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Review  Atrial Fibrillation

As atrial fibrillation (AF) and heart failure (HF) often co-exist and influence each other, the problem of appropriate AF management 
concerns a wide group of recipients of cardiac resynchronization therapy (CRT). Mutual correlations between AF treatment and CRT 
efficacy are even closer and more complex than the pure AF and HF coexistence. The AF paroxysm, with an uncontrolled and high 

ventricular rate, hinders the ability of CRT to deliver a sufficient percentage of effectively resynchronized ventricular paced beats, resulting in 
HF exacerbation, which, in turn, may promote further AF progression. In this context, the proper management of AF in patients undergoing 
CRT is of supreme importance. However, there is a shortage of evidence assessing different AF treatment strategies specific to this intriguing 
subgroup of patients. This article summarizes the current state of knowledge about the AF–CRT relationship and the efficacy of different AF 
treatment strategies in the context of CRT in order to provide some hints for a proper treatment.
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Atrial fibrillation (AF) and heart failure (HF) often co-exist. The incidence of AF is estimated to reach 

45% of patients with HF and rises with the severity of HF symptoms, from about 5% of patients 

in the New York Heart Association (NYHA) class I to 50% in NYHA class IV.1–4 Consistently, the 

incidence of AF in patients treated with cardiac resynchronization therapy (CRT), which is one of 

the most powerful therapies of HF in a selected subgroup of patients, is also high, reaching from 

25% to more than 50% of CRT recipients.5–8 However widespread it is, the management of patients 

with CRT and concomitant AF has many peculiarities, which are different to the treatment of either 

patients with CRT and sinus rhythm (SR) or patients with AF but no CRT. The aim of this review is 

to address these peculiarities in the context of the evidence available, and to provide some tips 

for proper treatment.

Atrial fibrillation: A marker of poorer prognosis and poorer 
response to cardiac resynchronization
CRT is unequivocally one of the most potent HF therapies leading to the reduction of symptoms, 

the number of HF hospitalizations and the total mortality in a selected subgroup of patients with 

HF.4,9 Widely accepted criteria for a CRT device with defibrillation function (CRT-D) implantation 

include left ventricular ejection fraction (LVEF) ≤35% and QRS complex prolongation varying 

from 130 ms in the presence of the left bundle branch block (LBBB) to 150 ms in the setting of  

non-LBBB interventricular conduction abnormalities.4,9,10 CRT-only pacing (CRT-P) is recommended 

in patients with mildly reduced LVEF (35–50%) and indications for cardiac pacing, especially 

when a significant amount of ventricular pacing is anticipated.11 However, the usefulness of CRT 

in the subset of patients with concomitant AF remains not so evident. Indeed, the randomized 

controlled trials that led to a wide use of CRT – that is, the MADIT-CRT (ClinicalTrials.gov 

identifier: NCT00180271) and the REVERSE (ClinicalTrials.gov identifier: NCT00271154) studies 

and others – were practically restricted to patients with SR.12–17 Studies evaluating the role of CRT 

in patients with concomitant AF bring inconsistent results. However, they unanimously indicate 

that the presence of AF in a patient undergoing CRT is a risk factor for a poorer response to CRT 

and a poorer clinical course of HF.

One of the first prospective, randomized trials dedicated to CRT treatment in patients with HF 

and AF was the MUSTIC study. It showed that patients with HF and functional NYHA class III and 

LVEF <35% profit from biventricular pacing (BiVp) in terms of a longer 6-minute walk test (6MWT) 

distance, a higher peak oxygen uptake (VO2 max) and 70% fewer hospitalizations compared 

with controls.18 However, the study had major limitations. It recruited patients with AF and a low 

ventricular rate necessitating a pacemaker implantation, and the paced right ventricular QRS 
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complex duration had to be at least 180 ms. As a result, the control group 

consisted of patients receiving a high percentage of unphysiological 

right ventricular pacing (RVp), which has a detrimental effect on the LVEF 

and on the incidence of AF, and is associated with a higher risk of HF 

hospitalizations, especially in patients with reduced LVEF.19–25 Moreover, 

it was a crossover study, and both of its phases were completed in only 

58% of patients, as the BiVp was preferred by the study participants.

The RAFT trial was the most well-known CRT trial that included patients 

with AF.26 It included patients with HF and functional NYHA class II or III, 

an LVEF <30%, a QRS duration longer than 120 ms and a mean ventricular 

rhythm of 60–90 beats per minute who were randomly assigned to 

receive an implantable cardioverter-defibrillator (ICD) alone or a CRT + 

ICD (CRT-D) device. The sub-analysis of this study, involving more than  

200 patients with permanent AF, revealed no benefit of CRT-D over ICD  

with regard to the primary composite endpoint of death or HF 

hospitalizations (hazard ratio [HR] 0.96; 95% confidence interval [CI],  

0.65–1.41; p=0.82), cardiovascular death (HR 0.97; 95% CI, 0.55–1.71; 

p=0.91) and 6MWT distance (CRT-D 19 ± 84 m versus ICD 16 ± 76 m; 

p=0.88) during a mean follow-up period of 40 months. Only a trend for 

fewer HF hospitalizations (HR 0.58; 95% CI, 0.38–1.01; p=0.052) and 

greater improvement in quality of life in the CRT-D group were observed.27

These disappointing results are supported by the COMPANION trial, which 

involved 1,520 patients with HF in NYHA class III or IV, LVEF <35% and QRS 

>120 ms that were in SR at the baseline visit. The study compared both 

CRT-D and CRT-P to optimal medical therapy only. In the general population, 

the study showed better outcomes associated with the presence of both 

CRT-D and CRT-P devices, compared with optimal medical therapy.28 

However, Kalscheur et al. evaluated COMPANION study participants 

based on the presence or absence of a history of paroxysmal AF or atrial 

flutter (AFl).29 In contrast to patients without a history of arrhythmias, in 

the subgroup with a history of paroxysmal AF/AFl (n=293), the presence of  

CRT-P/CRT-D did not result in better survival or a lower risk of the 

composite endpoint of death and hospitalizations. Moreover, the 

presence of AF/AFl paroxysm during follow up was associated with 

a greater risk of death or all-cause hospitalizations (HR 1.54; 95% CI,  

1.26–1.89; p<0.001) and a greater risk of death or HF hospitalizations  

(HR 1.86; 95% CI, 1.46–2.38; p<0.001).29

These were followed by several observational studies and meta-analyses. 

Regarding an acute response, most of the trials demonstrated the 

beneficial role of CRT. They were summarized in a meta-analysis by 

Upadhyay et al., who showed that the CRT implantation increases 6MWT 

distance, elevates LVEF and results in a better quality of life, as assessed 

by the Minnesota Living with Heart Failure Questionnaire in patients 

with AF.30 However, the extent of response to CRT remains greater 

in SR than patients with AF, and AF is related to an increased risk of  

non-responders.30,31

Other observational studies have evaluated the influence of CRT on 

clinical outcomes. Although they have brought inconsistent conclusions, 

the majority of them were in line with the RAFT and COMPANION trial 

results, showing either no benefit of CRT over ICD devices in terms of 

mortality and hospitalization risk or increased mortality in patients with 

AF versus SR receiving CRT.32–35 While there is some evidence showing 

no discrepancies between patients with AF and SR receiving CRT, the 

meta-analyses summarizing the efficacy of CRT in patients with HF 

and AF are in line with the major RCTs and registries showing higher 

mortality in patients with AF receiving CRT and no mortality reduction 

after implantation of the CRT device.31,36–38

The influence of atrial fibrillation on the efficacy 
of cardiac resynchronization therapy and 
biventricular pacing percentage: The more, 
the better
Many hypothetical mechanisms exist resulting in a lower response to 

CRT, a higher risk of HF progression and higher mortality in patients 

with AF. Even though AF may be regarded as a marker of HF severity, 

the occurrence of AF during CRT leads to an inability to establish the 

optimal atrio-ventricular (AV) delay, a higher ventricular rate, and variable 

AV conduction, providing a higher percentage of conducted ventricular 

sensed beats limiting the percentage of correctly resynchronized BiVp 

beats. Moreover, it bears a higher risk of appropriate and inappropriate 

shocks and a worse clinical outcome, especially during AF associated 

with a high ventricular rate.33,39

There is a growing body of evidence that the percentage of BiVp (BiVp%) 

is inversely correlated with mortality and the risk of HF progression.5,6,40–42 

According to the latest studies, the minimal BiVp% in patients with AF, 

assuring a similar prognosis to patients without AF, is 98%.5,6 As a result, 

the optimal BiVp% that is currently recommended should be as close to 

100% as possible.4 Moreover, some authors argue that every day spent 

with a BiVp% <95 can alter patients’ prognoses, even though it may 

not significantly influence the overall BiVp%. Based on a prospective 

registry of patients undergoing CRT that were monitored remotely, 

Mazurek et al. have shown that the cumulative burden of days with low 

BiVp% (i.e. the number of days with BiVp% <95) is associated with the 

risk of death.41 The correlation was irrespective not only of the typical 

confounding factors such as age, gender, renal function, ischaemic HF 

and the presence of LBBB, NYHA class and LVEF, but also of the AF 

burden and the cumulative BiVp%.

Inadequate BiVp% is a common finding in one- to two-thirds of patients 

undergoing CRT.6,39 Additionally, the BiVp% value presented by a CRT 

device itself may be overestimated. In the older study by Kamath et al., 

Holter monitoring revealed that in a population of patients with a mean 

BiVp% of 94.5 reported by the device, up to 50% of patients had an 

inadequate BiVp% of <90 due to widespread occurrence of fused and 

pseudo-fused beats.43 These results were recently confirmed in a study 

by Hernández-Madrid et al.44 However high the intersubject variability 

was, the mean device overestimation of the effective BiVp% in the 

study reached 7%.44 Moreover, the overestimation of the BiVp% may be 

caused by the use of built-in device algorithms made to enhance left 

ventricular (LV) or BiVp%, such as conducted AF response, ventricular 

rate regulation, EffectivCRT™ (Medtronic, Dublin, Ireland) during AF 

algorithms or LV-triggered function.45–48 The role of these algorithms has 

not been well established, and the presence of fused beats cannot be 

considered as fully effective resynchronization.

The potent influence of BiVp% may be an explanation for the disappointing 

results of the studies showing no benefit of CRT in patients with AF. 

Indeed, in the RAFT trial, a BiVp% of >95 was only observed in 34.3% of  

patients with AF treated with CRT.27 Moreover, only one subject in the 

AF CRT-D subgroup underwent atrioventricular node ablation (AVNA) at 

the investigators’ discretion. Similar results have been reported in other 

studies.6,35,36 There is no information in other studies about BiVp% at all.29,32,33

Based on this evidence, in the setting of patients with AF and HF with 

classical indications for CRT (i.e. HF with reduced LVEF, LVEF <35% and QRS 

prolongation >130 ms), current guidelines recommend the implantation 

of a CRT device only if high BiVp% is anticipated or a strategy to ensure 

high BiVp% is implemented.
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The role of atrioventricular node ablation in 
patients with atrial fibrillation undergoing 
cardiac resynchronization therapy
Apart from uptitrating the dose of negative chronotropic and 

dromotropic drugs, which has a limited effect, another way to ensure 

high BiVp% beats during AF is by performing an AVNA. This relatively 

simple procedure is highly effective by making the ventricular rhythm 

completely independent of the atrial tachyarrhythmias and by ensuring 

almost 100% BiVp (in patients without a high burden of ventricular 

rhythm disturbances, which also may affect the BiVp%). Indeed, there is 

strong evidence that performing AVNA enhances the CRT performance 

in patients with HF and AF, and makes their clinical course similar to 

those in SR.

In their two prospective, observational, early studies in 2006 and 2008, 

Gasparini et al. reported that the extent of the response to CRT and the 

survival rate in patients with AF is strongly dependent on whether or not 

the AVNA procedure was performed.49,50 The patients who had undergone 

CRT with AF in addition to AVNA performed similarly to the patients with 

CRT and SR, and did significantly better than the patients with AF who 

were treated with drugs that ensured BiVp% of >85.49,50 These findings 

were then supported in the CERTIFY trial; a multicentre, prospective, 

observational study of 7,384 consecutive patients who had undergone 

CRT from centres in Italy, France, Switzerland, Germany and the UK.51 

The study compared clinical outcomes of patients with permanent AF 

in whom AVNA was performed (AVNA+, n=443) or not (AVNA-, n=895) 

to those in SR (n=6,046). During a median of 37 months of follow-up, 

the overall mortality and cardiac mortality was similar in the AVNA+ 

and the SR groups (6.8 versus 6.1 per 100 person-years, and 4.2 versus 

4.0, respectively, p=not significant for both), even though the AVNA+ 

group tended to be older and were in a higher NYHA class. Moreover, 

mortality and cardiac mortality in the AVNA- group was significantly 

higher compared to either the SR or the AVNA+ groups, reaching 11.3 

and 8.1 per 100 person-years, respectively. Based on these results, 

the authors concluded that AVNA was associated with a reduction in 

mortality and cardiovascular mortality of >50%. These relations persisted 

in the multivariable analysis that included confounding factors such as 

age, sex, coronary artery disease, NYHA functional class, the presence 

of a CRT-D (or CRT-P) device, LVEF and QRS duration. Of note, there were 

significant differences between the groups in BiVp% assessed 12 months 

after recruitment, with the highest BiVp% beats in the AVNA+ group 

(96%), followed by the SR group (92%) and the lowest in the AVNA- group 

(87%)  (p<0.001). However, BiVp% was assessed in a limited number of 

the CERTIFY participants and should be interpreted with caution.51

The results of the trials performed by Gasparini et al. are supported by 

two retrospective analyses of relatively small studies.52,53 Based on a 

group of 131 patients with CRT, Ferreira et al. showed that in the group of 

patients with AF but without AVNA there was an increased percentage 

of CRT non-responders (48% versus 15% [AVNA+] versus 21% [SR], 

p<0.008).52 Apart from age, the lack of AVNA was the only independent 

risk factor for death and HF hospitalization. The results in the AVNA+ 

group were similar to those in patients in SR. Importantly, the group of 

patients with AF included not only those with a permanent form of AF 

but also patients with a history of a paroxysmal and persistent form of 

arrhythmia. Dong et al. divided 154 consecutive patients with AF, referred 

for the CRT-D implantation, into those who underwent AVNA and those 

who received medical therapy only.53 Consistent with the aforementioned 

trials, they found that the patients who underwent AVNA responded 

better to CRT (in terms of the amelioration of LVEF, LV end-systolic 

diameter and the NYHA functional class) and had a markedly lower risk 

of death (HR 0.13; 95% CI, 0.03–0.58, p=0.007) and the risk of combined 

death, heart transplant and an LV assist device (HR 0.19; 95% CI,  

0.06–0.62; p=0.006).

In contrast to these studies, a recent study by Mittal et al. of the Medicare 

and MarketScan registries including more than 24,000 patients found 

that in patients with AF treated with CRT (n=588), AVNA was associated 

with fewer AF hospitalizations, but the HF hospitalization risk remained 

the same in the AVNA+ and AVNA- groups.54 While conflicting evidence 

suggesting a poorer outcome in the patients undergoing CRT and AVNA 

exists, a recent meta-analysis supports the notion that performing AVNA 

in patients with AF receiving CRT markedly increases their response to 

CRT and decreases the risk of death and hospitalizations, making the 

survival benefit comparable to that in patients with SR and CRT.54–56

The major disadvantage of the evidence assessing the role of AVNA in 

patients undergoing CRT with AF is the observational nature of the studies, 

which makes them prone to selection bias. In many of them there is a lack of 

reliable data regarding BiVp%, making it impossible to assess to what extent 

the beneficial effect of AVNA is related to the rise in BiVp%.35,52,54 Moreover, 

AVNA should be regarded as a palliative procedure, which renders patients  

CRT/pacemaker-dependent. Indeed, current guidelines do not 

recommend AVNA as a routine practice in every patient with HF and AF 

(even permanent AF) undergoing CRT implantation.4,9,10 Certainly, new 

evidence based on prospective, randomized trials in this field is urgently 

needed. However, based on the current knowledge, it seems reasonable 

to recommend that in patients treated with CRT with low BiVp% (i.e. 

<98%), in whom the loss of the BiVp is attributed to AF, AVNA should be 

considered.

Cardiac resynchronization in patients with atrial 
fibrillation with indications for pacing
The evidence assessing CRT efficacy in patients with an indication for 

pacing in the subgroup of patients with AF is certainly stronger and 

more concordant with the studies concerning patients in SR. Apart 

from the aforementioned MUSTIC study, another trial that compared 

BiVp to RVp-only was the HOBIPACE study.18,57 It involved patients with a 

marked LV dysfunction and indications for ventricular pacing but with no 

interventricular conduction abnormalities at baseline. Although relatively 

small, it showed a clear benefit of CRT over RVp-only in patients in SR and 

in those with AF associated with the reduction of LV volume, the levels of  

NT-proBNP (N-terminal pro B-type natriuretic peptide), the increase in 

LVEF and exercise tolerance, and the amelioration of quality of life.

A similar effect of CRT compared with RVp was also shown in the 

subgroup of patients with HF and mildly reduced LVEF. The BLOCK-HF trial 

(ClinicalTrials.gov identifier: NCT00267098) recruited patients with class 

I or class IIa indications for pacing due to high-degree atrioventricular 

block, and LVEF<50% associated with HF symptoms.58,59 It showed that 

BiVp was associated with an improvement in NYHA functional class, 

an increase in LVEF, a reduction in LV volumes, a greater extent of LV 

reverse remodelling, an increase in quality of life and a lower risk of an 

urgent-care visit for HF and composite of death.58–61 The effect of CRT 

was irrespective of the presence of AF. Interestingly, AF was diagnosed 

in more than half of the study participants, although the presence of 

persistent atrial tachyarrhythmias was one of the exclusion criteria.58,59

Other studies comparing BiVp with RVp in patients with HF with 

permanent AF who had undergone AVNA also showed the superiority 

of CRT over RVp in terms of better exercise tolerance, an improvement 

in LV echocardiographic parameters and a reduction in hospitalizations 
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and mortality risk.18,62,63 Based on these studies and the evidence showing 

that the risk of a deleterious effect of RVp correlates with higher 

ventricular pacing percentage and with the reduction of LVEF, it is widely 

accepted that in patients with AF and indications for pacing, CRT rather 

than RVp should be preferred irrespective of the native QRS duration, 

provided the LVEF is <50% and a high percentage of ventricular pacing 

(>40%) is anticipated.11,25,59,64,65

Rate control or rhythm control strategy in 
patients with atrial fibrillation and cardiac 
resynchronization therapy
Regardless of the long-standing and vigorous debate about the  

superiority of either the rhythm control or the rate control strategy in AF 

treatment, there is still no convincing evidence that one is better than the 

other in terms of a better prognosis in the general population of patients 

with AF.66–68 Indeed, the choice of the rhythm control strategy (catheter 

ablation, preferably) is mandated mainly for quality-of-life improvement. 

That is why the indispensable condition for pulmonary vein isolation 

(PVI) in the general population of patients with AF is the presence of 

symptomatic AF.68 However, there is a growing body of evidence that in 

patients with HF, the rhythm control strategy may positively influence 

their prognosis. As a result, PVI in patients with HF obtained a class IIa 

recommendation (and class I in specific cases) in the recent European 

Society of Cardiology (ESC) guidelines for AF management.68

The role of cardiac resynchronization therapy in the 
development of atrial fibrillation
Choosing between rate and rhythm control strategies would be made 

easier if it was known whether CRT itself has any effect on the natural 

course of AF. Hypothetically, CRT-driven reverse remodelling – which is 

not only limited to an LVEF rise but also may lead to the reduction of mitral 

regurgitation (which is caused by LV dilatation), left atrial diameter and 

atrial strain – could limit AF development. This mechanism could apply 

at least to cases where the occurrence of AF is regarded as a marker 

of HF progression.69,70 Indeed, some studies support this hypothesis. 

In a follow-up of CRT recipients with AF regarded as permanent who 

underwent AVNA, Gasparini et al. found that approximately 10% of 

the study population experienced spontaneous SR resumption, mainly 

within 4.4 months after the CRT implantation (in some rare cases, AF 

could stop even after 3 years of CRT).71 These observations are supported 

by Delnoy et al., who reported spontaneous SR resumption in 25% of 

patients undergoing CRT.72

Contrary to a possible protective effect of CRT implantation 

on persistent AF, several studies, including sub-analyses of the  

CARE-HF (ClinicalTrials.gov identifier: NCT00170300) and the RAFT  

(ClinicalTrials.gov identifier: NCT00251251) trials, have shown no influence 

of CRT implantation on the de novo occurrence of AF in patients with 

HF.27,31,73–77 On the other hand, it seems that high-quality resynchronization 

(by the implementation of algorithms ensuring continuous optimization 

of resynchronization) has a positive effect on AF occurrence.78,79 In 

recent studies, it has been shown that the AdaptivCRT algorithm lowers 

the incidence of clinically significant AF paroxysms compared with 

conventional, echocardiographically optimized CRT.78,79 The AdaptivCRT 

is an algorithm that continuously optimizes atrioventricular and  

ventriculo–ventricular intervals, and promotes LV-paced fusion beats 

with the intrinsically conducted ventricular depolarization when  

atrio-ventricular conduction is normal. In effect, the algorithm lowers 

the amount of RVp beats, which (as mentioned before) was shown to 

promote AF.78,79 However, it is worth noting that the implementation of 

the AdaptivCRT algorithm is restricted to patients with prevalent SR (as it 

is based on the assessment of AV interval); it is useless in patients with 

persistent or permanent AF.

Rate control strategy
Taking into account:

• the crucial role of adequate BiVp% to ensure CRT efficacy in patients 

with AF;

• the aforementioned studies suggesting a similar prognosis of AF plus 

AVNA to SR subgroups among CRT recipients;

• the fact that AF in patients with HF is often regarded as a marker of HF 

severity rather than an independent entity as well as evidence; and

• that HF is a risk factor for rhythm control failure;

the choice for a rate control strategy while dealing with AF episodes 

in a CRT recipient seems a reasonable option.80 According to general 

guidelines on HF treatment, the first-line option should be the 

intensification of pharmacotherapy (mainly beta blockers and digoxin, 

whereas calcium channel blockers are contraindicated in patients with 

reduced LVEF).9 The decision to perform AVNA should be made only 

after the failure/incomplete efficacy of a drug treatment.9,68 However, 

considering the results of the studies assessing the efficacy of CRT in 

patients undergoing AVNA+ versus AVNA-, the decision to perform the 

ablation procedure should not be postponed.

Moreover, the combination of AVNA and CRT also may be useful as a 

rate control treatment of AF in patients with narrow QRS at baseline. In 

the APAF-CRT trial (ClinicalTrials.gov identifier: NCT02137187), Brignole et 

al. compared the pace and ablate strategy to optimal medical therapy 

in patients with AF and narrow QRS who were not eligible for catheter 

ablation of AF.4,81 The authors found that the CRT plus AVNA group 

had fewer HF hospitalizations and lower mortality than the patients 

treated with optimal medical therapy. Although observed in the whole 

study cohort, these differences were noticed mostly in the LVEF <35% 

subgroup, whereas symptom relief was marked especially in the LVEF 

>35% subgroup.

In summary, in patients with AF who have been treated with CRT resulting 

in BiVp% loss, intensification of the rate control strategy should be 

initiated. If pharmacotherapy fails and cumulative BiVp% is still <95–98%, 

AVNA should be considered. This should especially apply to patients with 

persistent AF (especially long-standing persistent AF). AVNA and CRT 

implantation may also be considered as the last option of the rate control 

strategy of AF, not only in patients with interventricular disturbances but 

also in those with narrow QRS.

Rhythm control strategy
The idea of rhythm control in the subpopulation of patients with HF treated 

with CRT is especially appealing, while there exists a strict correlation 

between the presence of AF and the inability to provide proper HF 

treatment (associated with the loss of adequate BiVp%) in this subgroup 

of patients. Spontaneous SR resumption in a patient having undergone 

CRT – by ensuring proper BiVp% – brings back successful CRT, which in 

turn (by the mechanisms of reverse remodelling), may inhibit further AF 

development. Unfortunately, there are no data specific to this subgroup 

of patients; the efficacy of the rhythm control strategy in patients with 

AF treated with CRT may be driven from the trials only assessing rhythm 

control in the general population of patients with HF. In contrast to the 

general AF population, there is some evidence that a rhythm control 

strategy in patients with HF and AF may improve their prognoses.82–84

Among antiarrhythmic therapies, the only modality with confirmed 

efficacy in patients with HF is catheter ablation of AF. Indeed, the trials 
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assessing pharmacological rhythm control, including the most recent  

sub-analysis of the CASTLE-AF trial, have not shown any superiority over 

rate control treatment in patients with HF.85–87 Contrary to antiarrhythmic 

agents, catheter ablation – with complete pulmonary veins isolation as 

its essential component – has been proven to reduce AF recurrences 

and burden, and to ameliorate EF, quality of life and exercise tolerance 

in patients with HF compared with either rate-slowing drugs or AVNA 

plus CRT implantation in short-term and mid-term follow-up.88–90 

Moreover, the supreme effect of catheter ablation in patients with HF is 

also confirmed in the studies directly comparing catheter ablation with 

antiarrhythmic drugs. In the AATAC trial, catheter ablation turned out to 

be better than amiodarone in the treatment of persistent AF in patients 

with EF <40% in terms of freedom from AF, and lower rates of mortality 

and unplanned hospitalizations.91

The beneficial role of catheter ablation in treating AF in patients with 

HF seems to be confirmed by the CASTLE-AF trial, which compared the 

efficacy of catheter ablation with optimal medical therapy of paroxysmal 

or permanent AF in patients with symptomatic HF, significantly 

decreased EF (LVEF <35%) and with ICD/CRT-D.82 After a median  

follow-up of almost 38 months, the composite endpoint of mortality 

and HF hospitalizations occurred in significantly fewer patients 

in the catheter ablation group than the optimal medical therapy 

group (28.5% versus 44.6%, respectively; HR 0.62; 95% CI, 0.43–0.87; 

p=0.007), and lower cardiovascular mortality was reported in the 

catheter ablation group (13.4% versus 25.0%; HR 0.53; 95% CI, 0.32–

0.86; p=0.01). Of note, the medical therapy utilized encompassed both 

the rhythm- and the rate-controlling agents; however, in the majority 

of patients (70%) a rate control strategy was applied. In the subgroup 

analysis, the results among patients with CRT-D were similar, but it did 

not reach statistical significance (HR 0.54; 95% CI, 0.28–1.04 for the 

primary endpoint). However, this could be attributed to a low sample 

size, as patients having undergone CRT-D constituted less than one-

third of patients (100/363).

The results of the CASTLE-AF trial were confirmed by the recent  

sub-analysis of 886 patients of the CABANA trial (ClinicalTrials.gov 

identifier: NCT00911508), who had a history of HF or reported NYHA 

class ≥II.92 Although the CABANA trial turned out to be negative in a 

general population of patients with AF, in this selected subgroup catheter 

ablation was shown to reduce the primary endpoint (a composite of 

death, disabling stroke, severe bleeding or cardiac arrest), as well as  

all-cause mortality with the reduction of AF recurrence rate.83

The promising results of the CASTLE-AF trial have been recently 

questioned by the publication of the AMICA trial (ClinicalTrials.gov 

identifier: NCT00652522).84,93 AMICA was a randomized clinical trial that 

compared the efficacy of catheter ablation with optimal medical therapy 

in patients with persistent or long-standing persistent AF (lasting 7 days to  

4 years) and markedly reduced LVEF (≤35%). The primary endpoint 

was the LVEF increase from baseline to 1 year. Having recruited  

140 patients, the study was terminated prematurely for futility. After  

1 year, LVEF increased similarly in both the catheter ablation and the 

optimal medical therapy groups (8.8% versus 7.3%, respectively; p=0.36). 

Similarly, the groups did not differ in laboratory (BNP, NT-proBNP levels), 

exercise tolerance, quality of life and clinical outcomes. Of note, there 

was significant reduction in AF burden in catheter ablation compared 

with the optimal medical therapy arm: 1 year AF burden of 0–5% was 

observed in 72% versus 44%, respectively, although the device-derived 

data on AF burden were published only in half of the recruited patients 

(39 of 68 and 36 of 72, respectively).

The conflicting results of the CASTLE-AF and the AMICA trials are a 

matter of ongoing debate. The most plausible explanation, as stated 

by the authors of the AMICA trial, is the difference between patients’ 

baseline characteristics of the two studies. The AMICA study participants 

were sicker in terms of more advanced NYHA class (NYHA class III or 

IV: 60% in the AMICA trial versus 31% in the CASTLE-AF trial), mean EF 

(27.6% versus 32.5%), the presence of persistent AF (100% versus 70%) 

and the prevalence of treatment with CRT-D (43% versus 27%). The 

authors conclude that greater AF and HF advancement in the AMICA 

study participants could have prevented catheter ablation efficacy. The 

subgroup analysis of the CASTLE-AF trial indicates the beneficial role 

of catheter ablation only in the subgroup of patients with LVEF ≥25%  

(HR 0.48; 95% CI 0.31–0.74, but not in the subgroup of patients with  

LVEF <25%) and in NYHA class II (HR 0.42; 95% CI 0.25–0.72, but not  

significant in the NYHA class III subgroup). Moreover, it has been 

postulated that the negative outcome of the AMICA trial was mostly driven 

by the unexpectedly high LVEF increase in the control arm, whereas the 

increase in LVEF in the catheter ablation arm was comparable to other 

studies.84 Considering this finding, the prevalence of CRT-D and the high 

proportion of patients on a rhythm control strategy in the optimal medical 

therapy arm of the AMICA trial, it would be extremely interesting to 

assess whether the increase in LVEF in the optimal medical therapy arm 

was not driven by the resumption of adequate BiVp% in patients having 

undergone CRT-D. However, the data on BiVp in the CRT-D subgroups of 

the AMICA trial are not available.

In this context, new evidence from randomized trials is urgently awaited. 

There are now at least two trials underway comparing rhythm and rate 

control in both the HF (RAFT-AF, NCT01420393) and the CRT populations 

(Pilot-CRAfT, NCT01850277).94–96 Their results should be published soon 

and may cast new light on the choice of the optimal AF treatment 

strategy in these patient subgroups.

Considering all of the aforementioned issues and inconsistencies, 

recently published ESC guidelines on the management of AF conclude 

that catheter ablation is recommended to reverse LV dysfunction in 

patients with AF when tachycardia-induced cardiomyopathy is highly 

probable (class I, level of evidence: B) and should be considered in 

selected patients with AF with HF with reduced LVEF to improve survival 

and reduce HF hospitalization (class IIa, level of evidence: B).68 Although 

not stated clearly, a choice for catheter ablation should be especially 

considered in patients with HF with NYHA class II symptoms and with an 

LVEF >25% (unless the decrease in LVEF can be attributed to AF-induced 

cardiomyopathy), without other risk factors of a poorer catheter ablation 

outcome.

Importantly, the decision for rhythm control should be implemented 

promptly. Although they are based on the general AF population (not only 

patients with HF or having undergone CRT), the results of the recent EAST-

AFNET trial have shown that early introduction of rhythm control therapy 

within a year of AF diagnosis is associated with a reduction in the primary 

composite endpoint of cardiovascular death, stroke, hospitalizations 

associated with HF exacerbation and acute coronary syndrome.97

Catheter ablation of atrial fibrillation in patients with 
heart failure: Gaps in evidence
Current guidelines say nothing about the optimal choice or extent of 

the catheter ablation method. In all of the three aforementioned trials 

(CASTLE-AF, AMICA and CABANA), the only acceptable catheter ablation 

method was radiofrequency electrical current ablation, with PVI as an 

elementary component. However, in about half of the patients, additional 
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sites (such as additional lines, ablation of complex fragmented atrial 

electrograms or ablation of AF triggers other than pulmonary veins) 

were ablated. Until now, there have been no convincing data that these 

additional ablation sites add to the efficacy of catheter ablation in the 

general AF population. However, their role in patients with HF undergoing 

catheter ablation has not been thoroughly examined yet.

Moreover, there are scarce data assessing cryoballoon PVI in the HF 

subpopulation. Consistent with the results of the FIRE AND ICE trial 

(ClinicalTrials.gov identifier: NCT01490814), which showed no significant 

difference between the radiofrequency ablation and cryoballoon PVI in 

the general, paroxysmal, AF population, the recent trials suggest similar 

feasibility and efficacy (in terms of LVEF increase) of the two catheter 

ablation methods in the HF subgroup.98–101 However, there is lack of 

evidence confirming the efficacy of cryoballoon ablation in terms of 

clinical endpoints, such as HF hospitalization risk or mortality, and new 

evidence is awaited.

Another unsolved issue is whether PVI and AVNA procedures should be 

performed alternatively or together.102 The questions are:

• to what extent will catheter ablation of AF in the CRT recipient be 

efficacious enough to provide adequate BiVp?; and

• is there any benefit in performing AF ablation in a patient undergoing 

CRT who has already undergone the AVNA procedure?

• 

Summary
The incidence of AF in CRT recipients is very common, reaching 25–40% 

of patients undergoing CRT. Although the management of AF in this 

group is no different to general population in terms of AF diagnosis 

principles, or the implementation and the choice of anticoagulants, 

close relations between AF and CRT efficacy determines the specificity 

of AF management in this subgroup of patients. The diagnosis of AF in 

patients treated with CRT negatively affects their prognosis. Moreover, 

AF is also a marker of poorer response to CRT. The surrogate of 

effective resynchronization in patients with AF is the percentage of  

bi-ventricular effectively paced beats, which may be overestimated by 

a CRT device and should be as close to 100% as possible (preferably 

≥98%). In patients with AF and a BiVp% <98%, AVNA should be 

considered. Based on current scientific evidence, AVNA is the only 

treatment modality that positively affects the prognosis of a wide group 

of patients undergoing CRT with AF, and makes CRT efficacy comparable 

to the subgroup of patients with SR. 

Apart from AVNA as a rate control strategy of AF treatment, there is a 

growing body of evidence supporting a rhythm control strategy with 

catheter ablation of AF as its foremost element also may be efficacious 

in this group of patients in terms of a better prognosis and lower 

mortality. It seems that among patients with HF who may profit the 

most from catheter ablation are those with a lower NYHA functional 

class, a higher EF and paroxysmal rather than long-standing persistent 

AF. However, the data showing a better prognosis and mortality 

reduction of patients undergoing catheter ablation come from the 

wide group of patients with HF. Unfortunately, the data comparing 

rhythm control with rate control strategies of AF treatment specific to 

the CRT subgroup are not available, and new evidence on this topic is 

urgently needed. 
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