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Mechanisms of AF: Ideas of Early 20" Century

A Ectopic focus B Single-circuit reentry C Multiple-circuit reentry

Engelmann, Winterberg Garrey, Mines
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Classical Concepts:
Role of Refractory Period and Wavelength Changes

A =

OO

OO

Wavelength (WL) = Normal atrial size Normal atrial size
refractory period x conduction velocity Normal WL Short WL

- minimal path length for reentry - AF not sustained - AF sustained
- size of functional reentry circuits

SN.2007




Atrial tachycardia remodeling: AF Begets AF

burst
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Atrial tachycardia remodeling (“AF begets AF”)

Sinus rhythm
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Atrial tachycardia remodeling (“AF begets AF”)
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Atrial tachycardia remodeling (“AF begets AF”)
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Conceptual Models of AF are Linked

Atrial Tachycardia remodeling —— Y los —_— [O]_»[O OJ
OO0

Vv WL

Single-circuit reentry Ectopic focus
Multiple-circuit reentry 7

Atriab tachycardia Atrial tac_prcardia

remodeling remodeling
SN.2007 Final common pathway




Conceptual Models of AF are Linked

Atrial Tachycardia remodeling — & — [O]_,[g 8}

v APD— ¥ RP, ¥y WL

Could this process be a target

for drug therapy?

Atriab tachycardia >

remodeling < remodeling
SN.2007 Final common pathway
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Superiority of Amiodarone in AF
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Amiodarone (n = 201)

Propafenone (n = 101)

Sotalol (n =101)

1 I | I | |

100 200 300 400 500 600
Days of Follow-up

ROY et al, N Engl J Med 2000, 342: 913-920

Control
-— — Sotalol
—— Amiodarone

Months

KOCHIADAKIS et al, Heart 2000, 84: 251-257




Effects of antiarrhythmic drugs on AF

* P<0.05, ** P<0.01 vs CTL

——

WAmiWio/A+ CTL Dof A+ Dof/A+ CTL Fle A+ Fle/A+

AT-remodeling (A+) increases AF duration.

SN.2007 SHINAGAWA K et al, Circulation, 107: 1440-1446, 2003




Effects of antiarrhythmic drugs on AF

* P<0.05, ** P<0.01 vs CTL

——

WAmiWio/A+ Dof A+ Dof/A+ CTL Fle A+\ Fle/A+

AT-remodeling (A+) increases AF duration.
Dofetilide (DOF) and Flecainide (Flec) have no protective effects

SN.2007 SHINAGAWA K et al, Circulation, 107: 1440-1446, 2003




Effects of antiarrhythmic drugs on AF

* P<0.05, ** P<0.01 vs CTL

gl .

WAmi\A_&/%io/A+ Dof A+ Dof/A+ CTL Fle A+\ Fle/A+

AT-remodeling (A+) increases AF duration.
Amiodarone prevents AF-duration increase caused by AT-remodeling.
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Effects of antiarrhythmic drugs on AF

* P<0.05, ** P<0.01 vs CTL

*

]

WAmi\A_&/%io/A+ CTL Dof A+ Dof/A+ CTL Fle A+\ Fle/A+

AT-remodeling (A+) increases AF duration.
Amiodarone prevents AF-duration increase caused by AT-remodeling.

Is this effect of amiodarone due to remodeling prevention?

SN.2007 SHINAGAWA K et al, Circulation, 107: 1440-1446, 2003




AT- remodeling suppresses o, (L-type Ca*" channel)
subunit expression
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Amiodarone prevents AT- remodeling suppression of
o, (L-type Ca** channel) subunit expression

*
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Amiodarone prevents AT- remodeling suppression of
o, (L-type Ca** channel) subunit expression
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This is evidence of a direct effect to prevent remodeling
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Dofetilide and flecainide do not prevent AT- remodeling
suppression of o,. subunit expression
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Effects of agents interacting with redox mechanisms on
atrial-tachycardia remodeling

Mean AF duration (D7) AF vulnerability (D7)
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NP ATP / SIM  OXY PRO VitC VitC&E ) AT? SIM OXY PRO VitC VitC&E

*:p<0.05 vs ATP, **:p<0.01 vs ATP *:p<0.05 vs ATP

SN2007 SHIROSHITA-TAKESHITA et al, Circulation, 110:2313-9, 2004.




Effects of agents interacting with redox mechanisms on
atrial-tachycardia remodeling

Mean AF duration (D7) AF vulnerability (D7)
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*:p<0.05 vs ATP, **:p<0.01 vs ATP *:p<0.05 vs ATP
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Can Single-Circuit Reentry Underlie AF?

Single-circuit reentry

Ectopic focus

Multiple-circuit reentry C

Atrial tacljycazdia > i '
remodeling

remodeling

Final common pathway
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Electrophysiology of Sustained AF
Substrate in Rapid Atrial Paced (RAP) vs CHF Dogs

RAP

LI et al, Circulation 1999;
100:87-95

SN.2007 AF duration (s) ) ERP (ms) CV (cm/s)




Conduction Abnormalities and Atrial Fibrosis in CHF
(Structural remodeling)

Epicardial maps
Control Atrial tachycardia

Histology

LI et al, Circulation 1999; 100:87-95
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Mapping of Sustained AF in a Dog with CHF
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NATTEL et al, Annu. Rev. Physiol. 2000; 62:51-77
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Reentry:
Stabilization by Conduction Abnormalities

Wavelength (WL) =
refractory period x conduction velocity

- minimal path length for reentry
- size of functional reentry circuits
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B

Normal atrial size
Normal WL

- reentry unstable
- AF not sustained

Normal atrial size
Normal WL

Local conduction abnormality
- reentry stabilized
-Fast, irreg. condxn = AF




Conduction Abnormalities and Atrial Fibrosis in CHF
Structural remodeling

Epicardial maps
Control Atrial tachycardia

Could this process be a target

% : TN s

for drug therapy?

LI et al, Circulation 1999; 100:87-95
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Can Inhibiting Ang-II Formation Prevent Development of the
Substrate for AF?

% Connective AF duration
tissue (s)

LI D et al, Circulation 104: 2608-2614, 2001
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Can Inhibiting Ang-II Formation Prevent Development of the
Substrate for AF?

% Connective AF duration
tissue (s)

LI D et al, Circulation 104: 2608-2614, 2001




ACE antagonism and clinical AF in LV dysfunction

AF in post-MI patients with LVD
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Pedersen et al, Circulation 1999; 100: 376-380
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Vermes et al, Circulation 2003; 107: 2926-2931




Effects of simvastatin and fenofibrate on
AF duration and atrial atrial fibrosis in CHF

DAF (s)
% Fibrosis
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SN.2007 Shiroshita-Takeshita A et al, Cardiovasc Res, 2007;74:75-84.




Factors predicting AF in patients with LV dysfunction

Multivariable Logistic Regression Analysis
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Effects of fish consumption on AF occurrence
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Effects of polyunsaturated acids on structural remodeling
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What is the Role of Ectopic Foci?

Ectopic focus

Single-circuit reentry

Multiple-circuit reentry

Atrial tachycardy Al‘l/‘i&l tachycardia
remodeling

remodeling

Final common pathway
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Etopic activity from a PV

Source

Pulmonary
vein

1-2 eV

100 msec

SN.2007 HAISSAGUERRE et al, N Engl J Med 1998, 339:659-66




AF initiation from a PV

SN .2007 HAISSAGUERRE et al, N Engl J Med 1998, 339:659-66




Other Contributors

e Atrial Ischemia
e Inflammation

e Atrial stretch
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e Atrial Ischemia
e Inflammation
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Occlusion of Arterial Branch to RA

Pulmonary
artery

Ischemic
zone

Occlusion

SN.2007 SINNO ET AL, Circulation 2003: 107:1930-1936




Activation Mapping of AF during Atrial Ischemia

CYCLE1 CYCLE 2 CYCLE 3

100 ms

SN.2007 SINNO ET AL, Circulation 2003; 107-1930-1936




Drug effects on ischemic AF
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Drug effects on ischemic AF
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Other Contributors

e Atrial Ischemia
e Inflammation

e Atrial stretch
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Effects of methylprenisolone on post-op AF in dogs

C=control

P=pericardiotomy

A=atriotomy
PRE=atriotomy+methylprednisone
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Ishii Y et al, Circulation. 2005;111:2881-8. .
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Role of Inflammation/ C-Reactive Protein

71 <] 71

Co;'ltrol ﬂ:F Lc.:ne Control Parofysmal Persistent
AF AF

SN.2007 CHUNG ET AL, Circulation 2001, 104:2886-2891




Effects of prednisone on atrial-tachycardia remodeling
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SN.2007 Day Shiroshita-Takeshita A et al, Cardiovasc Res 69: 865-875, 2006.




Effects of prednisone on atrial-tachycardia remodeling
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Effects of Glucocorticoids on AF Recurrence

Patients presenting with persistent AF randomized to receive glucorcorticoid or placebo.
Active Rx= methylprednisolone, 16 md/d x 4 wks, then 4 mg/d x 4 months.
Primary end-point = recurrence of persistent AF.
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Dernellis J et al, Eur Heart J. 2004,;25:1100-7.



Other Contributors

e Atrial Ischemia
e Inflammation

e Atrial stretch
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Inhibition of Atrial Fibrillation by GsMtx-4 during stretch
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Ectopic focus
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Ectopic focus

<+<——— Pulmonary veins

Fibrosis — Substrate Trigger
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Ectopic focus

<+<——— Pulmonary veins
Atrial dilation

Acute ischemia \ Inflammation
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Ectopic focus
Suppress Ectopy:
antiarrhythmics (Class )
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Atrial dilation
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PV Ablation

Atrial dilation
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Ectopic focus

Prednisone, ?Stvns
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Potential new mechanism-
based drug approaches

Beta-blockers,
Ca?* inhibitors

Atrial dilation

Trigger

Substrate <« Acute ¥chemia
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Prednisone, Statins?




CONCLUSIONS
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e Atrial fibrillation can be due to one or a combination
of single-circuit reentry, ectopic activity or multiple
circuit reentry, with complex interactions possible

e Atrial remodeling contributes importantly to these
mechanisms and may provide novel therapeutic
targets

e The specific mechanisms of atrial fibrillation have
important potential therapeutic consequences
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