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QUALCHE NUMERO
• Epidemiologia 



QUALCHE NUMERO
• le complicanze

Tarakji,et al; Europace, 2014;16:1490-1499

1 year survival by Infection Type

12% 
mortality 
at 1 year 

31% 
mortality 
at 1 year 





DATI CLINICI – real world
• L’esperienza pisana (Maggio 2014 – Aprile 2023)

Population and characteristics N = 203

Age, y 78 ± 9

Male, n (%) 162 (80)

Symptomatic AF with low HR and/or pauses, n (%) 111 (55)

Parox 2nd and 3rd degree AV block, n (%) 62 (30)

Parox symptomatic sinus node dysfunction, n (%) 22 (11)

Previous lead extraction, n (%) 60 (30)

Previous device infection, n (%) 35 (21)

High risk of infection, n (%) 53 (35)

Unsuitable venous anatomy, n (%) 19 (12)



DATI CLINICI – real world
• L’esperienza pisana (Maggio 2014 – Aprile 2023)



DATI CLINICI – real world
• L’esperienza pisana 

The implant procedure was successful in all patients. 

There was no difference about the rate of septal implant at the right ventricle (76% vs 86%, p = 
0.10). 

Electrical measurements were stable during follow-up in both groups, with a longer estimated 
battery life in MICRA GROUP (mean delivered energy at threshold at discharge: 0.14 ± 0.21 vs 0.26 

± 0.22 μJ, p < 0.001).

100 pts vs 100 pts

matched with 100 patients undergoing TV-VVI PM implant 
(group 2) by age, sex, left ventricular systolic ejection fraction 

and previous TLE.

FASTER PROCEDURES LOW FLUORO

0% COMPLICATIONS
7% COMPLICATIONS

6% SYSTEM REVISIONS
1% SYSTEMIC INFECTION



DATI CLINICI – real world
• Confronto con PM transvenosi 

63% meno di complicanze 
maggiori rispetto a PM VVI 
tradizionali



ELECTROPHYSIOLOGY AND ARRHYTHMIAS
SESSION TITLE: AVOIDING TRANSVENOUS LEADS: LEADLESS AND SUBCUTANEOUS DEVICES

Abstract 13220: 
Real-World Analysis of the Electrical Performance and Projected Longevity of Leadless Ventricular Pacemakers

Mikhael F El-Chami, Rand Ibrahim, Kurt Stromberg, Dedra H Fagan and Jonathan P Piccini 

Among patients with >90% pacing burden (N=11,717), median projected battery 
longevity was 12.6 years (IQR: 11.6-13.4) with 87.2% of devices exceeding 10 years.

Originally published 30 Oct 2022 Circulation. 2022;146:A13220





Burri, Eur Heart J, 2022 Mar 21;43(12):1216-
1218



Leadless VDD: Micra AV
Population and characteristics N = 203

Age, y 78 ± 9

Male, n (%) 162 (80)

Symptomatic AF with low HR and/or pauses, n (%) 111 (55)

Parox 2nd and 3rd degree AV block, n (%) 62 (30)

Parox symptomatic sinus node dysfunction, n (%) 22 (11)

Previous lead extraction, n (%) 60 (30)

Previous device infection, n (%) 35 (21)

High risk of infection, n (%) 53 (35)

Unsuitable venous anatomy, n (%) 19 (12)



PVAB A3

Electrocardiogram

Source accelerometer

PVABA4

Rectified accelerometer

A3 threshold
Needs to be set higher 

than the A3 signal.

A4 threshold
Needs to be set lower 
than the A4 signal but 
higher than the noise 

floor.

Post-ventricular atrial blanking (PVAB) period
The A1 and A2 signals are blanked. No atrial 

sensing occurs during PVAB.

A3 detection window
A less-sensitive setting where only large 

accelerometer signals will trigger a 
detection. It is designed to avoid detecting 

the A3 signal.  

A4 detection window
Used to detect the A4 signal after 

ventricular diastole has completed.







• Micra™  AccelAV study

Optimized sub-study cohort: 20 subjects with complete AV block, normal sinus function, 
and optimized programming

Improvement from optimized programming 
is most pronounced at elevated rates







Leadless VDD

- Older patients
- Rather sedentary than sportive life-style (AV-

synchrony at higher heart rates)
- Preserved LV function (no upgrade to CRT 

possible)
- Echo parameters (E/A ratio < 0.94)





SINCRONIA AV… PER LA PRIMA VOLTA



• Soglia 0,75V/0,24 ms

• Impedenza: 590 Ohm

• Sensing: 9,2 mV



Burri, Eur Heart J, 2022 Mar 21;43(12):1216-
1218

























…E IL FUTURO?

In the next future S-ICD and 
leadless (A/RV/LV) PM would 
probably work together for the 
best  care of our  patients

modular cardiac rhythm management system



1. Leadless pacemaker designed to sense and treat 
bradycardia independently from the S-ICD

2. ATP schemes will be built into the leadless 
pacemaker, but can be activated only by the S-
ICD or the programmer

3. S-ICD will continue to sense tachycardia, 
following which it is designed to command ATP 
in the leadless pacemaker prior to a shock



CONCLUSIONI
• LE INDICAZONI ALLA STIMOLAZIONE LEADLESS SI STANNO EVOLVENDO (VVI, 

VDD, DDD, AAI?, ATP?)

• I DATI SULLE COMPLICANZE DEI SISTEMI LEADLESS SONO OTTIMI SE 
CONFRENTATI CON QUELLI DEI PACEMAKER TRANSVENOSI ANCHE SE RIMANE 
QUALCHE “DUBBIO” SULLA PERCENTUALE DI PERFORAZIONI

• IN TERMINI DI ESTRAIBILITA’ POTREBBERO ESSERE FAVORITI I SISTEMI A VITE 
ANCHE SE L’AUMENTO DELLA DURATA DELLA BATTERIA E LA POSSIBILITA’ DI 
INSERIRE PIU’ DI 1 DEVICE  STANNO COMUNQUE SPOSTANDO LE INDICAZIONI 
VERSO PAZIENTI PIU’ GIOVANI



CONCLUSIONI
• E’ DA ATTENDERSI UN BENEFICIO NETTO NEL FOLLOW-UP DEI SISTEMI 

LEADLESS IN TERMINI DI RIDUZIONE DELLA COMPLICANZE LEADS LEGATE O 
DELLE COMPLICANZE INFETTIVE

• I DATI INIZIALI ATTUALMENTE DISPONIBILI SUL SISTEMA COMBINATO ATRIAL 
LP-VENTRICULAR LP CONFERMANO LE OTTIME PERFORMANCE (ANCHE DEGLI 
IMPIANTI IN SEDE ATRIALE) SENZA SIGNIFICATIVO INCREMENTO DELLE 
COMPLICANZE



Ciao Ezio
Grazie
Ci mancherai…….
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Ongoing AVEIR DR i2i STUDY
Up to 550 patients







…E IL FUTURO?



DATI CLINICI - real life
S-ICD + Micra VR

Population and characteristics N = 213

Age, y (range) 46 + 13 (14 -81)

Male, n (%) 163 (77)

Mean EF 46.4 + 13

EF < 35% 37%

Primary prevention 66%

Secondary prevention, n (%) 34%

De novo implant 57%

Previous lead extraction, n (%) 43%

Inter-muscolar position, n (%) 89% (100% from 
2015)

2 incisions technique 78% (98% from 
2015)

Hybrid implant (S-ICD + LPM MDT MICRA) n (%) 8 (3.7)



…E IL FUTURO?

In the next future S-ICD and 
leadless (A/RV/LV) PM would 
probably work together for the 
best  care of our  patients

modular cardiac rhythm management system



1. Leadless pacemaker designed to sense and treat 
bradycardia independently from the S-ICD

2. ATP schemes will be built into the leadless 
pacemaker, but can be activated only by the S-
ICD or the programmer

3. S-ICD will continue to sense tachycardia, 
following which it is designed to command ATP 
in the leadless pacemaker prior to a shock

Example of ATP during charge
in the Shock Zone



…E IL FUTURO?



CONCLUSIONI

• LE INDICAZONI ALLA STIMOLAZIONE SENZA FILI SI STANNO EVOLVENDO 
(vvi, vdd, ddd?, atp?)

• I DATI SULLE COMPLICANZE SONO OTTIMI IN CONFRONTO CON I PM TV 
ANCHE SE RIMANE QULACHE DUBBIO SULLA % PERFORAZIONI

• L’ESTRAIBILITA’ POTREBBE FAVORIRE I SISTEMI A VITE ANCHE SE 
L’AUMENTO DELLA DURATA DELLA BATTERIA E LA POSSIBILITA’ DI 
INSERIRE PIU’ DI 1 DEVICE SEMBRA LA CHIAVE DI VOLTA NELLA SCELTA 
DI SPOSTARE L’INDICAZIONE VERSO ETA’ PIU’ GIOVANI





Cardiac Resynchronization Therapy 
With Wireless Left Ventricular 
Endocardial Pacing
The SELECT-LV Study

Reddy et al. J Am Coll Cardiol 2017;69:2119–29













E GLI ALTRI?



LLPM VVI… when?

• LLPM are offered in first intention in case of:

(1) anticipated difficult vascular access, 

(2) a history of complicated trans-venous PM, 

(3) a pacing indication in a patient with permanent AF, 

(4) an anticipated high risk of infection

But LLPM are more and more considered in patients with otherwise standard indications for single (and dual) 

chamber pacemaker implant



STORIA DELL’ELETTROSTIMOLAZIONE
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DATI CLINICI - real life
L’esperienza pisana: pazienti speciali



DATI CLINICI - real life
L’esperienza pisana: pazienti speciali

• uomo di 78 anni
• portatore di PM DDD per BAV
• espianto + reimpianto 

controlaterale
• sindrome della vena cava 

superiore



C.Steinwender et al., JACC EP, 2012



Ongoing AVEIR DR i2i STUDY
Up to 550 patients



Ongoing AVEIR DR i2i STUDY
Up to 550 patients



 Feasibility  Performance  Real-world

2018-2020
MARVEL

Demonstrate the ability to sense 
atrial contractions using the 

device accelerometer and 
provide AV synchronous pacing 
(download study with Micra VR).

MARVEL II
Determine the feasibility of an 

enhanced accelerometer-based 
algorithm to provide AV 

synchronous pacing (download 
study with Micra VR).

2022
AccelAV + Optimize Sub-Study
Report on the performance of an 
accelerometer-based algorithm 
that provides AV synchronous 

pacing.

2023+
Post-Approval Registry (PAR)

Evaluate performance in a global, 
real-world population; interim 

results through first 12 months; study 
will follow patients through 3 years.

Coverage with Evidence Development 
(CED) Evaluate performance in US Medicare 

population via observational claims 
analyses.

The clinical journey of Micra™ AV leadless pacing

• Micra™ VR and AV leadless pacemakers
7,600+ physicians trained, 200+ manuscripts published, and 17,000+ patients followed in research 

activities5



A1 A2 A3 A4

Electrocardiogram

Source accelerometer

Rectified accelerometer

A2

A3

A4

Ventricular end (VE) marker
End of the A1–A3 ventricular-event signals

Atrial mechanical (AM) marker
Marker that indicates the device 
detected the atrial mechanical 

contraction or A4

Start of ventricular systole, mitral and 
tricuspid valves close

End of ventricular systole, aortic and 
pulmonic valves close

Diastole, passive blood flow from A to 
V, corresponds to E-wave on Doppler 

echo

Atrial systole, blood pushed into 
ventricles,100ms electromechanical 

delay, corresponds to A-wave on 
Doppler echo

A1

Micra™ AV’s  acce lerometer de tects  mechanical atrial activity 
and uses  this  information to de liver AV synchronous  ventricular 

pacing.



• L. D. ♂ 28 anni

• ccTGA
• Blocco atrioventricolare completo congenito

12 MESI 36 MESI

BAV TOTALE 
CONGENITO

PM: RV 
EPICARDICO

RV 
ENDOCARDICO

ABBANDONO + 
NUOVO RV



• Controllo PM:
• Soglia RV: 2,5V/0,24 ms
• Impedenza RV: 400 Ohm

• Contrazioni m. pettorale riproducibili (bipolare)
• Riferito c/o ns. centro





ESTRAIBILITA’

Micra device has been successfully 
retrieved after 28 months in chronic 
animal models using a custom 
sheath combined with market-
released tools

Bongiorni MG et al. Heart Ryhthm Case Report 2016



“The most common reason for immediate retrieval 
was elevated pacing threshold after tether removal.

The most common reason for delayed retrieval 
included elevated pacing threshold at follow-up, 
endovascular infection, and need for transvenous 
device”

ESTRAIBILITA’



Meccanismo di 
fissaggio separato 
dall’elettrodo

Histology of
 lead helix

Histology of 
Micra

DATI CLINICI - Istologia

Fibrosi



Burri, Eur Heart J, 2022 Mar 21;43(12):1216-
1218


