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Paradigm Shifts in Cardiac Pacemakers
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Mulpury, S.K. et al. J Am Coll Cardiol 2017;69(2):189-210.

Historically, pacing developed using large, external, alternating current (AC)-powered devices, which subsequently evolved to “wearable” transistorized battery
powered pacemakers—both comprise the era of external devices. A paradigm shift occurred with the introd uction of the entirely implantable pacemaker, composed of
an extravascular pulse generator connected to a transvenous lead in contact with the myocardium. This paradigm continues to this day. An emerging and rapidly
developing new paradigm is that of leadless pacemakers, which are available for clinical use. Batteryless pacemakers that harvest cardiac mechanical motion to
generate current, or that modify or add cells to introduce biological pacing activity, are under active investigation.




® Nanostim (St Jude Medical)
® Micra (Medtronic)
* WISE CRT-LV lead (EBR Systems)

® Empower (Boston Scientific-Subkutan ICD ile kombine)
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LEADLESS calismasi

Leadless pillerin ilk insan ¢alismasi

33 hasta, 32’sinde basarili implantasyon

1 hastada kardiyak perforasyon ve tamponad
Islem siiresi ortalama 30 dak

1. yil sonunda pilin elektriksel perfomansi stabil ve cihaz iliskili
komplikasyon yok.

® Ortalama esik (0.4-ms pw), 6. ayda 0.40+0.26 V, 12. ayda 0.43 £ 0.30V
J Am Coll Cardiol 2015;65:1497-504
40. ay takip sonuclari: en uzun takip verisi

3 hastada cihaz iliskili sorun, %10 komplikasyon orani: 2 tanesi cihazin
yerlestirilmesi sirasinda, 1 tanesi 37. ayda batarya tukenmesi

Elektriksel performans stabil
Circulation. 2018;137:633-635



Percutaneous Implantation of an Entirely
Intracardiac Leadless Pacemaker

LEADLESS Il

Cok merkezli

Basaril yerlestirme orani: %95.8 (526 hastanin 504’()

6. ayin sonunda cihaz iliskili olumsuz olay sikligi %6.7
Cihazin yerinden oynamasi nedeniyle perkutan cikarilma: %1.7
Kardiyak perforasyon: %1.3
Esik yikselmesi nedeniyle cihazin ¢ikarilmasi: %1.3

Sonuc: Cihaz dnceden belirlenen pace ve sense hedeflerine
ulasti. Cihaz iliskili olumsuz olay 15 kisiden birinde goruldu.
Reddy et al, N Engl ] Med 2015; 373:1125-1135






Nanostim Leadless Cardiac
Pacemaker (St. Jude Medical)

Docking Fixation

Electronics
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Nanostim vs Micra

S
—
—
—_
— -
—
—_— —_—
-
-
—
— -
-— e
-—
—_— @ |
-— _
—
-_—
A —
P
—
—
—
—
—
— S
—
—
—
—

MN‘HH!/

C




Nanostim vs Micra

Ozellikler

Uzunluk, mm

Hacim, cm?3

Agirhik, gr

Sabitleme mekanizmasi
Pace modu

Sensor

Batarya omru, yil

Nanostim

41.4

1

2

Aktif, vidalanan helix
VVI/R

si

9.8(2.5 V-0.4msn)
14.7(1.5V-0.24msn)

Micra

25.9

0.8

2

Pasif, nitinol kancalar
VVI/R

Akselerometre

4.7(2.5V-0.4msn)
10(1.5V-0.24msn)
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Micra Yerlestirme Sistemi
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Micra Transcatheter Pacing Study

® Prospektif, cok merkezli

® 725 hasta, %99.2 basarili yerlestirme (719 hasta)

® 6aylikizlem

® 28 major komplikasyon

® Veriler post hoc olarak 2667 hastanin oldugu, 6 farkl
transvenoz pil calisma verileri ile karsilastirilmis

® Micra vs kontrol grubu major komplikasyon oranlari: %4 vs
%7.6 (%48 daha az komplikasyon)

® 6 ay sonunda hastalarin %96’sinda komplikasyon yok.

N Engl J Med 2016;374:533-41

Bltlin Micra calismalari goz 6nidne alindiginda, 1521 hastada 1 adet
makrodislodgement olmus, bunda da emboli izlenmemis.



Table 2. Major Complications in 725 Patients Who Underwent a Transcatheter Pacemaker Implantation Attempt.

Adverse Event No. of Events Associated with Major Complication Criterion®

Loss of
Device Prolonged System Total
Death Function  Hospitalization Hospitalization} Revision Events

Embolism and thrombeosis 0 0 1 1 0 2 2 (0.3)
0 0 0 1 0 1 1(0.1)
Pulmonary thromboembolism 0 0 1 0 0 1 1(0.1)

0 0 2 3 0 5

Deep vein thrombosis

Events at groin puncture site: atrioventric-
ular fistula or pseudoaneurysm

5(0.7)
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Traumatic cardiac injury: cardiac perfora-
tion or effusion

11 (1.6)

Pacing issues: elevated thresholds 2 (0.3)
8 (1.7)
1(0.1)
3 (0.9)
1(0.1)
1(0.2)
1(0.1)
1(0.1)
25 (4.0)

Other events
Acute myocardial infarction
Cardiac failure
Metabolic acidosis
Pacemaker syndrome
Presyncope
Syncope

Total
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Leadless pillerin transvenoz piller
ile karsilastiriimasi
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Neal Bhatia, Mikhael EI-Chami, ] Geriatr Cardiol 2018; 15: 249253




Perikardiyal eflizyon oranlari
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~Leadless pacemakerlarin
citkarilmasi

Retrieval of LCP

Single-loop ‘ & Protective sleeve
retrieval snare : & advanced over LCP

v




Study Type

Pre-clinical

Clinical

Leadless
Pacemaker
Nanostim

Micra TPS

Nanostim

Nanostim

Nanostim

Micra TPS

Micra TPS
Micra TPS
Micra TPS
Micra TPS

Year of
Publication
2014

2014

2016
2016

2016
2016**
2016
2016

First Author
Koruth
Bonner

Jung

Reddy

Lakkireddy

Tiong and Reddy

Karim
Giocondo
Koay
Gerdes

Number

10

10

p
]
1
1

Time LP in situ
(mean)

160 days

2.3 years

28 months

506 days
<6 weeks

>6 Weeks
1.7 years

229 and 259 days*

3 weeks
228 days
1 month
Intraprocedural

Extraction
success Rate

100 %
100 %

75 % (3)

100 %
100 %

91 % (10)
0.4 % (66)

80 % (8)

100 %
0%

100 %
100 %

Reason unsuccessful
Extraction

N/A

N/A

Complete encapsulation
of device

N/A

The docking feature could
not be reached.

The docking button could
not be reached in six cases.
In one case, the docking
button detached.

Unable to be removed due
to fluoroscopy malfunction

N/A
unknown
N/A
N/A

LP = leadless pacemaker; N/A = not applicable; TPS = transcatheter pacing system. *in unsuccessful attempt cases used source: Micra Transcatheter Pacing System, 2016.7 **Heart Rhythm

society, 2016.”




FIGURE 1 MICRA Pacemaker in the Apical Region of the FIGURE 2 Nitinol Fixation Tines Totally Embedded in
Right Ventricle Myocardial Tissue

The yellow arrowhead indicates the MICRA pacemaker. The yellow arrowheads indicates the nitinol fixation tines.

JACC Clin Electrophysiol. 2016 Oct;2(5):636-637




Cozum bekleyen sorunlar

® Vaskuler girisim yeri ile ilgili problemler

® Yerlestirme sistemi ile ilgili problemler

® Pilin sabitleme mekanizmasiyla ilgili problemler
® Batarya tukenmesi

® Pilin ¢cikarilmasi ile ilgili problemler

® Sadece VVI pace yapilabilmesi
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WISE-CRT

Transmitter

Volume: 13cc

20 Phased Array

Locales Electrode and
Focuses Acoustic Energy on it

Battery

Volume: 42¢cc

{ Electrode
Volume: 0.05¢cc, 9x2.5mm
Cathode: 0,.5mny
Anode: B0mm?
Converts Received Acoustic Energy
into Electrical Pacing Pulse




Corventional pacemaker
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WISE CRT calismasi

® 17 hastada durduruldu

® Cihaz implant basarisi % 76.5, 4 hastada takilamamis-ciddi
perikardiyal eflizyon(3), uygun esik bulunamamasi(1).

® Takipte:

Hastaneden cikis oncesi 2 hastada pace etmeme- 1’i
duzeltilebilmis

6. ayda 1 hastada erken batarya tikenmesi
® Cihaz iliskili sorun sikhgi %35



SELECT-LV

® Cok merkezli, prospektif, 35 hasta

® Primer son nokta: 1 ay sonunda EKG’de biventrikuler pace
bulgusu olmasi, %97.1; 6. ayda %93.9

J Am Coll Cardiol 2017;69:2119-29



SELECT-LV

TABLE 3 Device- or Procedure-Related Adverse Events (n = 35)

<24 h 3(8.6%)
VF during catheter contact with LV endocardium
Electrode embolization to lower extremity

Femoral artery fistula (required sungical repair)
24 h to 1 month

Acute CVA (AF noncompliant with anticoagulation)
Femoral pseudoaneurysm
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Podket hematoma (generator)
Suspected infection (generator site)

Death (following VF during initial implant procedure)
1 to 6 months

(V¥
o
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Defective tansmitter drouitry

Values are n (%) or n.

AF = atnial fibrillation; CVA = cersbronvascular acoident; LV = left ventricular;
VF = ventricular fibrillation.
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—EMPOWER Sistemit:
S-ICD+Leadless pacemaker

Boston Scientific -lKey-Components of Leadless
» Pacemaker / S-ICD Coordinated System*




‘“_' EMPOWER LCP

S-ICD Pulse
Generalor

1
Shock Coil

EMBLEM MRI S-ICD System




Empower sistemi

® Deney hayvanlarinda yapilan calismalar umut verici
® 2019’da insan klinik calismalarinin sonuclari bekleniyor.



The first batteryless, solar-powered cardiac

pacemaker ® © @

Heart Rhythm2o15;12:1317-1323
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Figure 2 The sunlight-driven pecemaker prototype 2 (2 devices are
shown). Top, A conventional bipolar active pacemaker lexd (Satio S0,
Biotronik ) is sttsched via an IS-1 hexder. Bottom, The bhack sile of the
device reveals a small thium-poly mer socumulator (visible 2 silver part of
the device on the right). The energy sowce for the device, 2 solar module,
can be seen in the frontal view (device on the left). The dimensiomns of the
device are 30 x 35 x 6 mm.




The Swiss approach for a heartbeat-driven lead- and

batteryless pacemaker @ ©

Heart Rhythm. 2017 Feb;4(2):294-299




REVIEWS

Next-generation pacemakers: from
small devices to biological pacemakers

Eugenio Cingolamni, Joshua I. Goldhaber and Eduardo AMarban

Nat Rev Cardiol. 2018 Mar;15(3):139-150
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Maodel (animal;
location)

Dog; atrial
asppendage

Dog; left bundle
Pig; left ventricle
Pig; left atrium

Dog; l=ft bundle
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ventricle

Dog; l=ft bundle
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Pig; AV junction
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Pig; AV junction
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Biological
construct

Ad-HCNZ

Ad-HCNZ
hESCs
Ad-HCN1Delta

Ad-HCNZ versus
Ad-HCNI-E3144

HCN2-expressing
hMS5Cs

Ad-HCNZ-1-2
Ad-HCNZ
Ad-HCNIZ+KIRZ.1AAA
Ad-HCNI+5KM1
Ad-TBX1S

iPSC-derived

cardiomyocytes

Biological
pacemaker
activity
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Delivery
system

Open chest

Arterial catheter
Open chest
Open chest
Arterial catheter

Open chest

Arterial catheter
Arterial catheter
Venous catheter
Arterial catheter

Venous catheter

Open chest

Monitoring

ECG Holter

ECG Holter
ECG

ECG Holter
ECG Holter

ECG Holter

ECG Holter
ECG Holter
ECG Holter
ECG Holter

Continuous
ECG telemetry

ECG Holter

Immunosuppression Refs




