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PM terapia

» Atmeneti v. tartds, sulyos v. kritikus
bradycardia

* |deiglenes — Végleges PM terapia
* |deiglenes:

— transkutan

— transvénas (v. jugularis, subclavia, femoralis
— oesophegealis
— pull-back (szivm(itét soran)



History

The first artificial pacemaker was designed and built
in 1950 by the Canadian electrical engineer, John
Hopps.

It was not implanted into the body and relied on
external electrodes that had to be plugged into a
wall outlet.

Patient could go only as far as the extension cord
and a power blackout was of constant concern.

In 1958 the first pacemaker was implanted into the
body which had a battery life of ~12 to 18 months.

First ICD implantation: 1980



Parts of Pacemaker

* Pulse generator.

* Produces impulses and houses the
electrical circuitry.

e Constructed of titanium and contains a
lithium battery with a life of ~¥8 to 15
years

* The battery will provide a low warning
months before it has fatigued.

* Generator sends out electrical impulses
through leads that are attached to the

myocardium.

Connector {

Circuitry

Battery {




Parts of Pacemaker

e Lead(s)
* Insulated wires that not only receive impulses, but
carry signals back from the heart to the generator.
e Lead(s) are steroid eluting to decrease the
inflammation of the interface between the distal tip of
the lead and myocardium.

— W Two types:
active (screw)- less disloc.,
— ;:/J easy extract
passive (anchor)- less perforation




Végleges PM Terapia

Torténete - statisztika

* Els6 PM implantacio: 1958
* Elso ICD: 1980

PM PM 2011

Units per million inhabitants/year Units per million inhabitants in the year 2011

938 Germany [N 1291
928 933 Belgium & Lux I 1156
italy [ 1068
France [N 1007
Sweden [N 1002
Europe [N 038
Austria [N 034
Finland N 028
Portugal [N 864
Czech NN 554
Denmark [ 819
Switzerland I 779
Spain [N 765
Poland N 756
Netherlands I 737
UK [ 677
Norway [N 661
Greece I 629

2005 2006 2007 2008 2009 2010 2011 Ireland [ 607
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NASPE/BPEG (NBG) kddrendszer

TABLE 8-6 Revised NASPE/BPEG Generic Code for
Antibradycardia Pacing

Modified from Bernstein AD, Daubert JC, Fletcher RD, et al. The Revised
NASPE/BPEG Generic Code for antibradycardia, adaptive-rate, and multisite

g OA L C.NCN YCA 00N
pacing. PACE 25:260-264, 2000.

Position | Position Il Position 11l Position IV PositionV

(Chambers (Chambers (Response to (Rate (Multisite

Paced) Sensed) Sensing) Modulation) Pacing)

O =none O =none O =none O =none O =none

A = atrium A= atrium T =triggered R =rate A = atrium
modulation

V = ventricle

V = ventricle

| = inhibited

V = ventricle

D=dual(A+ D=dual(A+ D=dual (T+1) D=dual (A+
V) V) V)
S=single (A S=single (A or

orV)*

V)"



Asynchronous
AOQ, VOO, DOO

On Demand

AAl, WI, VDD
DDI, DDD

Synchronous

AAT, VT

Pacing modes

Principle
Advantages

Drawbacks

Principle

Advantages

Principle

Advantages

Drawbacks

permanent pacing at the programmed rate
ensures a fixed cardiac rhythm
no sensing of the spontaneous cardiac events

- no spontaneous rhythm: permanent pacing at the
programmed rate

- when spontaneous rhythm < programmed rate: permanent
pacing

- when spontaneous rhythm > programmed rate: inhibition of
the PM

no competition with the spontaneous rhythm
spikes triggered by spontaneous events

no spontaneous events = cardiac pacing at the prog. rate
interferences or artifacts = no pacing inhibition

early battery depletion



SSI Mode:

— The AAl and VVI modes act in a comparable manner, with pacing and sensing in the same chamber
(atrium or ventricle) and the pacing output is inhibited by a sensed event in that chamber. For
practical purposes, AAl and VVI modes may be considered to be a common SSI mode.

VVI Mode:

- Inthe VVI mode, the ventricular inhibited pacing mode, the pacemaker senses and paces
in the ventricle. This mode is most appropriate for patients in  chronic atrial fibrillation
(AF) in whom atrial sensing or pacing is not needed

i

V-R

V-V RV
VO O M d " 1000 ms 760 ms 1000 ms
ode:

— In the VOO mode, ventricular pacing without ventricular sensing is present No intrinsic
events are sensed, and therefore ventricular pacing occurs independent of the intrinsic
rhythm. VOO is programmed on to prevent EMI from resulting in ventricular inhibition
in the pacemaker-dependent patient.

V-V V-V V-V
1000 ms 1000 ms 1000 ms



Elektroda kodok

TABLE 8-10 The NASPE/BPEG Pacemaker-Lead (NBL) Code

Modified from Bernstein AD, Parsonnet V. The NASPE/BPEG Pacemaker-Lead Code. PACE 19:1535,

1996.

' Potential |  Potential I  Potential Ill  Potential IV
(Electrode (Fixation (Insulation (Drug Elution)
Configuration) Mechanism) Material)

U = unipolar A = active P = polyurethane S = steroid
B = bipolar P = passive S =siliconerubber N = nonsteroid
M = multipolar O =none D=dual (P+5S) O =none

- \\/\\
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Legfontosabb programozhato
parameéterek

basic rate
-lower limit
-upper limit
-night rate
-rate respons.
-auto capture
-hysteresis

-mode switching



Oversensing and Undersensing

The PM senses an event that does not represent ventricular depolarization.

Possible causes of oversensing: parts of the QRS complex, the T wave,
afterdepolarizations, atrial activity, noise, myopotencials, electromagnetic
interference (EMI)

In ventricular oversensing the additional sensed event will reset the
ventricular escape interval, resulting in longer intervals than the
programmed pacing cycle length

In undersensing the pacemaker does not sense an intrinsic ventricular
depolarization (R wave). The ventricular escape interval is not reset by this
R wave, but instead is created by the previous sensed or paced event. The
pacing interval will be shorter than the pacing cycle length



T wave is sensed as ,,R” wave

*
A 000 ms
b 1: > o~
Oversensing: _AJV < " -
7 e —
[ = F . e
R-V V-V
1200 ms 1000 ms
R wave not sensed
800ms *
Undersensing: \/\ }\/\
= [ .
1000 ms
: - e -
V-V V-V

1000 ms 1000 ms



Hysteresis Rate

Hysteresis provides for a longer ventricular escape interval from the last
ventricular sensed event to the first ventricular paced event (R-V,
hysteresis interval) but no change in the time from the last ventricular
paced event

allows the intrinsic heart rate to be lower before pacing occurs, but when
pacing occurs, it will occur at a faster rate. For example, if the hysteresis
pacing rate is 50 beats per minute and the base pacing rate is 60 bpm,
pacing will not occur if the patient continues to maintain rates above 50
bpm. When the heart rate falls below 50 bpm, however, pacing will occur
at 60 bpm.

Ve a—a

V-V V-R R-V
1000 ms 760 ms 1200 ms




Implantation procedure

A small 5-10 cm incision is made parallel to and just
below the clavicle in the deltopectoral groove.

Small pocket will be made under skin for generator
and lead(s).

Under fluoroscopy, lead(s) travel through the
subclavian vein, brachiocephalic vein, superior vena
cava, and finally into the desired chamber.

Hospitalization usually last 1 to 3 days.



.....

Axillary vein

Cephalic vein
Coracoid process

il
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Shallow
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Box 21-7
Complications of Percutaneous Venous
Access and Subclavian Puncture

. Pneumothorax

. Hemothorax

. Hemopneumothorax

. Laceration of subclavian artery
. Arteriovenous fistula

. Nerve injury

. Thoracic ductinjury
. Chylothorax

. Lymphatic fistula

20






Alternativ miteéeti technikak

o
|
7
— R
Pacemaker Penrose drain -~
pocket

Incision at anterior
axillary line

Inguinal
ligament

femoral vein

* y
Needle in >
1
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PM implantacio thoracotomia soran
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Indication for pacing

in patients with persistent bradycardia

Recommendations

Class | Level |

1) Sinus node disease.
Pacing is indicated when symptoms can clearly be attributed to bradycardia.

2) Sinus node disease.
Pacing may be indicated when symptoms are likely to be due to bradycardia,
even if the evidence is not conclusive.

3) Sinus node disease.
Pacing is not indicated in patients with SB which is asymptomatic or due to
reversible causes.

4) Acquired AV block.
Pacing is indicated in patients with third- or second-degree type 2 AV block

irrespective of symptoms.

5) Acquired AV block.

Pacing should be considered in patients with second-degree type 1 AV block
which causes symptoms or is found to be located at intra- or infra-His levels
at EPS.

6) Acquired AV block.
Pacing is not indicated in patients with AV block which is due to reversible

] causes.
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ication for pacing
in intermittent documented bradycardia

Recommendations Class | Level |

1) Sinus node disease (including brady-tachy form).

Pacing is indicated in patients affected by sinus node disease who have the
documentation of symptomatic bradycardia due to sinus arrest or sinus-atrial
block.

2) Intermittent/paroxysmal AV block (including AF with slow ventricular
conduction).
Pacing is indicated in patients with intermittent/paroxysmal intrinsic third-

or second-degree AV block.

3) Reflex asystolic syncope.

Pacing should be considered in patients 240 years with recurrent,
unpredictable reflex syncopes and documented symptomatic pause/s due to
sinus arrest or AV block or the combination of the two.

4) Asymptomatic pauses (sinus arrest or AV block).
Pacing should be considered in patients with history of syncope and lla
documentation of asymptomatic pauses >6 s due to sinus arrest, sinus-atrial |
block or AV block.

~ 5) Pacing is not indicated in reversible causes of bradycardia.




Indication for cardiac Bacing
in patients with BBB

Recommendations Class 7 Level |

1) BBB, unexplained,syncope and abnormal EPS.

Pacing is indicated in patients with syncope, BBB and positive EPS defined as

HV interval of 270 ms, or second- or third-degree His-Purkinje block =
demonstrated during incremental atrial pacing or with pharmacological

challenge.

) Alternating BBB.
acing is indicated in patients with alternating BBB with or without symptoms.

3) BBB, unexplained syncope with non-diagnostic investigations.

Pacing may be considered in selected patients with unexplained syncope lib -
and BBB.

4) Asymptomatic BBB.
Pacing is not indicated for BBB in asymptomatic patients

26



Indication for cardiac pacing in patients
with undocumented reflex syncope

Recommendations Class | Level |

1) Carotid sinus syncope.

Pacing is indicated in patients with dominant cardioinhibitory carotid sinus
syndrome and recurrent unpredictable syncope.

2) Tilt-induced cardioinhibitory syncope.

Pacing may be indicated in patients with tilt-induced cardioinhibitory response b
with recurrent frequent unpredictable syncope and age >40 years after
alternative therapy has failed.

3) Tilt-induced non-cardioinhibitory syncope.

Cardiac pacing is not indicated in the absence of a documented
cardioinhibitory reflex.

27



Indication for cardiac pacing
in acute myocardial infarction

Recommendations Class 7 Level

1) In the rare cases in which AV block becomes permanent, cardiac
pacing is indicated with the same recommendations in section 2.1.

2) Cardiac pacing is not indicated after resolution of high degree or
complete AV block complicating the acute phase of myocardial
infarction.

28




Pacing after cardiac surgery,
TAVI and heart transplantation

Recommendations

1) High degree or complete AV block after cardiac surgery and
TAVI.

A period of clinical observation up to 7 days is indicated in order to
assess whether the rhythm disturbance is transient and resolves.
However, in case of complete AV block with low rate of escape
rhythm this observation period can be shortened since resolution is
unlikely.

2) Sinus node dysfunction after cardiac surgery and heart
transplantation.

A period of clinical observation from 5 days up to some weeks is
indicated in order to assess if the rhythm disturbance resolves.

3) Chronotropic incompetence after heart transplantation.
Cardiac pacing should be considered for chronotropic
incompetence impairing the quality of life late in the post-transplant
period.




Indication for cardiac pacing for
first-degree atrioventricular block

Recommendations Class | Level

Permanent pacemaker implantation should be considered for patients
with persistent symptoms similar to those of pacemaker syndrome lla
and attributable to first-degree atrioventricular block (PR >0.3 s).

30



Milyen PM-t?

Egylregi- kéturegl

Rate adaptiv

MR kompatibilis-kondicionalis
Specialis funkcidk: PF monitorozas,

i alvasi apnoe monitorozas, minimalizalt kamra ingerlés
‘/\} \}" \\[/\“ kronotdp inkompetencia detektalas
V

Telemetrids monitorozasi lehet6ség

Dual-chamber versus ventricular pacing

Outcome Dual-chamber benefit over ventricular pacing
All-cause deaths No benefit

Stroke, embolism Benefit (in meta-analysis only, not in single trial)
Atrial fibrillation Benefit

HF, hospitalization for HF | No benefit

Exercise capacity Benefit

Pacemaker syndrome Benefit

Functional status No benefit

Quality of life Variable

Complications More complications with dual-chamber

31



Converting Rates to Intervals
and Vice Versa

e Rate (bpm) to interval (ms):
— 60.000/rate (in bpm) = interval (in milliseconds)

— Example: rate 100 bpm — interval 600 ms
» (60.000/100 bpm = 600 ms)

* Interval (ms) to rate (bpm):
— 60.000/interval (in milliseconds) = rate (in bpm)

— Example: interval 500 ms — rate 120 bpm
* (60.000/500 ms =120 bpm)
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ICD - history

Michel Mirowski, M.D.
1924-1990

1966: a near friend started having VT
episodes and eventually died while at
dinner with his family.

Idea: a defibrillator could be implanted
in the body.
Challenges:

— Deliver sufficient energy

— Leads carrying high energy

— Detection of arrhythmias

— Automated algorithms

— Implantable size

33




1969:
1969:
1975:
1980:
1981.:
1985:

1988:

ICD - history

First experimental model

First transvenous defibrillation
First animal implant

First human implant

Addition of Cardioversion

FDA approval

First programmable ICD implanted in a human

34



ICD - history

THEN

Open-chest

Large device

Extended hospital stay
Abdominal implant

No or very limited
programmability

NOW

Minimally invasive pectoral implant
Pacemaker size

Outpatient procedure
Pectoral implant

Extensive programmability
Extended service life

Full pacing capability (CRT)
ATP

Smart algorithms

Built-in sensors

Remote monitoring ‘ L@ 35@



Overall Survival

Unadjusted for baseline characteristics

1.0
Defibrillator group

0.8-' .....".,oo‘.oi

i 000000‘........ —“-‘-\—|
0.6 Antiarrhythmic-drug group **-..
0.4+

i} FU 18.2+12.2 months
0.2+ 8.2% absolute RR

- 38% relative RR

p<0.02

() ) e — —

0 1 2 3

Years after Randomization
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Recommendations

Class I (General Agreement of Benefit with ICD Therapy)

1. Cardiac arrest due to VF or unstable sustained VT after evaluation in
the absence of completely reversible causes.

2. Structural heart disease and spontaneous sustained VT, whether
hemodynamically stable or unstable.

3. Syncope of undetermined origin and clinically relevant, sustained
VT or VF induced at electrophysiologic study.

4. LVEF <0.35 due to prior Ml who are at least 40 days post-MI and NYHA
Il orlll.

5. LVEF =0.35 due to a nonischemic cause and NYHA Il or l11.
6. LVEF <0.30 due to prior MI, at least 40 days post-MI and are NYHA I

7. Nonsustained VT due to prior MI, LVEF <0.40, and inducible VF or
sustained VT at electrophysiologic study.

Level of
Evidence

A

B

B

A
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Class lla (Weight of Evidence in Favor of Usefulness of ICD Therapy)

1. Unexplained syncope, significant LV dysfunction related to a
nonischemic cause.

2. Sustained VT and normal or near-normal left ventricular systolic
function.

3. Hypertrophic cardiomyopathy with one or more major risk factors
for sudden death (see text).

4. Arrhythmogenic right ventricular cardiomyopathy (ARVC) with one
or more risk factors for sudden death.

5. Long-QT syndrome with syncope and/or VT while receiving [3-
blockers.

6. Nonhospitalized patients awaiting transplantation.
7. Brugada syndrome with syncope.

8. Brugada syndrome with documented VT that has not resulted in
cardiac arrest.

9. Catecholaminergic polymorphic VT with syncope and/or
documented sustained VT while receiving 3-blockers.

10. Cardiac sarcoidosis, giant cell myocarditis, or Chagas disease.
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Class IIb (Efficacy of ICD Therapy Is Less Well Established)
1. LVEF =0.35 due to nonischemic cause and NYHAI.
2. Long-QT syndrome and risk factors for sudden death.

3. Advanced structural heart disease and syncope of unknown cause
despite invasive and noninvasive investigations.

4. Familial cardiomyopathy associated with sudden death.

5. Left ventricular noncompaction.
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Primary prevention: MADIT

The Multicenter Automatic Defibrillator Implantation Trial

NYHA I/11/1
prior Mi Probability of survival
LVEF £ 35% 1.0 e
' 0.8 5 \_\“"‘"1\_._..“ "
Holter: asymptomatic, - t-—Defibrillator
non-sustained VT 0.6
‘ 045 Conventional
EPS: inducible VT, i therapy
non-suppressible by drugs 0.2_3
(n=196) HR: 0.46 (95%C 0.26-0.82)
" 4 Y . ¥ RN R ]
Conventional X ] 2 S 4 °
medical therapy ICD Year
(74% amiodarone) (n=95)
(n=101)

Primary prevention: MADIT I

The Multicenter Automatic Defibrillator Implantation Trial Il

1) Prior Ml (>1 month); 2) EF < 30%
(no requirement of previous arrhythmia event or inducibility on EPS)

1.0
HR: 0.69 (95% Cl 0.51-0.93)
- S ARR: 5.6%
S 094 = W-e- =
- p=0.007
< 2
k-] s T -
& Conventional Treeeees
S 07
2
e
o
0.6
O.Oi-—v—w——r—r—v—v—r—r—v——w—v—r—rﬁ—v——1
0 1 2 3 4
Year
No. AT Risx
Defibrillator 742 503 (0.91) 274 (0.84) 110(0.78) 9 /—3
Conventional 490 329 (0.90) 170 (0.78) 65 (0.69) 3 M.[

q

Primary prevention: MUSTT

The Multicenter Unsustained Tachycardia Trial

SCA or death from arrhythmia

CAD 0.6
LVEF < 40% 05
NSVT 04l -
(n=2202) 03] s "
Ep‘s. - et
inducible sustained VT o EG therepy
(n=767) ) ; : 3 i !
| 4 b 7 08
EP-guided No os
AA-therapy AA-therapy < Feao
(n=351) (n=353)
‘ 03 EPG therapy without
02 /_,_.;/f\omwwzwnx
ICD ..l /
(if AA-therapy not et O

effective; n=161) ) : I 3 H :

Time after Enroliment (years)



Secondary prevention: AVID

Antiarrhythmics vs Implantable Defibrillators Trial

n=1016: a) VF with SCA; b) sust VT with syncope;
c) sust VT with hemodynamic compromise and EF < 40%

Overall Survival

Age i
Unadjusted for baseline characteristics <60yr ——
1.0 60-69yr e
- Defibrillator group >70yr ]
1
- LVEF |
0.8 . .0.35 B
- ..". .. :
o 2 oy, =0.35 —
0.6- Antiarrhythmic-drug group **--,, o !
3 use of 1
arthythmia 1
E CAD R
0.4 Othe +—
. Rhythm H
FU 18.2+12.2 months Ventricular .'
0.2+ 8.2% absolute RR o atich ]
. 38% relative RR tachycardia —Y.——l
0.0 p<0.02 Overall +
- T L] T +
0 1 2 3 00 02 04 06 08 10 12 14 18
Hazard Ratio
Years after Randomization —

Secondary prevention: CIDS

Canadian Implantable Defibrillator Study

n= 659; (1) VF; (2) SCA with cardioversion/defibrillation;

(3) sustained VT with syncope

(4) sustained VT 2150/min with pre-syncope/angina and EF < 35%;
(5) syncope with subsequent spontaneous/inducible VT

o All cause mortality ICD arm:
_ — - 10% thoracotomy
”] Amiodarone , .r o - 5% no ICD
- R - 34% on betablocker
el . Iep Amiodarone arm:
i - 89% received amio (1y)
- - 16% received ICD
- 21% on betablocker
p=0.142
= » ) » o« - = )
s - 2 @

Secondary prevention: CASH

Cardiac Arrest Study Hamburg

SCA due to VT/VF (n=288)

1 | T
ICD (n=99) Amiodarone (n=92)  Metoprolol (n=97) " ropafenone (n=58)
Discontinued
100 Survival
091 NI
03 ) = >.—»¥'_‘
o7 DS IcD
06 : \= -
05
044 Amio/Meto
03
02 FU 57 34 months
0.1 8% absolute RR
0- | ¥ s 1-sided p: 0.081 .
0 1 2 3 4 5 6 7 8 9 an X a1



Reszinkrornizacios terapia

Multisite pacing: inter- és intraventricularis

dyssynkroniat csokkenti
-elektromos dyssynronia: LBBB
-mechanikus: echo, MR

Rossz BKF esetén (35% alatt)

CRT-P: Nincs ICD funkcio

CRT-D: ICD funkcio is

A CRT poziv hatasat akkor fejti ki leginkabb ha magas
a biv pacing arany, szemben a hagyomanyos PM
terapiaval cél a magas pacing arany: « 95% !!






Magnitude of benefit from CRT

Highest Wider QRS, left bundle branch block, females,
(responders) non-ischaemic cardiomyopathy
Males, ischaemic cardiomyopathy
Lowest Narrower QRS, non-left bundle branch block

(non-responders)
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CRT

Units per million inhabitants

140

Italy
Germany
Netherlands
Denmark
Czech
Europe

UK

France
Sweden
Belgium & Lux
Austria
Poland
Switzerland
Norway
Finland
Portugal
Spain

CRT 2011

Units per million inhabitants

I, 210
. 199
I, 130
W B
I 156
N 140
| BE
I 129
I 127
I 125
. 124
N 107
I 106
I -

.
. s
I s:
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Recommendations Class* Level® Ref. <
1) LBBB with QRS

duration >150 ms.

CRT is recommended in

chronic HF patients and LVEF 864

<35% who remain in NYHA
functional dlass II, Il and

ambulatory IV despite adequate
medical treatment.

2) LBBB with QRS
duration |120-150 ms.
CRT is recommended in
chronic HF patients and LVEF

Level®

Recommesistines ' Class*

3) Non-LBBB with QRS
duration >150 ms.

CRT should be considered in
chronic HF patients and LVEF
<35% who remain in NYHA
functional dlass II. lll and
ambulatory [V despite adequate

medical treatment.

4) Non-LBBB with QRS
duration 120-150 ms.
CRT may be considered in
chronic HF patients and LVEF
<35% who remain in NYHA
functional class II, Il and
ambulatory IV despite adequate |
medical treatment.

<35% who remain in NYHA bl
functional class II, Il and
ambulatory IV despite adequate
medical treatment. *
Recommendations
§) CRT in patients with
chronic HF with QRS duration
<|20 ms s not recommended,

Clhss' | Level®  Ref

1 65,66
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Importance of conduction disorders
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Different patterns of candidates for CRT

10

Underlying rhythm

* SR

* AF

* PM indications (de novo / upgrade)
Symptoms (NYHA class)
QRS duration and morphology
LVEF

Etiology of cardiomyopathy
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JELEN-JOVO?

Subcutan ICD terapia
Leadless PM |
Cardiac Contractility Modulator- “szivizom erésit6 PM”
Bio églal PM- bizonyos receptorok génterapiaval vald atalakitasa

!
=
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