
Introduction

Atrial fibrillation (AF) frequently coexists with 
heart failure (HF); the two conditions have been 
described as the twin epidemic of modern medi-
cine.1 The prevalence of AF is closely related to 
the New York Heart Association (NYHA) class. 
In approximate terms, the prevalence is 5% for 
NYHA functional class I, 10% to 25% for class 
II to III, and as high as 50% for class IV.2, 3 The 
presence of AF in patients with HF often heralds 
a much worse prognosis. As seen in the Fram-
ingham study, the risk of death approximately 
doubled in HF patients who experienced AF.4

Cardiac resynchronization therapy (CRT) is an im-
portant device-based therapeutic modality for pa-
tients with advanced drug-refractory HF.5, 6Current 
guidelines recommend CRT therapy for patients 

with NYHA Class III to IV HF with ejection frac-
tion (EF) ≤ 35% and presence of ventricular dyssyn-
chrony (QRS duration ≥ 120 msec). This is based 
on several clinical trials that have consistently 
demonstrated the efficacy of CRT in patients with 
clinical trials. These trials have essentially exclu-
sively included patients in sinus rhythm. Whereas 
the prevalence of AF in patients with HF ranges 
from 25-50%, the percentage of patients with AF 
in clinical trials is very low (<1%).7 Thus the data 
for efficacy of CRT in AF patients has been large-
ly.obtained from nonrandomized studies that 
have included small number of AF patients.6, 8-9

Several observational studies have provided data 
on the efficacy of CRT in this patient cohort. Leon 
et al. studied 20 patients with HF (EF≤ 35%, NYHA 
Class III /IV), prior atrioventricular junction (AVJ) 
ablation and RV pacing performed for permanent 
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Class III HF patients following CRT whether they 
were in sinus rhythm or in AF. Of the 64 AF pa-
tients, only 37 patients completed both crossover 
phases greatly limiting the impact of the results. 
An important criterion was that all patients in AF 
had a slow ventricular rate due to either spontane-
ous or induced AV block. This likely distinguished 
a subset of patients with AF that benefited from 
CRT due to consistent high degree of BiV cap-
ture. More recently, Khadjooi et al. presented 
results from a prospective observational study 
of 295 patients with HF and AF (permanent and 
paroxysmal) who were treated with CRT with-
out AVJ ablation.13 The primary endpoint was a 
composite of cardiovascular death and hospital-
ization for HF. Patients were followed up for al-
most 7 years. Overall, patients in AF and sinus 
rhythm derived similar benefits. There was im-
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AF. There was significant improvement in NYHA 
class and EF, decrease in the number of hospitaliza-
tions and improved quality of life scores .10 Molhoek 
et al. evaluated the clinical response and long-term 
survival of CRT in 60 patients with NYHA Class 
III/IV HF and decreased EF (< 35%), of whom 30 
were in sinus rhythm and 30 had chronic AF.11 The 
study showed that improvement in clinical param-
eters (NYHA class, exercise capacity, and quality of 
life score) was comparable between patients who 
had sinus rhythm and those who had AF. Of the 
30 patients with AF, 17 patients had AVJ ablation.

The MUSTIC (MUltisite STimulation in Cardio-
myopathies) trial was a randomized cross-over 
study of 131 patients including 67 who were in si-
nus rhythm and 64 in AF.12 The trial demonstrated 
similar improvement in the 6 minute walk test in 

Figure 1:  Kaplan-Meier estimates of the time to the various clinical end-points in patients with atrial fibrillation (AF) and 
patients in sinus rhythm (SR). HF, Heart failure; MCE, major cardiovascular events. No significant group differences emerged 
with respect to any of the end-points.
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provement in NYHA Class, 6-min walk test and 
quality of life scores in both groups and evidence 
of echocardiographic remodeling (Figure 1).

Upadhyay et al. performed a meta-analysis of 5 
prospective studies of1164 subjects comparing pa-
tients in SR and AF treated with CRT.14 Both AF 
and SR patients benefited significantly from CRT. 
Mortality was not significantly different at 1 year. 
NYHA class improved similarly for both SR and AF 
patients; however SR patients showed greater rel-
ative improvement in the 6-min walk test. In addi-
tion, AF patients achieved a statistically significant 
improvement in EF. Thus patients with AF derived 
largely similar benefits from CRT as patients in SR.

Importance of AF in Patients Who Undergo 
CRT

The benefit of CRT is predicated on complete and 
consistent biventricular (BiV) capture. Several im-
portant concerns arise in patients with HF that re-
ceive CRT in the setting of AF that may prevent 
optimum delivery of CRT. There is lack of AV 
synchrony, and thus the inability to establish co-
ordinated AV pacing; BiV capture is difficult to as-
sure. Even at physiologic normal rates, consistent 
pacing and capture is difficult to achieve .15 Fusion 
and pseudo-fusion beats resulting from an inter-
action between intrinsically conducted and paced 
beats may be responsible for ineffective pacing de-
spite apparent delivery of CRT. 16, 17 This is further 
exacerbated when patients with AF have intermit-
tent or consistently accelerated ventricular rates.

CRT: Atrial Pacing Prevention Algorithms

A vicious cycle exists between AF and HF; thus 
interruption or prevention may be a worthwhile 
therapeutic strategy. CRT combined with a re-
fined atrial tachyarrhythmia prevention pacing 
algorithm would appear to be an important addi-
tion in the management of AF. However, results 
from MASCOT (The Management of Atrial fibril-
lation Suppression in AF-HF COmorbidity Thera-
py) trial that randomized 394 patients with NYHA 
Class III/IV HF to the addition of atrial overdrive 
pacing to CRT did not show any benefit in the in-
cidence of AF. It is likely that the advanced atrial 
remodeling in the setting of HF and AF may pre-
clude benefit from atrial pacing algorithms .18

CRT: Ventricular Capture Pacing Algorithms
 
Irregular heart rate itself is associated with wors-
ened cardiac function in patients with AF and HF 
[16]. Ventricular rate control has been considered 
to be an important component to optimal CRT 
delivery during rapid ventricular rates. Mod-
ern CRT devices employ algorithms designed to 
maximize ventricular pacing during potentially 
disruptive events such as rapidly conducted atrial 
arrhythmias. For Medtronic devices, the Ventric-
ular Sense Response™ feature triggers pacing in 
one or both ventricles after each RV-sensed event. 
Medtronic’s Conducted AF Response™ resyn-
chronizes conducted beats in AF up to a minimum 
R-R interval without increasing ventricular rate. 
Boston-Scientific’s Ventricular Rate Regulariza-
tion™ algorithm is intended to restore resynchro-
nization and ventricular regularity by pacing the 
ventricle during irregular conduction of AF. 19 It is 
unclear if these interventions provide any benefit.

It is important to emphasize that the percentage of 
BiV pacing alone as recorded by the CRT device may 
be an ineffective surrogate of complete and consis-
tent BiV capture. The presence of fusion and pseu-
do-fusion beats may be the cause for non-response 
to CRT therapy. This is true even if the pacing algo-
rithms described above are deployed. To demon-
strate this, we studied 19 patients with permanent 
AF who underwent CRT. 20 All patients received
medical therapy with digoxin, β-blockers, and 
amiodarone for rate control, and device inter-
rogation showed >90% BiV pacing. At a median 
of 12 months after device implant, patients were 
instructed to wear an ambulatory 12-Lead Holt-
er for 24 hours. Effective pacing was defined by 
the presence of more than 90% fully paced beats 
with complete ventricular capture as confirmed 
in all 12 leads. In all CRT devices, device-spe-
cific special pacing algorithms were activated.

Despite advanced pacing algorithms and CRT 
device counters showing >90% pacing, in real-
ity, only 47 % patients had effective pacing (>90% 
fully paced beats/24hrs). More than half of the 
remaining patients (56%) met criteria for ineffec-
tive pacing; in these patients, nearly 40% of pac-
ing was accounted by fusion and pseudo-fusion 
(Figure 2). Only patients with effective pacing 
demonstrated response to CRT (≥ 1 NYHA im-
provement) and had evidence of reverse remod-



patients with permanent AF. Compared with RV 
pacing, LV pacing had greater improvement in 
EF and mitral regurgitation scores.22 The Post AV 
Nodal Ablation evaluation (PAVE) study random-
ized 184 patients with chronic AF undergoing AV 
node ablation to BiV (n = 103) or a RV pacing sys-
tem (n = 81). At 6 months post-ablation, patients 
treated with BiV pacing had significant improve-
ment in 6-minute walk distance in comparison 
to patients receiving right ventricular pacing. 
There was decrease in EF in the RV paced group 
while EF remained stable in the BiV group.23

Gasparini et al. presented long-term data on 1285 
consecutive patients with HF who underwent 
CRT device therapy. Of these, 1042 patients were 
in sinus rhythm and 243 patients had AF. All pa-
tients had close clinical follow-up. All-cause mor-
tality and cardiac mortality was similar between 
the 2 groups .24 When the cohort of patients with 
AF that underwent CRT was examined separate-
ly, it was the group that underwent AVJ-ablation 
that achieved maximum benefit (Figures 3 and 
4). The group that underwent AVJ ablation had a 
74% relative risk reduction in all-cause mortality 
and 85% for HF mortality when compared to the 
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eling. These results indicate that despite the fact 
that CRT counters show a high degree of BiV pac-
ing, complete BiV capture may still be less than 
optimal. Home Monitoring TM (Biotronik, Berlin, 
Germany) is a long distance telemetry system that 
provides automatic transmission of data stored in 
the pacemaker memory on daily basis. A study 
of 161 patients by Santini et al., employing this 
technology in patients with implanted devices, 
allowed early detection of AF in paced patients 
and allowed early intervention and optimization 
of medical treatment.21 Thus in all patients with 
AF who receive CRT, close follow-up is essential 
to identify any episodes of atrial tachyarrhythmia 
that may elicit less that complete CRT delivery.

Atrioventricular Junction Ablation 

Destruction of the AVJ and placement of perma-
nent pacemaker has been used in patients with AF 
with uncontrolled ventricular rates. However, in 
patients with AF who undergo CRT therapy, AVJ 
ablation is increasingly being viewed as a neces-
sary adjunct to ensure adequate CRT delivery. The 
OPSITE trial compared 44 patients with right ven-
tricle (RV) versus LV pacing after AVJ ablation in 

Figure 2:  Responders had a higher percentage of fully paced beats than nonresponders (p = 0.03). Nonresponders had a 
significantly higher percentage of ineffective pacing because of a combination of fusion (p = 0.04) and pseudo-fusion (p = 0.02) 
beats [Adapted from Kamath et al. J Am Coll Cardiol. 2009; 53: 1050-1055]
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group treated with AAD therapy. Ferreira et al. 
also conducted a retrospective analysis of 131 con-
secutive HF patients who underwent CRT implan-
tation.25 The patients in three groups were consid-
ered: sinus rhythm (n = 78), AF with AVJ ablation 
(n= 26), and AF without AVJ ablation (n = 27).

The primary outcomes were occurrence of cardiac 
death, hospitalization for HF, and improvement 
in NYHA class. There was a significant improve-
ment in the NYHA class in all 3 groups. However, 
the proportion of responders was significantly 
lower in AF patients without AVJ ablation (52 vs. 
79% in SR and 85% in AF with AVJ ablation). AF 
without AVJ ablation was independently associ-
ated with five-fold increase in mortality and six-
fold risk of hospitalization for HF during the first 
12 months. The outcomes of AF with AVJ ablation 
patients were similar to the outcomes of patients 
in sinus rhythm. The authors concluded that AF 
patients display similar survival as sinus rhythm 
patients provided that AVJ ablation is performed.

Although these data suggest that patients with 
AF and HF may do better with the ‛ablate and 
pace’ strategy, the concern of making patients 
pacemaker dependent is ever present. In addi-
tion, our recent data suggests that in patients with 
permanent AF and CRT, there may be spontane-
ous conversion to sinus rhythm during follow-up 
.26 Gasparini et al. studied 330 HF patients with 

permanent AF that underwent CRT and were 
followed for up to 8 years.27 A total of 10.3% of 
patients experienced spontaneous resumption 
of sinus rhythm (SRR) at median 4 months after 
CRT. End-diastolic diameter <65 mm [hazard ra-
tios (HR) 4.03, p=0.008], post-CRT QRS <150 ms 
(HR 2.63, p=0.05), left atrial (LA) diameter <50 
mm (HR 4.76, p=0.002), and AVJ ablation (HR 
4.27, p=0.02) were independent predictors of SRR. 
Data from larger and randomized clinical trials 
will be needed before utilizing AVJ ablation as a 
standard practice since this would create a large 
number of pacemaker-dependent HF patients.

Catheter Ablation of AF

In patients with permanent AF who undergo CRT 
comwithout AVJ ablation, a few studies have sug-
gested that cardioversion and aggressive rhythm 
control result in better clinical outcomes .28, 29How-
ever, currently available antiarrhythmic drugs 
(AAD) are only partially effective in maintain-
ing sinus rhythm and this is achieved at the cost 
of potential risk. In the AFFIRM trial, the use of 
AAD was associated with an almost 50% increase 
in mortality which offset the potential benefit of 
maintaining sinus rhythm.30 Catheter ablation may 
offer another approach for achieving sinus rhythm 
in these patients.31, 32 Several clinical trials have 
demonstrated catheter ablation as a promising al-
ternative. Chen et al. studied 94 patients with de-

Figure 3:  Kaplan–Meier estimates of overall (A), cardiac (B), and heart failure (C) survival between AF pts who underwent 
atrio-ventricular junction ablation (AVJ-abl) and AF patients treated only with negative dromotropic drugs (AF-Drugs)
[Adapted from Gasparini et al. Eur Heart J 2008: 29; 1644–1652]with respect to any of the end-points.
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creased ejection fraction (LVEF=36%) who under-
went catheter ablation.33 The control group was 
283 patients who had normal EF. At 14 months 
of follow-up, there was a 5% improvement in EF 
and 73% of patients were free from AF recurrence 
in the decreased EF group. Hsu et al. studied 58 
consecutive patients with HF and LVEF<45% 
who underwent catheter ablation for AF and com 
pared their outcomes to a matched control group 
without HF.34 Sinus rhythm was achieved in 78% 
of patients with HF and in 84% of controls. In ad-
dition, patients with HF had significant improve-
ments in EF, LV dimensions, exercise capacity 
and quality of life. Tondo et al. evaluated 40 pa-
tients with LV dysfunction with EF <40% and 
compared them to the 65 patients with normal 
ventricular function.35 After a mean follow-up 
of 14 months, 87% of patients with impaired LV 
function and 92% of patients with normal ventric-
ular function were in sinus rhythm, with or with-
out AAD therapy. A significant improvement in 
LVEF was seen in patients with HF (33% to 47%).

More recently, we evaluated 15 pts with AF 
and symptomatic LV dysfunction (EF <= 45%) 

referred for ablation.36 These pts were compared 
to a matched cohort treated medically for AF with 
LV dysfunction. Baseline EF in the study group 
was 37% and for the controls was 34%. The groups 
were similar in all respects. During 16 months fol-
lowing ablation, EF improved to 50%±13% along 
with significant improvement in the NYHA class. 
In the medically treated group, no improvement 
in EF (36 ± 12%) or NYHA class was seen. Thus, 
compared to pharmacologic therapy, ablation sig-
nificantly improved LV function and NYHA class 
in pts with AF and symptomatic LV dysfunction.

The PABA-CHF study was a prospective, multi-
center clinical trial in which investigators randomly 
assigned 81 patients with symptomatic AF, LVEF 
<40% and NYHA Class II or III HF to either PVI or 
AVJ ablation.37 At 6 months of follow-up, the com-
posite end-point favored PVI. There was an im-
provement in Minnesota Living with Heart Failure 
questionnaire scores, 6 min hall walk test and EF 
(Figure 5). As an added benefit, nearly 70% of pa-
tients were free of AF off antiarrhythmic drugs at 
6 months. Although a small study, the results sug-
gest that PVI may offer another option in patients 

Figure 4:  Hazard ratio estimates stratified according to cause of death between atrial fibrillation patients who underwent 
atrio-ventricular junction ablation (AVJ-abl) and patients treated with negative dromotropicdrugs (AF-Drugs)
[Adapted from Gasparini et al. Eur Heart J 2008: 29; 1644–1652]



without making them pacemaker dependent.

The results of these published series provide a 
potent rationale for a randomized clinical tri-
al comparing the 3 modalities: ablation versus 
AVJ ablation versus pharmacologic therapy.

Conclusions

CRT offers substantial symptomatic and mortal-
ity benefit in patients with severe HF. Evolving 
data suggest that patients with AF derive similar 
benefits as patients in sinus rhythm. However, re-

sponse to CRT depends upon achieving complete 
BiV capture. In patients with AF and HF, it is 
imperative to assure that this is consistently and 
completely achieved to confer benefits to these 
patients. AVJ ablation and catheter ablation of AF 
offer promising approaches towards achieving 
this goal.

Abbreviations

AF: Atrial Fibrillation NYHA: New York Heart 
Association
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Figure 5:  Improvement in left ventricular (LV) function and dimensions after ablation in patients with congestive heart fail-
ure
[Adapted from Khan et al. N Engl J Med 2004; 359: 1778-1785]



CRT: Cardiac Resynchronization Therapy
EF: Ejection Fraction
AVJ: Atrio Ventricular Junction
BiV: Biventricular
RV: Right Ventricle
LA: Left Atrial
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