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Disclosures
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Agenda

▪ Anatomy overview

▪ Pacemakers

▪ Device Infection

▪ Implantable Cardioverter 
Defibrillators (ICD)

▪ Programming Overview

▪ Cardiac Resynchronization Therapy 
(CRT)

▪ Subcutaneous Rhythm Monitor



Electrophysiology: It’s all Greek to me!



Heart = House



Cardiac ConductionCardiac Conduction

▪ Sinoatrial node (SA node)

▪ Atrial Depolarization and 
Contraction

▪ Atrioventricular node (AV node)

▪ Stop light between the atrium and 
ventricles 

▪ Rate Control 

▪ His-Purkinje System (HPS)

▪ Fast conduction

▪ Bundle Branch 

▪ Right and Left 

▪ Ventricular depolarization and 
Contraction 

UpToDate, Inc.



Arrhythmias 

▪ Symptoms 

▪ Dizziness/ 
lightheadedness

▪ Fatigue 

▪ Palpitations

▪ SOB/ dyspnea

▪ Chest pain 

▪ Syncope

▪ Diagnosis

▪ ECG!

▪ Telemetry

▪ Holter/ event monitor

▪ Device interrogation 



Pacemakers vs Defibrillators

Pacemaker

▪ Increase heart rate through electrical impulses to cause myocardial 
contraction

▪ Treat slow heart rates

▪ Do not affect fast heart rates

▪ Monitor for ventricular tachycardia (VT) and ventricular fibrillation 
(VF)

Defibrillator

▪ Shocks the heart in the setting of VT/VF to restore sinus rhythm 

▪ Transvenous defibrillators can ALSO pace the heart 



Question 1



Does this patient meet indications for pacemaker?

▪ 74F presents with fatigue and inability to exercise as she could 
previously. When prompted she also states episodes of dizziness.

▪ Not on AV nodal blocking agents

▪ Exam notable for HR 50bpm

▪ Labs including electrolytes and TSH WNL

▪ Exercise stress shows max heart rate 70bpm with intermittent 
dizziness 

▪ Home monitoring reveal sinus pause of 5.2 seconds while awake



Meets pacemaker indications!



Pacemaker Indications

▪ Sinus node dysfunction (with 
symptoms)

▪ Sinus Bradycardia  

▪ Includes guideline driven 
medical therapy

▪ Sinus Pauses

▪ Tachy-brady Syndrome (IIa)

▪ Sinoatrial Exit Block

▪ Chronotropic Incompetence (Iia)

▪ High degree AV Block

▪ Mobiz Type II

▪ Complete Heart Block

▪ Heart Failure/ LBBB

▪ Cardiac Resynchronization 
Therapy 

▪ Overnight arrhythmias

▪ Sleep study!



Pacemaker Contraindications

Active infection

▪ Temporary pacemaker as needed 

Relative contraindications

▪ Choose side based on lines or fistulas 



Pacemaker: Parts to a device

▪ Generator

▪ “Can”

▪ Programming

▪ Battery lasts 8-12 years

▪ Placed on non-dominant side

▪ Lead

▪ “Wire”

▪ Screws into the myocardium 



Leadless Pacemaker

▪ Indication 

▪ Lower pacing burden

▪ High infection risk

▪ Advantages

▪ Low infection risk/ No pocket

▪ No arm restrictions

▪ Disadvantages 

▪ Large delivery sheath

▪ 6 hour bedrest

▪ RV pacing only 



Pacemakers

SC-PM
single chamber pacemaker • 1 pacemaker lead/device in RA or RV

DC-PM
dual chamber pacemaker • 1 pacemaker lead in RA

• 1 pacemaker lead in RV

CRT-P
Cardiac resynchronization therapy 
pacemaker or biventricular pacemaker

• 1 pacemaker lead in RA
• 1 pacemaker lead in RV
• 1 pacemaker lead in coronary sinus 

(LV)



Question 2



1. Refer to plastic surgery

2. Electrophysiology urgent 
consult

3. Physical therapy wound 
consult 



Device infection = EP emergency

CALL ELECTROPHYSIOLOGY!



Device Infection

▪ Examples

▪ Pocket infection

▪ Endocarditis 

▪ Bacteremia

▪ Extraction Center for complete 
removal of device

▪ Higher risk with older implants

*Risk of SVC tear

▪ Laser techniques

▪ CT surgery backup Photos courtesy of Dr. 
Andrew Beaser

CALL ELECTROPHYSIOLOGY!



Device infection

Photos courtesy 
of Dr. Andrew 
Beaser

CALL ELECTROPHYSIOLOGY!



Question 3



Does this patient meet defibrillator indication?

45M presents with STEMI and receives PCI. EF was 25% and 
started on GDMT

Continues on GDMT for 3 months with persistent EF of 30%



Meets defibrillator indications!



Implantable Cardioverter Defibrillator (ICD) 
Indications 

Primary prevention ICD 

▪ Those at risk of SCD

▪ EF <35% after 3 months of GDMT 

▪ 40 days after MI LVEF <30%

▪ Congenital long QT

▪ Hypertrophic cardiomyopathy with 
high risk features

▪ Sarcoidosis  

▪ High risk channelopathies 

Secondary prevention ICD

▪ Individuals who had prior VT/VF 
without reversible causes

▪ VT/VF NOT within 48 hours of MI 



ICD contraindications 

▪ Active infection

▪ Wearable defibrillator 

▪ Less than 1 year life expectancy 

▪ Incessant VT/VF

▪ Severe psychiatric illness

▪ Syncope without inducible VT/VF or structural heart disease 



Transvenous Defibrillator

▪ Generator

▪ “Can”

▪ Programming

▪ Battery lasts 7-10 years

▪ Placed on left side

▪ Defibrillator lead

▪ Screws into the right ventricle 

▪ Can pace the heart



Subcutaneous Defibrillator 

▪ Indications

▪ Young/ active

▪ IVDU

▪ Dialysis patient

▪ Advantages

▪ Not in the vasculature; minimize infection risk

▪ Disadvantages 

▪ Only pacing capability is post-shock

▪ Requires passing screening tool 



Implantable Cardioverter Defibrillator – ICD

SC-ICD
single chamber defibrillator • 1 defibrillator lead in RV

DC-ICD
dual chamber defibrillator • 1 pacemaker lead in RA

• 1 defibrillator lead in RV

CRT-D
cardiac resynchronization therapy 
defibrillator or biventricular defibrillator

• 1 pacemaker lead in RA
• 1 defibrillator lead in RV
• 1 pacemaker lead in coronary sinus 

(LV)

S-ICD
subcutaneous defibrillator



Device Programming- Pacing

Types: AAI, DDD, VVI, DDDR, etc

First Letter

• Location of pacing (atrium, ventricle, dual)

Second Letter

•  Location of sensing (atrium, ventricle, dual)

Third Letter

•Response to sensing 

• I: Inhibition

• T: Triggered 

•D: Dual (Triggered and Inhibition)

•O: None

R

•Rate responsiveness 



Device Programming- Pacing

▪ VVI

- V: Pacing in ventricle

- V: Sensing in ventricle

- I: Inhibition (Inhibit pacing in response to sensing)

- Commonly seen in primary prevention ICDs

▪ DDD

- D: Pacing in atrium and ventricle

- D: Sensing in atrium and ventricle

- D: Dual (triggered and inhibition) 

- Commonly seen in DC-PM



Device Programming- Shocking

▪ Different device companies have different algorithms/ programmability 

▪ 1-2 VT zones and 1 VF zone

▪ Can add monitor zone

▪ Zone is set to a rate

▪ Device also looks at morphology 

▪ Antitachycardia Pacing (ATP)

▪ Pacing stimuli delivered by the device to convert VT/VF to sinus rhythm without 
delivering a shock



Successful ICD shock

Atrial Lead

Atrial Lead

Ventricular 
Lead

Ventricular 
Lead



Antitachycardia Pacing (ATP)

▪ Pacing stimuli delivered by the device to convert VT/VF to sinus rhythm without 
delivering a shock

▪ Intension to interrupt the circuit 

Single 
Chamber
Defibrillator



Shock Support Groups

▪ ICD shocks can be psychologically debilitating and lead to 
post traumatic stress disorder

▪ Encourage patients and loved ones to discuss trauma with 
others sharing similar experiences 

▪ Online support groups

▪ Refer to psychiatry



Hang in there



Question 4



Question 

64M with PMH of complete heart block s/p DC-PM who was found to have EF 
20% on recent echocardiogram. Workup without underlying cardiac 
condition. Recent device interrogation found well functioning device with RV 
pacing 100%. Patient started on GDMT. What are the next steps?

1. Refer to rheumatology 

2. Refer to surgery for LVAD

3. Refer to palliative care 

4. Discuss possible device upgrade with electrophysiology



Answer

64M with PMH of complete heart block s/p DC-PM and HTN who was 
found to have EF 20% on recent echocardiogram. Recent interrogation 
found well functioning device with RV pacing 100%. What are the next 
steps?

1. Refer to rheumatology for sarcoidosis work up

2. Refer to surgery for LVAD

3. Refer to palliative care 

4. Discuss possible device upgrade with electrophysiology



Pacemaker Induced Cardiomyopathy 

▪ Decline in left ventricle ejection fraction in the setting of chronic, high 
burden right ventricle pacing

▪ LVEF <40% or 50% with 5-10% drop in EF

▪ Occurs in 10-20% of patients 

• Attempt to reduce pacing

• Change rate

• Change AV delays

• If unable, consider CRT upgrade



Cardiac Resynchronization Therapy (CRT)

• Intention to improve cardiac function by creating synchrony 

• Also called biventricular pacing (BiV) 

• Indications
• Symptomatic heart failure
• LBBB
• QRS >150ms if non-LBBB
• Pacing >40%

• Goal is to pace the heart 100% of the time

• Different poles allow for programming changes

• 3 lead system
• RA, RV, LV (CS) American College of Cardiology



Cardiac Resynchronization Therapy (CRT)

▪ Reduce heart failure symptoms

▪ Reduce hospitalizations

▪ Improve ejection fraction

▪ Increased survival



Diaphragmatic Stimulation

▪ Complication of LV lead placement stimulating phrenic nerve causing diaphragmatic 
stimulation  

▪ Can feel diaphragm contracting 

▪ Testing for during placement of the lead 

▪ Not harmful, but uncomfortable to patients

▪ Can be position based

▪ Solutions

▪ Change pacing vector

▪ Lower output



Subcutaneous Rhythm Monitor



Subcutaneous Rhythm Monitor/ Loop Recorder

▪ Implanted event recorder

▪ Long term monitoring

▪ 3-6 years

▪ Auto and symptom triggers 

▪ Home monitoring system

▪ Indications

▪ Diagnosis 

▪ Cryptogenic stroke

▪ Arrhythmia management

www.honorhealth.com



Summary 

▪ Pacemakers

▪ Increase heart rate for sinus node 
dysfunction, heart block, or HFrEF/ 
LBBB

▪ Defibrillators

▪ Shock the heart to restore sinus rhythm 
in the setting of VT/VF

▪ Given as primary or secondary 
prevention 

▪ Transvenous defibrillators also pace the 
heart 

▪ Infection is a lifelong risk of devices

▪ CRT devices to improve HF outcomes

▪ Subcutaneous rhythm monitors provide 
long term arrhythmia monitor
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