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Abstr aecntg liins h

I ntroducti on:

Atri al fibrillation (AF) I's the most common
associated with an increased risk of stroke,
(HT) i s f-®u%dofi nABOpatients, ts8rapodnndtwpkhde
and triggers hypertrophic and profibrotic pe

potentially favouring the progression of t h
possible risk factors and | a rfaget olre t ke ppgredces
structur al remodel | i ng r erai ms |iamogcempakne treally
combi ned rapi d atri al pacing (RAPDOCHener a

(desoxycorticoshduord acetaigali mogmppediretewnrsii toyn
el uci daftaectmirskdependent mechani sms favourin
fibrilldathion.study, we aimed to investigate

structural remodelling during atrial fibrildl

Materi al an:d Met hod

17 | andr ace pi gs wer e -manochpl anteelde meit tr h c alulsyt ¢
pacemakers to i nduce AF. DOCA pellets were
subgroup of 9 animals (RAP+DOCA), the other

Pacemakers wemrde aacta vmate of 600/ min two w
samples of both atria were obtai nedt d&iomri mg)a,l
atri al f iobsrroR@ss t g iPnicmg) and aodnmeaxiimbhudBon Ca&

i mmunofl uorescenceosooptcontonabysms) .
Resul t s:

Ani mals in the RAP+DOCA group had significan
|l eft ventricular hypertrophy. HT was associ
Hi stol ogi c evaluati on showepder br apspeazlt(iccrasd
cardiomyocyte area: LA: 24B,p<MN4 10.18 VRSA. 12774
(232,326) vs. 1)8p6<.08.(0116)9 ,a2s0 2wWe IOm as i nter st i ti
vs. 8.5N1.6 %, p<0.001; RA: 14. 4N3t4ibati &n

11



Cx43 remained unchanged (0.37N0.1 vs. 0.39N

|l ongi tudinal sides and at intercal ated disks

Conclusi on:

I n this model of secondary hypertensi on, H
pat hwaysnagr eav edildt irncstk Hfegmmdént structur al r
atri al fibrillation. These findings wildl he
progression of atrial fibrillation in patien

12



Zusammenfassurmrdgh i n Deut s

Einleitung:

Vo hoffl i mmern BeashadiHendmiydgsPeung des Mensc
ge hmi t einem er h°®hten Ri si ko fer Schl aganf
Mort adiinife-80% all er Pati enteerhemiden Vamh oafrftleir
Hypertoniei,nwehahlk2ngi gerawfrdeat ke toeinmgerVanreluo
I st AuCer dem fordert gt esletrur BRIl bekoWaka maer
HypertrwmpdieFi bdioes e Rlesnoded bengi cheneten wund
schlusseda¥idriaarhsctdeei Aenhyt hmie f°%°rdern.

Aufgrumd | bder |l appung me Rriesriekrof mRgbr eherund d
Het erogenit 2t der Patienten, i st das von
fRemodednadcnhg ni cht vol IW§ tr @ nhda bge nig mVkak rthruotr f .cf H
schnell e Vor h(oifapt idmud tarnoii-afmAP )paaucsi gneglnfi stt , d em
sogeanntmMEOC® ( Bsxoycorticos)t menaaet aytpieeritéoen H
i nduzinereti,nem GrbhE€mbemmedtelch k°nnen ddeeMech:
vonRi si kof aktoren abdfragiRRgrogredsiwmd von Vo

bege¢nstinener aerfdgeenk!| 2rt w

Das Zi el di eserdeSt ulii ®f lwasrs evson arterieller
strukturelle Remodelling beim Vorhoffli mmern
Materi al und Met hoden:

17 Hxzlbhswei nen wugeeaes angefteerlteingetttereluee o b

Schritt macthewumVaonrph afnf laiummeairl P s eeKolkrovba 9
Tieren (RAP+DQQOAP tsbkiudéann DOCA Pell ets i mpl al
arteriellen HyperbDioemugs e raaurs z 8|1 °© Bieer. e ( RAP)
Kontr ol |IDyirewcphfei.t t macher wurden vaaf 660nh&i nFute
eingestellt und zwei Wochen sp2ter wur den
ent nommean eurar di grfyGoamiyttteenl s HE &P @ kel ndiergo s

Vo h°f eo s(rPRe Fa)rbumdg die Verteilungmidesel €0
konf okmmehobdéreszenzmzkramskloypsieer en.

13



Ergebni sse:

Di e Ti er eRAPFDQ@@A uppe zei gsegrkidgntnem arter.i
Hypert omdis eiune konzentrische i nlAstvent el ke
Hypertwai e mirthebl i chem SstrukdaugedilBeer t drabbau
hi stioslcongpen Eval ui ebiuatgr iddylipgetrd r oipahridei odneyro zK/ t er
(Kadiomyozyten QuerlshAchnPtd8s7Na&h8e Jvws<0.DA4. 4K
RA: 271.6 (232,326) |vps<O0.10816. 8 (nteex,s2aqA)hAedm e
14.0N2.2 vs. 8.5N1.6 %, p<0.001; .RA: zédgdudl3
sich jemdotht &reschied in der(0Va8r7tN®i.llu nvgs . v o0n.
Ver ha | tGx4Bnvarer L2ngsseGltan zzsut rGexi4é3e ya n

Conclusio

I n diesem Model | von s ek unnadc®hwgeaemswadry plemt o duass s
demarteriell e eiHyHpyepretranmdosphi My okaruddi ozgt mehrt e
Fi brosgeur.sadcdstgab si albhs gee pnre?og tne Riofi ko-f aktor
abha@ngigem StrukturumbabDi dee MENVK® Immifedns ednanzeur
beitraggegnundel i egende MechanigsmeanVodhef fdleinmni

bei Patienten mit arteriellem Hypertonus f°r

14



|l ntroducti on

Atri al Fibrillatisesunsi adatrédddi anco sairtriameynetvaail & n c e
rises especi al lyyaritn of het hel dpeorpul at i on. Not
hospitalizations | pat eteanmé D iddrud yaldrstoy tnuel t i p|

significantly.

Th e risk of i s cehmleam awe $ athrhglk etsh e out aome a
t hromboembol i c eaetwefniddrad dAlhsaes i lgyo o (¢ compared toc
due to oth€&€herefaBimsns .i mportant economic fact
health system as well as an iGgnmphealmehnht aod

guality.

Hypert giHdc)oounnt s to the scientifstmdd ympelovies
knownt men specific patglhevagsalpirloimoy ofntgAE and

progressiomalofamsd reulceecut ri cal remodel |l ing.
The goal of this studyaywasantdo mexmlamr es mshe fp
progreissewvear al way sc.ompllder wsetgu @ upiso me gri usp

with AF and othTt raond gtrhoeu pc wi t h AF onl ywe To pu
usead wes$tl ablpiosrhceedn e Wenode mbamiedl atri al pacing
custmande telemetrically ctoanhdowodt¢é aBlFe wp & & e mark
DOCHell ets (desoxyxearatieogstoergemer ate hypert e

After a macroscopic expl orhaitsi odni polfo nmbihbet hiensd usc
onhi stol ogi cal samphesi abtaheedaoh bothbs of
sipé the cardiomyocytes, the degree of fibro

The firstgiolkeaptaerbr itelfatirn @il g hatn pdfp sniy,o0 lawmlgdiy | e

chapter two wil/l focus on.the pathology of a

Chaptéredeescusses the mechanismse dewadi opgmenot
t heori es from the mul tiple wa vre |l @i a rtchheiocray

organi zadntemiagna me®tors to explain the idea o

Thé ouchapwielrl ariisscku sfisanotr ®p s c i fair ¢ @&lrylipeelr t ensi on

and its influence on arrhythmias.

15



Thefi thhpitera review of the currenemda&adeiwl ien g
and chapter six explains the materials and
porcine specificolamgay oanympanrde do htyos ptehce aH U nga nt |
topogr aphyucatnidonc osnydst em wi | | be discussed as
DOCA pellets and the processing and staining

Finat heg, practi cal parotvemnd$r etshud ¢ s h mmstlasned

concl usi ons.
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1 At ranalt omyelaencdd r ophysi ol ogy

1.1 At r anaalt o my

The | eft and right atri uno aeraec M ruahtdiadmies t ah & g
wi || dxplediely most amgtoatiaemadllmar ks and their coc
arrhythmogenesi s.

111 Lefattr i um

1. Aort a
2. Superior ¢8v@&)cava
3. I nferior (We&/rCg cava
4, Orifice of Il eft in
5, Orifice of left su
\{ 6. Orifice of right i
11( 7. Ori foifcei ght super.
\ 8. Coronary sinus
..\ 9. Circumflex coronar
10. Mi t r al val ve
11. Coumadin ridge
12.0ri fice of Il eft at

® ©
Figdrebemati c anetfamya(trfi utmhe |

The lef@tLARYOnsiusht sfedbmponehes!| edppanddd@d)

t hwee st itbhuele @ 0 u sa npda stehpet. u m

The Il eft atrial tappemdaygepbaerctul wirft dig thmrewc t buyr e
pectinate nmetscékeexatpitumf a small rim betwe
LAA anldeftthesuperior. pul monary vein

The -csad ivedt iobal € he name for t heasmaaotkh t r @mlb s c u

val.ve

The four pul monary veins (I eft andveriinght ¢

continue i n myocaeuddal neidtduypsaeWi.bamd fatty ti
surretamdmuscl e cel.l sTfhirebr ¢ebeaveidsrected i n
described as | ongitudiWhal ecialeri ef<c ulb @atr weaenrd tolbd i

ri ghut momargsugpelrvimnfreproentat ai

17



This part t ogoesttheerri mivi twmmdtlhefp atr gaeamesfoatri b
AFanpgl ay an i mpabl afntt oatod i @

The mentasotneerdi o owamposed i ot ec emplceax di al fiek
orientwawaridous di TkRicd i ®enhaborate architecture
may be hypotheti cradtloys s sclBbapPttréat e f or

Generahky ashhrovwsnss anat omitcaln W arer ireirgsht o]
suppanutlg i pl er enatvréikeese cBafjt égprossi bly | eading

AR.2)

1.1.2 Ri gd&tri um

1. Right atri al append.
2. Crista terminalis
3. Fossa oval e

4, Superior vena cava
5. Il nferior vena cava
6. Ascending aorta

7. Eust avhilar/ ret e

8 Orifice of coronary
9. Septal tricuspid va
10.Ri ght <coronary arte
11.Ri ght ventricle
l12.Cavotricuspid isthm
13.Pectinate muscl es
14.AV node

Fi g@r eSchematic ain@ghtomyt)yoifumhe r

The rightRAd mtiaiimms | mpor tantcopnadrutcst i cofn tshyes't e |
si nusd,dnhe-ndA¥e anH btumea |l e

Anat omi c al structures dandehtit i et dagiragmepadage
the vestibule and the venous part.

Theectinate muscles again charactletrd zter & thesc u

origfmammed are cohktionedsbyw terminalis

Theesvtibssbmooth muscul atrhepaattr iaorvoeurntdrni ctuhliasr
casettheuspid valve

The rigkmhoatnmripalet wCasndSM VC and dae@easgni fnrad mgtrhoe
t © hienteratr.i al groove

18



An i mportant structure in el ectirsopyisaimi ®@gy
ushapmdscul ar evienutcutaulrleyB g ch mé@ nwn dtlhdehi s bundl
S t he el ectrophystibWwWayi aald icpranrsaozltieslindddt e d
muscle fibres. The ter miamals odrresti ci sc olnmarvern i
velocityiinmll adngietcwcdomnrd uadmd am ansverdsuael tdi raec
di sperse di stribution ohfi s ganpay | arsecfthia@dent d e n
arrhythmogenic substratieprfeodmoamat ry alat tia@lhy ¢ &
contrast to. (t2he | eft atrium

1.2 Acti on potemdhiaalned rsd

The atrial aalcAm)as potemtaingulhaer pslhaatpeeauands e
present pponbessed compared to the ventricul e
of the AP duration and mor p hTohleosgey afmaectttsue t b e

the different concentratiiometoifc i @fn rcehmanlneaerli =

For examplids-16 ti mes | espr asearsteed t han in t
which | eads to a high resting membrane pot
threshold tanaberewasdP|l myoepcbhdedare.more easi
Consequetnrtolail, ieed a smaller size and | ess d
the surrou®amed hieen |l shankel ¢ he ultraectipifiderd
(k) and t he accgtuyladreadkdconeer peadorilnant|l y expr e
the @8Y)yi a.

0omv | 0 mv

-50 mv -50 mv

Fi g&&reAtrial AP afé&)ventricular AP

19



2 Atrfidlri | I ati on

21 Definition
Atri al fibrillation is the most c o mantorni ad ar
myocardium and evokes unorganized electrical

600 bpm), whilkdéd phesil alpogithe panembkeal nod

waves vary in their amplitude,id eswamgenplaintdu d
basel ionscid(@Gndme someatoit mepser cepti bl e I n t h
electrical potential does not | ead to any ef
al ong wi t h an abgaloutecegubarhytommireegtuil @am i n
chamberef f&loctsal Med hyt hmia@a. absol u

The effective heart r at-226 0i sb puns)u ad Addr atslhheo t e a @
fi

l ing i s consequentl y deRcrienatseerdvrad ussé htr\gs tah e

chambers adapt insufficiently duringtphysi ca
a |l ow stroke volume and a pulse deficit. Th
examination would be an irregular jugular ve

the first heart sound a(mMel) the striking irreg

22 Epi demi ol ogy

As already oamerdi, al fibrillation is the most
cardiac rhythm particularly iAr otuhrgdoelbtiet hyg |
European pesplut at ABEM amd enthmber s i &ate rssing.

preval encei bafi ldtatiialn fi n Europecti egeamagrioaxn ane

Obvi ohmhel ynctreasing age correl at3)s directly w

A |l arge epidemiological studyiFi amMaglsa@aohsitsed
showhat the | ifetime risk for developing AF
and 23 % f(o8r) women.

Preval eA&e ofAge

1,00% <60 years ol d
~12% 7584 years ol
> 1/ 3 80 year9) ol d

Tabl:e Preval enicnek eodlagtefoB )t h e

20



23 Cl assi fication

Paroxysimmahi aFtype is | asting |l ess than 7 day
converts back to a sinus rhythm spontaneous
ectopic atrhal pédeaxys mal type al wayggermh.ows
Consequeheir®m, substrate for aab | ptowfoha FfbDcalh
monomor phiid ttriis oearbd( 24 F

PersisteinNo ABpontaneous conversion, but p
cardioversion il4 lgatsitlilngpo/ssddy®. to sever al
potentially reoccur after a successfidl icard

| asting | ongieitrs tchoanngliadnegreeada(n6d)i n g

Per manent ( cihTyomiiccd ! | AF associ ated with unsu
neither el ectrical nor pchaanr mleevelr ad i w@olo.t hBh e

s eveyreaal(lr 8).

24 Sympt oms
Sy mpt oms and signs ovd rtshed &mryni n®tat ngntepi sode

sometimes are asymptomati c. Wi t hi wah i prho gcraens s
happen oveipaticandts can feel pal pitations, a
effort i ntol erance, angi nadipzezcitmoesiss, andhoe ¥ @

presynacreygeaeco¢pBlgn mor e s eyvtelree fciarssets sy mpt oms

embolic event or right heart failure.
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25 ECG characteristics

= A { _‘_1"_ am».dx/\m, WJWW
I Vi

Ly \L%i_v.wrMMMw%(W
/‘W WWWW
FECCINI RPN

e T A R L_AL;& S IL__JL/\_L/\_,L/\—JK/L.JL/\JL/\-_JA

aVL v ‘F

AL LA Packa g .,Jw\_,_l_xx._l/\,_,,}wu /WUW_LAMRAA
aVF vé

Figdre48 year ol d, feawmaldde patient with de

Figdred4d8 year ol d, feonaAbelypataknEC®Irfdhaitser es
patient with new amdflotwauves . alarfrnlbyt Hriad i @ams o
QRS compl eX¥®WE lmmi brill ation of the baseline

26 Complicatimombdi andy
AF | eads to dilatation and fi brfoadtice rleanmidmea d

flow converts filmtwg cammti weshubbusleegotent |l y | ead to
complications | ike an ischaoamildisntgr phkeo.ceBser
tehronic heart failure.

AF is the provz2h%cafusal lofst2Zhokes and the ove

times higher with a history of AF. Compare
neurologic i mpairment i S i ncoampdira bg tymb ahki egch e
deeases significantl|l yeawhent prad mleatisc atr ee authme
factors can be assz2.sk.€di n(isceael c oshtpupdtieensy t he
entricular function for the cardiac progno:¢
ontrol) wianyoadwdirot agesiinmusmarihmytteherm.mse g o f h ¢
ai IAlFr @ ncr e astelsrtediedme str imen kit ot atwotmomé@3a.l i t vy

- 0 <
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27 Ther apy

This chaptes ruinedalrgipgztee t her apeuti cal option
accorda ng hd current (dgwirdefunther 20M4f or mat
AHA/ACC/HRS guideline for the management of patients with atrial fibrillation: a

report of the American College of Cardiology/American Heart Association Task Force

on practice guidelines and the Heart Rhythm Society (9), ESC CIl i ni c al Pr e
Guidelines: Management 0Ll @Adr iFolcuBebr iUpldatt ie
(11)

271 Anticoagul ati on

Af ter the first ol iARA can @Psesesimant oof t he
chaemic strokes or the recurrence of AF sho
therapy. I f risk factors can bewstat edahehe
anti cotagflOQlAGaornew or al lamtN&Addgud el ong. The p
rhytiwnhet her sinusihasy trhan iomp aAckt (AMCHIAD® t her ¢
VASC is a score developed for the ewvnaolhuati or
val vAFarn Birmi ng@gmamiisn aaa0®Avancement of t h
CHADSBI sk .Nocw® a & vAFinicates the absence of any valve disease and

/ or intervention like synthetic heart valves as patients with these risk factors need an
antithrombotic therapy anyways. CHAD SVASC i s anamdrotngmds f or
comorbiditTeaels2.(dli29t ed 1 n

Risk factor/ comorbidity ___________ Poin

Congestive heart f aidwsfedn dtelidenc\ (e Lo

fracO#0%) 1
Hy pertensi on 1
Age (> 75) 2
Di abetes mell itus 1
Stroke/ Transi ent /itshcrhoanebnoi ecmbaotltiascnk 2
Vascul ar di sease 1
Age: -7@5 1
SexCategory: Femal e 1

Tab2e CCB&VAS-GScor e
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There ar e t wo approaches t o manage AF: ei
antiarrhyt hmiccuwrrrugrst oaarddiiroevcetr si on or to k-

under control with oral drugs in a chronic s

Rhyt hmr oclontcan be establ i shuedentthr cgghli odiie
antiarrhythmic drugs and/ ars danidregitetadaad | ani

youemmgati entwlrae®wve/roahe contr ol I's unsuccessfu
and/lerads -bobpga&madkanma ke myocardi al i schaemi a
prefermnabliarr ageéehfisrc rhythm contr ol ar,e ami c

propaf einbmteo tvieden a kafltasmit assessingdcemad widd intg
contraindi@yati ons.

The medi cal approach to controbetbdhechensric
no-di hydropyridine <cal c,i uani gcihtaanlniesl galnytcaogsoind ess
ami odaabhner assessing possoirblreadded rotnr awintdh c a
medi ca(tl ®)ns.

Di fferent straffegiqgeaenayi mdpl aadiba (Iliikmi tAVd nto

patients with I mpl @Vt edopademakemrs)abl ati on ¢
atri al el ectrogr ams can be considered afte
treatments and in patients with remaiereidng s
a very close evaluation as al/l these proced

Il rrevedsmbl ar procedures eXi s4 ntuesn nigt yc rfymal
ukrdasound or sur@i@pl techniques.

3 Pat hophyifolAdgy
The i1idea of AF iexca temaaoits c twdiigghéered and m

through atri al filmr caxaisef andd dalsisgati me, atri
t akes ipellaecce ri cal |l y anndosstt riuncpourrtadnty . elTehaet r i ¢
t hatclamgairneg t he action potent i allheansdt rtuhcet urr e
remodenillilngoe di scusseadriuctQhmapt &kremodel | i ng.

Thsmprocesssuppstrabidi thgrami city of AF,al esse

succesafbdl ov erssubosne gapadotniog esel @sehe | onger
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episodes of ARepmoséebpsefpantdways establish
Substr aatgeahtmhps ust ain t heA asrtiundypyt h mkve g f bgl s et

ali.m99dbescrtibhesel ectrical remodé@lilciinogugt hcaitr cll
Mtrial fibrill altatoinef®)egets atrial fibril

We parti al | yeaucncduemasttéoaordiwdingdildd b et ween each pat
and offer di fferenitn tthleiappedewc paphwaygs. | ea

arhythmias and wislplechal. dgsc¢moi BAEd

31 Anarchrgahi zati on

Mul t i pdregaminzed sources imdacchg(c’aAF AFe call

After many different theories on the initiation of AF Moe et al. established the multiple

wavelet hypothesis in 1959 (14). This hypothesis proposed several simultaneous

atrial reentries and self-perpetuating wavelets as a way to maintain AF.Never t hel es s
It requires a sufficisast anamikét lzerthisariaur ce s
mass. A defined conduction velocity and refractory period may be necessary for a

long and self-sustaining arrhythmia.( 1 &h ¢ her apeutic approach 1is
propagation of the wavel et sSCoxy Mameelt gptal i pc
sions in the riighkeamrdmbhekd Bahduaoe psrceavre ntti s s
the condulkéemwlnt iofleeaaswavehoul d héllp)to cure AI

3.2 Hi er ar orhgeamilzat i on

This theartyhomaechani sms i n h & IFeersaapa tde ssoofuhracte

activahidimschhogaeTHhese sources h a vteh atmh ehi ghe
physi ol opd ceaa e e c arne emetirrycui ts as wel Theas | oc
atri al myocardium cannot f ol l owe actontdluet § a me
i rregular at a | ower frequemday annd 2d arcsud g e n
Concerning the therapy, t hewi ftrdacdail o sforuengcuee naa
terminatéd@hebe ABcal sources can be anywhere

usually a hi gt opat/eadnotiuamgge pul monarTyhev diemran f
(idiopathic) AF withofdtonanytdewm@dcialblre | daus o
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|l 199HBai ssaguerre et &dbcabi sooveeedof ectopic
confluenP¥ of the criimta diegmifniadarst percent
mapping with a mul {Th e loeccattriecane | oceastthea®d i. vi t y
el ectrophysi owasgo catltehbet iumyioecsar di al sl eeves o
veins insed%el EbBe sntmoormve depol ari zed resting
the upstroka delkoeiaspgdthse wellomspotrém)l i al
These par oxysms rarpii gi mda tsicrhda efgre®@msbfec adawmlrdni nat e
by radeguencyl mbbhatp@bbewentlhaster 69% of the
were free of AFl Mdnter elabdartatoen. t dclemiuenesy
abl ation are established by now.

Mi csrcoopi ¢ studies proved a similarity betwee
pul monar Ynveihes.othdf ehand dtudies showed ab
l i ke for example cells similaas tweltlh ea so nstsr
changee ifnbthk oni &VWtsatwidm diBEvVemnm einat eaned fhiotdis
|l i ke cells (1 CLC) that show pacemaking actiyv
found in humanTaesieafmadi PYpl ain the trigge
t his Binss umreay have an i nfl uealk®ehooung ht hteh e c oen
rel evance of these c.b@8hagpddseho@&@maionvse rwn elwe arf

studi es.
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Aut hor s Met hod Ti ssue Findings

Masan(ilSIE!ECtronNormanﬂ PV Nod-lelke_c_el_ls v
mi croscoa pacema&dtnigvi ty

No evidence f

. 0|
HOCInetIMapping Nor mal dogmyocytes. Abr u|
t |

al19) fibre orienta
VerheuIeE!eCtron Nprmal myocyte:

l i ght Nor mal dogcircumferenti al
all 20) :

mi cr oscoc myocytes

El ectron PA$osinadlee ke ¢
Chou CC'Iight Nor mal dogabrupt changes
all21) . : :

mi cr oscoc orientation

Presence of noi
Per-ez lectron transi ts,onladr ge
Lugones microscoHuman PV Pur k-i nke myocy!
all 22) historAgnot AR
without histor:

Mor el e1E!ectron Small CLC (i nter ¢

mi croscaocHuman PV :
al(.23) . l i ke cel |l s)

i mmunost

Non
Hi nescu conventiHuman atriICLC
Et @4) 1 ight myocardiun

mi cr oscc
Tab3 e Overvi ew off iakdn crgmal cel |l

322 Enhanawrtdomati ci ty

The myocytes with pacemaking activity show a

A |l ower threshold of the acti on imo tpenatsiealO,( .
| ess negative maxi mal diastolic potenti al or
diastolic repolafr3lhasi onecicmuipsimdbdei . hftouvma n

myocytes but a caushticaae dcacr alrathiyfdunrntishaesr m:
investi(®éati on.
323 Tri ggactidvi ty

Cell s can be activsadieldl @gityi prmesnobrr aancet ioon pot er
r e acnbghien di vtihdrueasthnodindd up i n depol smaindatai omre wo f

APThere are two different points in time whe

befeoror after full repol ari zati on.

T EAD$early afterdepolarizations occur in b
calcium | evel £ADUYs cwalnl yobet h nducplBadean phas

t he membrane potéesisaheghti he AP i1 s
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b2N¥YIt -t

I NNXKe i KYxO !t

80 m

Fi gbreEarly after depolarizations

1T DABiT del agéeter d e psool cacraifztaetri ofnul | irne plod taer i
phag8édhewm the AP is more negativeaoadmpare
mai nl y rdaupriidn ggraucitrhgertrhdarse,condi ti on i s as:

abnorimat r aceadll ol amelypi odlsleyived si tuations
di gi i aliicsmt i cerxickeess cat echaosltamunertg on, I scC
tachycar dioaw aenxdt/rpaoctealslsi u(m3 ,|G)vel s

anngguns
ot

b2NXYIt -t

I NNXKe §KYxO !t

Fi g6Del ayed after depolarizations
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324 Reentameod or s

Fi g d:r eCi mocvuesmeenetn (26)y

Circus movement reentry : Reentries can either arise around an anatomical obsta-

cle, so that the excitation wave front reactivates tissue t h aalréady excitable again

shortly after its previous excitation. This part of the reentryi s cal |l ed fAexci t a
and develops because the anatomical barrier defines the size of the circus move-

ment.(25)

Fi g8reLeadi alge wi thou®5) excitable gap
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Leading circle reentry: This hypothesis advances the circus movement reentry
model. Allessie et al. found that in absence of an anatomical barrier the minimal
necessary size of a self-sustaining reentry is determined by the fibre® attributes. This
means that the length of the reentry circuit is equivalent to the wavelength of the
electrical impulse 7 the product of the conduction velocity and the refractory period -
andthey cal | ed it i (6@ @hisifarng of ceentrycis missing out on an
excitable gap, so the wavefront always follows the wavetail and closes the re-entrant
circuit. I n contrast to a fAnormal 0 circu
activated by small centripetal orientated waves coming from the leading circle. This
produces a centre of refractory tissue and makes an anatomical obstacle

unnecessary.(25,26)

W tKFAS &Ay3Id |

2| GSTNRY

I+
0p]
No
O
>
(et
(4
Q
0p]
O
c

Fi g@r eRo(t 25 )

Rotors: The | dae ar ooid@ant hat an #&»diathetsesnar amnd
excictoerde while the different points of th
(different APD) along its curvature. The

S m

an

e r

wayv

fohase siomaqgul drhiet yv ondudcitmionnt svhetldoicsi tpyoi Bt as v
wavel ength Bdsitthdleirgoxtcmirotreed i s excitabl e but

ut est hdpfhas e sionfghuel acroirtey c an nRoott obres esxeceinm etdo. b e
flexible in side mrotd sdéfamxestdanodne a €Eertaen- pl
morehey might be able to break and bend ar o

mul tiple daugymt er rotors.
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4 Ri sfkact or s

Sever al chronic diseases support t ibegdevel c
i ncl(u2dre):

1 Hypertensive H&®O®%W) di sease
1 Cardiovascul(aaz®d0dd) sease

Thisclaodedi omyopdtvluneasscor onary artery diseas

T Heart failure
Hear't failure and AF are interrelated: AF Wi
and this LV dysfunction wil!/ coavwesd oadr i aMh i

promotes the development of a substrate for
1 Di abetes (n2e0%)i t us

i Age

i Secondary AF

Ther e ar e potential sych ewardsithlomarcdadfaees and

noncardiac surgery(agd hyperthyroidism.

These risk factors enhance t he-th®usntoerpet i hii 3k
factors, the more AF

41 Hypertension

Arteri al hypertensiodh@ a9 )nat hbeewaelnemr ad pop!
Europet6@m®d§ 3)n AF piathenpseval ence <correlat
il ncreasing age. Hypertension itself has a ¢

mortality.

Hy pert einssi ome medi cal term for aand & lhoefvfactudd
val ue i&Gl4dmHgrstolic bl ®BRanpdr/@3Brmkgi st ol ic
bl ood prDBsPsuTdener ally approved waguit s aley ir
shaowTab4. e
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Opti mal <120 And <80
Nor mal 12029 And/ 86314
Hi gh Nor mal 13039 And/ 8889

Grade 1 hyperteld-059 And/ 909
Grade 2 hypertel6-079 And/ 10009
Grade 3 hyperted0180 And/ 0110
| sol ated systol

_ 0140 and <90
hypertensi on

Tab4:e Cl assi ficaypemt erfsiacn erPoagddu(eliOng t he B

These values reswiaoddased mpid avigee RICAl p and r ec
for the therapeude caha @igeenympphdemi ol ogi cal S
Sshowed t hadand had &GiBtRieo rpaulllsye pressure (= diffe
and DBP) mogéat atbee utrlean t he DBP to as@G¥ks t he
ri sk in patients o0l(d3e0) than 50 years of age

412 Pat hophysi ol ogy

Genertahéybplood ¢pefisserdheapsoduct of {RO®)card
and et tpoetrailpher al( TTRR)Ii st ance

Consequenhtilgygh bl ood pressure results from a
TPR or a combi hlaei sympétrtbeotuibc srystem, 1+ he RA
Angi o tAelndso srg-yr vthem) and t he plasma vol ume as

function can inflB8&phce these factors

413 Aeti ol ogy

Arteri al Hoygore ritee ncsliaosns i fied in primary and s
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4131 Pri mhypertensi on

Primary hypertensi dens sceamt iaals obaylopek rit dellsadotni ol
notul |y bpyr ovxeivéen ckeniotwt [le about the exact me C
increbbedd pressure values in about( 290)% of
Nevertheless there is a strong association \
family histordysldipibhdsaewneilad nldhes fl ad t®addi ygahs

sodium di et al cohpohly s¢ @rmad u(nBphhss cot ki nva v ngtr s e

pathophysiological mechanism is an el evated
i ncrease consequent!| ysymdmpat hted i cenl@aawawued uy ala

remodel |l ing of the vessel wall s.

4132 Secondary hypertension

The ot her olf0 hpgeacdarptasi ®wftfser from some kind
hypert ermsiren.are sever al iyt onedaidtiinogn st os ehcyopnedratre
| i s tTeadb5ien

Conditions |l eading to hypertensi on
Legal drugs/ medications

or al contraceaprntiivieesp r eNsSsAd rbtss
TCAsg) ucocordeicomigest ants (|
pseudoephedrine), weight | o
stimulants ( metaeamgd penteaamidmad =)

Il 1l egal drugs

met hamphetamines and cocai ni
sympat homi meti c

Renal diseases
pri mary renovascular (associ
dysplasia in younger or ath:
renoparenchymali ddsehsasuf al
ki dney wdglsemesreul ar or vascul

Endocrine di sorder s

pri mary al dphsetoecrhaminsgi@ iy ¢ loGmma g
syndr,emdocrine disorders of
parathyroid gl ands

Obstructive sl eep apnea
Coarctatiaortod the
Tab3% e Major causebypdrtsednadmry
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The current recohnoehdéddbromecondianytihgpeegeh

assessment but not to start speciufnil@esbl dda

patiiemnt very yoanglmdanadontroll ed wi t h a c omb
antihypertensi Mehedeumps e <clues t o It I nt he
examitmon. These specific tests can show posi

to have & elsitglprprbea uitl ittheki Bngmo gt e(cof)i ndi ngs.

HT may eventually Iredidsotroddfevhieoudh eisdatpsgl i s

adjusted téd8 heedgatomot bEgi fi adings in these
a | eft ventricul ar hypar thriogphheyr arnids k c ofnosre gl
Il schaemic strokes as wetl il hage,i nitgyalhceamiba alh e

and chronic KiCKey fdairssehamsgeend en@B1lyii sease.

According to cutramt eguwiedhdliianest,o iassess th
factgdRE) i rai ttiheetreapy because these factors ca

t he overall <cardiovascular mortality.

The ESH/ ESC guidethanes poosidering the blood
as the number of risk famctdbamdOPg Thi sesathyar pr e
seenlTaibTea b6:e Ri sk stratification chart includ
of RFs (31)

strattihfei ersi dlkowf rtaom very high and serves as

Il ndiooabif a therapy.
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Ot her Bl ood Pressur e

asympt omat _
or di sease Hi gh no Gr ade Grade 2
F

WIS woderate

0
ri sk

R
Low

moderat-

di abetes

Sympt omat i
di se,as€@KD
O40r di abet
OD/ RFs

Tab6:e Ri sk stratification chart including the

N
1-
@)

Very high risk

Stratification of the CV risk in addition to
t he need for a medi cal Pparcdacl. ghhaelEISHE
management of artéroaml QBEBeommeadent he ther e

approacheprodabodde in

High normal BP

levels+ diabetes, no medical
. lifestyle changes
previous CVD or approach
CKD
: lifestyle change for if not successful Target <140/90
Grade | low risk several months medical approach mmHg
lifestyle changes for if not successful Target <140/90
several weeks medical approach mmHg
ri S(If ra?aedlehlllg Qn d gfilrar;sl?lltlgn(g:)ig?ﬁfzad medical approach Targrﬁ$n<l_:|L40/90
g weeks later 9

TabT.e Therapeutical approach adjusted to BP g

Lifestyl e chapdest iltkenpadfymhe s mdeal, t srestrict

i ntroducmeidoint eofd agm eraend U ottiadn/absti nence of to

caffande ttlhhotdsai | 'y physi cal activitwWMoatreofhig
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these recommendations are proven to have a

mortahi multiple randomi zemalcyysens.cal trials o

After a cefrtlaimegtiynee change the BP should b
are stild!l not satisfying a Tnheédiircsarie dtiilneert @ pyn ss
ar i bazdiduwercest, ACE inhibitoeseg-paactrpigmotng mgisn Il |
acting calcium cha-hhet kldidtohceknedri vo ilawibdkda 4 h e

treating tmphyisnwdticdalteermonot her apy or start wi -
straight awaryi sakd j fosdtearnsboobi di ties | i ke hear
artery (ddMHM)Easbould be controlled to prevent

avoid structur al cha(046p) as discussed bel ow.

There are practi calnlvye sntd lgaaltidrnigealt etfd kiceas of
as an i ndreipsekn dfeandt or sfiorn toHe Agr oagsr ensoas € of t
having more thafdfheneibreg @eattocult to diffe
effects of the different risk factors as the
syner gdiosmeivea.r j ous ani mal model s chaynp esrhtoewn sdiiorn

on the electrophysiologyaand.structure of fi

An Australian study in an ovine hypertensi ol
time hypertension dmd dettraiidl, rnefodeldlecamicar ge
LA, ré¢duseejection fraction, higher mean ERP

hi gher conduction velocity i ndex, greater

i ncreased interstitial fibrosis(8”2d increase
Ot het ectrophysiological studies shbwt deacr ea
alteration in the atrirads uelftfiencgt i svres ¢reepf irrielacis leoic

and stabiiln tsypoonftamFeous!| y.Fluy p @ e icleeosgee irmat sh
C&*curent denlseiftty a@ad dtabbe .(eX3A)mi ned

Structur al studies show profyiperatriophygharsg ense
myol y8i 83, 34)

These enfafpeec tesx pl ai ned by the higher vulnerabi
pressure and volume over | ossde e nT hteos eb ep rmod d iba tc
angi ot ethesp ean dlein t and -iamde pdmredentn mdchani sm

i ncreased apoptosis and fibrotic remodelling
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this mechanism was caemmuoedsadlf atc@edhgestfiaveé uhear

(CHREX may expl ain tehd iantgr unt thryagplé Brbéemesd on as

5 Structur al remodel |l i ng
The following chapters give an overview of
structur al chgngersrodghelAdFpi nSt ructur al remo

course of the tcomet ainbtuhliet sgrrdogiree sisni s i 6 AR
I nvest.ilUsautailol ny t he structur al al t emarntilon) ne

compared to the e6(@&fheaikalttearl terlalti ammot be

t hesi s

Atri al dilatation occurs in AF and has a st
Most notably the |l eftchitmniom idaweal suggesi ed
tion between its size and the presence of A
ease (isolated mitral or aortic valve disea
t her mohree atri al Size acltstonvbesélongptapgodi ni
success of ¢&8m®Bdi oversion.

Onlvyerfyaol i ni caffocsusidoresstructown alr ergened df ealgltionrg
atri al dilatation a small priozseeacti hemanupgast
with AF. The echocardiographic studi es I n |
showed a significant-28nomead $@LFA nmesarzev alfume
to 643 1 RAmmean volume?3 49 .Thet ecxr@ibtuedriioam we r e
regarding comorbidities(is.ug@.pos it g mdagrf iatdraindaul sradt
valdieseaedd, viemtartihodlogr exi amnd ngr eabnor mal |l ef
Theretbesegeg data support t satat susataidnddat AEFEi 0o
extent of the infcluenske f @foh®y(®3@i)eimat n

Anot her prospective <c¢clinical study plTuhbel i she
ainm ot his st uadnyt iways tthoe gunfl uence of the hea
ver sus AF) on t he echocardi ogr affhtikcmailtliyal d ¢
echocardiographiat i enht dieens,it hBdnapd an under |
hypertensi ve hear't di sease under went el ect

di vi ded into two cohort s, one consi sted of
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after a succesf2blhad dreditdweerogihen oncéluadpsle e
to RAlre echocardiographic dtnudiodsshi atohegazsBen r
fol-bpwand showed an increase in thanl afhte at
group with persisting AMNYHAp ed daisrsg dOmd tt he m:
the group maintaining sinus rhythm showed ev

compared to the38)nitial studi es

The vari ous fibre orientation ant rciebutag :n t
conducti on ancihsaoptire&py i &k e A&lnhaetsoemyf)i.br es may r
paral | el pattern |I& Kdundl et h@r Batc hmaren t er m
bet ween/ around t heThpeuwslemosnmea i fvieciansl.y ori ent e
may 1induce dissociated conduction ip@anmnatecs

el ectrograms when the atring umddrhgo coturset wr

AF.3)

Anot her anatomical fact showing a substrate
trabecul ar sdpiucarudieasl olveeyers in both atria.
els the activation patterns in these differ
whi ch may make AF | ess or3gani zed and more st
An el aborate ani mal mod el i n a study from
sustained atri al fibrillation. Thi s nedstcabl i s
by rapid atridespraichbead WHRAW) - fé€eihsi est rad meni
goaftecused on structur al changes in both atr
application of the automatic AF pacemaker

(defined as .AF&xERHYUerho20 syveeks tofe ssuasmpdiense do fA|
atria could be obthay pneerdt raonpdh ys hoof wiepdt ttaio a |1 9 @ Yoo -
compared to the od&t rtihael cnoyrotryqt Me@/perrauhpe | e s s t
i nfluencetoucthreale tsheangésctomi canotc dyualt ¢yt i o
Il nvest Mgac¢ etdal hypétueoapky sciendnifsactad d yy po
the condwhcitlieoni t$ hef ceatduahi on v el orcesteyarntahy |
on the of{Bé&r hand
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Many studies (most of them using ani mal mo d e
study the role of atrial fibrosis.Sonmmet hoef de
t hesteudi es couddhinghemprmpercent age of fibrosi
t he cont rNelvegt oitelpee sessxt racel |l ul ar matrix of
suggesting anthagédeof pentéBsTdihisal cthiammgesi sc.c
affect t heancdonidnudcutcieona hi gher complexity of ¢/

Contrary rteosuttimgee RAP studies opposing coh
controlled ventricul ar eriattihde oft dhu ny¢r douypcsr ea ¢ & @
group wiotnhawtl | ed v(ednIFI)ré atstiteunrd yr astaed s cghefi can
el evated percenamgiec wlfarfliyporiosi she group wit]
onlafrt e 15 weeks Thd RAPMI (nealt @ otnrsopdly sisd lualg ie s
epicardi alanma phpii sntgotl wdyisda)ve d evidence for (
heterogeneity, atri al fibrosis and the rapid
This resultsomagghameeaon the tr eatomamtncaend
of rate cEd)xrrol in AF.

Cardi ac muscl es ar e stretched, intertwinir
i ntercal ated di s csde sTnhoessoemedsi socns ocnoen thaammd and
on the othEmedangap cjaunicadi medsi rmag e

These connexins serve as i ntaerccheelnli wclad rl y c cam
el ect whealklhy desmosomes are responsoml ef for
the cell s,

Especially the cells of the conduction syste
of gap junctiomon$i glesclondoug 44y rveduolcakrt ngs .
myocardium theieheconi dal ceoexmducted faster
compared to conduct i orBeicra tthrea ngsavpe rjsuen-tdiiroencst i:
side connection of myocytes are smaller and
bigger hurdl e ndhaml|l @rtei flualr geanme xi ns of t he

entde@end connecti on.

Connexin 40 (Cx40) and Cx43 are the predomi

Cx45aliso expressed i.n GxMe0 myso ceaxrpdrieusnsed i n 1
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conduct i ochowvwnywaredrs t he AV nodeCxhd endoxphedts:
in the atria as well as in the ventricles. (
and texpaessed dwwnhs t@xeda3n bHiinsd 146., 4 6)

Ther e i s evidence t hat an alteration of cCol

|l eads to an alteration of conduction(3vel oci't

Di fferent st ,sdasesweli h asi manl ihnucnoannssr e sk b v

Connexins may pl ay a different rol e at eV
chronification of atri al arrhythmias. Espec
heterogeneity of distrimbuehendessdt gcoésede
connexin types has been examined. unt i | n o\
foundmitddattpport a specifitepathwa@l3.,cthbu)dl shgrlt

6 Mat er i arhest haondds

6.1 Porcmoea&el

The porat mmy aand physiatwegryy i i mielnaer atto t he
especcahtgrtrhiengcardi ac conducti,dhesyget ®em. tAae
ani mal s and their cardi ovasaatulaa mo dsyynsatma o 1
measur emémnlths s f act makes the porcine model

effective for electrophysiological studies.
Nevert henleerses ,are some i mportant differences
conduction system that need t o be consi de
el ectrophysiological mapping SsSystems.
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6.1.1 Topography

FiguBe Flousocopy of helaeatploetce meposi ti oning: HR,

At f i hew@sotrtibeent aheomn horax in fluoroscopy i s
humans, so thef postiesi adj] aovehntl et a hdki aapmhireag no

i's next to the sternum.

Seconaddrnysi dree imgartt i tsel f: The appendages ar
are small er. Contrathéey apex humarenhenetyg fo

ventricle.

The ventricular myocardi umwihs clhhp ctomstewga ea ¢ h

temall er vol umes.t hildeearaopmeat € reiaovre st han i n hu
andetreoaRgpul monary veins which split early
The di mensions can vary hugely with race, we

6.1.2 Conduction system

The sinus smodeated at the junction bet ween ¢
be at diffat eihpeetehmnjddtdd e tthweri dt@af ter mi nal i s.

Thentrinsicusaalitlgtreagre titse kwmwmami gméy variab
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PR and HV irret esrhwanltssudp seghenslinoatri al condu:

shorter.

ThAV-node is |l ocated more to the right side ¢

the bifurcation is more progk#d&pl compared to

o~y

Figdad®ehe porcidone efnigaandi al mapping

6.2 Rapi d atri al pacing
RAP i s-eastwdllli shed method to induc(ed@®F timi odi f
modedaglhe right atrium wasbpmced with a rate of

6.2.1 Pacemaker s

Commercially available pacemakers caauwrot st
study groupcusetvoanidep gdacemakers tosteamahat hen
rate of ®BlWdseéppracemakers were constructed co
and a freely programmabl e pacing unit cast e
telemetry unit could be connected via a ra
stimul ati oo remiutl ramydt h.m The ckac e makegrr awmesi ghe
and its size was 19x48x10 mm. The apvaacielnaabkl eer
model f or .hulnmaens eunseced €t pamacemakers were | mpl an
by heart surgeonsAf nev@eXsenifl deaé¢ti nigndg.hey <c
at a rabdppemofi 600ce AF.
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FigaRke Cusgnaadmacpep maker s

6.3 Desoxycorticosterone
DOCfdesoxycorticost)esonsiendcceeddaodomrdary hypertens

chemical slightly di fferent and physiol ogi
al dostlemomnki s moepdeelll,etBsSOGA e i mpl anted &ubcut ¢
groinsahldsaded troegtuleirr . nutri ment

The mesmaonii nduce hypertension is via fluid
bl ood vDdwsawy ti costerone acetate is a stero

mi neral ocpyrtetcoentdi onegfresodinumf(edb@dt assi um.
So this mechanism increases the .blThdrietfod rueme
I $ mportteanmomot @assi uamnd e pdethhse expoeaesdi um ei t |
orally or iTrhter aavdevnaonutsahmgped edsf tthhei sr e pr otdhueci bi |
rapid raise of ,t héilkclho cd npmMbeeshsdlbrse( dwe d ay s

64 Processigst@iandadg

The final experemhaoatacrdnegsapli ofstudi es, i n

measur emelndcst,rophysi ol ogepactarsdtivadi e sma papnidn g

ani mals were under gener al anaesthesi a. Af t
obtain sampl es odfheels@atmp | east r iwer eedconse 4%
paraformal dehyde in phosphassudufWwere sembed
paratoéi e cut into slices Tohfe T abml &y @n drE r

di fferentf ost aaisnsiensgs me nt of cardiomyocyte S i

connexi on .Diedtaril Wt isdad@mai ni ng protoexol s can be
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Haemat oxyl i n aanwdi dEed syi onu saerdee r s baidnifig@gelehs i at
Hae mat osylaims basophile structuries 1 @s pgplerepi b
for the nuclear .delttaihsamdctdefcniaEosisn,byom
the other hand, serves as theatbneoasniopdi to
tures such as coll agen, proteins of t.he cyto

Heriet was used fodhecehdi amgbg¢$ilg ar ea

This staining is mainly wused to visualize t
Coll agen is stained in red whiexhriaelps udmaal vy
i n a histological sampl e.

| mmunofluorescence oDanes@amdd4 8 ovievywmdluiaze d¢ts
with the help of confocal mi croscopy.

65 Experi ment al setup
An earlereme@axp showed that after dtewoe | vwepe knso r8eC
sustai Ndgdd ekFfofr AFre thamnmfé6®hmynatres)treated
pellietadditiacn sta@inBAaABe

% pigs free from AF > 60 min % pigs free from AF > 60 min

2 wk RAP
100 RAP (n=11) 100 -
}—— RAP+DOCA (n=5)
80 80 -
60 - 60 -
40 - 40 -
1
20 20 -
o [} ] ] ] L} [ 0 -
0o 1 |2 3 4 5 6
time (weeks)

FiguBde RAP vs. RAP + DOCA
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The experiment consisted of 2 groups: Whi | e
and probes in the right atri a, one cobbort a
t woeeks Afatteerr .t weoe knso rael lw pacemakeatstadweatwefa 600
bpnmVeadd®d goxin to the food to slow down AV

ventricular heart rate and potassium to bal a

As soon as thepi gaPwetaruaeder regular tel emet
rhythm and t o odnest elcitk emad fdamage or di sl ocat
second ddgi tcamcardi ography was performed al
taken. Aft eweaktdhet dli naf £ xperi ment -tamadk pl a
mi croscopic sampl &d&s dewked obéavnelyg. pfr ot beolst

Il lustrguted 16. f

¢PM and reveal implantation ¢ PM an
RAP
(n=10) [ I RAP ]
¢FM+HM.-I. ‘L DOCA-implantation J’ PM o
RAP+DOCA
o | | poca | pboca+rap |
digoxin p.o. 5 pgfkg/d for RAP,
15-20 kg K* p.o. 3 mmol/kg/d for DOCA }4'3-50 ke
T | - | T |
weeks -2 -1 i) i
rhythm checks {1k} - [* B + I+ N + J * T = R #
echocardiography,
blood sampling =
final experiment, colleetlon ==~~~ = o

of samples

Figdde Experi mentianl asdti me fr ame
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7 Resul t s

71 Macroscbpanges

The atri al mass aftvaserfd@mtae r neixnpeedr i me nt and th
24,859N5,625g in the RAP group compared to
group. The right atN@i dl43geiight hwa KRARY 9NBGp

in the combined group.

The |l eft atrial di amet e
parasternal l ong axi s an

parasternalatshdhrerohaxtxigaét

muscl es. The di astolic
and t he |l ef t atria were
S i gcna nfti Il ncrease i n al |l

di ame tReerssu.l t s ar e summar
Tab8. e Figabe Parastern

The echocardiograpbi of m¢ areivceldei n@dat he LA sugd
i ncreased haynperaddoipthiyon al diThatedtti ovne nitm i € hné e
di ast ol i cLVEDDoegtegrhe(r wi i mpiooh¢ aBFsfaourbleefgtat e
ventrfioaoktaron. The obtainedTah8aesnats showna:

significant di fferencfdhebettveer baet hnogtrsaums .

ventricular impairment.

| RAP | RAP+DOCA| p |
24,859N5, 33,513RK8, 0, 021
19,376N3, 23,7R2,9 0,01
77,875N23 119, 111R3 0, 00
13,5(13; 18(16;20 0,00
11,5(10;1 17(14,5;1 0,00
9(8,25; 9 14(11;16 <0, 0¢
8(8;8) 10(9;11, 0,00
43 N4 40,667RK5, 0,31
33,375RKR3, 29,333RfN5, 0,11

Tab8e Summaamagroscmphges
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7.2 Car di o myhoycpyetret r op hy

Samples of both atria were obtained throughct
as descrCihhngpdbeBnocessing aWea tScamkdeimngnapshot
andel etradsversely ometasmyaayt ensumbers of bot
We comple edsess iaocomrals of these myocytes

As Vi suaFliigzdertlehien esrecsts onal area of the myoc)
right atria of the codbdbli nasdowWwRAP+sDIGaOA)s tinc 8
hypertrotphey al ue OilShe&eOcgeocstsi onal cardi omyocyt
l eft atria in the combi heeadmpraordeed twoa s] @2#4.34. N73\6:
the RAP only model. The right atr]i(®2 3&f 312169 c
compared t)o 11686 .20@m of the other group.

Cardi omyoc
crosectional

LA

* p<0.05

2wRAP  2wRAP+DOCA

RA

% p<0.05

2wRAP  2wRAP+DOCA

Figa7e HE stained samples of the |l eft and rig

4 8



LA

RA

7.3 Int er s ffiibtrioasli s
Only after 2 weeks of RAP
combined treat ment showed

and

i mpl antation

i mpressWewetqgulidcr

vi suahezei nterstiwiitéi cirfroiBeerslo s s 6§ ainndgugnt i fy i

afterwards.

The
compar e dN1t. 06 %8 .a5n d

col |

agen
14. 4N3.

conteN2. 2%

Figdmeel ow. -vaheepa®mnl t he

right

2wWRAP

Fi guBe Psi arRe s

atria of

t he

2WRAP+DOCA

%

%

stlag fntedand
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di fferent

it et lt® ml
4 vs. 8.3N1.5 9% in
comparison of the
groups and indi
Coll agen cont
20- x
L]
154 —eq®
L]
®e
- (o] ®
10 o] o
54 o
* p<0.05
0 . r
2WwRAP  2wRAP+DOCA
25+ %
20+ o
15' ]
—.-...-.-‘—
5 “o0
y * p<0.05
0 : v
2wRAP  2wRAP+DOCA
right atria



LA

RA

74 Di stri becoinoe&kd f

We compahaeedistribution of Cx43 with i mmuno
el ectron microscopyCx4Bbeatradi onbéebwgebhudi na
intercal atned hei § HRA®, 3a7t3rdi aN 0, 03779 vs RAP+D:
0,01757) and t he right atria (RAP 0,4569 \
0, 018&3Mai ned edansshamwgkri gumkrel dw.evapl aexe 0, 76
comparing the LA of HothehRA@mdsatpese resuitsido @ot 0 7 3 3

show any significant difference between the groups.

2WRAP 2WRAP+DOC Cx43 distr
0.6+
00 L ]
o] %o ™
£ 0.4+ —_ S
2 o0 °®
i)
&
.E 0.2+ o
0.0 T T
2wRAP 2wRAP+DOCA
0.8+
o
o 0.6+
g t0
£ 04 %o B
c o b
= 0.2+
0.0

2WRAP  2wRAP+DOCA

Figd®e Di stribexionvosSuaetnnmed| wot Bscence
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8 Di scussi on

The aim of this expe¢rfiancetnotr wdaesp etnad emd v epaalt hrwia
devel op a satbrsuataurealf or arrhythmias and esp
hypertensiThesei gat hways seemed t o support

chronicity of AF.

The results as dé@€sbtowbead mamsschaptse moufc ttuhrea |
combined group compared taf toechfey gt wapweekbs &7

fibrillati on

. RAP ____RAP+DOCA_

LA weight (g) 24,859N5, 33,513N8 0, 02 ¢
RA weight (g) 19, 376N3, 23, 7N2, ¢ 0, 01
LA di amed)er (c 77,875N23 119, 111K3 0, 00¢
LVEDD ( mm) 4 3 N4 40,667N5 0, 31
LVESD ( mm) 33,375N3, 29,333N5 0,11
| VS syst ( mm) 13,5(13; 18(16;2 0,00
lvS diast. (mm 11,5(10;1 17(14,5; 0,00
PW syst. (mm) 9(8,25; 9 14(11;1 <0, 0¢
PW diast. ( mm) 8(8; 8) 10(9; 11 0,00
g:;f:g?gfg%%ga 174, 4N36 243, 7RN4: <0, 0
g:;f:gg‘{a’f’%gﬁ)za 186,8(169 271,6(23, <0, 01
collagen conte 8,5N1, 6 14, 0RN2, <0. 0
coll agen conte 8, 3N1, 5 14, 4N3, <0. 0

~

Cx4distributio 0,3734 N (0,3854 N 0,76
Cx4distributio 0,4569 N (0,3730 N 0, 07:

Tab%e Summary of findings

The high bl oodhmwves saursey nleewgdlsti c effect on
DOCAroup shows a much faster devel opment of
atri al hypertrophyhatand ouwlid atbeeteigauhrrienagdy t h e
echocardiographilao ¢Xami matdiedns .we could recr
remodel |l ing |ike |l eft ventricular hypertropl

AF progression (i7)earl i er studies

The hi stol ogi cal sampl es takeemdarflleeset he

macr oscopi cwec hcaonugledsc@alv sie omwmeg o cryd peh yh ygored ti nt er
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fibrAgaism thet DOEA structur al alteration oc

RAP loyn group

The distradmunae@nnsthiows very diverse results
di scusebkdpi.ealamrdn ekper itneeirtse cnhoa nlgeet ween bot h
groups thmbnmayatde a signifiTabhbhe effect as s

Thi s experi ment excludes al | ot her di sease

changes having proven adveruseé aafsfkeicntds oofn vtahl

di seasacctdlaegr at of chdhomrgead ri al si ze. Trhies kc 0 mb
factanwrd tihnedhiert iimg |l uences on structur al chan
i nvestigations to study their I mpact.

Mor eover, sl tdi tviet lopersoe 1 es ullatasy@eom contrlol | ed

studaest here are few patients with AF asd ¢t
di ffocgblamrdtiviefryseaendfd eichnt eractions ofaiwidsher ¢
al most i mpossitbHemt ccl exclilcd @ sredcitnegwmede | i s
preci shei gahnedgr odlbet bt ee results obtained in a
be 100 % transferable to the hWMmeaeoishpeci es
i nduced hypertension is a secondary hypert

compar edany Ipypertensi on.

Nevert httheses , findings wi || hel p to under st ¢
progression of atrial fibrillation in patie
the importance of bl ood pressure icnonptartoile nitns

without AF.

Al | these resfuactsors hdevpandertk form of struct
be set in correlation witTheamtarirchy tammo ggearil g
coundtp prtetvendevel opment of a substrate for
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Annex

Cutting withmthreotromat i on
f Set the cooldAh@ plate to

T Put the paraffin embedded tissee on the ¢

T Set the heating plate and the water bat
temperature to 50 AC)

T Cool the holder of the paraffin embedded
f Cut slices with a thickness of ~ 3 Om

T Take the slices with a brush anandaguthearen

in the hot water bath
T Take them out of the water bath and put t
YT Put the slides on the heating plate for d

T Prior to staining put the slides in the i

Stainolngt isons

10 ml 20 % Phosphon

0, 2% Phosphomol ybdig=selg

990 ml Aqua Dest.

ml 5 M HCL

98 ml Aqua Dest.
Sirius Red ¢

0, 01 N HCL 9
0 ml

0 ml Picric Acid
add

i

| |
o o

PR >+ OFR + N+

oQ O

d sdmemg 2l spoo
id Powder for the

Sirius Red Powde
0O ml Agua Dest.

Red Sol uti
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HEst ai ni ng
Fa@arbeaut omatPDRE2DMAE:OrHE&E s )

1 Start

2 25 XonI b 2 mi +
3 24 Xyl ol b 2 mi +
4 23 Et OH abs/ b 2 mi +
5 5 Et OH ab & 2 mi +
6 6 Et OH ab & 2 mi +
7 3 Al k: 70% & 2 mi

8 2 Al k: 50% & 2 mi

9 7 A. d. 0 2 mi +
10 9 H2 mal aul 0 1 mi +
11 Wa s h Wasser 0 1 mi +
12 Wa s h Wasser o] 1 mi +
13 20 Eos-Piml ox 0 2  mi +
14 7 A. d. o] 2 mi
15 2 Al k: 50% & 1 mi
16 3 Al k: 70% & 1 mi
17 19 Et OH ab & 2  mi +
18 18 Et OH ab & 2 mi +
19 17 Et OH abs/ & 2 mi +
20 16 Xyl ol b 2 mi +
21 E * End

Configuration of the solutions

2 3 4 5 6 7 8 9 10 11 12 13

Al KAl kPBS Al k Al k Aqu Gi |H2m

L% 460d7 180019 02% s | pLlad2923 24 25 26 27

E2 Xyl Atk ATk ATk Eosi W W Ak Xyt Xyl Sl S2
yl o100'200'Phl 0> Xyl |

58



Pi cr osRerdit s ni ng
Staining prarotaddoin ffombedded sl ices:

1 Deparaffinize and hydrate to distilled wa
Xyl ol : 2x (6 min)
100 % Ethanol: 2x (3 min)
75 % Ethanol: 1x (3 min)

Running distilled water (10 min)

Rinse in distilled water

Stain in Sirius Red (Direct Red 80, Si gm.

1
1
1 Treat in Phosphomolybdic Aci(é& mizh)% Aqueo
1
Picric Acid fe&r0 mMi nhi nutes (60

i Prepare 0,5 g Sirius Red in 500 ml satur
(add some Picric Acid powdgmsttad sgagssure full

i Wash for 2 min in Acetic Acid (5 ot in 1
alternatively for 2 min in 0.01 N HCI

1 Rinse in:
100 % Ethanol: 3x (3 min)
Xyl ol 1x (3 min)

i Mount sl i des
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Cx4B8munf | wermnmaese

T

Deparaf.finize

Dry5 o 30 immicnu bfadt0cArC)

Xyl ol 10 min
100t OH 3 min
90%t OH 3 min
70%t OH 3 min
5S0%t OH 3 min

Aqgua dest 3 min

Ant i ceemrirev al

Fill cuvetNa PBMi.t hpkG6 tr at
Fill pressure cookesgt with 500 mlI Aqua D
Put cuvette in theonmwikdedl e and cl ose the

Pr esiss pdeadbyut t on

SP 120AC
SP 25 min

SP 85 cooling down to this temperature
SP 44 ec how |l ong it holds -shgnhbwepundmp
SP 5@ shows tenmper atewrieat i on

SP B b2 3CA shows current temperature

Press tsapart/ s

Wait until thereStgaat/ Sobopds

I't cooliwi dbwnhnakét r8® tmhe.si gnapresosnds agai
St ar ti/sSwiotpc h of f

Cool down 39l imgtensr ofoom t emper aturePBS inse tho
Bl ock 1Wd tBIS A

ca. 100 Ol 1% BSAOf arina mini mum of
3 X 5 min PBS

1. ant iCxAddi e s

ca. 1liomcudaeenhi gAC
Cx43 1/100 in 1% BSA
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3 x 5 min PBS
1 2Anbodi es

1/ 10di0l Ut e)wiomr kKPBS ot ected from | ight
ca. 1liccOb&® min / RT
3 x 5 min PBS

i Staining of the cell me mbr ane

Ca. 10001 WGA 1:3000/10 min (in PBS)
3 x 5 min PBS

i Nucl etaari nsi ng

ca. 100 Ol DAPIl wavr ROProbemi(@aa/ RB&SmM | i ght

wash with PBS
i Embeddi ng

Embed with fluorescence mounting medi

Let dry and <l ofset hdhhecevdgr gl ass with
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