiminis kelias, kuriame VN stimuliuoja bluznies
simpatinj nerva.

* Norepinefrinas (noradrenalinas), iSsiskyres bluznies nervo jungciy distaliniame gale su bluznies
limfocity B2 adrenerginiu receptoriu, atpalaiduoja ACh.

* ACh slopina TNFa iSsiskyrima iS bluznies makrofagy per a-7-nikotino ACh receptorius.

Donald B. Hoover. Cholinergic Modulation of the Immune System Presents New Approaches for Treating Inflammation. Pharmacol Ther.
2017 Nov; 179: 1-16. Available in PMC 2018 Nov 1.
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@ e .
Parkinsono liga ir n. Vagus echoskopija

PL susijusi su abipuse n. Vagus atrofija bet ne
su n. Phrenicus.

Tyrimai parodo, kad viscero-aferentinés ir a_
viscero-eferentinés n. Vagus skaidulos v: - .
labiausiai pazeidziamos sergantiems PL. ;é e
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Walter U et all. Atrophy of the Vagus Nerve in Parkinson's Disease Revealed by High-Resolution Ultrasonography.Front Neurol. 2018 Sep
27;9:805.
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Mayer EA et all. Gut/brain axis and the microbiota. J Clin Invest. 2015 Mar 2; 125(3): 926-9
Marilia Caraboti et all. The gut-brain axis: interactions between enteric microbiota, central and enteric nervous systems. Ann Gastroenterol. 2015 Apr-Jun; 28(2):

203-209.




Mikrobioma ir priesSirdziy virpéjimas

Trimetilamino N-oksidas (TMAOQO) stimuliuoja
priesirdziy virpéjimo issivystyma (PV).
Mechanizmas priklauso nuo Sirdies autonominés
nervy sistemos (SANS) aktyvacijos.

Zarny mikrobai gali dalyvauti AF progresavime,
reguliuodami SANS aktyvumo jtaka TMAO.

Yu L et all. A potential relationship between gut microbes and atrial fibrillation: Trimethylamine N-oxide, a gut microbe-derived metabolite,
facilitates the progression of atrial fibrillation. Int J Cardiol. 2018 Mar 15;255:92-98.
Mishimas RS et all. Microbiome and atrial fibrillation. Int J Cardiol. 2018 Mar 15;255:103-104




Myocardial Infarction, Stroke,
or Death (%)

No. at Risk
Quartile 1
Quartile 2
Quartile 3
Quartile 4
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P<0.001 by log-rank test

1001

998
1003
1005

(TMAO)-Proaterosklerotinis metabolitas, trimethylamino-N-oksidas.

H—

D33
940
938
913

Years

869
8384
888
849

827
843
835
791

n 25—

TMAO

Quartile 4
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* TMAO gamyba is dietinio fosfatidilcholino priklauso nuo zZarnyno mikrobiotos metabolizmo. Padidéjes
TMAO kiekis yra susijes su padidéjusia didziyjy nepageidaujamy Sirdies ir kraujagysliy sutrikimy rizika.

W.H. Wilson Tang et all. Intestinal Microbial Metabolism of Phosphatidylcholine and Cardiovascular Risk. N Engl J Med. 2013 Apr 25;

368(17): 1575-1584.




Asociacija tarp epilepsijos ir priesirdziy

Virpéjimo

Ben-Menachem E. Vagus-nerve stimulation for the treatment of epilepsy. Lancet
Neurol. 2002;1:477-82.

De Ferrari GM, Crijns HJ, Borggrefe M, et al. Chronic vagus nerve stimulation: a new
and promising therapeutic approach for chronic heart failure. Eur Heart J.
2011;32:847-55.

Shen MJ, Shinohara T, Park HW, et al. Continuous low-level vagus nerve stimulation
reduces stellate ganglion nerve activity and paroxysmal atrial tachyarrhythmias in
ambulatory canines. Circulation. 2011;123:2204-12.

Bing Hu et al. Association of B1-Adrenergic, M2-Muscarinic Receptor Autoantibody
with Occurrence and Development of Nonvalvular Atrial Fibrillation. Pacing and
Clinical Electrophysiology, 39(12) - November 2016






Rekomendacijos

FAKTAL:

*  Atsizvelgiant n. Vagus - ANS sistemos vaidmenj Parkinsono ligos (PL) ir prieSirdziy virpéjimo (PV)
atsiradimui, PL gali turéti komorbidisSkuma PV. Be to, panasiai kaip ir kiti autonominiai, ne motoriniai
simptomai, PV gali buti Parkinsono ligos motoriniy simptomy atsiradimo biomarkeris.

* Simpatiné veikla atlieka svarby vaidmenj inicijuojant ir palaikant PV, o Autonominés nervy sistemos
funkcijos moduliavimas yra svarbus gydymo metodas, skirtas pagerinti PV valdyma pasirinktose pacienty
kategorijose.

* N. Vagus neuromoduliacija gali padéti kontroliuoti prieSirdziy virpéjimg ir Parkinsono ligos progresavima..

HIPOTEZES:
*  BPG praktikoje reikia dazniau tikrinti sveikus Zmones, turincius specifinj fenotipa.

* Svarbu jdiegti naujas ir efektyvesnes tyliosios PV — dél daZzniausiai pasitaikancios insulto priezasties -
tikrinimo strategijas.

*  Pacientams, turintiems konkrety fenotipg, rekomenduojama atlikti n. Vagus nervo echoskopija.
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