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ReninRenin--angiotensin inhibitoangiotensin inhibito

 Randomized double-blind trials 
have to date b

Major challenge: slow develop
possibly irrev

 St d h t b d t d i Study has to be conducted in pa
detect an effect) but be

rs in secondary preventionrs in secondary prevention

Savelieva I et al. Europace. Europace. 2011;13:610-25.

in secondary prevention trials for AF 
been discouraging.
pment of structural remodeling, 
versible, SO:
ti t t hi h i k f d li (tatients at high risk of remodeling (to 

efore remodeling develops



AF occurrence in prospectivAF occurrence in prospectiv
inibitors/ARBs for LV dinibitors/ARBs for LV dinibitors/ARBs for LV dinibitors/ARBs for LV d

AF occurrence

Freedom fro

Pederson OD et al, Circulation, 1999

SN.2016

Maggioni AP et al, AHJ, 2005

ve randomized trials of ACE ve randomized trials of ACE 
dysfunction/heart failuredysfunction/heart failuredysfunction/heart failuredysfunction/heart failure

Enalapril

om AF
Placebo

Vermes E et al, Circulation 2003.

AF occurrence
Ducharme A et al, AHJ, 2006
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ConcluConcluConcluConclu

 The CAD model includes an improvedThe CAD model includes an improved
with management of complications bwith management of complications b

 Much has been learned about AF mecMuch has been learned about AF mec
can (and has) been translated into becan (and has) been translated into be

 Risk factor intervention is effective bRisk factor intervention is effective b

 Drug therapy to prevent progression Drug therapy to prevent progression 
promisingpromising

usionsusionsusionsusions

d understanding of pathophysiology, d understanding of pathophysiology, 
ut also preventionut also prevention

chanisms in the past 20 years, which chanisms in the past 20 years, which 
etter treatment and preventionetter treatment and prevention

ut impact likely slowut impact likely slow

is still in its infancy but looks is still in its infancy but looks 



Atrial tachycardia remAtrial tachycardia remAtrial tachycardia remAtrial tachycardia rem

Wijffels MCSN.2003

modeling: AF Begets AFmodeling: AF Begets AFmodeling: AF Begets AFmodeling: AF Begets AF

CEF, Kirchhof CJHJ, Dorland R, et al. Circulation 1995; 92:1954-1968



Reentry: Role of RReentry: Role of R
Conduction and WConduction and WConduction and WConduction and W

BA

Wavelength (WL) =Wavelength (WL) =

WLWL

Wavelength (WL) = Wavelength (WL) = 
refractory period x conduction velocityrefractory period x conduction velocity
-- minimal path length for reentryminimal path length for reentry
-- size of functional reentry circuitssize of functional reentry circuits

Refractory Period,Refractory Period,
Wavelength ChangesWavelength ChangesWavelength ChangesWavelength Changes

B

Normal atrial sizeNormal atrial size

WLWL

Normal atrial sizeNormal atrial size
Normal WLNormal WL
-- reentry unstablereentry unstable
-- AF not sustainedAF not sustained



Reentry: Role of RReentry: Role of R
Conduction and WConduction and WConduction and WConduction and W

BA

Wavelength (WL) =Wavelength (WL) =

WLWL

Wavelength (WL) = Wavelength (WL) = 
refractory period x conduction velocityrefractory period x conduction velocity
-- minimal path length for reentryminimal path length for reentry
-- size of functional reentry circuitssize of functional reentry circuits

Refractory Period,Refractory Period,
Wavelength ChangesWavelength ChangesWavelength ChangesWavelength Changes

B

Normal atrial sizeNormal atrial size Normal atrial sizeNormal atrial size

WLWL

Normal atrial sizeNormal atrial size
Normal WLNormal WL
-- reentry unstablereentry unstable
-- AF not sustainedAF not sustained

Normal atrial sizeNormal atrial size
Short WLShort WL
( ( RPRP , , CV)CV)
-- AF sustainedAF sustained



Changes in atrial refraChanges in atrial refraChanges in atrial refraChanges in atrial refra
Results from 4 individual goa

Rate of RP shortening varied, but the majority g , j y
of the change occurred within 2 days

SN.2016

actory period with AFactory period with AFactory period with AF actory period with AF 
Substantial RP shortening coincided with AF 

prolongation, but RP differences were certainly 
not the only determinant of AF duration

ts
not the only determinant of AF duration 



Mechanism of RP abbreviatMechanism of RP abbreviat
remodeling (remodeling (““AA

Sinus rhythmSinus rhythm
(60/min)(60/min)

1010--fold ratefold rate

remodeling (remodeling ( AA

AFAF
(400(400--600/min)600/min)

increaseincrease

CellularCellular

+

Thi l i h AFCellularCellular
CaCa2+2+ loadingloading

Threat toThreat to
cell viabilitycell viability

hours hours -- daysdays
 IICaLCaL mm

This may explain how AF 
but not what makes AF

cell viabilitycell viability
minutesminutes

IICaLCaL inactivationinactivation

 II

 IICaLCaL prpr

 II IICaLCaL  IICC

 APDAPD

tion with atrialtion with atrial--tachycardia tachycardia 
AF begets AFAF begets AF””))AF begets AFAF begets AF ))

t d t t t it lf

mRNAmRNA

tends to perpetuate itself, 
F start in the first place.

roteinrotein

aLaL

 II IICaLCaL

 RP, RP, WLWLDD



To examine what creates the initial suTo examine what creates the initial su
common clinical paradigm ofcommon clinical paradigm ofcommon clinical paradigm of common clinical paradigm of 

A very old model: 43 year old woman wA very old model: 43 year old woman w

Ventricular tachypacing 
to induce CHF in dogs

June 8, 1935      AF, 160/min

Pulmonary edema, cardiomegale,
pleural effusions

ubstrate of AF, we considered a very ubstrate of AF, we considered a very 
AF: Congestive Heart FailureAF: Congestive Heart FailureAF: Congestive Heart FailureAF: Congestive Heart Failure

with weight gain, ankle edema, dyspneawith weight gain, ankle edema, dyspnea

VTP

April 14, 1936    Quinidine
SR, 60/min

CXR normal

June 17, 1935    Digitalis       AF, 
110/min

Brill IC, Am Heart J 1937; 13:175-182

Decreased edema and heart size



ElectrophysiologyElectrophysiology
Substrate in Rapid Atrial PSubstrate in Rapid Atrial P

RAP

W l th dWavelength doesn
so how does it

y of Sustained AFy of Sustained AF
Paced (RAP) vs CHF DogsPaced (RAP) vs CHF Dogs

CHF

’t h i CHFn’t change in CHF, 
t promote AF?

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



Conduction Abnormalities aConduction Abnormalities a
(Structural re(Structural re

Epicardial mapsEpicardial maps
ControlControl Atrial tacAtrial tac

Hi t lHi t l

CHF appears to promote A
HistologyHistology

nd Atrial Fibrosis in CHFnd Atrial Fibrosis in CHF
emodeling)emodeling)

chycardiachycardia CHFCHF

AF by causing atrial fibrosis.

FENG et al, Circ Res. 1997;80:572-579LI et al, Circulation 1999; 100:87-95



Mapping of Sustained Mapping of Sustained 

SN.2002

AF in a Dog with CHFAF in a Dog with CHF

NATTEL et al, Annu. Rev. Physiol. 2000; 62:51-77



ReenReen
Stabilization by CondStabilization by CondStabilization by CondStabilization by Cond

BA

Wavelength (WL) =Wavelength (WL) = NN

WLWL

Wavelength (WL) = Wavelength (WL) = 
refractory period x conduction velocityrefractory period x conduction velocity
-- minimal path length for reentryminimal path length for reentry
-- size of functional reentry circuitssize of functional reentry circuits

NN
NN
--
--

ntry:ntry:
duction Abnormalitiesduction Abnormalitiesduction Abnormalitiesduction Abnormalities

Normal atrial sizeNormal atrial size Normal atrial sizeNormal atrial size

WLWL

Normal atrial sizeNormal atrial size
Normal WLNormal WL

reentry unstablereentry unstable
AF not sustainedAF not sustained

Normal atrial sizeNormal atrial size
Normal WLNormal WL
Local conduction abnormalityLocal conduction abnormality
-- reentry stabilizedreentry stabilized



Mi RNA iMi RNA iMicroRNAs impMicroRNAs imp
remodeling of APremodeling of APgg

li t d i AF ili t d i AF iplicated in AF via plicated in AF via 
PD/refractorinessPD/refractoriness



Substrate for RSubstrate for R

How remodelin

Sh t d f t i dShortened refractory periods

Decreased inward current (Ca2+)
Increased outward current (K+)

0 mV

-80 mV

-60 mV

100 ms

Adapted from

Reentry in AFReentry in AF

ng promotes reentry

Normal conduction

Decreased source current (INa)

Slowed conduction

Impaired connexin function
Tissue fibrosis

m Nattel S et al, Circ Arrhythm Electrophys 2008 Apr;1(1):62-73. .



Molecular basis ofMolecular basis ofMolecular basis ofMolecular basis of

Greater protein cha

-Kir2.1 protein increased about 100% in AF
-similar change to IK1 upregulation  

p
suggestive of mic

f If I upregulation?upregulation?
-Kir2.1 mRNA increased about 20-25% in AF  

f If IK1K1 upregulation?upregulation?

anges than mRNA; 

GABORIT ET AL, Circulation. 2005 Jul 26;112(4):471-81.

g ;
croRNA regulation



A miRNA potenA miRNA poten
in Iin IK1K1 upreguupreguK1K1 p gp g

Luo X et al, J Clin Inv

ntially involved ntially involved 
ulation in AFulation in AF

vest 123:1939-51, 2013



Manipulating miRManipulating miR--22
and profoundly reguland profoundly regulp y gp y g

M

In

Luo X et al, JCI, J Clin Inve

6 in vivo changes I6 in vivo changes IK1K1
ates AF susceptibilityates AF susceptibilityp yp y

imicked AF-related miR-26 downregulation by 
tail vein injection of antimiR to mice

n vivo miR-26 downregulation upregulated IK1

And promoted AFAnd promoted AF.

est 123: 1939-1951, 2013 .



Manipulating miRManipulating miR--22
and profoundly reguland profoundly regulp y gp y g

Luo X et al, JCI, J Clin Inve

6 in vivo changes I6 in vivo changes IK1K1
ates AF susceptibilityates AF susceptibilityp yp y

In vivo miR-26 overexpresssion 
reduced IK1 and suppressed AF.

est 123: 1939-1951, 2013 .



Reentry substrate in AF: ChanReentry substrate in AF: Chan

A

C

Lu 

Fundamental determinants of reentry:

Shorte

Fundamental determinants of reentry:
-ERP (short favors reentry)
-conduction velocity (slow favors reentry)
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60 mVB
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-60 mV

100

Girmatsion

Adapte

ged refractoriness: ged refractoriness: Other miRsOther miRs

How remodeling promotes reentry

D

Y et al, Circulation 122: 2378–2387, 2010. 

ened refractory periods

Decreased inward current (Ca2+)
Increased outward current (K+)

Normal conductionmiR-328

Decreased source current (INa)

Slowed conduction

miR-1

0 ms
Impaired connexin function Ti fib i

n Z et al, Heart Rhythm 6: 1802-1809, 2009

p Tissue fibrosis

ed from Nattel S et al, Circ Arrhythm Electrophys 2008 Apr;1(1):62-73. .
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Shorte

Fundamental determinants of reentry:
-ERP (short favors reentry)
-conduction velocity (slow favors reentry)
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How remodeling promotes reentry

D

Impaired conduction 
and dilated atria

ened refractory periods

Decreased inward current (Ca2+)
Increased outward current (K+)

Normal conduction

Decreased source current (INa)

Slowed conduction

0 ms
Impaired connexin function Ti fib ip Tissue fibrosis

ed from Nattel S et al, Circ Arrhythm Electrophys 2008 Apr;1(1):62-73. .



Rat model of postRat model of post--myocmyoc
with which to test mowith which to test mow w c o es ow w c o es o

cardial infarction CHF cardial infarction CHF 
olecular mechanismsolecular mechanismso ecu ec s so ecu ec s s

Cardin S. et al. Circ Arrhythm 
Electrophysiol 2012;5:1027-35



A MicroRNA (miRA MicroRNA (miR--21) co21) co
in TAC mouse model viain TAC mouse model viain TAC mouse model viain TAC mouse model via

Pressure overloadPressure overload

miR-21 SPROUmiR 21 SPROU

miR-21antagomir 
tail-vein injectiontail vein injection

ntrols ventricular fibrosis ntrols ventricular fibrosis 
a ERKa ERK--phosphorylationphosphorylationa ERKa ERK phosphorylationphosphorylation

UTY-1
ERK-

phosphorylationUTY-1 phosphorylation

Fibroblast 
↑FibrosisX

Thum T et al, Nature, 456:18-256,2010.

Survival ↑FibrosisX



Is miRIs miR--21 involved i21 involved i
of rats with postof rats with post--MI CHMI CHof rats with postof rats with post MI CHMI CH

C

miR-21 

in atrial fibrosis/AF in atrial fibrosis/AF 
HF?HF? Indirect EvidenceIndirect EvidenceHF? HF? Indirect EvidenceIndirect Evidence

ERK

Cardin S et al, Circ Arrhythm Electrophysiol 5: 1027-1035, 2012. 

SPROUTY-1
ERK-

phosphorylation

Fibroblast 
Survival ↑Fibrosis



Effects of miREffects of miR--22
atrial fibroatrial fibroatrial fibroatrial fibro

-mir21 appears importan
-Knocking down miR2

therapeutictherapeutic

C

1 knockdown on1 knockdown on
osis and AFosis and AFosis and AF osis and AF 

nt to the fibrotic process
21 may be a possible 
c approachc approach

Cardin S et al, Circ Arrhythm Electrophysiol 5: 1027-1035, 2012. 


