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Giris
* AF'de kateter ablasyon antiaritmik tedaviden

daha Ustundur.

* Ancak optimum ablasyon stratejisi hala
tartismalidir.

* PVI temel ablasyon yontemidir.



* Atriyal fibrozis ve AF yakindan iliskilidir.

* Atriyal fibrotik degisiklikler ile AF iliskisi
postmortem histolojik calismalarda ve cerrahi
sirasinda alinan biyopsilerde gésterilmistir.

* Atriyal fibrozis hakkinda gortntuleme

yontemleri ve voltaj haritalama ile fikir elde
edilebilir.



* AF olusmasinda ve sureklilik kazanmasinda
atriyal fibrozis dnemli rol oynar

* Atriyal fibrozis anormal otomatisite,
tetiklenmis aktivite ve reentri ile aritmiye yol
acar

* Atriyal fibrozis uyari iletim hizinda
yavaslamaya yol acar (reentri)



Reparative fibrozis (61U kardiyomiyositlerin
verinde gelisen fibrozis)

Elektriksel iletiyi yavaslatir
Anisotropik iletime neden olur

Persistan AF’de PVI uzun dénem sonuclar
suboptimal (=%50)
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PV triggers / non pv triggers l

]

Triggered activity: DAD-gap
Automatic activity
Reentrant activity

Trigger

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

FIGURE 1 | Coumel triangle summarizing the different contributors to AF.

EAD: early afterdepolarization, DAD: delayed alterdepolarization, PV: pulmonary vens
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Tissue Doppler echocardiography can be a useful
technique to evaluate atrial conduction time
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Intra-Left Atrial Mechanical Delay Detected by
Tissue Doppler Echocardiography Can Be a
Useful Marker for Paroxysmal Atrial Fibrillation

Intra-eft atrial mechanical delay
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Conduction characteristics
in atrial fibrillation

Predictive value of tissue
Doppler echocardiography

Tab.3 Odds ratios of P wave dispersion, ILCT-echo, and IACT-eps for the inducibility of AF

during electrophysiological study

Odds ratio 95% Cl p
P wave dispersion 1.063 1.023-1.103 0.002
ILCT-echo 1.136 1.046-1.234 0.003
IACT-eps 1.054 1.001-1.111 0.047
IACT interatrial conduction delay, ILCT intra-left atrial conduction delay, IRCT intra-right atrial conduction delay,
Cl confidence interval

Deniz A, et al. Herz 2013



AF (-) (n=43) AF (+) (n=43) p

Sex (male/female) 14/29 12/31 0.810
Age (years) 36+12 46113 <0.001
Body mass index (kg/m?) 242456 27.5+4.8 0.005
Hypertension (n) 3 10 0.068
Hyperlipidemia (n) 0 0.116
Diabetes (n) 0 5 0.055
Smoking history (n) 2 B 0.676
Coronary artery disease (n) 0 1 1.000
Blood urea nitrogen (mg/dl) 20+6 2316 0.282
Creatinine (mg/dl) 0.62+0.11 0.73+0.13 0.151
Maximum P wave duration (ms) 90+14 97118 0.037
Minimum P wave duration (ms) 6316 51£15 <0.001
P wave dispersion (ms) 27+18 46+19 <0.001
lectrocardiographic left atrial anomaly (n 7 1.
Left atrial diameter (mm) 29+5 33+4 <0.001
Left atrial volume (ml) 21.5+7.2 27.1+7.0 <0.001
Right atrium (mm) 29+4 28+5 0.586
Left ventricular end diastolic diameter (mm) 44+5 43+4 0.651
Left ventricular end systolic diameter (mm) 28+4 29+4 0.470
Left ventricular ejection fraction (%) 65+3 64+3 0.161
Left ventricular mass (g) 162452 170+41 0.444
Mitral inflow E/A ratio 1.2+03 1.1+0.3 0.045
Mitral inflow E wave deceleration time (ms) 179+36 167+39 0.158
Isovolumic relaxation time (ms) 82+14 88+19 0.054

Deniz A, et al. Herz 2013



Fibrozis

A=ERP x@m @

* Dalga boyu reentri dinamikleriyle iliskili

e Uzamis dalga boyu aritmi kompleksligini azaltir



CFAE




CFAE=fibrozis??

CFAE artefaktlardan ve uygunsuz filtrelemelerden
kaynaklanabilir.

C
(C

C

FAE farfield sinyaller tarafindan etkilenebilir
ouble counting).

~AE pasif olabilir.

E

ektrot boyutu, elektrotlar arasi mesafe, temas

etkiler
Aktivasyon hizi ve yerine gore fragmente

S

nyallerin dagilimi degisebilir.

CFAE dalga carpismasindan kaynaklanabilir.



Inverse Relationship Between Fractionated
Electrograms and Atrial Fibrosis in
Persistent Atrial Fibrillation

Combined Magnetic Resonance Imaging and

High-Density Mapping
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

PVI

Complex Fractionated
Electrograms

Linear Ablation

Approaches to Catheter Ablation
for Persistent Atrial Fibrillation

Freedom from Atrial Fibrillation (%)

No. at Risk
Pulmonary-vein isolation
Isolation plus electrograms
Isolation plus lines
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Diisiik voltaj/skar/fibrozis

* Dustk voltaj amplitidi miyokardiyal fibrozis ile es anlamli degil

Aktivasyon vektori
Angle of incidence (kateterin dokuya gbére oryantasyonu)

Elektrot boyutu (kiclik elektrot kiiciik dokudan daha dusuk sinyalleri kaydeder,
kiiclik elektrotlarla kaydedilen dusik amplittdlu sinyaller daha blytk
elektrotlarla dlgtilemeyebilir)

Elektrotlar arasi mesafe (azaldikca disik amplitiidli sinyaller kaydedilir,
elektrotlar arasi mesafe azaldikca dislik voltaj alanlarindaki canli miyositleri
daha iyi gosterilir)

Doku temasi

Filtreleme (filtre degerlerine bagli olarak peak-to-peak sinyal amplittidu
azalabilir)

Haritalama yogunlugu (yogunluk azaldikca interpolasyon artar)
Haritalama cozunurligi (kticik elektrot, disiik elektrotlar arasi mesafe)



Figure 1: The IntellaMap Orion™ High Resclution Mapping Catheter
(Boston Scientific) has 64 imprinted electrodes with 2.5 mm inter-electrode
spacing on 8 nitinol splines. The catheter is 8.5 Frwith bidirectional
deflection and a variable mini-basket diameter (3-22 mm) that can be
adjusted based upon the local anatomy. (Image is provided courtesy of
Boston Scientific.)
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Kardiyak MR

CMR miyokardin yapisal ve fonksiyonel
degerlendirilmesinde kullanilan girisimsel olmayan bir
yontemdir.

Gadolinium ekstraselller alanda tutulan kontrast
ajandir.

Gadolinium klirensinde gecikme anormal karidyak doku
gostergesidir (gec gadolinium tutulumu=LGE).

Fibrotik dokuda LGE normal miyokarda gore daha
fazladir.

LGE olan atriyal dokuda uyari iletim hizinin azaldigi
gosterilmistir.



* LGE-CMR goéruntuleme atriyal fibrosis
tanisinda yogun olarak calisiimaktadir

e Atriyumun ince duvarl olusu CMR’In
suboptimal olmasina yol acar

 CMR->doku fibrosisi icin kisitl uzaysal
cozunurlik, aritmi, kontraktilite ve solunumsal

nareketlere bagl kisithliklar, komsuluktaki
<kanin neden oldugu yuksek sinyalin skar ile

Karismasi




Relationship Between Fibrosis Detected on Late Gadolinium-
Enhanced Cardiac Magnetic Resonance and Re-Entrant Activity
Assessed With Electrocardiographic Imaging in Human
Persistent Atrial Fibrillation
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Prognostic and functional implications of @ e
left atrial late gadolinium

enhancement cardiovascular magnetic

resonance
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Detection and Quantification of Left Atrial Structural
Remodeling With Delayed-Enhancement Magnetic
Resonance Imaging in Patients With Atrial Fibrillation

A MRI-MIP B MRI- Color C Electroanatomic Map

Circulation 2009;119:1758-1767



Table 1. Patient Population Characteristics

Mild Moderate Extensive
Enhancement  Enhancement  Enhancement
Total (n=43) (n=30) (n=8) P*

Age, y 63.6+12.0 63.3+12.3 62.2+12.5 70.1+6.0 0.25
Left ventricle ejection fraction, % 52.3+9.8 53.3+10.3 524+88 46.4+9.0 0.23
Left atrium volume, preprocedure, cm® 94.3+41.3 83.7+29.4 98.5+48.3 142.1+36.9 <0.001
Gender, n (%)

Female 29 (35.8) 13(30.2) 12 (40.0) 4 (50.0) 0.49

Male 52 (64.2) 30 (69.8) 18 (60.0) 4 (50.0)
Hypertension, n (%) 42 (51.9) 25 (58.1) 13(43.3) 4 (50.0) 0.49
Diabetes mellitus, n (%) 10 (12.3) 4(9.3) 4(13.3) 2 (25.0) 0.36
Coronary artery disease, n (%) 9(11.1) 5(11.6) 3(10.0) 1(12.5) 1.00
History of smoking, n (%) 9(11.1) 6(14.0) 1(3.3 2 (25.0) 0.16
Valve surgery, n (%) 3(3.7) . 1(3.3 2 (25.0) 0.01
Myocardial infarct, n (%) 2(2.5) 2(4.7) 0.60
Medications at the time of ablation, n (%)t

Antiarrhythmic medications 22 (27.2) 9(20.9 11 (36.6) 2 (25.0) 0.15

Amiodarone 15 (18.9) 8 (18.6) 4(13.3) 3 (37.5) 0.31

Digoxin 12 (14.8) 6(14.0) 5(16.7) 1(12.5) 0.90

B-Blockers 42 (51.8) 23 (53.4) 15 (50.0) 4 (50.0) 0.87

Calcium channel blockers 10 (12.3) 5(11.6) 3(10.0) 2 (25.0) 0.52

Response to antiarrhythmic medications, n (%)
Failed =1 medications

32 (39.5)

14 (32.6)

12 (40.0)

Circulation 2009;119:1758-1767
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Low Voltage Tissue (EA Map)
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Original Investigation

Association of Atrial Tissue Fibrosis Identified by Delayed
Enhancement MRI and Atrial Fibrillation Catheter Ablation
The DECAAF Study

T Delayed enhancement magnetic resonance Imaging analysis T Schematic posterior view of left atrium
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[A] Stage 1 (<10% of atrial wall) Stage 2 (210%-<20% of atrial wall)

Posterior view § Anterlor view Posterlor view § Anterlor view
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MRI Assessment of Ablation-Induced Scarring in Atrial
Fibrillation: Analysis from the DECAAF Study

J Cardiovasc Electrophysiol 2015;26(5)473-80
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* Ablasyon 6ncesi LGE-CMR optimal ablasyon
stratejisini belirlemede yararl olabilir.

* LGE yuku fazla olan hastalarda PVI disinda
daha genis ablasyon stratejilerinin yararl
olabilecegi bildirilmistir.

* LGE olan bolgelere yonelik substrat

modifikasyonu persistan AF’li hastalarda
vararli olabilir.
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Management of AF guided by fibrosis imaging ]

Fibrosis <10% Fibrosis 210%-<20% Fibrosis 220%-<30% Fibrosis 230%
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High-Resolution Mapping of Ventricular Scar

Comparison Between Single and Multielectrode Catheters
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Bascline MRI
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ILCT-echo

ILCT-echo
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Despite the different techniques, CPVI remains
the

cornerstone of the treatment of AF, regardless of
the AF

form and of the AF duration (Voskoboinik et al.,
2017). No

strategy consistently demonstrated superiority to
CPVlin

preventing long term recurrences of atrial
arrhythmias.



Catheter ablation is superior to antiarrhythmic
drugs in

preventing AF recurrence (Hazard ratio = 0.53)
as reported

in the CABANA trial. However, the best
strategy is still to be

identified.



* Long term rates of persistent AF suppression
after PVI remain suboptimal (~*50%)65

* and may be resultant from extensive
arrhythmogenic fibrosis not targeted by PVI.



 CE-MDCT-> iskeminin neden oldugu fokal
degisiklikleri gosterir, ancak ventrikuldeki
diffiz miyokardiyal fibrosisi gostermekte
yetersiz, daha ince duvarli atriyumda fibrosisi

gostermede yetersiz



One such approach pertains to the concept that atrial
fibrosis, detected on pre-ablation

LGE-CMR, may serve as a potential target for substrate
modification during catheter ablation of

persistent AF. Figure 6 illustrates intra-procedural
targeting of pre-ablation myocardial substrate

(mapped on LGE-CMR) in a patient with long-standing
persistent AF. The hypothesis that LGE

substrate modification in addition to PVI will enhance
AF control in patients with myocardial

remodeling is being studied in the ongoing DECAAF Il
trial (Clinicaltrials.gov ID: NCT02529319).



Pre-ablation LGE-CMR may also be beneficial in
determining the

optimal ablation strategy. It has been suggested
that in patients with higher LGE burden, a more

expansive ablation strategy beyond pulmonary
vein isolation may be necessary to neutralize the

arrhythmogenic substrate driving AF.41-43
Current studies are underway to evaluate this
paradigm

before its adoption in clinical practice.



Electrograms at the areas with fibrosis were analyzed
by Jadidi

et al. (2013) in a group of patients undergoing ablation
for

persistent and long-lasting PsAF. Atrial fibrosis was
associated

with lower amplitude and a slower and more organized
activity.

However, complex fractionated atrial electrograms
were recorded

outside the areas of fibrosis in 90% of the cases.
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Oakes and colleagues who examined left atrial LGE in 81 patients

with symptomatic AF and demonstrated a strong association
between low-voltage areas on electroanatomical

mapping (EAM) and LGE.14 The extent of pre-existing LA scar has
been categorized by

the Utah group as: Group | with <5%, Group Il with 5-20%, Group Il
with 20-35%, and Group

IV with >35% LGE (with bearings on outcomes as discussed below).
These results were

corroborated on LA biopsy in 10 patients undergoing surgery (9
with AF and 1 without AF) such

that myocardial fibrosis matched with regions of LGE on CMR,



Fukumoto et al. have demonstrated that
increased local LGE within LA myocardium is
associated

with lower conduction velocity, potentially
increasing its arrhythmogenicity.11

Burstein B, Nattel S. Atrial Fibrosis: Mechanisms
and Clinical Relevance in Atrial Fibrillation.

J Am Coll Cardiol. 2008;51(8):802-809.
doi:10.1016/j.jacc.2007.09.064.



It has been reported that fibrosis analysis on LGE
was not

possible in up to 20% of CMRs due to significant
artifact, primarily due to presence of AF at time
of

acquisition.37

Thus, rhythm control strategy using
pharmacotherapy or electric cardioversion prior

to
image acquisition may improve image quality.



One of the largest to date is the DECAAF study,
spearheaded by the Utah

group.40 In this multicenter prospective cohort study
of 260 participants with paroxysmal and

persistent AF, LGE-MRI was acquired up to 30 days
before the first ablation and were followed for

AF recurrence. The extent of atrial fibrosis was directly
associated with AF recurrence such that

cumulative incidence of recurrent arrhythmia by end of
follow-up was 15.3% for fibrosis stage |,

35.8% for stage Il, 45.9% for stage Ill, and 69.4% for
stage IV.



Haissaguerre et al. (2016) analyzed the presence of fibrosis
and its density within each 2.5mm spherical atrial volume
in

13 patients undergoing CMR. The borders of the fibrotic
areas

hosted the majority of the reentrant activities. In fact, 80%
of the

reentrant activities were located in areas with a fibrotic
density

>70%. Conversely, only 10% of the non-driver region
harbored

such a high fibrotic density.



