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Meécanismes

- Hyperautomatismes

- Automatismes anormaux
- Activiteés déclenchées
- Réentreées




Hyperautomatisme

Cellules automatiques: Phase 4

- Noeud sinusal
- NAV
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Zhang PACE 2002




Hyperautomatisme

QPhase4=1If NaetK:) -p) via AMPc

U Diminution d’un courant K+ sortant (cellules calciques)
U Courants calciques (L — T)/Na
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The Pacemaker Current: From Basics to the Clinics

ANDREA BARBUTI, Pi.D., MIRKO BARUSCOTTI, Pi11.D., and DARIO DIFRANCESCO, Pi1.D.

up}];liculiunﬁ of the concept of Iy-based pacemaking. (J Cardiovasc FElectrophysiol, Vol. 18, pp. 342-347, March
2007)
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Potentiel de Repos Pente de Phase

Davy: Electrophysiologie cardiaque. Encyclopédie pratique du Coeur 2002




Hyperautomatisme
Situations cliniques

Overdrive suppression — Echauffement
Warm-up & Cool-down

___| Davy: Electrophysiologie cardiaque. Encyclopédie pratique du Ceeur 2002







Automatismes Anormaux

Toutes les Cellules myocardiques

Ccoeur pathologique source de
dépolarisation diastolique (phase 4)

Diminution du courant sortant
potassique et augmentation des
courant calcique entrant \_

+ /‘
Verapamil - TK+e
|K+e - |PO2 — |pH Mg




Cellules purkinje

Arch int med 1975; 135: 459
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Automatismes Anormaux
Situations cliniques

1 Tachycardies ventriculaires de I’IDM
d RIVA

TABLE 18-1. The Nature, Time Course, Mechanisms, Site of Origin,
and Response to Drugs of Ventricular Arrhythmias
After Coronary Artery Occlusion

Phase | Phase Il Phase Il

Nature VT/VF VT VT/VF
Time course 15—-30 min 6—-72 h 3-12d

Site of origin Ischemic myocardial Subendocardial Subepicardial muscle
cells Purkinje fibers cells overlying the
Purkinje fibers? in infarct zone infarct
Normal zone border- Subepicardial muscle Surviving intramural
ing the ischemic overlying the infarct muscle cells
zone Purkinje fibers?

Mechanism(s) Reentry Abnormal automaticity  Reentry
Automaticity Triggered auvtomaticity Triggered automaticity
(early after depolari- Reentry?
zation)?

Response to drugs  Usually resistant Usually suppressed Usually resistant

VT, ventricular tachycardia; VF, ventricular fibrillation, 2, evidence uncertain. Time course refers to postocclusion
period.




Activités Déclenchees
Post-dépolarisations

Précoces EAD
Tardives LAD




= Cl-
Echange Na/Ca

Inhibiteur

Calmod.-Kin.
Inhibiteur N

Pompe Na/K

Digitaliques
Cellules Purkinje
Cellules myocardiques sous digitalique
Cellules myocardiques aprés infarctus

Ischémie, HVG, | K+e, T Cat+e

nhibiteur Ca+
Béta (-)

Heart Vessels. 2003
Dec;19(1):43-8.

Effects of class I antiarrhythmic
drugs on the digitalis-induced
triggered activity arrhythmia
model




\

I
Im

\
t st

\

IR

a Tachycardie-Dépendance

|

|

— e

\1
L

Davy : Electrophysiologie cardia

___u__[atson i
e. En

cyclopédie pratique du Ceeur 2002




S1

\SZJ

b

U

| S182 =>|S2V1

nll
50 mV

1000 msec



*Mechanisms for Absence of Inverse
Relationship Between Coupling Intervals of  py
Premature Impulses Initiating Reentrant
Ventricular Tachycardia and Intervals
Between Premature and First Tachycardia
Impulses
C Cabo, Circulation. 1997:96:3136-477.
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LAD

* SVP peut supprimer les LAD
(Réentree)

* Adénosine peut supprimer les LAD

secondaires a une inhibition de
I’adenyl-cyclase

(Circulation Research 1992;70:743-753)
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LAD

 Intox Digitaliques
d TV IDM et reperfusion

Pace 1997; 20 : 936
J TV infundibulaire ou en salves

de Galavardin
J Hypertrophie
d TV Catécholergiques




Ischémie Myocardique
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LAD cellule de purkinje de chien 1 jour apres
IDM circ res 1983; 52: 566




TV Infundibulaire
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Figure 10. Electrocardiogram of tachycardia arising from the anterior free wall. Note nearly iso-
electric QRS in lead | typical of this location, and precordial transition zone at 'V,
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Adenosine 1.5 mg

'
um - e

* Song Y Circ Res. 1992; 70 :743-53. Adenosine-sensitive
afterdepolarizations and triggered activity in guinea pig
ventricular myocytes.
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, * Mechanism of Repetitive
AL rm——tna

AP e Monomorphic Ventricular

NNV e i Tachycardia

B B. Lerman, Circulation.
1995;92:421-429

H = 200 msec




* Repetitive Monomorphic
A AANA NN
AL/\’(WW WYL Tachycardia From the Left

| Ventricular Outflow Tract:
th ‘J“"L‘wamwmwm 0 \ WMUVUWW@ ) u ) W

Electrocardiographic Patterns
W WAMM, uw \fU WA

i J,}"j %HL‘: WUW Il  Consistent With a Left
W’w{““ W /l“ = Ventricular Site of

fm[ﬁa | " A Origine. DJ Callans ] Am
e MMﬁufW ﬂ& ” Jﬁﬂﬂﬂ M Coll Cardiol 1997:29:1023—7

Fg e 8. Flec
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* Localization of Optimal Ablation
Site of Idiopathic Ventricular
Tachycardia from Right and Left
Ventricular Outflow Tract by

Body Surface ECG
S Kamakura, MD; Circulation.
1998;98:1525-1533.
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TV catécholergiques
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* Catecholaminergic Polymorphic Ventricular Tachycardia in Children
A 7-Year Follow-up of 21 Patients A Leenhardt, Circulation. 1995;91:1512-1519.

* Ryanodine Receptor Mutations Associated With Stress-Induced Ventricular Tachycardia.
George et al. Circ Res.2003; 93: 531-540.




CPVT # Intox Digitalique

Calcium
induced —
Calcium

Reécepteur RyR2 release

Surcharge

* Enhanced Basal Activity of a Cardiac Ca 2 Release Channel
(Ryanodine Receptor) Mutant Associated With Ventricular
Tachycardla and Sudden Death. Dawei Jiang,. (Circ Res.




* C-linical gnd Molecular (-Zhara.cterization Of. Absence of Calsequestrin 2 Causes Severe Forms of
Patients With Catecholaminergic Polymorphic  Catecholaminergic Polymorphic Ventricular Tachycardia
Ventricular Tachycardia Silvia G. Priori,. Alex V. Postma, Circ Res. 2002; 91:e21-¢26.

Circulation. 2002;106:69-74.




TV Bidirectionnelle

* Ito JCE 2002
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Early Afterdepolarizations

Modéle de LQT2=1Kr  M&* _

+ Echange Na/Ca

Reticulum sarcoplasiggue

* Cytosolic Ca2+ triggers early afterdepolarizations and Torsade de
Pointes in rabbit hearts with type 2 long QT Syndrome BR Choi Journal
of Physiology 2002, 543, 615-631




Early Afterdepolarizations

EAD (phase 2)

§ AP duration |

EAD (phase 3)

1 Diminution des courants sortants K+ : Ikr, Iks, Ito

J Augmentation des courant entrants sodique ou calcique
J Hypo K+, Ca++, hypoxie, AAR III, Cestum, Quinidine
neuroleptiques, antihistaminiques, érythromycine
BRADYCARDIE




Role de la fréquence




Torsades de Pointes

EAD ?
Reentree ?

Jd QT long 1 et 5 Iks

d QT long 2 et 6 Ikr

1 QT long 3 Na

4 QT long acquis




iKr QT2 1Nalent QT3 Ito

Epicarde

Cellules M

Endocarde

* Cellular Basis for the ECG Features of the LQT1 Form of the Long-QT.
W Shimizu, Circulation. 1998;98:2314-2322.
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Isolated Rabbit Left Ventricle
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QT favorise la réactivation de Ica L : EAD
Activation f +: EAD

f | In summary, the development of TdP under LQTS is
| R dependent on 2 prerequisites: the genesis of EAD that
' ' functions as a trigger and enhanced TDR that facilitates
EAD propagation and serves as a functional reentrant
"] substrate to maintain TdP.




Long QT Syndrome

Agents with Class ITI

Intrinsic Heterogeneity Action (Soialol, Chromanol
20328, Bay K 8644, ATHID) ot
Mutations in KvLOT1, Kir2.1
“ ;i KCNE], HERG & SCN5A,
Net Repolarizing Current Hypertiophic and Dilated

Cardiomyopathies
(1 g | T ) T T Hlate T i
/ LQT1 \LQTZ, 3

Prolongation Prolongation of APD, EAD-induced
of APD preferentially in M cells triggered beat
{(Homogeneous) (Heterogeneous) (Purkinje or M cell 7)

"i.l‘li‘l‘ll!l’l‘ll‘lIllilitlllilliillil‘tiii

Long QT Interval La::mg Q:r Interval
<> Dispersion of =T Dispersion of

Refractoriness ;  Refractoriness
3 adrénergic l <

Torsade de Pointes
(Reentry)

* Antzelevitch JCE 2003 13 1259-72




EAD = 1nitialisent Torsades de pointes

La torsade ?
EAD de differents foyers ?

Deux foyers a une fréequence proche
peuvent reproduire 1’aspect ECG

Réentree avec différents points de sortie
Arythmie non inductible par SVP
Réentree en phase 2




vE a7 v

T |
| :,' F‘"'.-%I
[ k¥

1

| A
[N ,'nl;'

* Nabil El-Sherif,
Electrophysiological Mechanism
of the Characteristic
Electrocardiographic
Morphology of Torsade de
Pointes Tachyarrhythmias in the
Long-QT Syndrome Detailed
Analysis of Ventricular
Tridimensional Activation

Patterns. Circulation.
1997;96:4392-4399.




Effet du Mg++

APPLICATION CLINIQUE

* Treatment of torsade de pointes with magnesium sulfate
D Tzivoni, Circulation, 1988; 77: 392-397

Diminution de la dispersion
de la repolarisation

R I_I_. 1

] % SIGNAYL, DEFECTUZLE] 1M

10 mi
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* Cellular Basis for the ECG Features of the LQT1 Form of the Long-QT.
W Shimizu, Circulation. 1998;98:2314-2322.




Pause-Dependent Torsade de Pointes
Following Acute Myocardial Infarction
A Variant of the Acquired Long QT Syndrome

Amir Halkin, MD,

Sami Viskin, MD

Tel Aviv, Iirael
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syndrome should be considered in patients recovering from MI who experience polymorphic

VT as specific therapeutic measures are mandatory.

€ 2001 by the American College of Cardiology

(] Am Coll Cardiol 2001;38:1168-74)
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e 1. Twelve-lead surface ECG from patient I with congenital short QT svadrome. OT interval = 240 ms (QTc 275 mis).

QTc <300 ms
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ST Segment Elevation and Sudden Cardiac Death: From the
Brugada Syndrome to Acute Myocardial Ischemia

GAN-XIN YAN, M.D., Pu.D., and PETER R. KOWEY, M.D,

From the Lankenau Hospital and the Main Line Health Heart Center, Wynnewood,
and Jefferson Medical College, Philadelphia, Pennsylvania
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* Lukas Differences in the electrophysiological response of
canine ventricular epicardium and endocardium to
ischemia. Role of the transient outward current

Circulation 1993; 88: 2903




Syndrome de BRUGADA

Acceélération de ’inactivation de iNa
Diminution du nombre des canaux Na
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* Cellular Basis for the Brugada Syndrome and Other
Mechanisms of Arrhythmogenesis Associated With
ST-Segment Elevation
Gan-Xin Yan, MD, PhD; Charles Antzelevitch, PhD

Circulation. 1999:100:1660-1666
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Belhassen B Effects of electrophysiologic-guided therapy with Class 1A

antiarrhythmic drugg on the long-term outcome of patients with idiopathic

ventricular fibrillation with or without the Brugada syndrome. J Cardiovasc
Electrophysiol. 1999 Oct; 10(10): 1301-12.

Alings M, Quinidine induced electrocardiographic normalization in two
patients with Brugada syndrome. Pacing Clin Electrophysiol. 2001 Sep; 24: 1420-2.




* Tonic Mechanisms Responsible for the Electrocardiographic
Phenotype of the Brugada Syndrome Are
Temperature Dependent
Robert Dumaine, Circ Res. 1999;85:803-809
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Cellular Basis for the Electrocardiographic J Wave
Gan-Xin Yan, MD, PhD; Charles Antzelevitch, PhD
Circulation. 1996;93:372-379
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* A Single Na Channel Mutation
Causing Both Long-QT and

Brugada Syndromes. C Bezzina.
Circ Res. 1999;85:1206-1213.
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The Elusive Link
Between LQT3 and
Brugada Syndrome

B

The Role of Flecainide
Challenge Silvia G.

Prior1, Circulation.
2000;102:945-947.

Conclusions—The data demonstrate that flecainide may induce ST
segment elevation in LQT3 patients, raising concerns
about the safety of flecainide therapy and demonstrating the
existence of an intriguing overlap between LQT3 and BS.




Réentreées

1 Anatomique

] Fonctionnelle (Polymorphique)
anisotropie
héterogenéité des P Réfractaires




A Réentreée

<

Zone a conduction lente
Bloc unidirectionnel




L.cading Circle Model Anisotropic Model
(Allessic, 1977) (Allessie, 1989)

Q |

Fonctionnelle

Gap junctions

Fibrillation TV IDM Epicardique
Figure 8 Model Spiral Wave Model
(El-Sherif, 1985) (Davidenko, 1992)
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Réentrée pendant ischémie
ERP s’allonge et APD diminue

ERP (C2Z)
APL (C2Z)

ERP (BZ)
APL (BZ)

Circulation 1980; 61:768.




Ischemie Myocardique

Mais AUSSI
Meécanismes focaux

* Arnar DO. Role of the

Purkinj € system in
spontaneous ventricular
tachycardia during acute
1Ischemia in a canine
model. Circulation. 1997
96: 2421-9

ventricutar fibrillation

Circ Res 1981:; 49:




Application Clinique

Successful Catheter Ablation of Electrical Storm After
Mpyocardial Infarction

Dietmar Binsch, MD*; Feifan Ovyang, MD*; Matthias Antz, MD; Thomas Arentz, MD;
Reinhold Weber, MD; Jesus E. Val-Mejias. MD; 5abine Ernst, MD; Karl-Heinz Kuck, MD

Background—We report on 4 patients (aged 37 to 77 years: 3 men) whe developed dmg-refractory, repetitive ventricular
tachyarrhythiias after acute miyocardial infarction (MI). All episodes of ventricular amrhythnuas were triggered by
monomorpluc ventricular premature beats (VPBs) with a right bundle-branch bleck morphelegy (EBEB).

Methods and Results—Left ventricular (LV) mapping was performed to aftempt radiofrequency (EF) ablation of the
triggering VPBs. Activation mapping of the clinical VPBs demonstrated the earliest activation in the anteromedial LV
in 1 patient and mn the inferomedial L'V in 2 patients. Short, hgh-frequency. low-amplitude potentials were recorded that
preceded the onset of each extrasystole by a maximum of 126 to 160 ms. At the same site, a Purkinje potential was
documented that preceded the cnset of the QRS complex by 23 to 26 ms during sinus rhythm. In 1 patient. only pace
mapping was attempted to identify areas of interest in the L'V. Six to 30 RE applications abolished all local Putlange
potentials at the site of earliest activation and/or perfect pace mapping and suppressed VPBs m all patients. No episode
of ventricular fachycardia or fibrillation has recurred for 33, 14, 6, and 5 months in patients 1. 2 3. and 4. respectively.

Conclusions—Incessant ventricular tachyarriivthmias after Ml may be triggered by VPBs. BF ablation of the tnggenng
VFPBs is feasible and can prevent drug-resistant electrical storm, even after acute MI. Catheter ablation of the triggening
VPBs may be used as a bailout therapy 1n these pafients. (Circulation. 2003:105:3011-3016.)

Key Words: fibrnllation m myocardial infarction m ablation m tachyeardia
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Modulation Electrotonique
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J Am Coll Cardiol 2007;50:614-22




Stimulation Biventriculaire

* Biventricular Pacing Decreases the
Inducibility of Ventricular

Tachycardia in Patients With Ischemic

Cardiomyopathy J D . Zagrodzky Am J
Cardiol 2001; 87: 1208 1210

* Effect of Epicardial or Biventricular
Pacing to Prolong QT Interval and

Increase Transmural Dispersion

of Repolarization. Does
Resynchronization Therapy Pose a Risk
for Patients Predisposed to Long QT or
Torsade de Pointes? VA. Medina-Ravell,
Circulation 2003; 10:740-46.

* Increase in VT frequency after
biventricular ICD upgrade JCE 2003; 14:
1245-47.
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* Exploring Postinfarction Reentrant Ventricular Tachycardia With
Entrainment Mapping W. G. STEVENSON, MD,J Am Coll Cardiol 1997;29:1180 -9




* Entrainment Mapping and Radiofrequency Catheter Ablation of
Ventricular Tachycardia in Right Ventricular Dysplasia

K E ELLISON, JACC; 1998; 32: 724.

Entrainment

of VT

Concealed
Fusion

PPl = VTCL +/- 30 ms
or
S-:0RS = EG-OQRS +/- 20 ms

“E?// No

{5-QRS f VTCL) X 100

b o

30-70%

[ Cantral f Prnxi;nul..]

< 30%

>70%
| Exit |

| Inn&rl
| Loop
| E——

lsthmus Sites

QRS
Fusion

PPl = VTCL +/- 30 ms

| Remota |

| Bystandar | Lap
s -t

| Adjacent
Bystander




PERFECT
ENTRAINMENT;
MAP OF V

—~

d—_\.

i,

~7 =

e

. J'_:“L’"“J oW
ol “\/“‘“\f'f £ 7 A

5.'.'Fl GT=0A% = 155
s T L C R — e ]
Al
A a0 33m A
ARSI g TR g W T L Wi N

ANF

L T— .-"‘"_"‘—\_/r ﬁ"‘\ f'mxuf _H_h\u-'fﬂ_\_,.-f "-_\

— — o —— e
B e i e s

o, = T

) o e i
,-f“ | : _,ﬂl ‘1
T/_ b_/“ﬂ\{_/ i

l,f" qu'*"'ﬁ'ff‘“\._ﬂ_/ gt

| In_._—-’mww e

e, SR

4 T

R W N

i’"‘*—— J--"I'

Eu =URs = 105

,’ﬂ_’x& e e
l\'\-"-. b ; Il %

- T
e B p——— N - N
- -’_\-k_—-f_\_p.__-—-‘_“___—F"‘h — N —
e L.w = B B Iy
Sy ® ol ‘\f “/’ W SR o
. % oy By

R s e e I ey T
v
g, S T ¥ N i o S | S e, N N -_I_,—ﬁ_
Rl
e —— Ai-\.,— _\"_.—LJJI‘_ —— __r|.l"' |
e e |
ABL EGM GRS = 155 —f
“‘.._‘- i~ H'w.-"""J (‘f\'«‘\r '."'",MM i .-"".,.."’""___::\ BV g ol Ny
i = -

* Electrophysiology of VT . Josephson JCE 2003;14 : 1133

i & M
: ‘l'ullmurk‘uﬁulﬁ. -hlhﬂn.mbl"}\ "..I'-A\'-jl H\-l_ﬁ_"._l"ﬂ_l.-mllllﬁh'hlx — —‘_'_"‘_ﬂ_'_. T

kY
) IH.Ml I r My e e "\""--\-“'\—\.-\_.'L.-'
P "'I ‘I h'.lnxl.l -‘xi.lﬁ"l.ll L'-.Iﬁ-l'-ll -l|.l|f i IIA\-” II | i
Wi
e e T P W et e et l 'I Im.z'“r—""'_'_ e S
L
| [ e e | |
AAAAAA A A A — L~
Ve
et e A A B e A e A A A L '..,.—h____ .—;ILH-.
Ry
4 T_Il_\,_‘l T — II ]| I| " ! | s

Topostimulation
Post pacing interval

Delai spike-QRS

Potentiel diastolique Pot-QRS



TABLE 18-1. The Nature, Time Course, Mechanisms, Site of Origin,
and Response to Drugs of Ventricular Arrhythmias
After Coronary Artery Occlusion

Phase | Phase Il Phase Il
Nature VT/VF VT VT/VF
Time course 15-30 min 6—-72 h 3-12d
Site of origin Ischemic myocardial Subendocardial Subepicardial muscle
cells Purkinje fibers cells overlying the
Purkinje fibers? in infarct zone infarct
Normal zone border- Subepicardial muscle Surviving intramural
ing the ischemic overlying the infarct muscle cells
ne

Purk

inje fibers?

Mechanism(s) Abnormal automaticity

Automaticity Triggered automaticity  Triggered automaticity?
(early after depolari-  Reentry?
zation)?
Response to drugs  Usually resistant Usually suppressed Usually resistant

VT, ventricular tachycardia; VF, ventricular fibrillation, 2, evidence uncertain. Time course refers to postocclusion
period.




Réentreée

* TV sur cicatrice d’1DM

* DVDA

« CMD (branche a branche)
* TV Fasciculaire
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* Successful Radiofrequency Ablation of Idiopathic Left Ventricular
Tachycardia at a Site Away From the Tachycardia Exit
MS WEN, J Am Coll Cardiol 1997;30:1024 —31




CMD non ischémique

Réentrée - Foyers

 Characterization of Endocardial Electrophysiological
Substrate in Patients With Nonischemic Cardiomyopathy and
Monomorphic Ventricular Tachycardia. Henry H. Hsia,

Circulation. 2003:108:704-710. Réentreée

* Mechanisms Underlying Spontaneous and Induced
Ventricular Arrhythmias in Patients With Idiopathic Dilated
Cardiomyopathy Steven M. Pogwizd,. Circulation.

1998;98:2404-2414. Koyers

* Dispersion des durée de PA - Dispersion des PR Antzelevitch
JCE 2003 13 1259-72




Réentrée de branche a branche

Table 1
Diagnostic Criteria for Bundle Branch Reentry Ventricular Tachycardia

{ B more [Jrf‘.-‘x1‘“|'i:i| han the site ﬂ.fu TE I| = ||‘|1F:~|]-\-e' turns JIHLIr'II| 3]

descend the contralateral bundle branch).

Spontaneous variation in ventricle-to-ventricle (VV) intervals usually seen at initiation of
tachycardia is preceded, rather than followed, by similar changes in H-H or RB-RE inter-

vals,

similar His-to-ventricle (HV) relations during tachycardia even if different programmed

stimulation methoed was L.wrl |nr induction,

single or multiple premature ventricular beats e spec ially uwm a short-to-long sequence
in the basic drive cycle le ngth can usually induce the tachycardia. The first beat of tachy-
cardia and all subsequent beats are preceded by H or RB pote ntials.

Resething of tachycardia with a single premature ventricular beat by advanc |n the His or
RB electrogram, indicative of ASSO iation of HPS with the reentrant circuit of tachyeardia.

Surface QRS morphology, as well as ac ||..:||c-|1 sequence of intracardiac electrograms,

must be consistent with de polarization of the ventricle through 1 of the bundle branches.
Termination of tachvcardia with retr -_L:mm‘ { 'i'llill]l tion block within the HPS (V with no

His or BB electr aramy.

Absence of consistent H or RB deflection between QRS complexes during ventricular

pacing at the cyvcle length of tachveardia.

* L1 JCE 2002. BB
reentrant VT role of HP
system:. Le HV long
n’est pas un pre
requis.............




Réentreée de branche a branche

Entrainement caché

Ventricular Entrarnment
Hi=

* Transient Entrainment of Bundle-Branch Reentry by Atrial
and Ventricular Stimulation Circulation. 1999;100:1784-1790.




Réentrée de branche a branche




Fibrillation Ventriculaire
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* A Tale of Two Fibrillations

PS Chen
Circulation 2003;108:2298-2303.



Fibrillation Ventriculaire

* Effect of Adrenergic
Stimulation on Action
Potential Duration
Restitution in Humans
P Taggart,. Circulation.
2003;107:285-289.
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Fibrillation Ventriculaire
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Fibrillation Ventriculaire

Type I multifocale Type II focale
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* A Tale of Two Fibrillations PS Chen Circulation. 2003;108:2298-2303.
* Two Types of Ventricular Fibrillation in Isolated Rabbit Hearts. Tsu-Juey Wu.
Circulation. 2002;106:1859-1866.




Conclusion

Mécanisme
Non univoque ++
Difficile a préciser++

Traitment




