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Objectives

▪ Explain different types of pacemakers, ICDs and the NBG Code
▪ Describe indications for PPMs and ICDs
▪ Explain basic pacing and ICD functions
▪ Identify paced rhythms
▪ Explain timing intervals in pacemakers and ICDs
▪ Describe upper rate behavior
▪ Explain chronotropic incompetence and how devices assist in 

exercising patients
▪ Describe necessary requested device parameters/settings in the 

cardiac rehab patient
▪ Describe the detection zones and parameters used to identify a 

tachyarrhythmia 
▪ Explain the use of CRT-P and CRT-D therapies in Heart Failure 

patients
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Indications

Pacemakers

• Sinus Node 
Dysfunction

• Symptomatic 
Chronotropic 
Incompetence

• AV Block

• Atrial 
Fibrillation

ICDs

• Surviving 
Cardiac Arrest 
d/t VF or VT

• Spontaneous 
VT

• ICM AND NICM 
with EF <35%

CRT

• Symptomatic 
HF with LVEF 
<35%, QRS 
>120->150ms 
and LBBB



Post-Implant and Exercise

Common Restrictions

Keep affected 
arm/shoulder 

below 
shoulder level 

x ~4 weeks

No lifting > 5 
lbs x ~ 4 
weeks

Infection 
monitoring

Infection rate 
is  ~ 1%

Most occur in 
the 1st month 
after implant



NBG Code
▪ The NBG code is a lettered code that describes the basic function of pacing 

devices

▪ Tells us which chamber(s) is being paced and sensed

▪ Most common modes programmed:

DDD = Dual Chamber Pacing and Sensing

VVI = Single Chamber Pacing and Sensing (Ventricle Only)

AAIR-DDDR = Paces AAI/R with DDD back-up to allow for intrinsic 
conduction as much as possible

“R” = Rate Response 



Used for AFib; non-tracking mode

Source: Medtronic Academy

Disregard/Not 

usually seen
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Knowledge Check

 DDDR

 What chamber is being 
paced?

 What chamber is being 
sensed?

 What happens when a 
chamber is sensed?

 Is Rate Response on?

 VVIR

 What chamber is being 
paced?

 What chamber is being 
sensed?

 What happens when a 
chamber is sensed?

 Is Rate Response on?



Source: Medtronic Academy
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Timing Cycles
 Lower Rate (LR) = the lowest rate allowed 

by the device

 Sensed AV (SAV) = the timer starting from 
a sensed atrial beat

 Paced AV (PAV) = the timer starting from a 
paced atrial beat

 Upper Tracking Rate (UTR) = the fastest 
rate a device will track the atrium

 Upper Sensor Rate (USR) = the fastest 
rate a device will allow the sensor to pace

PPMs and ICDs are a 
bunch of “clocks” with 
timers

Every paced or native 
beat starts a new clock



Remember:

Every beat triggers a new 

timer

The PPM cannot violate timers! Source: Medtronic Academy



Upper Rate Behavior – Help Us!

Upper Tracking Rate (UTR)

▪ The fastest heart rate 
the pacemaker will 
track the atrium – 1:1 
AV Synchrony

▪  This is programmable
▪ Should be programmed 

“just above the 
maximum sinus rate 
reached during 
exercise” to allow for 
1:1 conduction and 
prevent Wenkebach 
and 2:1 AV Block

Upper Sensor Rate (USR)

▪ Is the upper sensor-
driven rate limit 
reached during 
vigorous exercise

▪ This is programmable
▪  Is usually programmed 

to 85% of the age-
predicted maximum 
heart rate (220 – age in 
years)



The GOAL is to 

maintain AV Synchrony 

at all times

Source: Medtronic Academy



Cardiac Pacing and Defibrillation: A Clinical Approach.  Hayes, 

Lloyd, Friedman 2000

Top 

Picture

When the sinus rate exceeds the 

programmed maximum tracking rate 

(UTR), several upper rate behaviors 

can occur:

1. First, Wenkebach may occur

2. Then 2:1 AV Block can occur

Top picture:

*Wenkebach occurs

*The PPM cannot violate the UTR 

timing cycle!

Bottom picture:

*2:1 AV Block

*Every other sinus beat falls into the 

PPM’s refractory period and “is not 

seen”

*Heart Rate falls by half



Chronotropic Incompetence (CI)

 The inability of the heart rate to increase appropriately in response to 
an increase in activity or metabolic demand.

 CI is common in various types of cardiac disease including sick sinus 
syndrome, atrioventricular (AV) block, coronary artery disease, and 
heart failure.  It can also occur in patients with no structural heart 
disease.

 CI produces exercise intolerance that impairs quality of life, and is an 
independent predictor of major adverse cardiovascular events and 
overall mortality

 During maximal aerobic exercise in healthy humans, V̇O2 increases 
approximately 4-fold. This is achieved by a 2.2-fold increase in heart 
rate.

 Thus, the increase in HR is the strongest 
contributor to the ability to perform sustained 
aerobic exercise.

Circulation. Chronotropic Incompetence: Causes, Consequences, and Management.  Peter 
H. Brubaker and  Dalane W. Kitzman. 8Mar 2011

https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.110.940577
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.110.940577
https://www.ahajournals.org/doi/full/10.1161/CIRCULATIONAHA.110.940577


▪ Numerous studies have 

shown the prevalence of CI 

is roughly 45% for heart 

failure patients, and 

approximately 70% for CRT 

patients.

▪ The causes of CI may 

include medication, not 

exercising, or 

compromised heart 

function.

Source: Boston Scientific CRM-569208-AA;  

Right Rate Sensor



Rate Adaptive Pacing Sensor Types

 There are typically 2 types of rate adaptive pacing 
sensors: accelerometer-based sensors and respiration-
based sensors.

 Blended sensors combine both sensor types.

Accelerometer-Based Sensors 

 • Most devices have a motion-based accelerometer 
sensor. 

 • Rate response is proportional to motion. 

Respiration-Based Sensors 

 • Boston Scientific’s RightRate  is a physiologic 
minute ventilation sensor.

 • Rate response is highly correlated with breathing.

Source: Boston Scientific CRM-569208-AA;  Right Rate Sensor



Key Take-Aways

• Be On Alert for Chronotropic Incompetence 

• Know if Rate Response is programmed ON/OFF

• Pacemaker configuration and programming can influence exercise capacity

Rate Adaptive Pacing Sensors

Sources: 1. Boston Scientific CRM-569208-AA;  Right Rate Sensor

               2. AACVPR Guidelines for Cardiac Rehabilitation Programs 2021
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▪ DEFIBRILLATION
▪ ANTI-TACHYCARDIA PACING
    ~ aka "Painless Therapy"
    ~ Rapid Pacing in short bursts to 

            break VT
▪ CARDIOVERSION

ICD Detection and Therapies

Therapy Options

Source: Medtronic Academy



Exercise Considerations

Know the ICD Settings

*VF detection, VT detection, Therapy Threshold

Maintain Target Heart Rate @ least 10 beats BELOW 
arrhythmia detection

If the exercise HR is flirting with detection zones, 
CONTACT THE PATIENT'S PHYSICIAN

*The patient is at risk of getting shocked w/exercise

*Medication titration or ICD reprogramming is warranted



Sample Medtronic 

Interrogation Report



Source: Medtronic Academy



BiV-pacing results in a 

narrower QRS compared to 

RV-only pacing

Source: Medtronic Academy



WRAPPING UP...

▪ Devices are 
wicked smart, 
fast and FUN!

▪ They will always 
err on the side of 

caution

▪ If you don’t 
know…ASK!

• Arm/Shoulder restrictions

• Activity and lifting restrictions

• Monitoring for infection
After Implant

• This will tell you A LOT about how the 
device will function

• Is Rate Response ON?

Know the NBG 
Code

• Lower Rate

• Upper Tracking Rate

• Upper Sensor Rate

• VF and VT detection zones

• % Pacing

Request Device 
Settings

• Monitor HRs during exercise, knowing 
device settings

• Communicate with the MD any changes to 
or concerns with rates

Bringing It All 
Together
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