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“We provide cure”

MIMS DOCTOR



1. Bradyarrhythmias

2. Pacing concepts

3. Pacemaker and Lead technology

4. Types of pacemaker - Transvenous, Leadless, Permanent,  
Temporary

5. Pacemaker indications

6. Implantation technique and complication management

7. Pacemaker programming

8. Pacemaker follow-up and trouble-shooting

9. Future development

Pacemaker: What a Cardiology Fellow must know?



“耳邊蜂”



1. Bradyarrhythmias

2. Pacemaker Indications

• 2013 ESC guidelines on cardiac pacing and CRT-P

• 2018 ACC/AHA/HRS guidelines on the evaluation and 
management of patients with bradycardia and cardiac 
conduction delay

3. Leadless pacemaker

4. Future development

Pacemaker: What a Cardiology Fellow must know?



Dominant and Escape Pacemakers



Classification of Bradyarrhythmias

 There are two types of bradyarrhythmias

Sinus node

AV node

(problem with

Impulse formation)

(problem with

Impulse conduction)



Classification of Bradyarrhythmias

 Problems with Impulse Formation (sinus node dysfunction)

 Sinus Bradycardia

 Sinus Node Arrest

 Chronotropic Incompetence

 Sick Sinus Syndrome





Normal and Hypoplastic Sinus Node

Normal sinus node

(~15mm x 5-7mm x 1.5-2mm)
Hypoplastic sinus node in 

Sick sinus syndrome

Age-dependent progressive fibrosis of the sinus nodal tissue and 
surrounding atrial myocardium



Classification of Bradyarrhythmias 

 Problems with Impulse Conduction

 First Degree AV block

 Second Degree AV block 
 Mobitz Type 1 – Wenckebach

 Mobitz Type 2

 Advanced, high grade AV block

 Third Degree AV block – Complete heart block

 Bundle branch block

 Bifasicular/Trifasicular block



International Guidelines
It depends on the interpretation …







M/87, presented with syncope and 
transient complete heart block



2018 ACC/AHA/HRS Guideline on the evaluation and 
management of patients with bradycardia and cardiac 
conduction delay

In sinus node dysfunction, there is no established minimum heart 
rate or pause duration where permanent pacing is recommended.

Establishing temporal correlation between symptoms and bradycardia 
is important when determining whether permanent pacing is needed.









2013 ESC Guidelines
Pacing from alternative right ventricular sites

 The Task Force is unable to give definite
recommendations until the results of larger trials became
available (His region, mid- or high ventricular septum,
outflow tract).



2018 ACC/AHA/HRS Guideline on the evaluation and 
management of patients with bradycardia and cardiac 
conduction delay

Class IIa recommendation

In patients with atrioventricular block who have an indication for
permanent pacing with a LVEF between 36% and 50% and are
expected to require ventricular pacing more than 40% of the time, it
is reasonable to choose pacing methods that maintain physiologic
ventricular activation (e.g. CRT-P or His bundle pacing) over right
ventricular pacing.



Permanent His bundle pacing

In 2000 Deshmukh el al. reported the first experience in 18 patients1.
Advantages: 
 true physiological pacing by using the native conduction system
 less hardware use compared to CRT
 lead tip likely rests in RA resulting in less tricuspid valve injury or TR

Disadvantages:
 longer procedure time
 higher pacing threshold
 issue of lead dislodgement

1. Deshmukh et al. Permanent, direct His bundle pacing: a novel approach to cardiac pacing 
in patients with normal His-Purkinje activation. Circulation 2000;101(8):869-77.





“Permanent His bundle pacing post AVN ablation in AF patients with 
narrow QRS and heart failure (preserved or reduced LVEF) improved 
echo measurements, NYHA class and diuretic use for heart failure.”



Sleep Apnea

Class I recommendation

In patients with documented/suspected bradycardia or conduction
disorder during sleep, screening for symptoms of sleep apnea
syndrome is recommended with subsequent confirmatory testing
directed by clinical suspicion.

In patients with sleep-related bradycardia or conduction disorder and
documented obstructive sleep apnea, treatment directed specifically
at the sleep apnea (e.g. cPAP and weight loss) is recommended.

* Nocturnal bradycardia is not in itself an indication for permanent pacing

2018 ACC/AHA/HRS Guideline on the evaluation and management of 
patients with bradycardia and cardiac conduction delay



Leadless Pacemaker

 Micra

 FDA approval in April 2016



Leadless Pacemaker





Leadless Pacemaker

 Single Chamber only (VVIR mode)

 No magnet mode 

 You can turn off Micra, i.e. OOO mode

It is to avoid the EOL Micra affecting the newly implant 
Micra

 No explosion risk in cremation. Thus no need to remove 
after patient passed away.



Future development



First proof of concept in animal model (2016): wireless, intrabody, 
unidirectional device-device communication (S-ICD to leadless pacemaker) 
and ATP-delivery by leadless pacemaker.

S-ICD: Possibility of ATP therapy
Communication between leadless 
pacemaker and S-ICD

Tjong et al. Communicating antitachycardia pacing enabled leadless pacemaker and S-ICD. JACC 2016;2:039.



Communication between leadless pacemaker and S-ICD: 
12-month follow-up

Chronic performance at 12 months measured in 10 canine models:

 mean communication threshold remained stable.

 leadless pacemaker electrical performance
pacing threshold 0.74±0.58V
R-wave amplitude 23.4±10.4mV
pacing impedance 620±93ohm

 no leadless pacemaker dislodgement.

 human pivotal trial in 2019

Tjong et al. 12-month performance of communicating leadless anti-tachycardia pacemaker 
and S-ICD. HRS 2018 abstract presentation.

“first step toward establishing multicomponent device systems that 
eliminate transvenous leads”



Thank you


