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Recent Advances in Cardiac Pacemaker Technology: From Physiological Pacing to Leadless and Intelligent Systems
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[Abstract] Since its introduction into clinical practice, cardiac pacemaker technology has witnessed successive technological advancements,
including single-chamber pacing, dual-chamber pacing, frequency-adaptive pacing, and cardiac resynchronization therapy; it
remains the most important clinical treatment strategy for managing bradyarrhythmias. In recent years, significant
breakthroughs have been achieved in cardiac pacing technology across various domains—such as physiological pacing, leadless
implantation, intelligent diagnosis and treatment, and long battery life design. Pacing techniques, exemplified by left bundle
branch pacing, simulate synchronized electrical excitation of the ventricles, thereby resolving the issue of ventricular
contraction asynchrony associated with right ventricular pacing. Leadless pacemakers, characterized by their minimally invasive
approach, achieve device anchoring via catheter delivery, effectively reducing the risk of pocket infection associated with
traditional implantation procedures; they offer distinct clinical advantages for patients with abnormal venous access or those at
high risk of infection. For the management of sustained ventricular tachycardia or ventricular fibrillation, as well as for cases
diagnosed with ion channelopathies or myocardial infarction accompanied by persistently reduced left ventricular ejection
fraction, the subcutaneous implantable cardioverter-defibrillator (S-ICD) is classified as a Class I indication as explicitly
recommended by clinical guidelines. Against this backdrop, this article systematically reviews recent key technological
breakthroughs, evidence-based research findings, and the current clinical application status of cardiac pacemakers; it also
explores the practical challenges facing this field at present and its future development trends, aiming to provide a theoretical
reference for clinical practice as well as related basic and translational research.
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Leadless pacing; Remote monitoring; Cardiovascular implantable electronic device
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