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Abstract
Rate control is a widely used treatment strategy for management of patients with atrial fibrillation (AF).  Multiple studies have shown 

that pharmacologic rate control is as effective as pharmacologic rhythm control for management of AF.  A snapshot ECG or intermittent 
monitoring using Holters is the most widely used technique for assessing ventricular rate during AF.  Patients with implantable devices, 
such as pacemakers, implantable cardioverter defibrillators, cardiac resynchronization therapy devices, and implantable loop recorders 
provide the ability for continuous long term monitoring of AF and ventricular rate during AF.  It has been shown that continuous monitoring 
of AF and ventricular rate during AF by implantable devices is the most comprehensive method for assessment of AF occurrence and poor 
rate control, particularly in patients with paroxysmal and asymptomatic AF.  Rapid ventricular rate during AF, as assessed by implantable 
devices, has been shown to cause reduction in cardiac resynchronization therapy, predict inappropriate defibrillation therapy, and identify 
increased risk for cardiovascular hospitalizations.  The ventricular rate targets for achieving good rate control during AF depend on the patient 
characteristics with stricter targets recommended for patient with compromised functional capacity, such as patients with HF.  Thus it can 
be hypothesized that timely intervention based on continuous assessment of AF and poor rate control, with ventricular rate targets defined 
based on cardiovascular disease state, may improve clinical outcomes in patients with AF.  

Introduction
Controlling ventricular rate during atrial fibrillation (AF) has 

been shown to be as effective as anti-arrhythmic pharmacologic 
therapies for AF.1,2  In the absence of rhythm control strategies with 
long term efficacy, rate control strategies have been considered as a 
reasonable option for managing patients with AF.3,4 Despite wide 
adoption of rate control therapy for AF, it has been shown that 
guideline defined adequate rate control targets are not achieved in a 
significant proportion of patients.5  The recently completed RACE-
II study did not show the benefits of stricter rate control compared 
to lenient rate control6 in permanent AF patients with clinically 
adequate functional capacity and fewer symptoms during rapid rates.  
However, the RACE-II study included very few patients with poor 

functional capacities and lower tolerance for rapid ventricular rates 
during AF, such as patients with heart failure (HF), where stricter 
rate control may be more beneficial. 

AF and HF are the most common cardiovascular diseases and 
cause significant economic burden, morbidity, and mortality. In the 
United States, more than 2.2 million people have AF and more 
than 5.7 million have HF.7  HF is the primary cause of a significant 
proportion of hospitalizations with close to 1 million discharges for 
HF in the United States in 2007.7   Among patients hospitalized with 
AF, the most common primary diagnosis is HF.7   AF is common in 
heart failure patients8-11 with an estimated AF prevalence of about 
5% in those with New York Heart Association functional Class I to 
about 50% in those with Class IV symptoms.8  In the Framingham 
Heart study, the incidence of HF in AF patients was 33 per 1000 
person-years and the incidence of AF in HF patients was 54 per 1000 
person-years.9  In patients with AF or HF, subsequent development 
of the other condition was associated with increased mortality.9  
The Euro Heart Surveys showed that HF is present in 34% of AF 
patients10 and AF is present in 42% of HF patients.11  The CHARM 
study reported that 15% of HF patients with left ventricular systolic 
dysfunction and 19% of HF patients with preserved systolic function 
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increased refractory period of the AV-node will delay transmission 
of atrial impulses to the ventricles, thus reducing the ventricular 
rate during AF.15,16  A shortened refractory period of the atrial 
myocardium leads a larger number of atrial impulses reaching the 
AV-node which increases the degree of concealed conduction thus 
reducing the number of atrial impulses reaching the ventricles.15  The 
conductivity and refractoriness of the AV-node and the atrial tissue 
may be altered by changes in autonomic tone and pharmacologic 
agents.  

Ventricular response during atrial tachycardia (AT), including 
atrial flutter, has not been widely reported in literature.  AT can 
have regular, regularly irregular, and irregularly irregular ventricular 
response depending on the response of the AV-node to atrial 
activation.  AT with regular ventricular response is a result of 
regular atrial activations with a consistent atrial to ventricular (A:V) 
conduction ratio (e.g. 2:1, 3:1, etc.).  AT with regularly irregular 
ventricular response is a result of the mechanism called “group 
beating”.17 In this case the different degrees of block in the AV-
node may lead to different ventricular intervals such as “short-short-
long”, “short-long-short”, “long-short-long, or “long-short-short” 
RR intervals. AT with irregularly irregular ventricular response 
results from atrial activations from multiple sources and inconsistent 
AV node conduction for each cycle, similar to ventricular response 
during AF.

Methods for Measuring Ventricular Rate During AF
 In implantable devices with a lead in the atrium, AF is detected 

when there is a fast atrial rate (PP intervals nominally <360 ms) 
with an AV conduction ratio ≥ 2:1.  Methods for rejection of far field 
r-wave sensing in the atrial leads are also frequently incorporated.18  
AF burden is defined as the total cumulative duration of detected 
AF during a 24 hour period.  Implantable devices have been shown 
to have a very high accuracy (> 99%) for detecting AF burden using 

had AF at baseline, and AF developed in another 8% and 5% of 
patients in the respective groups during follow-up.12  Further, HF 
patients with AF have a significantly increased risk of cardiovascular 
death or HF hospitalization compared to HF patients without AF.12  
It has been shown that pharmacologic rate control is as effective and 
pharmacologic rhythm control in HF patients with AF.2  Implanted 
devices such as Cardiac Resynchronization Therapy (CRT) devices 
and Implantable Cardioverter Defibrillators (ICD) are commonly 
utilized in patients with HF.  These devices provide continuous 
long term monitoring of AF and ventricular rate during AF, thus 
providing an opportunity to proactively monitor for timely rate or 
rhythm control interventions to reduce the risk of cardiovascular and 
HF events.  

In this review we will discuss (1) the mechanisms of ventricular 
response during AF, (2) novel methods for assessment of rapid 
ventricular rate during AF, (3) the clinical relevance of identifying 
rapid ventricular rate during AF with respect to cardiovascular and 
specifically HF hospitalizations, loss of cardiac resynchronization 
therapy, and inappropriate ICD shocks, (4) the ventricular rate targets 
to achieve adequate rate control during AF, and (5) the conventional 
and investigational treatment strategies for achieving rate control.

Ventricular Response During AF
Ventricular response during AF is characterized by a faster 

ventricular rate compared to normal sinus and an irregularly 
irregular or “random” sequence of RR intervals.13  There are multiple 
theories which try to explain the exact reason for the randomness 
of RR intervals. One theory suggest that multiple atrial impulses 
continuously arrive at the AV-node in a random fashion leading 
to various degrees of concealed conduction through the AV-node 
depending upon its refractory state.14  Ventricular rate during AF 
is widely believed to be dependent on the refractory period of the 
AV-node and the refractory period of the atrial myocardium.  An 

Figure 1:
 Example showing the atrial fibrillation diagnostics measured in ICD devices. This patient had cardiovascular hospitalization and emergency 
department visits after long duration episodes of poor rate control during AF. The patient also had multiple days with defibrillator therapy on 
days with rapid ventricular rate during AF. 
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rate control is assessed using the ECG or using intermittent 24 
hour Holters. It has been shown recently that monitoring using 
intermittent techniques such as Holter recorders underestimates 
the incidence of poor rate control in patients with permanent AF.31  

For example, the sensitivity of a single 24-hour Holter recording 
to identify the presence of poor rate control in ICD or CRT-D 
patients was found to be less than 10%.  Increasing the monitoring 
duration to 7 consecutive days still failed to raise the sensitivity 
above 20%.  Thus, continuous long term monitoring of AF and 
ventricular rate during AF using implantable devices with remote 
access and wireless alerting capabilities is the most comprehensive 
technique to provide dynamic assessment of AF type and rhythm32 

and rate control status, thus providing the opportunity to optimize 
pharmacologic treatment strategies in a timely manner.  

Clinical Relevance of Rapid Ventricular Rate During AF
Cardiovascular Hospitalizations 

The primary treatment goal for patients with AF is to reduce the 
risk for stroke by use of anti-thrombotic therapies.  Secondary to 
reducing the risk of stroke, patients with AF are managed to reduce 
clinical morbidity, such as cardiovascular hospitalizations and 
symptoms.  Implantable device detected AF and poor rate control 
has been shown to be associated with increased risk for mortality 
in a very large cohort of patients with cardiac resynchronization 
therapy defibrillator (CRT-D) devices.33  A review of hospital 
discharges in the United States from 1996-2001 showed that more 
than 2 million discharges with primary diagnosis of AF occurred 
during the 5 year period.34  Further, over that time period admission 
with a primary diagnosis of AF increased 34%.  The number of 
hospitalizations due to AF is projected to increase with an aging 
population and presents a huge economic burden to the health care 

sensing leads in the atrium18-21  and are considered as the gold standard 
for continuous long term AF detection.  In implantable loop recorder 
devices, PP intervals cannot be sensed reliably and hence AF detection 
is performed using information regarding RR intervals.  During AF, 
the AV-node rather than the SA-node controls ventricular response 
leading to characteristic signatures of incoherence in RR intervals. 
AF is detected by looking for incoherence of RR interval time-series 
over a period of time.22 Implantable loop recorders have been shown 
to have high accuracy (>98%) in detecting AF burden, though not as 
accurate as implantable devices with leads in the atrium.23  Since fewer 
than 10% of AF episodes are reported as being symptomatic24, 25 and 
only 1 out of every 5 patient symptoms correlate with the presence 
of AF, 24, 26 intermittent monitoring techniques are commonly used 
to search for AF and corroborate symptoms.  However, studies have 
shown that implantable continuous monitoring can detect when 
patients are having AF more reliably than intermittent monitoring 
using ECGs and Holter recordings.27,28  In a study of patients with 
paroxysmal AF, simulations of quarterly Holter monitoring were 
found to miss 46% of patients who actually had AF, while also 
incorrectly predicting that patients do not have AF in 71% of cases.27  
Continuous monitoring becomes more relevant for patients with 
paroxysmal AF and asymptomatic AF.  

Ventricular rate during AF, a measure of rate control, is computed 
as the average ventricular rate during periods of detected AF and 
is commonly reported for each 24 hour period. In addition to 
implantable devices which can continuously monitor AF parameters 
for 3-10 years, external monitoring devices29,30 also have the ability to 
monitor AF and ventricular rate during AF continuously for periods 
of 1-4 weeks.  However in most clinical situations, ventricular rate 
during AF is assessed using a snapshot measurement of AF with 
electrocardiograms (ECG). In many studies1,2,6 the adequacy of 

Figure 2:
Atrial Fibrillation and poor rate control as detected by an implantable loop recorder. This patient was admitted multiple times with HF symptoms 
of shortness of breath and edema and was found to have AF with rapid ventricular rate on presentation. The patient had to be treated with IV 
diuretics during both admissions. 
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system.35 It is widely believed that higher ventricular rate and RR 
interval variability during AF leads to symptoms during AF such as 
palpitations, shortness of breath, dizziness, and fatigue. However it 
has been shown that symptoms correlate very poorly with presence of 
AF and that there are no significant differences between ventricular 
rates for symptomatic and asymptomatic episodes of AF.24  

One approach for prevention of clinical morbidity would be to 
continuously monitor patients for AF and high ventricular rates during 
AF, irrespective of the presence of symptoms, and treat patients in a 
timely manner to prevent hospitalizations and symptoms.  Figure 1 
and Figure 2 show examples of patients with long periods of AF with 
rapid ventricular rates, as detected by different kinds of implantable 
devices, prior to hospital admissions.  Controlling the ventricular 
rate during AF in a timely manner may prevent tachycardia induced 
cardiomyopathy and improve the hemodynamics by allowing for a 
larger ventricular filling time during the cardiac cycle.  The CONNECT 
study investigated the utility of remote care alerts for high AF burden 
and poor rate control in patients with implantable cardioverter 
defibrillator (ICD) or CRT-D devices in a randomized multi-center 
study.36  The study showed that continuous monitoring, with wireless 
remote alert capabilities, allows providers to make clinical decisions 
more than 2 weeks earlier compared to performing in-office follow-
ups. Though the number of cardiovascular related hospitalizations was 
not different between the two arms in the study, the length of stay was 
reduced significantly in the remote monitoring arm compared to in-
office follow-up arm thereby providing a potential cost savings to the 
health care system.  In the ATHENA study,37 it has also been argued 

that the rate control effect of dronedarone was responsible for the 
reduction in cardiovascular hospitalizations and all-cause mortality 
shown.  Thus, identifying when patients have poor rate control and 
taking therapeutic actions if necessary may lead to a reduction in 
length of stay and the number of cardiovascular hospitalization.
Heart failure Hospitalizations 

HF hospitalizations comprise a large proportion of cardiovascular 
hospitalizations and consequently impose a large economic burden 
on the health care system.  Recently it has been shown that in HF 
patients with implanted CRT-D devices capable of continuously 
monitoring for AF, device detected AF is associated with an increased 
risk for death or HF hospitalization.38  In a similar patient cohort 
of HF patients with CRT-D devices, 34% of patients with device 
detected AF had average ventricular rate > 80 bpm and maximum 
ventricular rate during AF > 110 bpm on AF days.39  Further, it was 
shown that rapid ventricular rate during AF, as defined above, was 
associated with an increased risk of death or HF hospitalization.  In 
a recent report it has been shown that device detected AF > 6 hours 
on a single day in the last 30 days with good rate control increased 
risk for HF hospitalization in the next 30 days.40  The risk increased 
to more than 3 times when there were a greater number of days with 
AF burden > 6 hours in the last 30 days.  Further, patients with more 
than 6 hours of AF and with an average ventricular rate during AF 
of > 90 bpm on a single day in the last 30 days are close to 6 times 
more likely to be hospitalized for HF in the next 30 days compared to 
patients with no AF.   Interestingly, patients with persistent AF in the 
last 30 days exhibited an increased risk for HF hospitalization in the 

Figure 3:
Prolonged period of loss of cardiac resynchronization therapy pacing due to poor rate control during atrial fibrillation as documented by 
diagnostics provided in CRT-D devices.
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rate of the pacemaker, the more significant the amount of loss in 
CRT pacing and increased likelihood of adverse clinical outcomes in 
patients.  Knowing when rapid ventricular rates are occurring during 
AF and taking clinical steps to improve rate control in these patients 
is the simplest solution to improving CRT response in patients.41

Inappropriate Defibrillator Shock Therapy
 Rapid ventricular rate during AF has long been identified as one 

of the primary causes of inappropriate detection and shock therapy 
in ICDs.46,47  Dual chamber defibrillators are used primarily for the 
ability of the atrial lead to detect atrial tachyarrhythmias and reduce 
inappropriate detection and therapy for AF and AT with rapid 
ventricular response.46-48 Though significant progress has been made 
in reducing inappropriate detections in ICDs, rapid ventricular rate 
during AT and AF, specifically in the ventricular fibrillation rate 
zone, still remains a primary cause for inappropriate ventricular 
arrhythmia detection and shock therapy.  Recently, it has been shown 
in a large cohort of ICD patients that AF > 1 hour in a day coupled 
with an average ventricular rate during AF > 110 bpm identified 
patients at highest risk of future shock therapy.49 Figure 1 shows 
an example where defibrillation therapy was delivered on days with 
rapid ventricular rate during AF in a patient with ICD device.  Thus 
monitoring for poor rate control during AF provides the opportunity 
to reprogram ICD devices and provide therapy for aggressive rate 
control during AF in a timely manner to reduce inappropriate shocks 
in ICD patients.  

Targets for Rapid Ventricular Rate or Poor rate Control 
During AF

There are various definitions of poor rate in different guidelines.  In 
the United States, the recently updated ACC/AHA/HRS guideline 
for management of patients with AF3 states that there are no standard 
methods for rate assessment during AF to guide management of 
patients.  The guideline suggests that the general consensus for good 
rate control consists of maintaining ventricular rate during AF in 
the range of 60-80 beats per minute (bpm) during rest and between 
90-115 bpm during moderate exercise, which are primarily derived 
based on short term benefits in hemodynamics and was used in 
the AFFIRM study.1  It is also suggested that the maximum rate 
limit during exercise be adjusted for age.  The ESC guidelines for 
management of patients with AF4 also state that the adequate targets 
for rate control with respect to clinical outcomes is unknown.  The 
guidelines suggest, based on the results of the RACE II study,6 that 
patients should initially be managed to maintain a lenient rate control 

next 30 days only in the setting of poor rate control.  Figure 2 shows 
an example of a patient being monitored by an implantable loop 
recorder with AF detection capabilities.  There were long periods of 
AF with rapid ventricular rates prior to HF related hospitalizations 
which needed IV diuresis treatment during the admission.   

Knowing that the patient has AF or poor rate control identifies 
which patients are at increased static risk for death or HF 
hospitalization.38,39  Additionally, information on when the patient 
is having AF, amount of AF, type of AF, and changes in rate control 
status during AF provide an assessment of how the risk status changes 
in a dynamic fashion on a monthly basis40 providing an opportunity 
to provide more clinical attention and resources to selective patients 
in a timely manner to reduce clinical morbidity.

Reduction in Cardiac Resynchronization Therapy
Rapid ventricular rate during AF has been shown to be one 

of the primary causes for loss of CRT therapy.39,41,42 Atrial 
tachyarrhythmias were identified as the primary cause for loss of 
CRT pacing in 50% of the patients with loss of CRT pacing.41  These 
results were corroborated in a larger cohort of patients, in which 
atrial tachyarrhythmias accounted for more than 50% of cases with 
more than 10% loss in CRT pacing.42  The percent of loss of CRT 
pacing was linearly related to average ventricular rate during AF in 
patients with AF.39  Loss of CRT pacing in HF patients has been 
shown to be associated with increased risk of mortality and HF 
hospitalizations.43-45  Patients with 93-100% CRT pacing had a 44% 
reduction in hazard for HF hospitalization or all all-cause mortality 
compared to patients with 0-92% CRT pacing.43 Similar results were 
reported in a larger cohort of patients, which showed that reduced 
CRT pacing is associated with decreased survival.44  Further, it was 
shown that a single day with more than 10% loss of CRT pacing in 
the last 30 days increased the risk for a HF hospitalization in the next 
30 days by 2.6 times.45  The risk increased to 5.5 times if the cause for 
the loss of CRT pacing was rapid ventricular rate during AF.  Patients 
with loss of CRT pacing in last 30 days caused by rapid ventricular 
rate during AF were 2.7 times more likely to be hospitalized for HF 
in the next 30 days compared to patients where the loss of CRT was 
due to other reasons.  

 Rapid ventricular rate during AF almost always leads to some 
degree of loss of CRT pacing, with the amount of loss of CRT pacing 
depending on the duration of rapid ventricular rate during AF.  Figure 
3 shows an example of rapid ventricular rates leading to loss of CRT 
pacing in a patient with CRT-D device. The longer the duration of 
ventricular rate during AF being greater than the upper tracking 

Table 1: Rate control limits described in various studies for patients monitored using implantable devices.

Implantable 
device

Patient Population Purpose of Monitoring Rate Control Limits References

CRT-D Patients with history of HF and co-morbidities Prevent loss of CRT therapy; Prevent 
CV/HF admissions

Avg. V-rate during AF < 90 bpm on days 
with ≥6 hour AF 

38-45

ICD No history of HF Prevent inappropriate ICD therapy Maximum V-rate during AF < 110 bpm on 
days with ≥1 hour AF 

46-49

ICD/ Pacemakers/ 
Implantable Loop 
Recorders

Patients with history of HF but maintaining active lifestyle Prevent CV/HF admissions Avg. V-rate during AF < 110 bpm on days 
with ≥6 hour AF 

None

ICD/ Pacemakers/ 
Implantable Loop 
Recorders

Patients with history of HF and comorbidities with 
compromised functional capacity 

Prevent CV/HF admissions Avg. V-rate during AF < 90 bpm on days 
with ≥6 hour AF 

None
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with HF or patients with sedentary lifestyle.  Besides pharmacologic 
agents, AV-node ablation and permanent pacing, more specifically 
bi-ventricular pacing, is a very effective way of controlling rate during 
AF.3,4,51  Several other novel techniques for rate control are under 
investigation, including selective vagal stimulation52 and renal nerve 
denervation.53

Most implantable devices are implanted for clinical indications 
such as cardiac resynchronization therapy for improving clinical 
outcomes for HF patients, defibrillation therapy for preventing 
sudden cardiac death, pacing treatment for symptomatic bradycardia, 
and aiding the diagnosis of unexplained syncope and suspicion of 
cardiac arrhythmias.  Most of these implantable devices also provide 
continuous long term AF and rate control monitoring capabilities 
with wireless transmission capabilities and remote alerts that can be 
very useful in identifying when patients are having poor rate control36 
such that pharmacologic therapy optimization can be performed 
in a timely manner with the intention of reducing symptoms 
and cardiovascular hospitalization.  In patients with AF and HF, 
continuous monitoring of AF diagnostics also identifies when 
patients are at increased risk for HF,40 thus providing the opportunity 
to optimize HF therapies, such as diuretics, if necessary in the short 
term and rate control therapy for AF in the longer term to prevent 
occurrence of future events.  Also, the capability to continuously 
monitor patients with remote transmission of their data enables 
timely monitoring of therapy effectiveness.

Conclusions:
Ventricular response during AF is primarily controlled by the 

conduction properties of the AV-node and the autonomic tone.  
Most treatment strategies for controlling rate during AF target these 
mechanisms.  Continuous monitoring of ventricular rate during 
AF, as provided by implantable medical devices, provides the most 
comprehensive method for assessing the presence and burden of poor 
rate control.  The diagnostics provided by implantable devices along 
with their remote monitoring and alerting capabilities provides an 
opportunity for timely intervention, particularly in asymptomatic 
patients.  Rapid ventricular rate during AF identifies when patients 
are at increased risk for loss of cardiac resynchronization therapy, 
inappropriate defibrillator shocks, and cardiovascular hospitalizations.  
Thus it can be hypothesized that timely intervention based on 
continuous assessment of poor rate control may prevent tachycardia 
induced cardiomyopathy, improve hemodynamics during AF, improve 
cardiac resynchronization therapy response, reduce inappropriate 
defibrillator shocks, and reduce cardiovascular hospitalizations.  
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