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Partiamo dalle origini…



PRIMA CONTRAZIONE CARDIACA «ARTIFICIALE»

John Alexander MacWilliam 
(31 July 1857 – 13 January 1937)

British Medical Journal 1889:

• Prima dimostrazione di evocazione di 
una contrazione cardiaca durante 
asistolia con l’applicazione di 
corrente elettrica



PRIMO PACEMAKER ARTIFICIALE

• Albert Hyman ha per primo coniato il 
termine “pacemaker artificiale” e 
realizzato il primo PM esterno. 

• Corrente erogata attraverso un ago 
da introdurre nel cuore attraverso il 
torace

• FC:  30, 60 0 120 bpm

• Prime discussioni etiche sulla 
opportunità di prolungare la vita 
umana con l’utililizzo delle 
macchine. 

«HYMANOTOR», 1932



1950’s: The first Human Transvenous 
Endocardial Stimulations



1960 The first US recipient of permanent 
pacemaker



Pacing Evolution
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Adapta®
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EnPulse
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First Implantable 
Pacemaker 

Pediatric Asynchronous
Pulse Generator

Rate response Radically
smaller size

1st Micro- 
processor-based, 

Mode switching

Full automaticity

MVP, Full
automaticity

Rate response via activity 
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Dual chamber 
rate response
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 Transcatheter 
Pacing System 

2015



1990-2000: THE ADVENT OF BIVENTRICULAR PACING TO TREAT HF

N Engl J Med, 2001: 



THE CLINICAL EVIDENCE FOR CRT

Auricchio A, Prinzen FW. Non-responders to cardiac resynchronization therapy: the magnitude of the problem and the issues. Circ J. 
2011;75(3):521-7. doi: 10.1253/circj.cj-10-1268. Epub 2011 Feb 11. PMID: 21325727.





THE ISSUE OF NON-RESPONDERS TO CRT

Sieniewicz BJ, Gould J, Porter B, Sidhu BS, Teall T, Webb J, Carr-White G, Rinaldi CA. Understanding non-response to cardiac resynchronisation therapy: 
common problems and potential solutions. Heart Fail Rev. 2019 Jan;24(1):41-54. doi: 10.1007/s10741-018-9734-8. PMID: 30143910; PMCID: PMC6313376.



STRATEGIES TO ADDRESS THE CHALLENGE OF NON-RESPONSIVENESS

• CAREFUL SELECTION OF PATIENTS

• OPTIMAL DEVICE IMPLANTATION

• POST-IMPLANT DEVICE PROGRAMMING WITH LONG-TERM 

MONITORING. 

• NEW PACING TECHNIQUES, ESPECIALLY PHYSIOLOGICAL PACING 

(HBP AND LBBP).



1950, 60, 70, 80, 90, 2000, 
2010…….
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2015: MEDTRONIC MICRA SYSTEM



LEADLESS PM PATIENT SELECTION CONSIDERATIONS

• COMPLICATIONS WITH 
TRANSVENOUS DEVICE

• INFECTION RISK

• ANATOMICAL/VASCULAR 
ISSUES

• INFREQUENT PACING 
EXPECTED

• AGE

• PATIENT PREFERENCE





48% FEWER MAJOR COMPLICATIONS WITH MICRA VS 
TRANSVENOUS PACEMAKERS1    

1 Duray GZ et al., Micra Long-term performance of a transcatheter pacing system: 12-Month results from the Micra Transcatheter Pacing Study. Heart Rhythm (2017), doi: 10.1016/j.hrthm.2017.01.035. 



From 2013 to ????????



2020: the single chamber VDD MICRA AV LEADLESS PM

 Micra AV’s accelerometer detects 
mechanical atrial activity and uses this 
information to deliver AV synchronous 
ventricular pacing.

 New, integrated circuitry capable of 
sustaining new AV synchrony functionality. 

 Estimated average battery longevity of 8-
13 years, dependent on the patient’s 
degree of AV block.





Mode switch to VDD in patient with intermittent AV block



cosa ci aspetta…



2022: first implantation of dual chamber leadless pacemaker system

NON ANCORA MARCHIO CE





Knops RE, Reddy VY, Ip JE, Doshi R, Exner DV, Defaye P, Canby R, Bongiorni MG, Shoda M, Hindricks G, Neužil P, Rashtian M, Breeman KTN, Nevo JR, 
Ganz L, Hubbard C, Cantillon DJ; Aveir DR i2i Study Investigators. A Dual-Chamber Leadless Pacemaker. N Engl J Med. 2023 Jun 22;388(25):2360-2370. 
doi: 10.1056/NEJMoa2300080. Epub 2023 May 20. PMID: 37212442.





Sweeney MO, Hellkamp AS, Ellenbogen KA, Greenspon 
AJ, Freedman RA, Lee KL, Lamas GA; MOde Selection 
Trial Investigators. Adverse effect of ventricular pacing 
on heart failure and atrial fibrillation among patients with 
normal baseline QRS duration in a clinical trial of 
pacemaker therapy for sinus node dysfunction. 
Circulation. 2003 Jun 17;107(23):2932-7. doi: 
10.1161/01.CIR.0000072769.17295.B1. Epub 2003 Jun 2. 
PMID: 12782566.

Deleterious effect of RV chronic pacing





La stimolazione del sistema di conduzione





STIMOLAZIONE HISIANA



STIMOLAZIONE HISIANA



STIMOLAZIONE HISIANA

Abdelrahman M, Subzposh FA, Beer D, Durr B, Naperkowski A, Sun H, Oren JW, Dandamudi G, Vijayaraman P. Clinical Outcomes of His Bundle Pacing Compared to 
Right Ventricular Pacing. J Am Coll Cardiol. 2018 May 22;71(20):2319-2330. doi: 10.1016/j.jacc.2018.02.048. Epub 2018 Mar 10. PMID: 29535066.



STRATEGIES TO ADDRESS THE CHALLENGE OF NON-RESPONSIVENESS

• CAREFUL SELECTION OF PATIENTS

• OPTIMAL DEVICE IMPLANTATION

• POST-IMPLANT DEVICE PROGRAMMING WITH LONG-TERM MONITORING. 

• NEW PACING TECHNIQUES, ESPECIALLY PHYSIOLOGICAL PACING (HBP AND 

LBBP).



STIMOLAZIONE HISIANA





PROBLEMI DELLA STIMOLAZIONE HISIANA

• SOGLIA ELEVATA / INCREMENTO NEL TEMPO

• BASSA AMPIEZZA DELL’ONDA R (NON UTILIZZABILE COME 

CANALE DI SENSING VENTRICOLARE IN UN HOT-CRTD)

• PERSISTENZA DI DISTURBI DI CONDUZIONE DISTALI

• PACIND DI BACK UP IN VENTRICOLO DESTRO NEI PAZIENTI 

PM DIPENDENTI (AVANZAMENTO DEI DISTURBI DI 

CONDUZIONE DISTALI)



LEFT BUNDLE BRANCH AREA PACING

• Tecnicamente più semplice

• Sensing onda R

• No back up lead









Piemontese GP, Toniolo S, Biffi M, Capobianco C, Bartoli L, Sorrentino S, Minguzzi A, 
Angeletti A, Statuto G, Ziacchi M, Martignani C, Massaro G, Diemberger I, Spadotto A. 
Bridging the future of cardiac stimulation: physiologic or leadless pacing? Rev 
Cardiovasc Med. 2022 Mar 17;23(3):107. doi: 10.31083/j.rcm2303107. PMID: 35345274.

HIS PACING: LOSS OF CAPTURE AT FU

LBBAP: PERFORATION IN LV CAVITY



CONCLUSIONE

AVENDO BISOGNO DI UN PACEMAKER, VOI COSA SCEGLIERESTE?



GRAZIE 
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