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What is Arrhythmia?

The Slow
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Conduction System

SA node

Atria
AV node ___—

His
Bundle -85
Purkinje -85
Terminal -85
Purkinje
Yentricular -85
ECG _..1
S Ssicouri & Antzelavitch {1991)
Luo & Redd :1939;?
uo W
PR < 0.2 sec
— __J
QT<0.44 sec

%ﬁ%’?, Seoul National University Hospital
/ﬁl%g Cardiovascular Center !



Normal Activation Sequence

Structure Conduci(::]c:;ms;/elocity Intrinsi(?3 IZI:;]uency

SA node <0.01 60-100
Atrium 1.0-1.2

AV node 0.02-0.05 40-55
His bundle 1.2-2.0 40-55
Bundle branches 2.0-4.0 25-40
Purkinje fibers 2.0-4.0 25-40
Ventricle 0.3-1.0

Katz. Physiology of the Heart, 4" ed., 2006, p.429 {472 Seoul National University Hospital (%

e Cardiovascular Center
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Mechanism of Arrhythmia

3l (reentry)
Propagation of an impulse around an anatomical or functional

obstacle

20t &= (triggered activity)
SEE=0 2o sd?IF 7E
SEt=00] =2
- -l S TT

Early afterdepolarization: phase 2 or 3
Delayed afterdepolarization: phase 4

& &AMl I}=S (abnormal automaticity)

H| & AFA O]
Depolarization-induced automaticity

X% Seoul National University Hospital /#
f A Cardiovascular Center



Hypothetical Reentry Circuit

Entry of Premature Depolarization

Region of
Unidirectional
Block
Slow Normal
Conduction Conduction
Limb Limb

L
L L
....1--“

Central Region of
Anatomic or
Functional Block

Exit from Reentry Circuit

}*“;IM Seoul National University Hospital
M\ Cardiovascular Center
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Waller (1887)

Measured the first human
electrocardiogram in 1887
using Lippmann's capillary
electrometer

Waller’'s 10 ECG leads

e IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'

H3% Seoul National University Hospital /M
L Cardiovascular Center &



Einthoven (1902)

ECG using string galvanometer Einthoven’s limb leads & triangle

L

Lead I

P Cos ELECTR: APH TOWIN M Eveer
A I 3 I Case Tne Haxps OxE | B I 1y
SaLT SoLuTr
n1Sec
s s
el
P ﬂ T
5

ﬁr ﬁ;ﬁ Seoul National University Hospital
“";?& Cardiovascular Center !



Sci Am, June 2000
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ID:34836466 06-MAR-2006 10:59:40 SEOUL NATIONAL UNIVERSITY HOSP.

ﬁjr gﬁnt- rateal 123 EPM Normal sinus rhythm
= interv me - -1
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Technician: SHIN "W

Eeferred by Thconfirmed

i)

HMWL_JLA L

V2 V5

]

2ommfs  10mm/m  150Hz 005D 1251 237 CID: 1 EID:Unconfirmed EDT: CEDEER:
Page 1of 1




Lead System

Bipolar leads
Potential difference between two electrodes

Unipolar leads
One electrode for measuring the potential

The other (indifferent electrode) is assumed not to be
influenced by the dipole: zero potential

.:I . Seoul National University Hospital ;
LY, .”- Cardiovascular Center



Why Do we use so many leads?

Seoul National University Hospital A
& Cardiovascular Center -



JIEt =58

Lewis lead: recorded @ |
R = ICS2 RSB
L = ICS4 RSB

Monitor lead
modified chest lead

Esophageal lead - Ea0

R
Qw E2o
\
\

Eso
M/;’ffr Seoul National University Hospital
U Cardiovascular Center J



EPS Lab

Signal > Computer

. Modification Data Recorder
Junction _
Box Synchronizer
Stimulator
\ Constant /
Current
Source

H3% Seoul National University Hospital /M
f A Cardiovascular Center = e



Electrode Catheter for EPS

1234
l ll l Quadripolar electrode
E|E|IEIE catheter with
< |ov N ey
£ E E
£ £ E
N NN
lec ‘Constant Current
\ ! Stimulator
pud ke
5 Intracardiac
CH I N —— DU Flecrogran
3 —— ___,,V
—ef
4 —— ——1+"3* Signal
\ J Conditioning,
Junction Box Amplification,

& Filtering

Seoul National University Hospital -
Cardiovascular Center




Various Electrode Catheters

; w/;’ffn Seoul National University Hospital
Py Cardiovascular Center J

0



Typical Filter Settings for EP Lab Recordings

Recording High Pass (Hz) Low Pass (Hz)

Surface ECG 0.05-0.1 100
Bipolar intracardiac 30-50 300-500
Unipolar intracardiac DC-0.05 > 500

ﬁ“‘i‘& Seoul National University Hospital /M
n‘f‘ﬁ Cardiovascular Center -
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Signal Filtering & Electrograms

V1
Ve _—n——— A —
HRAp 1lr |
HRAd S I
His_prox Ve Vv
His_mid v v
His_distal b 4 0.05-500Hz
RVA -
V1

HRAp
HRAd

|-
J -
His_prox W i .UL
His_distal X
RVA 5-500Hz « 100-500Hz

% Seoul National University Hospital I.-”"' .
Cardiovascular Center




Usual Catheter Position & Electrograms for EPS

HRA 3-4

HBE1-2

CS1-2

CS3-4

RVA

.:I . Seoul National University Hospital | o
1 _al. .

Cardiovascular Center



Intracardiac electrograms are ...

Allegro
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Programmed Electrical Stimulation

Fixed Cycle length Pacing
(Fixed Rate Pacing)

Fixed Cycle Length Pacing With Premature Extrastimulation
(Fixed Rate Pacing With Extrastimuli)

— L]
Eﬂ?aiumunl I S1 S1 S1 S1 S1 S1 S1 Sf
(52) S1 S1 S1 S1 S1 S182

_ ' S3

Double
Extrastimuli 1 I l ‘ l | | |
(S2-S3)

Fixed Cycle Length Pacing With Long-Short Extrastimulation
(Fixed Rate Pacing With Long-Short Extrastimuli)

Triple

Extrastimuli I | ’ ‘ I ‘ l l “ Double 53

S$2-83-54 Extrastimuli

( ) S1 51 51 S1 51 S1 S1 515254 (epay ™™ l ' I

S1 S1 S1 S1 S1 S1 S1 81 S2

Triple | S3
Extrastimuli I I ] l ‘ I ' 1 H
(S2-53-54) <4 91 s1 81 S1 S1 S1 S1 S254

Seoul National University Hospital (4
Cardiovascular Center




Endocardial Mapping Technique

Activation sequence mapping

Pace mapping

Entrainment mapping

.:I . Seoul Nation aIU iversity Hospital (IR

Cardiovascular Center



Activation Mapping

Localization of the earliest activation site

Determination of the activation sequence

.:I . Seoul Nation aIU iversity Hospital (IR

Cardiovascular Center



The Earliest Activation Site (Focal AT)

1-1

29 mm/s I —f—1 j1000 s

2-11

3-111

25-RA 9 10

24-RA 7 B

17-BA 5 B

13-RA 1 2

15-HIS 1 2

16-HIS 3 4

23-ABL ds

18-CS 8, 10

19-C5 7.8

20-CS 5.6

21-CS 3,4

22-CSs 1,2

26-Ava 3 4 Y—WMAH”W ‘ l.r__._._.
28-STIM A1 fwh
114 k . ST Liinisiss L R Loy m [ETITY FETTITIIT) PPETTI ITTEITIT

#36965199

Cardiovascular Center

" Seoul National University Hospital @
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The Earliest Activation Site (RVOT VT)

B RO AERMN

GENERAL

SEOUL NATIONAL UNIVERSITY HOSPITAL

GENERAL RF Ablation

[4+ cath] 4.1!

PEI CardioEP

10: 36: 01: 912

14-hRA 3 4

17-1 2

18-3 4

18-S 6

20-7 B8

21-9 10

22-11 12

15-13 14

16-15 16

25-17 18

24-19 20

23-ABL ds

26-Ava 3 4

28-5TIM A2

[

100 ms

. M —W
N

#34142426

Seoul National University Hospital
Cardiovascular Center
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Common AFL: Isthmus dependent

W Seoul National University Hospital
Jg{%@ Cardiovascular Center !



Activation Sequence (AFL)

e-11

3-II1

15-1 2

16-3 4

20-5 6

19-7 8

18-9 10

13-Map

23-ABL ds

21-11 12

22-13 14

24-15 16

25-17 18

17-19 20

28-STIM A1
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%ﬁi{ Seoul National University Hospital

Cardiovascular Center
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Pace Mapping = Comparison

.. "EEL A

Pacing

SEOUL NATIONAL UNIVERSITY HOSPITAL

Ea. "EEI A

VPC

SEOUL NATIONAL UNIVERSITY HOSPITAL
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Seoul National University Hospital
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Entrainment Mapping

Purposes
Confirmation of arrhythmia mechanism (reentry)
Localization of a reentrant circuit

Localization of critical portion for maintenance of

reentry

‘”m.:l Seoul National University Hospital (& £

e Cardiovascular Center



Entrainment Mapping

Manifest versus concealed entrainment

Manifest: Constant or progressive fusion during

overdrive pacing = Mechanism is reentry !

Concealed = You are on the protected isthmus !

Postpacing interval (PPI)
PPl = tachycardia CL = You are on the critical path !

.:I . Seoul National University Hospital f %)
Lo .”- Cardiovascular Center



Entrainment

Reentry Concealed

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

Manifest

ee]eg

; .+, Seoul National University Hospital
BIAE Cardiovascular Center !




Advanced Mapping Systems

CARTO
EnSite (noncontact)
EnSite NavX

Localisa

RPM

‘”“.:I Seoul National University Hospital
wiwm)

Cardiovascular Center



Advantages of Advanced Mapping Systems

True 3-D mapping and navigation
Reduction in fluoroscopy

|ldentification of complex arrhythmic substrates & circuits
the location of which may not be obvious from conventional
mapping data

Increasingly accurate anatomical model

Some allow global mapping from a single beat

|dentification of potential arrhythmic substrates during
sinus rhythm

Guide ablation

.:I . Seoul National University Hospital
Lo .”- Cardiovascular Center



Advanced Mapping Systems

Multiple Special
catheter catheters
visualization required

Image Advantages /
integration  Disadvantages

Activation  Voltage

Principles : :
mapping mapping

CARTO Magnetic
(Biosense fielgd O 9] Contact mapping
Webster)

) ) Balloon Single beat activation
EnSit
|-?S|] ) Eleelztrlcal catheter @) / loss of accuracy in
(ESI) (MEA) large chambers
NavX Electrical X o) Requires EnSite
(ESI) field system
Localisa Electrical X X Inexpensive / no
(Medtronic) | field electrical information
RPM ,
(Boston Ultrasound 0 X Pro%ru;tary catheters
Scientific) neede

Cardiovascular Center

3" Seoul National University Hospital %
- _: I



CARTO: Shape of Reconstructions

3D maps based on acquired

LAT

electrogram location points ST—

Mapping area is visualized

only as points are added

Areas are extrapolated

between acquired points

RA-LAO View

A" Seoul National University Hospital /M
YA Cardiovascular Center &



EnSite System

Multielectrode Array (MEA)

NAVIGATE

143" Seoul National University Hospital /M
; Cardiovascular Center




NavX System

. 9

RSPV TSLSPV

L

Seoul National University Hospital (M
Cardiovascular Center Ry




Localisa System

File Tools Catheter View Halp

]

A= 1S - - 1

RF Cenduclr MC 4 mm Lip 2/572

HEDTRONIC
3-D Heart Hop

i Seoul National University Hospital

Cardiovascular Center

"4




RPM (Real time Position Management) System

Seoul National University Hospital (MEM
Cardiovascular Center -



Anatomical Approach

Fluoroscopy

ICE (intracardiac echocardiography)

3D mapping system

Image integration

.:I . Seoul Nation aIU iversity Hospital (IR

Cardiovascular Center



Importance of Anatomy: eg. LA & PV Antrum

- - 7,

M #12869101

#19505028

LAT

[ 1-Map > 292 Poinis

1.00 cm
.
.
' '-’

#32217975,

;. Seoul National University Hospital '.;"/ 1
Cardiovascular Center o



Branching Pattern of PV Anatomy

C Long Common
Left Trunk p /

A Typical B Short Common

W T
S

}

\JLFJVA

AF N=16 N =7 (including 3 of D) N 2
Control N=18 N =5 (including 2 of D)
D Right Middle PV E 1wo Right Midde PVs Right Middle PV

e
%\j\? 7”\j\w Nj\?

AF N=4
Control N=3

|| II

. . ):f"
Kato et al. Circulation 2003;107:2004-2010 s  Seoul National University Hospital %

’h_.m_.l":\-",



Image Integration

CARTOMERGE |
the first human data, Cleveland Clinic % Seoul National University Hospital @

Cardiovascular Center



Anatomy-Based Mapping & Ablation

LaT

7 2-dap > 140 Points

LN

#16299634

%ﬁ%’?, Seoul National University Hospital
/ﬁl%g Cardiovascular Center !



Working with Electroanatomical Mapping System

Activation map

Propagation map

Voltage map
Scar delineation

.:I . Seoul Nation aIU iversity Hospital (IR

Cardiovascular Center



Isochronal Map

Display: Map 4

3D-activation using color-

Isochronal Step (ms) | 18

QK | Applyl Cancell

coded isochronal areas

Readjust the isochronal

step

Color scale bar based on

the isochronal step LV-RL View

H3% Seoul National University Hospital (M
L Cardiovascular Center &



Activation Map: Focal AT

L

AT origin and ablation points Sinus rhythm after ablation

¢

“2" Seoul National University Hospital (M
SNUH Data L Cardiovascular Center -



Counterclockwise Atrial Flutter

——
——
R
EE
B

%1% Seoul National University Hospital D
it Cardiovascular Center &



AFL Ablation

LAT

[ 2 1-bap » 90 Points

. Seoul National University Hospital
Cardiovascular Center

#34288942




Propagation Map

Seoul National University Hospital (MieBs
Cardiovascular Center =



Propagation

#35737067

Cardiovascular Center

Seoul National University Hospital '



Voltage Map

Maximum Unipolar and

Bipolar Voltage Maps

17.64mV

Maximum voltage maps
display the peak-to-peak

value of the voltage

Unipolar or bipolar signals

LV-RAO View

A" Seoul National University Hospital /M
L Cardiovascular Center &



Scar Delineation

A grid point with the

closest “real” point to it

RA-PA View

tagged as scar, is colored
gray.

No color interpolation

adACrosSsS a SCar area

H3% Seoul National University Hospital /M
BlauL Cardiovascular Center &
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Brain stem vil
Vil
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c1 e
Superior
cervical
ganglion
"-u_‘_-::
ﬁ e
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/ -———
:; O wa rk
—
5 7 === w
Spinal cord — \##
—
- N mesentenc
—— gangiion
u -
Inferior
—_— teci
- ganglion
-_—
81 W
’;%/
7
Pedvic splanchnic nerves

Gray’s Anatomy, 39" ed., p.236

Eye

Lacrimal gland
Mucous membrana of noses

e vagus

Parotid gland

- —— sympathetic

Liver and ducts

Suprarenal gland

Smallintestine
Large intestine

Rectum

Kidney

Sexual organs

External genitalia

. Seoul National University Hospital
Cardiovascular Center



Human Heart: Major GPs

Armour et al., Anat Rec 1997;247:289-298

Aortic root G.P.

Y, Posteromedial left atrial G P.

)

Anterior descending G.P.

U
S

Obtuse marginal G.P. \

D

Superior left atrial G.P:

Posterolateral left atrial G.P.

Posteromedial left atrial G.P.

Posterior descending G.P.

Seoul National University Hospital .
7 Cardiovascular Center ’ !




GP Mapping Methods

Vagal response-guided mapping
®Passive: detected during RF energy delivery

® Active: high-frequency stimulation (HFS)

‘”“.:I Seoul National University Hospital
wlwa)

Cardiovascular Center



High-Frequency Stimulation (Human)

Usually under deep sedation or general anesthesia
Stimulator: eg. Grass stimulator S-88
Intensities to evoke vagal response

Frequency Pulse width | Voltage References
20Hz | 2ms | 030V | sve | Sreerees
7Hz | osms | 8V | cs ago el
20Hz | 1-10ms 12V | Endocardial | SSherag etel
20-50 Hz | 10ms 5-15V | Endocardial | |iem Rt 2006
0K | 4ms | 10V | endocarga | Crosmnsios

&) 7
B
A,

3

ﬁmﬂg? Seoul National University Hospital

Cardiovascular Center %



Sites Showing Vagal Response Evoked by HFS

\ Right Lateral View l Left Lateral View ‘
Anterior S“fegor
Marshall | Pulm Artery cfp
|_Tract

Inferior
Left
GP

Inferior
Right
GP

Nakagawa et al., HRS 2005 2(Suppl):S10-S11
Scherlag et al. JICE 2005;13:37-42

Epicardium Endocardium

Scanavacca et al., Circulation 2006;114:876-885

Seoul National University Hospital @
]

Cardiovascular Center




Activation Pattern & Spectral Analysis

Depolarization

—

Amplitude

FFT

Time (ms) Frequency (Hz)

FFT

Amplitude

Time (ms) Frequency (Hz)

High frequency component in spectral analysis of electrogram might be associated with structural

inhomogeneity of underlying cardiac tissue, which could be a substrate of arrhythmia.

}*;I Seoul National University Hospital .
m\ Cardiovascular Center ’ g




AF Nest

Examples of spectral analysis in substrate mapping: AF nest

Courtesy of Dr. Mauricio Arruda, Cleveland Clinic 4% Seoul National University Hospital /R

Cardiovascular Center




Normal Site During Sinus Rhythm

# of samplg|s Time steps ’_.type
. ’Jl 1024 “Jl 1 J|Hannin
“sampling R\ te Frequency bin _Iength
)l 1000 o512 A
HiE ol |
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[00: 00300, 00 00:00°03, 00

Default Scale Tirme (s} - [ >

_Spectrogram (2D)
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175-
150~
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100-
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50—
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SNUH Data

Plot Style
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—dow3urface

¥y ProjectiorProjections Fast drawing
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Com O S

Seoul National University Hospital
Cardiovascular Center
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AF Nest During Sinus Rhythm

#of samples  Time steps ’l_t'_,.'pe
’ o)l 1024 A1 o|Hannin
sampling Rj|te Frequency bin _Iength
=4 1000 o512 6
o |

L=

=

2

=

=

=T
-1p-1 .
00:00:00, 00 00:00:03, 00

Default Scale Time (s} «| |

EDD_Spectrugram (2D)

175
—, 150~
r

L 125-
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£ 100-
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SNUH Data
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%% Seoul National University Hospital (M
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CFAE During AF

CFAE site

0 1500 3000
Non-CFAE site Time (ms)

CL 125-130 ms

SNUH Data
ﬁ;*ﬁ Seoul National University Hospital
BIAE Cardiovascular Center '



Complex Fractionated Atrial Electrograms (CFAE)

CFAE ablation (n=121)
*1-year F/U
*AF free 110 (91%)
*One ablation 92 (76%)
*Two ablation 18 (15%)

CS7-8 L—W—WW
CS5-6 NWM
CS34 st
CS12 l |4332]f§'40| I ! r 'i \

Posterior ' , o L "
septu f .' ; ‘.

Nademanee et al. JACC 2004;43:2044-53

\*?‘? ‘V"‘; Seoul National University Hospital
LI Cardiovascular Center J



High DF (Dominant-Frequency) Sites

I T T T T
D 02 04 06 08 0 2 4 6 8 10 12 14 16 18 20
DF =7.1Hz
RI =0.26
I T T T T r T T T T T T T T T 1
0 02 04 06 08 0 2 4 6 8 10 12 14 16 18 20
®
DF = 7.1Hz
Rl =0.49
b
0 02 04 06 08 0 2 4 6 8 10 12 14 16 18 20
@
DF = 4.2Hz
Rl =0.27
I T T T T
0 02 04 06 08 2 4 6 8 10 12 14 16 18 20
Time (seconds)

Frequency (Hz)

Sanders et al. Circulation 2005;112:789-97

8.1Hz  Left Anterior Oblique

Posterior-Anterior

Anterior

Posterior

Paroxysmal AF

Permanent AF

Anterior

Posterior

P L%

&) LIE

P Q

4, Seoul National University Hospital

Cardiovascular Center @



Safety: DC 9V Battery can induce VF

. Seoul National University Hospital (&
‘ Cardiovascular Center
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Therapeutic Options

Antiarrhythmic agents

Ablation

Pacemaker
Cardioversion

Observation

; L‘%’n Seoul National University Hospital /M
L Cardiovascular Center @



RF Catheter Ablation

77 e NEW ENGLAND
%’ JOURNALof MEDICINE

TABLE OF CONTENTS

Yolume 324

ORIGIMNAL ARTICLES

Catheter ablation of accessory
atrioventricular pathways (Wolff-
Parkinson-White syndrome) by
radiofrequency current

WV M. Jackman and Others

Diagnosis and cure of the
Parkinson-White syndrome or
paroxysmal supraventricular
tachycardias during a single
electrophysiologic test
H. Calkins and Others

Smoking and mortality among older men
and women in three communities
A 2 LaCroix and Others
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June 6, 1991

Number 23

EDITORIALS

Catheter ablation for supraventricular
tachycardia
J. M Ruskin

Enlarging our view of the diabetic kidney
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Kawasaki syndrome
P. G. Shackelford and AW, Strauss

Acquired abnormalities of platelet
function

Oral therapy for acute diarrhea
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RF Ablation — Resistive Heating as a Heat Source

Ablation __|l Dispersive
Catheter | .~ Electrode
[TITIT] l}ﬁ;;:ii_’_"” (skin patch)

3% Seoul National University Hospital (M3
Cardiovascular Center "=




New Technology — Alternative Energy Sources

® Cryo
Cryocath
Balloon
® Ultrasound
HIFU balloon
® Laser
Balloon
@ Microwave (UHF ~: 300 MHz - 300 GHz)

RF Laser Micro US Cryo
Clinical ++++ + + + ++
experience
Endocardial ++ ++ ++ ++ o
thrombogenicity
Mapping B — - — +
Transmural efficacy/ — + TS B B B S

contact forgiving




Focused Ultrasound Ablation System

Straightening and
Collapse Mechanism

___— Lesion Site

Transducer

Fig. 2. Fluoroscopic image of the focused ultrasound balloon
ablation system engaged in the right superior pulmonary vein
(AP prajection). Inner balloon is inflated with sterile

water [contrast solution, the outer balloon is filled with carbon
dioxide. (IB = inner balloon; OB = outer balloon; TS =
transseptal sheath; C'S = coronary sinus catheter; ICE =
intracardiac echocardiography probe; US = ultrasound
transducer; SM = straightening mechanism).

Catheter shaft

Seoul National University Hospital
Cardiovascular Center




Laser Balloon System

gf'\ﬁkﬂ?}f Seoul National University Hospital
Py Cardiovascular Center J



Catheter Navigation Technology

Magnetic navigation system

“Niobe (Stereotaxis)

Robotic catheter control system

“Sensei (Hansen Medical)

.:I . Seoul Nation aIU iversity Hospital :

Cardiovascular Center



Magnetic navigation system

Niobe (Stereotaxis)




Robotic Catheter Control System

Sensei (Hansen Medical)

Physician-side master subsystem

Master input device 888

Patient-side assembly

Ablation catheter

RCM (Slave)
Assembled
SGC / sheath
Unit
Sheath
SGC
Assembled

SGC/sheath unit

M/f?r Seoul National University Hospital
Py Cardiovascular Center 4



EP Lab in the Near Future

Image integration

Lesion design on the integrated
images

Computer-controlled catheter
manipulation & lesion creation

=g
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. Seoul National University Hospital /M

GLIE Cardiovascular Center
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A Brief History of Pacemakers

£3

MEDTRDNC -
CHARDACK ™
PULSE GENERATOR
LIsA
5043
2030233

52‘ Seoul National University Hospital 7S
Lty Cardiovascular Center !




History - Hyman's 1931 Pacemaker

ﬁ,ﬁ- Seoul National University Hospital
BIAE Cardiovascular Center '



August 28, 1952 paul zoll performs the first human clinical cardiac pacing in Boston, Massachusetts.

L =
I ﬂ

Transthoracic Cardiac Pacing

The first transthoracic cardiac pacing was accomplished with a Thyratron physiologic stimulator designed for laboratory use. The "stimulating electrodes were
attached to needles placed subcutaneously in the chest wall at points in a line transversing the ventricles." "Electric shocks 2 milliseconds in duration were
given at frequencies from 25 to 600 per minute. The intensity of the shocks was increased until ventricular responses were observed." "...On August 28, 1952,
because of 2 severe Stokes-Adams attacks," a 75 year old man was the "first time it was possible to keep a patient alive during a ventricular asystole..." In the
discussion Dr. Zoll speculates that a simplified pulse generator might be better suited for clinical purposes and that an additional circuit permitting bursts of
alternating current might possibly be able "to defibrillate the human heart across the unopened chest initially and then to arouse it from ventricular standstill by
pacing." In the accompanying editorial, this article is described as "an exceedingly promising report..."

Zoll PM. Resuscitation of the Heart in Ventricular Standstill by External Electric Stimulation. N Engl J Med
1952;247:768-771

% Seoul National University Hospital
& Cardiovascular Center '



History (1958)

AL

% 0
PULSE RATE i
o QUTPUT
0O
TRANSISTOR
PACEMAKER
o MEDTRONIC INC.
'
= OFF ®

e 2

Lillehei was responsible for the world's first use of a small,
portable, battery-powered pacemaker, invented at his
behest by Earl Bakken (a University of Minnesota
employee who later founded Medtronic).

4 Seoul National University Hospital
A Cardiovascular Center



Fully Implanted Pacemaker

Ake Senning, Surgeon, Karolinska Hospital
Rune Elmqvist, Engineer at Elema-Schdnander, Stockholm

Arne Larsson : CAVB
OCT 8, 1958 (43Y0) # 1

OCT 8, 1958 #2
NOV 19, 1961 #3
JAN 29, 1993 # 26
NOV 7, 1996 # 27

DEC 28, 2001 (86YO)
death by malignancy not related to pacemaker

;{“; . Seoul National University Hospital
L Cardiovascular Center !



Pacemaker Components Combine with Body

Tissue to Form a Complete Circuit

Pulse generator: power
source or battery

Leads or wires
Cathode (negative electrods
Anode (positive electrode)
Body tissue

Lead’

IPG

Anode

?bathlode

‘”m.:l Seoul National University Hospital (M
f A Cardiovascular Center



Pacemaker Implantation

W Seoul National University Hospital
,L%%@ Cardiovascular Center !
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3.2mm
I1S-1 Compatible
Connector

' 3.2 mm Standard
IS-1 Lead Pin Lead Pin



Lead

Passive Fixation Lead Active Fixation Lead
Electrode Insulated Regactable
' crew
Central W"{ /
“Conductor /

2 N

Tines Lead

}*“i Seoul National University Hospital -
pI g Cardiovascular Center -



Lead Tip — passive fixation

Seoul National University Hospital
Cardiovascular Center




Lead Tip — active fixation

Seoul National University Hospital |
L . Cardiovascular Center

A



Myocardial and Epicardial Leads

Leads applied directly to the heart
¥ Fixation mechanisms include:
Epicardial stab-in
Myocardial screw-in
Suture-on

ﬁi‘fﬁ- Seoul National University Hospital (M3
p oY Cardiovascular Center “RE




I, Unipolar
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Bipolar

Lead’

IPG

Anode

?ba th'ode




Voltage and Current Flow

////
Spigot (voltage) turned up

(high current drain)

\
X

I
em——""" m .
Spigot (voltage) turned low -

(low current drain)

ﬁ,ﬁ- Seoul National University Hospital
BIAE Cardiovascular Center '



Resistance and Current Flow

// -
—— “Normal” resistance

v ¥

~
N
\\

R
————
“Low” resistance Q
N
o High current flow
—— -
_— d .

High” resistance Low current flow

X% Seoul National University Hospital /3
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Fundamentals of Electricity

V=1 -R (Ohm’s law)

Impedance
R=V/I
Insulation defect vs. normal vs. lead fracture

3% Seoul National University Hospital {4
m”\ Cardiovascular Center



Pulse Width Is the Time (Duration) of the Pacing Pulse

Pulse width is expressed in milliseconds (ms)

The pulse width must be long enough for depolarization to disperse
to the surrounding tissue

5V

\

0.5 ms 0.25 ms ~ 1.0ms |
}*“;I Seoul National University Hospital (#E3%:
BIAE Cardiovascular Center -



droop
I\——I the output pulse

corresponds to the
amplitude spike on the ECG
or i
peak value Ie:dmg )
5V edge trailing (‘"
edge spike [\ time
time paced QRS
— complex
pulse /
duration,
or pulse
width
0.5 ms

43" Seoul National University Hospital
Cardiovascular Center



Lead Maturation Process

Fibrotic “capsule” develops around the electrode
following lead implantation

xcitable_:
Cardiac ™~

~\/

W

S

e

4

Sk

Acute

Chronic

.:I . Seoul National University Hospital
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Steroid Eluting Leads

Steroid eluting leads
reduce the
inflammatory process
and thus exhibit
little to no acute
stimulation threshold
peaking and low
chronic thresholds

Porous, platinized tip

for steroid elution
/

Silicone rubber plug
containing steroid

\ "~ Tines for

stable
fixation

3% Seoul National University Hospital (-,
o n| -

B Cardiovascular Center



Evolution of Pacing Threshold

4 Smooth Metal Electrode

Textured Metal Electrode
2- /
v

Volts

Steroid-Eluting Electrode

0 ] ] ] ] ] ] ] T ] ] ]
0 1 2 3 4 5 6 7 8 9 10 11 12
Implant Time (Weeks)

Pulse Width = 0.5 msec

¥3% Seoul National University Hospital (#
BIAE Cardiovascular Center -~




Battery Life

~—BOL (2.8V)

o~
o

> +~—ERI(2.0-2.2V)

NN
(== TN N

____________________________________________________ N«——EOL (1.8 V)

-
N

Battery EMF (volts)
) -
oo o

=
~

Time -

FIGURE 5-19. Schematic diagram illustrating battery depletion behavior of a lithium iodine battery. BOL,
beginning of life; EMF, electromotive force; ERI, elective replacement indicator; EOL, end-of-life; V, volts.

Seoul National University Hospital -
Cardiovascular Center




Factors Affecting Battery Longevity

Non-programmable factors
Battery capacity and self-discharge
Efficiency of pacing circuit
Efficiency of sensing circuit
Output impedance

Programmable factors
Pacing rate
Output voltage
Duration of pulse width
Proportion of time engaged in pacing

.:I . Seoul National University Hospital
P Cardiovascular Center



I 11 111 IV \%
Chamber Chamber Response Programmable Multisite
Paced Sensed to Sensing Functions/Rate Pacing
Modulation
V: Ventricle | V: Ventricle |T: Triggered P: Simple V: Ventricle
programmable
A: Atrium A: Atrium I: Inhibited | M- Multi- A: Atrium
programmable

D: Dual (A+v)

D: Dual (a+v)

D: Dual (T+1)

C: Communicating

D: Dual (A+v)

O: None O: None O: None R: Rate modulating | O: None
S: Single S: Single O: None
(AorV) (A orV)

¥3% Seoul National University Hospital (#
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Rate Responsive Pacing

When the need for oxygenated blood increases, the
pacemaker ensures that the heart rate increases to
provide additional cardiac output

Adjusting Heart Rate to Activity ®

B8 Normal Heart Rate Running *

mm=== Rate Responsive Pacin
=== Fixed-Rate Pacing

Daily Activities

ﬁ“ ,:I»*- Seoul National University Hospital
w-q;f':,& Cardiovascular Center !



Rate Responsive Pacing

A. Piezoelectric Sensor

Microcircuitry [ Battery
- M
AR '»;;\ v ; : TR )
Wafld

B. Accelerometer
Constant Coupling
of Motion Energy
[ -

i ]]

‘*“.:I Seoul National University Hospital
f A Cardiovascular Center



Malfunction

Sensing Failure

Capture Failure (=Pacing Failure)

z '~ Seoul Natio /u rsity Hospital
LI Cardiovascular Genter



Undersensing . ..

Pacemaker does not “see” the intrinsic beat, and therefore
does not respond appropriately

- Intrinsic beat
not sensed |

X Scheduled pace
delivered gl
P B IHZZ CIITEIIIIEICIIEIILIEC

0% 5 FEGEC SR [ e i 1 PR SR ) o St s L! U S5 Iy Sy St AP )  § ISay ISHy BUD S ¥ Pl sty R Pay 1 j RS IS B i SE

VVI/60

‘*“.:I Seoul National University Hospital
f A Cardiovascular Center



Oversensing
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An electrical signal other than the intended P or R
wave is detected

‘*“.:I Seoul National University Hospital '
f A Cardiovascular Center



Sensitivity — The Greater the Number, the Less Sensitive the
Device to Intracardiac Events

"“"‘V’

# 3%, Seoul National University Hospital /i
Cardiovascular Center




Sensitivity

Amplitude (mV)

Time

Cardiovascular Center

Seoul National University Hospital @
- g ]



Sensitivity

Amplitude (mV)

Time

j*m;lg Seoul National University Hospital .
m“'\ Cardiovascular Center ’ g



Sensitivity

Amplitude (mV)

Time

g 2] .
Tt Cardiovascular Center

ﬁ:f‘»- Seoul National University Hospital %



Unipolar Sensing

Produces a large potential
difference due to:

A cathode and anode

that are farther apart 4\
than in a bipolar A
system (e E e

'_-».‘i‘-:-“ii'-;.':‘_'-"-; Seoul National University Hospital (#E
L Cardiovascular Center &



Bipolar Sensing

Produces a smaller potential
difference due to the short
interelectrode distance

® Electrical signals from
outside the heart such as
myopotentials are less likely
to be sensed

3" Seoul National University Hospital (M
Cardiovascular Center




Myogenic Potential

2

Cardiovascular Center

4 Seoul National University Hospital
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Location of paddle

Sternum

‘*“.:I Seoul National University Hospital
I Cardiovascular Center



ICD — Implantable Cardioverter-Defibrillator

"AFULE IHsE
"Ils: ASSHE, ANSHN, FAUES

SCDE| high risk@! ventricular tachyarrhyhtmia

" Cardiac arrest survivor

3% Seoul National University Hospital (#E
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First human implants
Thoracotomy, multiple incisions
Primary implanter= cardiac surgeon
General anesthesia

Long hospital stays

Complications from major surgery
Perioperative mortality up to 9%
Nonprogrammable therapy
High-energy shock only

Device longevity ~ 1.5 years
Fewer than 1,000 implants/year

. Seoul National University Hospital
Cardiovascular Center



Implantable Cardioverter Defibrillator

First-line therapy for patients at risk for VT/VF

Small devices, pectoral
implant site

Transvenous, single incision

Local anesthesia; conscious sedation
Short hospital stays

Few acute complications
Perioperative mortality < 1%
Programmable therapy options
Single- or dual-chamber therapy
Battery longevity up to 9 years
80,000 implants/year (2000 E)'

"Morgan Stanley Dean Witter. Investors Guide to ICDs. 2000.

¥ Seoul National University Hospital 0
B Cardiovascular Center




Implantable Defibrillators (1989 -)

120 cc 80 cc 54 cc

62 cc 49 cc 39.5 cc 39.5cc 395cc

83% size reduction since 1989!

%;%“‘jir». Seoul National University Hospital
L Cardiovascular Center !



Maze Procedure in AF Management

Standard Maze-Ill Procedure

Left Atrial Appendage Lesion

Septal Lesion

Left Atrial
“Isthmus” Lesion

Pulmonary Vein
Isolation Lesion

Cryolesion on Coronary Sinus

Cox. Europace 2004;5:S20-S29; Cox JCE 2004;15:260-2; Cox et al. Ann Surg 1996;224:267-275.

- | Xi Seoul National University Hospital
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