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Atriyal Fibrilasyon

AF heterojen bir aritmi

Mekanizmasi halen tam anlasilabilmis degil
Tetikleyiciler— baslangic

Substrat — devam

lyonik ve anatomik remodeling

Genetik predispozisyon

Noro-humoral etkenler



AF Patofizyolojisi

’ PV triggers / non pv triggers

I

Triggered activity: DAD-eap
Automatic activity
Reentrant activity

&
— o\v.
&

Trigger Q&"‘"

Modulator Substrate

Atrial stretch

Increased vagal tone

Dispersion and shortening of atrial refractory period
Calcium load

Genetic predisposition

* Anatomical remodeling: Fibrosis, adipose tissue, atrial dilatation
* Electrical remodeling: action potential shortening

* Neural remodeling: Nerve sprouting

* Inflammation

EAD: early afterdepolarization, DAD: delayed afterdepolarization, PV: pulmonary veins

Cheniti et al. Front.Physiol.2018,9:1458
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SPONTANEOUS INITIATION OF ATRIAL FIBRILLATION BY ECTOPIC BEATS ORIGINATING IN THE PULMONARY VEINS

SPONTANEOUS INITIATION OF ATRIAL FIBRILLATION BY ECTOPIC BEATS
ORIGINATING IN THE PULMONARY VEINS

MicHeEL HAISSAGUERRE, M.D., PIERRE Jais, M.D., DipeN C. SHAH, M.D., AtsusHlI TakaHASHI, M.D., MeELEze Hocini, M.D.,
GiLLes Quinou, M.D., StePHANE GARRIGUE, M.D., ALain LE Mouroux, M.D., PHiLiPPE LE METAYER, M.D.,
AND JAcauEes CLEMENTY, M.D.

ABSTRACT

Background Atrial fibrillation, the most common
sustained cardiac arrhythmia and a major cause of
stroke, results from simultaneous reentrant wavelets.
Its spontaneous initiation has not been studied.

Methods We studied 45 patients with frequent ep-
isodes of atrial fibrillation (mean [+=SD] duration,
344+326 minutes per 24 hours) refractory to drug
therapy. The spontaneous initiation of atrial fibrilla-
tion was mapped with the use of multielectrode
catheters designed to record the earliest electrical
activity preceding the onset of atrial fibrillation and
associated atrial ectopic beats. The accuracy of the
mapping was confirmed by the abrupt disappear-
ance of triggering atrial ectopic beats after ablation
with local radio-frequency energy.

Results A single point of origin of atrial ectopic
beats was identified in 29 patients, two points of ori-
gin were identified in 9 patients, and three or four
points of origin were identified in 7 patients, for a to-

mal atrial-tissue substrate.** Complex approaches
have been developed to interrupt wavelets, including
extensive surgical or, recently, catheter-mediated atriot-
omy.”?! There are, however, no data about the spon-
tancous initiation of atrial fibrillation. The triggers
of atrial fibrillation may be focal targets for ablative
therapy. We investigated the mode of initiation of
spontancous paroxysms of human atrial fibrillation
by atrial ectopic beats, the characteristics of these
triggering beats, and the effects of local ablation
with radio-frequency encrgy.

METHODS

Characteristics of the Patients

The study population consisted of 45 patients enrolled consec-
utively (Table 1) who met the following criteria: the patient had
to have atrial fibrillation resistant to more than two drugs, there
had to be art least one episode of arrial fibrillation every two days,
the patient had to be receiving anticoagulant treatment, the pa-
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PV-disi tetikleyiciler
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Persistan AF Mekanizmalar

Ectopic focus Rotor Multiple wavelets

O Y

Rotor formation Intramural rotor

Multiple epicardial

' %7‘

Breakthroughs Drifting rotor



Multiple Wavelet — Coklu Dalgacik
Hipoteazi
Moe tarafindan tanimlandi
Eszamanli ¢coklu atrial reentran halkalar

Baslatan ve devam ettiren farkli faktorler
Atrial fibrilasyonun devami icin

— Reentran halka sayisi

— Atrial substrat—> Atriyum boyutlari, kiitlesi, ileti
hizi ve doku refrakterlik stresi



Multiple Wavelet — Coklu Dalgacik
Hipoteazi

e Atriyum boyunca yayilan coklu dalgalar,
parcalanarak (wavebreak) yeni dalgaciklar
olusturuyor

* Teorik olarak dalgalarin sayisi kritik seviyenin
Uzerinde kaldikca AF devam ediyor



Multiple Wavelets

o




Deneysel Modeller

* Allesie hayvan modellerinde AF'nin devami
icin eszamanli 4-6 reentran halkanin yeterli

 Wang-Antiaritmik ilaclar reentran halkalarin
sayisini azaltarak AF terminasyonu sagliyor

* Cox =2Cerrahi maze isleminin cok sayida,
klcuk ve elektriksel olarak izole atriyal
kompartman olusturarak reentriyi 6nlemesi



x-Maze Il Islemi

-0

Cox JL. AnnThorac Surg 1993
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5. Conclusion

The limitations outlined above, notwithstanding, results
from this study suggest that multiple wavelets are not
critical for the maintenance of the arrhythmia, but instead,
are the product of high frequency waves ‘breaking’ as they
propagate through heterogeneous atrial tissue. At least in
our model, random reentry of multiple unstable wavelets is
not necessary to maintain AF. A single or small number of
relatively stable ongoing reentry circuits generating high
frequency waves can provide the ‘engine’ to generate
numerous wavebreaks and wavelets that characterize fibril-
latory conduction and AF in the isolated sheep heart.



Localized Drivers - Yerlesik Kaynak
(Kéken) Hipotezi

* Hiyerarsik elektriksel bir organizasyon
icerisinde yerlesik kaynaklarin strdltrdGgu
dizorganize elektriksel aktivite

* Hansen’e gore AF, yerlesik kaynaklarin hizli
tekrarlayan aktivitelerinin atriyuma yayilarak
parcalanmasi sonucu ortaya cikan fibrilatuar
iletimin sonucu

Hansen et al. Circ. Arrhythm. Electrophysiol. 2016



Localized Drivers

Functional reentry

1- Length of circuit determined by conduction velocity
and refractory period

2- Length of the circuit can change wih alterations in
the electrophysiological properties

3- No gap of full excitabilty (at the smallest circuit)
4-Shortcut of the circuit possible

5- Revolution time proportiional to refractory period

Anatomical reentry

1-Length of the circular pathway determined by

the perimeter of the anatomic obstacle

2- Length of the circular pathway fixed

3- Excitable gap between wavefront and the wavetail
(dashed line)

4- Impulse can not shortcut the circuit

5- Revolution time inversely related to the conduction
velocity

RE 3 | Different reentrant activities maintaining AF (adapted from reference Allessie et al., 1977).

I
|Excitable gap

Spiral wave reentry

T
Depolarization
wavefront

Repolarization
wavefront

1-The point at which the depolarization and the
repolarization curves meet has an undefined voltage
state and is usually referred to as the phase

singularity point.

2-Curvature of the depolarizing wavefront modulates
the propagation velocity

3-Wave-tip trajectories can be circular or meandering



Leading Circle Modeli

e Allesie 1977

* Tek yonlu dairesel olarak hareket eden bir
dalga cephesinin dairenin merkezinde neden

oldugu sabit aktivasyonun bu merkezi daima
refrakter hale getirmesi

 Merkezdeki bu refrakter bolge skar dokusuna
benzer sekilde reentrinin devamini saglayan
fonksiyonel bir bariyer olusturur



* Bu modelde, dokudaki tek yonlu blok bir
uyarinin tek yonlt dairesel hareketi

baslatmasini saglar

* Bu uyari ayni anda disa dogru hareket ederek
cevre myokardi aktive ederken bir yandan da
dairenin merkezini aktive eder



Leading Circle Model

A Wavelength = X
Velocity = V,

Rotational Frequency = V /X, =

Wavefront
Wavetail

No Excitable Gap

B Wavelength = X, > X,
Velocity = V,
Rotational Frequency = V /X = f <f,

Wavefront

Excitable gap

Wavetail

Wavelength = X, < X,
Circuit terminates as X is < the

minimum path length X



Figure 3: Experimental Exidence of Leading Circle Reentry
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Membrane potentials located in a straight line (A through D) through a clockwise reentrant
circuit in atrial tissue with a cycle length of 105 milliseconds. Fibres 3 and 4, which are
located in the centre of the circle, are activated twice as often, but they do not reach normal
amplitude and cannot propagate out of the centre of the circuit, rendering it functionally
unexcitable because the tissue is continually depolarised. Reproduced with permission from
Allessie et al."®



A

Wavelength (WL) =
refractory period x
conduction velocity

e minimal path length
for re-entry

« size of of functional re-entry
circuits (leading circle theory)

e )

. _/

Normal atrial size
Normal WL
- AF not sustained

-

\_

Drug-induced
WL

- AF terminated

OO
QO

Normal atnal size
Short WL
- AF sustained

(

O O
O O
O O

y

O

O

O
J/

Enlarged atrium
Short WL
- AF very stable



Spiral Dalga Reentrisi - Rotor




Rotor

* Rotor sabit bir akim kaynagi - gider
uyumsuzlugu sayesinde hareket eder

e Bazi 6zel kosullarda farkli kompleks sekillerde
hareket eder ve bu da rotorun hareket
davranislari ve devamliliginda onemli etkileri
vardir.

* Rotordaki PS’den uzaktaki bolgeler arasindaki
gradientlerin olusturdugu heterojen ileti
Ozellikleri rotorun spiral seklini korumasini
saglar



* Rotorlar teorik olarak bir dncuil dalganin
nerhangi bir yapisal ya da elektriksel bir
oariyer ile etkilesimi sonucu olusur.

* Bu bariyerden gecis dncul dalganin parcalanip
veni dalgaciklar olusturmasini saglar = vortex

shedding




* Bu dalgaciklarin olusturdugu rotorlar
pulmoner venlerin etrafi ya da heterojen
atriyal dokularda sabit kalip stabil rotorlari
olusturur

* Bazen de merkezden uzaklasan wavefront —
oncul dalga — anatomik ya da elektriksel olarak
heterojen bolgelerde daha da parcalanarak
fazla sayida fibrilatuar aktivite olusturabilir



Rotor Haritalama Calismalari

* Bu calismalarda AF kaotik ve dizorganize bir
ritm olarak gorunse de, bu durumun sinirl
sayida yuksek frekansli reentran dongulerin
oldukca organize bir aktivitesi tarafindan
surdurulmekte oldugu gosterilmis



Figure 6: Simultaneously Recorded Electrograms,
Pseudoelectrograms and Corresponding Fast Fourier
Transformations During an AF Episode
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High-frequency Proximal Organized
source fractionation propagation

a> NN AU NN
eaM AR b
et O M |




Figure 7: Left to Right Dominant Frequency Gradients in
the Sheep Left and Right Atria

LA RA
BB left BB right

18.7

IPP left IPP right

Numbers represent measured dominant frequencies at various atrial sites. BB =
Bachmann's bundle, IPP = inferoposterior pathway, LA = left atrium, RA. right atrium;

Reproduced with permission from Mansour et al.” _ _
P pe Mansour et al. Circulation 2001



Invazif ve Noninvazif Haritalama

 Narayan ve ark. 64 pol-basket kateter (cap 48
mm, elektrod araligi 4 mm; cap 60 mm,
elektrod araligi 5 mm) 2 FIRM (focal impulse
and rotor modulation) haritalama

* ECGIi-EKG goruntileme-252 unipolar elektrod
iceren vucut Uzerinden kardiyak aktivite kaydi



FIRM Haritalama

180
160
40
120
100




Invazif - FIRM Haritalama

* Narayan ve ark. 64 pol kateter ile RA ve LA
haritalamasi

e Hastalarin %97’sinde rotor ve fokal uyaranlar
* %70 Rotor ve %76’sI LA yerlesimli

Narayan et al. J. Cardiovasc. Electrophysiol. 2012
Narayan et al. J. Am Col. Card. 2012



Kisithhklari

Es zamanli bi-atriyal analiz icin 2 basket
kateter gerekmesi

Yetersiz elektrod temasi ve uygunsuz yerlesim
sinyal kalitesini azaltiyor

Offline analiz gereksinimi - islem suresini
uzatiyor

2 ve 3 boyutlu haritalar arasindaki farkhliklar
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EKG Goruntuleme - ECGi
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Kisithhklari

Kardiyak sinyaller torakstaki yapilardan
gecerken etkileniyor ve bulanik sinyaller

<aydedilebiliyor

Intramural ve endokardiyal aktiviteyi
Kaydetmiyor

Mikroreentri, endoepikardiyal aktivasyon gibi
mekanizmalari ayirt edebilmesi guc

Septal aktiviteyi net analiz edemiyor




Endoepikardiyal Aktivasyon

* “Double Layer” - Cift katman hipotezi

* AF birbirini strekli olarak besleyen iki ayri
disosiye katmandaki coklu dalgalar tarafindan
surdurulmektedir

* Fibrilasyon dalgalarinin dmru kisa streli olsa
da iki katman arasindaki gecis bolgelerinden
citkan yeni dalgalar AF'yi devam ettiriyor



Direct Proof of Endo-Epicardial Asynchrony
of the Atrial Wall During Atrial Fibrillation in Humans

Natasja de Groot, MD, PhD¥*; Lisette van der Does, MD*; Ameeta Yaksh, MD;
Eva Lanters, MD; Christophe Teuwen, MD; Paul Knops, BSc; Pieter van de Woestijne, MD;
Jos Bekkers, MD, PhD; Charles Kik, MD; Ad Bogers, MD, PhD; Maurits Allessie, MD, PhD

Background—The presence of focal fibrillation waves during atrial fibrillation (AF) can, besides ectopic activity, also be
explained by asynchronous activation of the atrial endo- and epicardial layer and transmurally propagating fibrillation
waves. To provide direct proof of endo-epicardial asynchrony, we performed simultaneous high-resolution mapping of
the right atrial endo- and epicardial wall during AF in humans.

Method and Results—Intraoperative mapping of the endo- and epicardial right atrial wall was performed during (induced)
AF in 10 patients with AF (paroxysmal: n=3; persistent: n=4; and longstanding persistent: n=3) and 4 patients without
a history of AF. A clamp made of 2 rectangular 8x16 electrode arrays (interelectrode distance 2 mm) was inserted into
the incision in the right atrial appendage. Recordings of 10 seconds of AF were analyzed to determine the incidence of
asynchronous endo-epicardial activation times (215 ms) of opposite electrodes. Asynchronous endo-epicardial activation
ranged between (.9 and 55.9% without preference for either side. Focal waves appeared equally frequent at endocardium
and epicardium (11% versus 13%; P=0.18). Using strict criteria for breakthrough (presence of an opposite wave within 4
mm and €14 ms before the origin of the focal wave), the majority (65%) of all focal fibrillation waves could be attributed
to endo-epicardial excitation.

Conclusions—We provided the first evidence for asynchronous activation of the endo-epicardial wall during AF in humans.
Endo-epicardial asynchrony may play a major role in the pathophysiology of AF and may offer an explanation why in
some patients therapy fails. (Cire Arrhythm Electrophysiol. 2016:9:¢003648. DOI: 10.1161/CIRCEP.115.003648.)



Endo-Epikardiyal Aktivasyon

Epicardial Endocardial Endo + Epicardial
Breakthrough Breakthrough Breakthroughs

FIGURE 2. To assess the occurrence of endo-epicardial breakthrough, the opposite layer was examined for the presence of a fibrillation wave
that could have served as a source for the focal wave.



Endo-Epicardial Breakthroughs
Are Multiplication Sites
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FIGURE 4. Since each breakthrough should be considered as a multiplication site, together all break-
throughs form a huge reservoir of ‘new’ fibrillation waves.



Sonuc olarak,

* AF mekanizmalari kompleks ve cok sayida
arastirma yapilmasina ragmen heniiz tam
olarak aydinlatiimis degil

* Deneysel olarak tanimlanmis mekanizmalarin
clinik pratikte aciklanmasi zor

* Daha gelismis haritalama metodlari bu
mekanizmalari anlamada yardimci olabilir



Sonuc olarak

* AF’nin kisiden kisiye degisen mekanizmalari
var.Hatta ayni hastada farkli zamanlarda farkli
mekanizmalar s6z konusu

* Kisisellestirilmis tedavinin gelistirilebilmesi icin
invazif-non invazif elektrofizyolojik dlcimler,
biyokimyasal parametreler ve gérintiuleme
teknikleri isiginda atriyumdaki patofizyolojik
degisiklikleri temel alan yeni bir siniflamaya
ihtiyac var



Tesekkurler



