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OBJECTIVES

 Brief Overview of Cardiac Rhythm Management devices
 pacemakers and implantable cardioverter defibrillator (ICD) and Cardiac 

resynchronization therapy (CRT) purpose and function 

 Home monitor-overview of set up – video

 What can be monitored using the home monitor

 Pros and Cons of home monitoring

 Summary 



WHAT ARE  IMPLANTABLE 
CARDIAC RHYTHM 
MANAGEMENT DEVICES??

How is an ICD different than a pacemaker ?

How are pacemakers and ICD’s 
different than CRT devices ? 

How are these device 
implanted ?



QUICK REVIEW 
CRM DEVICES 

Permanent Pacemakers are implanted devices that treat 

BRADYCARDIA

Pacemaker can be single or dual chamber or Biventricular

1 or 2 or 3  leads in the right atrium and or right ventricle and or 
over the left ventricle

Pacemaker Components Combine with Body Tissue to 
Form a Complete Circuit THAT:

Senses the hearts own intrinsic beats 

Paces or Inhibits at the programmed interval(rate) 



IMPLANTABLE CARDIOVERTER
DEFIBRILLATORS 

ICD’s are implanted devices that treat both 

BRADYCARDIA and Ventricular 
TACHYARRHYTHMIAS

ICD’s can be single or dual chamber or biventricular

1 or 2 or 3  leads in the right atrium and or right ventricle and or over the left 
ventricle



ICD FUNCTION

ICD’s 

• Treat Bradyarrhythmias with pacing 

• Treat tachyarrhythmias using 
Tachyarrhythmia therapies

• Defibrillation/Cardioversion

• AntiTachycardia Pacing – ATP



VENTRICULAR TACHYCARDIA



CARDIAC RESYNCHRONIZATION THERAPY 
DEVICES 

CRT Devices also call BIVENTRICULAR devices are PACEMAKERS or ICD’s that pace both 
ventricles to provide resynchronization of the right and left ventricle in patients with: 

• CHF

• Wide QRS 

• Ventricular Dysynchrony



WHAT IS VENTRICULAR 
DYSYNCHRONY

Click to Start/Stop



ACHIEVING CARDIAC RESYNCHRONIZATION
MECHANICAL GOAL: PACE RIGHT AND LEFT VENTRICLES

 Standard pacing leads in RA and RV
 Specially designed left heart lead placed in a left ventricular cardiac vein 

via the coronary sinus

Cardiac Resynchronization System



CRT THERAPY 



PHYSIOLOGIC PACING

At UVMMC we are also a leader in physiologic pacing
-tapping into the natural conduction system pathway. 



IMPLANTABLE LOOP RECORDERS

An implantable loop recorder is a type of heart monitoring device that 
continuously records your heart rhythm
for several years

• Implanted under the skin in the left parasternal region

• Used when symptoms occur infrequently or other heart monitoring 
tools don’t detect abnormalities



IMPLANTABLE LOOP RECORDERS

• Syncope/LOC
– Bradycardia or pauses?

• Palpitations
– Brady or tachyarrythmias?

• VT Monitoring 

• AF Monitoring Post Ablation
– Was ablation successful?
– Can we take patient off
anticoagulation meds?

• Cryptogenic Stroke

Reasons for 
ILR implant



IMPLANTABLE LOOP RECORDERS



Small devices – Pectoral site

 Transvenous, single incision

 Local anesthesia; conscious sedation

 using Fluoroscopy  

 Lead or leads are delivered into the heart using an introducer  via 
the Subclavian Vein  to SVC to RA, RV or  on top of the LV via the 
Coronary sinus . 

How are these devices Implanted?



RIGHT VENTRICULAR LEAD 
PLACEMENT ACTIVE FIXATION LEAD



CRT DEVICE
CORONARY SINUS -LV LEAD 
PLACEMENT

Click to Start/Stop



SUBCUTANEOUS ICD OR  SICD

 Limited or No Fluoroscopy 
 MAC or general anesthesia 



LEADLESS PACEMAKERS

 Pacemaker is deployed directly in the right ventricle 
via the femoral vein > ICV



REMOTE MONITORING

https://www.youtube.com/watch?v=m_cRAntpZ08



DEVICE CLINIC WORKFLOW

 Remote monitoring workflow at UVMMC Device Clinic:
 Patients are set up with a remote monitor within 2-4 weeks of PPM/ICD implant. On day 

of ILR implant patients will receive their monitor.
 Follow up process with the remote monitor is discussed with the patient and/or family 

at the 3 month s/p implant check
Frequency of follow up Type of Device

1/ monthILR 

Every 6 monthsPacemaker

Every 3 monthsICD

Every 3 months for first 2 years of 
implant

Physiologic pacing



HOW/WHERE WE DO REMOTE 
MONITORING
 Staff log into the remote sites Monday-Friday, 7:00am-4:30pm

 Throughout the day staff are routinely monitoring: scheduled reports, alerts, patient initiated transmissions, 
disconnected monitoring, missed reporting.

 Alert criteria for reporting
 Defined critical values:
 • New onset of AF/flutter
 • AF with ventricular rate >100bpm for ≥ 3 hours
 • SVT >170bpm
 • NSVT for >10 consecutive beats
 • Brady <30bpm
 • Pause >3 seconds in NSR or ≥ 6 seconds in AF
 • Battery at ERI
 • Any tachy therapy from ICD
 • Thoracic Impedance value above baseline
 • Any value outside of manufacturer’s programmed alerts
 o Ex: lead impedances, device malfunction, etc.



HOW/WHERE WE DO REMOTE 
MONITORING



HOW/WHERE WE DO REMOTE 
MONITORING



WHAT CAN BE MONITORED 

 Device function 

 Device integrity – lead integrity

 Rhythm diagnostics

 Heart failure diagnostic 



WHAT CAN BE MONITORED 



DEVICE INTEGRITY AND LEAD FUNCTION 



RHYTHM DIAGNOSTICS 



RHYTHM DIAGNOSTICS – AT/ AF



EGM  - AT/ AF 



ILRS--



ILRS--VT



HEART FAILURE DIAGNOSTICS 



CURRENT RHYTHM – EGM 



ILRS--



PROS AND CONS OF HOME MONITORING

 Pros
 Decreased in- person visits – COVID friendly 

 Provides real time physiologic data – to assist with management of heart failure 
 Decreasing the need for in person visits  - ( case study Ahmed et al., 2020)

 Quicker recognition of device alerts – ( afib, lead fracture, unsuccessfull tachy therapy etc) 
 Landolina et al. (2012) showed significantly faster recognition/review of device alerts
 1.4 days remote group vs. 24.8 days for the standard arm (P< 0.001)

 Decreased ED visits/ urgent office visits for Heart Failure, arrhythmia, or ICD related events.
 35% less frequent in the remote group over a 16 month period (75 remote  vs. 117 standard; P= 0.005)  - (Landolina et al.,2012)



PROS AND CONS OF HOME MONITORING

 Pros
 Increased access to care for those with limited mobility

 Increased clinic efficiency by decreasing amount of time per follow-up
 Mean time spent on follow-up   (Garcia-Fernandez et al., 2019) 

 Physicians - 5 minutes remote vs 10 minutes in office (P< 0.0001)
 Nurse/tech 6 minutes remote vs. 13 minutes (P = 0.002)

 Improved quality of life scores  (Landolina et al.,2012 )



PROS AND CONS OF HOME MONITORING

 Cons
 Integration with EMR can be cluncky ( Van der Velde, E. T., et al., 2013)
 Alert fatigue – can be mitigated with proper programming of alerts (O'Shea, C. J., et al., 

2021)
 Connectivity – rural area – cell service- wifi –
 Compliance - Patient resistance
 Financial
 Traveling (Pro as well)



SUMMARY 
 Cardiac Rhythm Management device 

 Are used to treat slow rhythms, fast rhythms and or Heart failure 

 CRM devices are implanted device that treat bradycardia, tachycardia and or heart failure

 Home monitor set up is relatively simply although may be confusing to the less tech savy

 CRM home monitor are used to monitor a variety of things including
 Device system integrity
 Arrhythmia episodes 
 Heart failure diagnostics

 Pros of using home monitoring
 Quicker recognition of device alerts
 Increased access to care for those with limited mobility
 Better patient satisfaction
 Decreased ED visits for Heart Failure

 Cons of home monitoring 
 Integration with EMR
 Alert fatigue – proper programming of alerts
 Connectivity – rural area – cell service- wifi –
 Compliance - Patient resistance
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