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Introduction
Atrial fibrillation (AF) is the most prevalent arrhythmia and has 

during recent years experienced significant advancements, with 
pulmonary vein isolation through direct catheter ablation becoming a 
cornerstone therapy in drug refractory AF.1,2   Despite this, a significant 
proportion of AF patients are resistant to rhythm control and in some 
instances pharmacological rate regulation is also insufficient, often 
leaving the patient highly symptomatic and at risk of developing 
tachycardia-induced cardiomyopathy and heart failure (HF).3 In 
such patients, catheter ablation of the atrioventricular junction (AVJ) 
represents an attractive, and often the only, therapeutic option.4 Since 
the patient is left with a junctional escape rhythm, implantation 
of a permanent pacemaker is warranted and when left ventricular 
(LV) systolic function is reduced cardiac resynchronization therapy 

(CRT) should be considered in order to avoid the deleterious effects 
associated with right ventricular apical (RVA) pacing.5 Another 
group of patients that may also be eligible for AVJ ablation are those 
with AF who require CRT as part of their HF therapy and during 
follow-up present low percentage of biventricular pacing secondary 
to insufficient rate control and irregular RR intervals.6,7 In this 
cohort AVJ ablation ensures near 100% biventricular pacing thereby 
optimizing the therapeutic effects of CRT.8 The aim of this review is 
to discuss the existing evidence regarding the role of AVJ ablation in 
the two mentioned AF patient groups – AF with rapid ventricular 
rates and HF patients with concomitant permanent AF receiving 
CRT – as well as the preferred type of pacing device (RVA pacing vs. 
CRT) following AVJ ablation. 
Ablation Technique 

On the 9th of April 1981, the first AVJ ablation in humans was 
carried out, using high-energy direct current shock (300-500 J) 
from a portable defibrillator which was delivered over a standard 
electrode catheter, positioned at a site where His bundle potential 
was recorded.9 However, given the high complication rates, in 
particular cardiac perforation, direct current energy was replaced by 
radiofrequency energy towards the end of the 1980s.10 

The aim of AVJ ablation is to ablate the compact AV node with 
resultant AV block and a stable junctional escape rhythm. Normally, 
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ablation, maintaining sinus rhythm is not possible in a large proportion of AF patients, who therefore are subject to a rate control strategy 
only. Nonetheless, in some of these patients pharmacological rate control may be ineffective, often leaving the patient highly symptomatic 
and at risk of developing tachycardia-induced cardiomyopathy and heart failure (HF). Catheter ablation of the atrioventricular junction (AVJ) 
with subsequent permanent pacemaker implantation provides definite rate control and represents an attractive therapeutic option when 
pharmacological rate control is not achieved. In patients with reduced ventricular function, cardiac resynchronization therapy (CRT) should be 
considered over right ventricular apical (RVA) pacing in order to avoid the deleterious effects associated with a high amount of chronic RVA 
pacing. Another group of patients that may also benefit from AVJ ablation are HF patients with concomitant AF receiving CRT. In this patient 
cohort AVJ ablation ensures near 100% biventricular pacing, thus allowing optimization of the therapeutic effects of CRT.
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ablation is not fully elucidated, several factors that contribute to 
repolarization disturbances have been identified, creating a substrate 
for pause-dependent polymorphic ventricular arrhythmia (similar to 
acquired long QT syndromes). These predisposing factors include 
decreased heart rate, increased sympathetic activity, hypokalemia, 
antiarrhythmic drugs and change in myocardial activation sequence 
from the native conduction system to RV apical pacing. Therefore, 
in order to minimize the risk of ventricular arrhythmia it is 
recommend to program a relatively high pacemaker lower rate limit 
(80-90 ppm) for the first 4-6 weeks following AVJ ablation.17 More 
recently, reports of Gerbode defect (LV to right atrium shunt) has 
been described as a rare complication following AVJ ablation.18 This 
is due to unfortunate ablation at the thin superior atrioventricular 
portion of the membranous septum which separates the right 
atrium from the LV. Given that a permanent pacemaker is necessary 
complications related to its placement should also be included.   
Overall, the incidence of procedure-related complications is around 
3%, with the majority being related to femoral venous access.11 In 
a European survey from 88 institutions including 900 patients a 
3.2% complication rate was reported with major complications 
of 1.8%.19 The NASPE Prospective Voluntary Registry, which 
included 646 patients, had a 0.8% severe complication rate.12 Finally, 
an observational study of long-term survival of 350 patients with 
AF undergoing AVJ ablation and permanent pacemaker insertion 
found that this strategy does not adversely affect patient survival 
when compared to general population (adjusted for underlying heart 
disease) or patient with AF who received drug therapy.20 
AF With Rapid Ventricular Rates

This represents the largest group of patients with AF who undergo 
AVJ ablation, which is normally considered as a last resort when both 
rhythm (direct catheter or surgical ablation and/or pharmacotherapy) 
and pharmacological rate control have failed and the patient remains 
symptomatic. Worth mentioning are a subgroup of patients with 
left atrial flutter following AF ablation, often significantly more 
symptomatic and more difficult to control pharmacologically than 
when the patient was suffering AF. Although, in the majority of cases 
a repeat ablation of the flutter is successful, in some instances ablation 
is unsuccessful and the only remaining option is AVJ ablation to 
manage the symptoms.4 

radiofrequency ablation is performed in the right atrium through 
femoral venous access with the ablation catheter advanced across the 
tricuspid valve annulus and withdrawn until it lies over the compact 
AV node, typically identified by a definite His signal, and a large 
atrial and smaller ventricular electrogram. Radiofrequency energy, 
with maximum power of 60W, is administered for 30-60 seconds at a 
temperature of 60-70ºC (Figure 1).11 Overall success rate have been 
reported over 97%.12 Occasionally, in patients with cardiomyopathy 
and ventricular remodeling the recoding of a stable His potential 
from the right side can be difficult and a left-sided ablation may be 
necessary. In those instances the ablation catheter is placed across 
the aortic valve over the upper left ventricular septum where a His 
bundle potential is recorded, through a retrograde aortic approach.13 
The permanent pacemaker options include a single chamber (VVIR) 
for permanent AF, dual chamber (DDDR) for paroxysmal AF, and 
in case of ventricular systolic dysfunction, a CRT device. The device 
is usually placed 4-6 weeks prior to ablation with the advantage of 
stable pacing lead(s) at the time of ablation, although a combined 
procedure, obviating the risk of lead dislodgement during the 
manipulation of the ablation catheter, is advocated by some.14

Complications include those related to femoral venous access, 
(venous thrombosis, ateriovenous fistula, infection and bleeding), 
cardiac perforation or tamponade, tricuspid valve regurgitation 
and death.11 Specific procedure related complications include 
hemodynamic deterioration and development of severe mitral 
regurgitation secondary to mitral valve leaflet apposition due to 
RVA pacing,15 and sudden cardiac death (Figure 2).16 The latter has 
been described to occur more frequently in patients with certain 
comorbidities (diabetes mellitus, aortic valve lesions, ventricular 
rhythm disturbances, and chronic obstructive pulmonary disease).16 
Although the exact mechanisms of sudden death following AVJ 

Figure 1:

Surface electrocardiogram (lead II, V1, and V5) and intracardiac 
radiofrequency ablation (Abl) catheter electrodes (distal 1-2) of 
a 78-year-old woman with symptomatic permanent fast atrial 
fibrillation refractory to pharmacotherapy. Top panel shows 
recordings at the start of ablation and bottom panel 25 seconds later 
when atrioventricular (AV) block is achieved. Note the asynchronous 
ventricular pacing spikes due to the permanent pacemaker 
programmed in V00 mode at 50 ppm.

Figure2:

Ventricular tachycardia (Torsade de Pointes) recorded 60 minutes 
after atrioventricular junction ablation in a patient with mitral 
valve disease and atrial fibrillation with rapid ventricular response. 
Adapted from Rodríguez-Mañero M. et al.35 with permission.
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Tachycardia-Induced Cardiomyopathy 
The rapid ventricular rate is the main source of symptoms in 

this patient group and, if occurring for a prolonged period of time, 
increases the risk of tachycardia-induced cardiomyopathy, consisting 
of reversible ventricular dilatation, systolic dysfunction and 
symptoms of heart failure. The entity may be divided into 2 types: 
pure (tachycardia being the chief mechanism of LV deterioration); 
and 2) impure (tachycardia worsens a pre-existing cardiomyopathy 
of a different cause). Although described in 1913 in a patient with 
AF, and during the last 3 decades extensively studied in both animal 
models and in humans, its pathophysiological mechanisms have 
not been fully elucidated although interplay of several mechanisms 
clearly exists.3 

In animal models sustained atrial or ventricular pacing leads to 
severe biventricular systolic dysfunction which is characterized by 
increased ventricular filling pressures, diminished cardiac output 
and increased systemic vascular resistance.21 At a microscopic 
level there is myocyte loss, myocyte elongation, effacement of the 
interface between the basement membrane and sarcolemmal 
surface, depletion of T-tubules associated with decreased density of 
L-type calcium channels and beta-adrenergic receptors, resulting 
in abnormal excitation-contraction coupling which may impair 
contractile function.22 Diastolic function is impaired by tachycardia 
with impaired relaxation secondary to a disproportionate increase in 
sarcoplasmic reticulum calcium content that manifests as diastolic 
contracture.23 Other mechanisms include exhaustion of high energy 
stores in the myocardium due to augmented metabolism from the 
tachycardia, mitral regurgitation secondary to annular dilatation, 
reduced myocardial blood flow, oxidative stress, and neurohormonal 
changes.3

Both in animal and human studies, normalization of the rapid heart 
rates results in recovery of myocardial function with improvements in 
LV ejection fraction (LVEF) typically observed after 3 to 4 months. 
In a metaanalysis of 21 studies with a total of 1181 patients with 
drug refractory AF, an overall improvement in LVEF of 4.4% was 

Figure 3:

Corrected cumulative incidence of the composite primary outcome 
of death from heart failure, hospitalization due to heart failure, 
or worsening heart failure, comparing cardiac resynchronization 
therapy (CRT) vs. right ventricular (RV) pacing following 
atrioventricular junction ablation for permanent atrial fibrillation in 
the APAF trial.44 Reproduced with permission.

Figure 4:

All-cause mortality meta-analysis data from 3 studies,8 comprising 
450 patients, comparing pharmacological rate control (drug) vs. 
atrioventricular junction ablation (AVJA) in heart failure patients 
with concomitant permanent AF receiving cardiac resynchronization 
therapy. CI = confidence interval. Figure content under Elsevier user 
license. 

observed as well as in a broad range of clinical outcomes including 
symptoms, number of hospital admissions and New York Heart 
Association (NYHA) functional class.24 
AVJ Ablation: Symptomatic, Echocardiographic, And Functional 
Benefits

As AVJ ablation became a more widespread therapeutic option 
for drug refractory fast AF during the 1990s, several studies were 
published evaluating the potential beneficial aspects of this procedure. 
Initial uncontrolled studies in highly symptomatic patients with drug 
refractory permanent AF established that AVJ ablation provides 
symptom relief25 and improved cardiac function,26,27 the latter 
attributed to the reversal of tachycardia-induced cardiomyopathy 
and the favorable hemodynamic effects of regularization of RR 
intervals.28 For example, The Ablate and Pace Trial,25 a prospective 
multicenter study including 156 patients with drug refractory fast 
AF undergoing AVJ ablation and pacemaker implantation, reported 
after a 12-month follow-up an significant improvement in NYHA 
class (2.1 to 1.8), quality of life and arrhythmia related symptoms and 
frequency. The LVEF at 12-month was not different from baseline, 
however in those with reduced LVEF at baseline a significant 
improvement was observed (31±2% vs. 41±3%; P=0.0001). 

Subsequently, the results of a few randomized trials were reported 
comparing pharmacological rate control with AVJ ablation in AF 
patients (Table 1).29-33 Of note, the patient profile was different to 
the previous uncontrolled studies, in particular since an acceptable 
pharmacological heart rate control was a pre-requisite. Brignole et 
al.31 studied 66 patients with AF lasting >6 months, clinically manifest 
heart failure, evidence of structural heart disease, and heart rate >90 
bpm, randomized to AVJ ablation and pacemaker implantation or 
pharmacological treatment. At 12 month the ablation group showed 
significantly lower scores in palpitations and exertional dyspnea and 
a non-significant favorable trend for exercise intolerance, Living with 
Heart Failure Questionnaire, NYHA class, and Activity Scale when 
compared with the drug group. No difference in echocardiographic 
parameters between the 2 groups was observed at the end of the 
study, perhaps due to the presence of structural heart disease 
having more of an impact on the depressed cardiac function than 
tachycardia induced cardiomyopathy. In a similar way, The Australian 
Intervention Randomized Control of Rate in Atrial Fibrillation 
Trial (AIRCRAFT)33 compared AVJ ablation and pacemaker 
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available and it is our belief that it warrants further investigations
RVA Pacing vs. CRT After AVJ Ablation

RVA pacing produces electrical and mechanical ventricular 
dyssynchrony, similar to left bundle branch block, with subsequent 
detrimental effects on cardiac structure and function.36 During the 
last 2 decades the clinical relevance of the negative effects of long-
term RVA pacing has gained recognition following the publication 
of large pacemaker and implantable cardiac defibrillator (ICD) 
trials where a high amount of chronic RVA pacing was associated 
with increased risk of AF, HF and death.36-38 Subanalyses from 
these trials suggest that patients with reduced LVEF subject to 
>40-50% of RVA pacing are at high risk.39,40 Such findings are also 
relevant for patients who undergo AVJ ablation and conventional 
pacemaker implantation since they will receive near 100% of pacing 
for the rest of their life. Importantly, the vast majority of patients 
studied (including all studies commented in the previous section) 
received an RVA pacing system (typically VVIR), and it is therefore 
likely that some of the benefits associated with the AVJ ablation 
procedure were offset by the detrimental effects of chronic RVA 
pacing, especially after years of chronic pacing. This was observed 
by Tops et al41 who retrospectively evaluated 55 patients with 
medically refractory AF and preserved LVEF who had undergone 
AVJ ablation. After a relatively long follow-up of 3.8±1.7 years, 49% 
had developed LV dyssynchrony and in this subgroup LVEF was 
significantly worsened (from 48±7% to 43±7%; P<0.05) as well as 
NYHA class (from 1.8±0.6 to 2.2±0.7; P<0.05). On the contrary, a 
retrospective study42 of 286 patients with baseline LVEF of 48±18% 
with a shorter follow-up (1.7±1.6 years) than the Tops et al.41 who 
had undergone AVJ ablation showed short-term improvement in 
mean LVEF with no significant change compared to baseline at the 
end of the study follow-up. Differences in the prevalence of patients 
with tachycardia-induced cardiomyopathy, duration of exposure to 
RVA pacing (i.e. study follow-up), and baseline LV dysfunction are 
possible explanations for the contradictory study results. 

During the 2010s several studies compared RVA pacing with 

implantation with pharmacological rate control in 99 patients with 
mild to moderately symptomatic permanent AF, normal LVEF, and 
a ventricular rates that was adequately controlled by medication (<80 
bpm and <150 bpm at rest and exercise, respectively). After 12 month 
of follow-up no difference in echocardiographic parameters or exercise 
tolerance was observed, however quality of life was significantly 
improved in the AVJ ablation group. Finally, Ueng et al.32 studied 
50 patients with permanent symptomatic AF, reduced LVEF and no 
evidence of structural heart disease, and normal ventricular rates (60 – 
100 bpm). Assignment to AVJ ablation and pacemaker implantation 
was according to patient preference and after 12 months the ablation 
group showed significant improvements in quality of life, symptoms 
and LVEF, the latter likely due to the regularization of R-R intervals 
when compared to the drug group. A metaanalysis of randomized or 
prospective trials, including the previously commented studies,31-33 

found that AVJ ablation when compared with pharmacotherapy 
was associated with significant improvement in several symptoms 
(palpitations, dyspnea) but no significant difference in exercise 
duration or LVEF.34 In subgroup analysis of patients with reduced 
LVEF this parameter was significantly improved after AVJ ablation. 
Importantly, the same metaanalysis reported a low incidence of 
procedure-related mortality(0.27%) and malignant arrhythmia 
(0.57%).

Our group aimed to determine the change in LVEF after AVJ 
ablation and RV apical pacing and the clinical predictors of LVEF 
deterioration in a sample of 104 consecutives patients referred for 
AVJ ablation.35 After 2 years of follow up there was a decrease in 
the rate of hospital admission (from 0.9 admission/year to 0.35, 
P<0.001), an increase in the functional status in at least one NYHA 
class in 58 patients, and an increase in the global LVEF (from 48.9% 
to 54,1%; P<0.001). Valvular replacement and LVEF <50% were 
independently associated with a decrease in the LVEF. Therefore, we 
hypothesized that the mechanical ventricular dyssynchrony induced 
by long-term RVA apical pacing may have more impact in patients 
with mitral disease, which as is known, plays an important role in the 
cardiac mechanics. Scarce information in this subgroup is currently 

Table 1: Randomized controlled trials comparing pharmacological rate control (drug) vs. AVJ ablation + pacemaker implantation (Abl+Pm) in 
patients with rapid AF

Study Patients (n) Age (y),
Abl+Pm/

drug

AF duration 
(y), Abl+Pm/

drug

Baseline LVEF 
(%),
Abl+Pm/drug

Follow-
up (m)

Inclusion criteria Results 

Brignole29

1997
43 66±10/ 

64±10
9±8/
8±5

58±11/60±10 6 -Symptomatic 
paroxysmal AF
-Refractory to 3 
AAD

Abl+Pm group showed significantly better scores in LHFQ, palpitations, 
effort dyspnea, exercise intolerance score, and easy fatigue.
-AF was documented in 25% (Abl+Pm group) and 8% (drug group)
-No differences in echocardiography parameters

Brignole31

1998
66 72±9/

72±9
5.7±6.9/
4.1±5

43±12/44±15 12 -AF duration >6m
-HR >90 bpm + 
clinical HF

- Abl+Pm group showed significantly better scores in palpitations and 
effort dyspnea
- No differences in echocardiography parameters nor exercise test

Marschall30

1999
56 65±8/

60±10
7.1±6.3/
9.8±8.0

NR 4 -Symptomatic 
paroxysmal AF
-Refractory to 2 
AAD

-Abl+Pm group showed significantly better scores for overall symptoms, 
palpitations and dyspnea
-DDDR was better than VVIR pacing for overall symptoms and dyspnea
-More patients developed persistent AF in the Abl+Pm group

Ueng32

2001
50 68±6/

65±8
14±7/
12±8

45±6/45±8 12 -Symptomatic lone 
AF >6m
-Normal HR (60-
100 bpm)
-LVEF ≤50%

-Abl+Pm group showed significantly better scores for overall symptoms, 
overall activity scale
-Abl+Pm group presented significantly higher LVEF than drug group 
(49±5% vs. 44±6%)

Weerasooryia33

(AIRCRAFT 
Study)
2003

99 68±9/
68±9

4.8±5.5/
6.5±10.9

55±16/57±14 12 -Symptomatic AF 
>12m
-HR controlled by 
drugs (<80 bpm)

-Abl+Pm group showed significantly improved QoL and less symptoms
-No differences in echocardiography parameters nor exercise test

AAD = antiarrhythmic drugs; AF = atrial fibrillation; AVJ = atrioventricular junction; LHFQ = Living with heart failure questionnaire; LVEF = left ventricular ejection fraction; QoL = Quality of life.
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clinical practice guidelines recommends CRT when LVEF is ≤35% 
but state that it should also be considered for patients with less severe 
dysfunction.2 
HF Patients with Concomitant Permanent AF Receiving 
CRT

Almost all randomized controlled trials that have established the 
clear clinical benefits of CRT in patients with symptomatic HF, 
prolonged QRS duration and reduced LVEF included only patients 
in sinus rhythm.48 However, a large proportion of HF patients present 
AF and despite the limited evidence the available results suggests that 
CRT is also useful in these patients,46,49 for which reason it shares the 
same indications as for patients in SR (when in NYHA class III-
IV).48,50 Nonetheless AF in itself is linked to a poorer prognosis in 
HF patients,51 and there is substantial data that CRT is associated 
with a higher risk of non-responders in patients with AF undergoing 
CRT.52 This is most likely due to the absence of atrioventricular 
optimization benefit and a high intrinsic ventricular rate with 
irregular RR intervals, which leads to reduction in fully captured 
biventricular pacing beats through fusion and pseudo-fusion beats. 
Indeed, the greatest magnitude of reduction in mortality is observed 
when biventricular pacing is >98%.6 Furthermore, it is important to 
note that device counters have been found to overestimate the degree 
of effective biventricular pacing in patients with AF due to fusion and 
pseudo-fusion beats, in which instances a 12-lead Holter monitor 
is helpful to assess the presence of effective pacing.7 Therefore, in 
order to optimize the CRT derived benefits in patients with AF, rate 
regulation is paramount, either pharmacologically or by AVJ ablation 
(after pharmacological and/or direct catheter ablation rhythm control 
has been deemed unsuitable).48,50 
Medical Rate Control vs. AVJ Ablation

Although there is no randomized controlled trial data available, 
most observational studies indicate that AVJ ablation is associated 
with significant clinical benefits when compared with medical rate 
control in patients with AF who undergo CRT implantation (Table 
3). A metaanalysis published in 2012 that included 768 CRT patients 
with AF, from 4 retrospective and 2 prospective cohort studies, 
reported that AVJ ablation in CRT-AF patients was associated 
with significant risk reduction in all-cause mortality (risk ratio 0.42; 
95% confidence interval [CI]: 0.26 to 0.68; P<0.001), cardiovascular 
mortality (risk ratio 0.44; 95% CI: 0.24 to 0.81; P=0.008), and 

cardiac CRT in patients undergoing AVJ ablation for AF (Table 
2). This was first studied in the randomized controlled trial Post 
AV Nodal ablation Evaluation (PAVE) study43 where 184 patients 
with drug refractory AF and baseline LVEF of 46±18%, who had 
undergone AVJ ablation were randomized to CRT or RVA pacing. 
At 6 months postablation, the LVEF remained stable in the CRT 
group but had deteriorated by 3.1% at 6 weeks and 3.7% at 6 months 
in the RVA pacing group. Similar results were reported in the more 
recent Ablate and Pace in Atrial Fibrillation (APAF)44 randomized 
controlled trial, which included 186 patients with impaired cardiac 
function (mean LVEF 37.5±14%) and AVJ ablation for symptomatic 
AF. After a mean follow-up of 20 months, the primary composite 
endpoint of death from HF, hospitalization due to HF, or worsened 
HF occurred more frequently in the RVA pacing group than the 
CRT group (26% vs. 11%; P=0.005), principally driven by the latter 
2 endpoints (Figure 3). Of note, 50% of the patients had a QRS 
duration ≥120ms, however patients benefited equally from CRT 
independent of QRS duration. A meta-analysis of 5 RCTs43-47 that 
compared RVA pacing with CRT following AVJ ablation in patients 
with drug refractory fast AF and at least mildly depressed LVEF 
(<45%) found a significant reduction in hospitalization for HF and 
increase in LVEF but no effect on exercise capacity, quality of life 
or mortality.5 Taken together, in patients with reduced LVEF and 
drug refractory fast AF who undergo AVJ ablation, RVA pacing is 
associated with deterioration of LV function and increase risk for 
hospitalization for HF and in this cohort CRT confers significant 
clinical and cardiac functional benefits. Given the lack of clinical 
studies, there is currently no evidence to support CRT after AVJ 
ablation for AF when LV function is normal. 
Clinical Guidelines 

Both the North American and the European AF clinical practice 
guidelines recommend AVJ ablation followed by permanent 
pacemaker implantation in patients with AF when rate is not 
controlled pharmacologically and rhythm control is not achievable 
(when antiarrhythmic therapy is ineffective or associated with 
intolerable side effects and direct catheter-based or surgical ablation 
of AF is not indicated, has failed or is rejected) (recommendation 
Class IIa; Level B).1,2 When it comes to device selection the 
European clinical practice guidelines on cardiac pacing recommends 
CRT in those with reduced LVEF (without a specific cutoff value) 
(recommendation Class IIa; Level B)48 and the North American 

Table 2:  Randomized controlled trials comparing RVA pacing versus CRT after AVJ ablation in symptomatic AF

Study (year) Patients (n) Follow-up (months) Baseline LVEF (%) Study endpoints CRT benefits

MUSTIC AF46 
2002

59 3 (cross-over) 25 ± 10 6 min walk distance* Peak oxygen uptake, 
hospitalization for HF, QoL, and mortality

Improved 6 min walk distance, peak oxygen uptake and 
QoL.** Non-significant reduction in hospitalization for HF. No 
difference in mortality.

OPSITE45 
2005

56 3 (cross-over) 38 ± 14 6 min walk distance*, NYHA* and QoL* LVEF, 
LVESD and LVEDD

Improved NYHA, LVEF and LVESD. No differences in other 
endpoints.

PAVE43 
2005

184 6 46 ± 16 6 min walk distance* QoL and LVEF No 
difference in QoL

Improved 6 min walk distance and LVEF.
No difference in QoL.

AVAIL47 
2010

127 6 56 ± 9 6 min walk distance*, NYHA* and QoL*
LVEF, LVESV, LVEDV and LA volume

Improved NYHA, LVEF, and LV and LA volumes.
No differences in 6 min walk distance or QoL.

APAF44 

2011
186 20 38 ± 14 Composite of death due to HF, hospitalization 

for HF or worsened HF*
Total mortality, hospitalization for HF, 
worsened HF, LVEF, LVESD, or LVEDD

Reduction in composite endpoint.
No difference in mortality.
Non-significant improvement in LVEF and LVEDD.

*Primary endpoint; **Significant improvement was only observed in the 37 patients where therapy was delivered and not in the intention-to-treat analysis; AF = atrial fibrillation; AV = atrioventricular; 
CRT = cardiac resynchronization therapy; HF = heart failure; NYHA = New York Heart Association functional class; LA = left atium; LVEF = left ventricular ejection fraction; LVEDD/V = left ventricular end 
diastolic diameter/volume; LVESD/V = left ventricular end systolic diameter/volume; QoL = quality of life; RCT = randomized controlled trial; RVA = right ventricular apex. (Adapted from Akerström F et 
al.36 with permission.)
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prevalent for HF patients with concomitant AF and CRT indication. 
Finally, it should also be noted that rhythm control through direct 
catheter ablation might be an option in selected HF patients with 
paroxysmal/persistent AF receiving CRT, although there is currently 
no data available to supports this strategy.  
Clinical Guidelines

Both the North American and European clinical practice guidelines 
underline the importance of ensuring a near 100% biventricular 
pacing in patients with AF undergoing CRT implantation.48,50 The 
European guidelines further states that, since most studies favor AVJ 
ablation over pharmacological rate control in most AF patients, this 
should be considered in most patients always taking into account the 
risks associated with creating pacing dependency.
Conclusions

AVJ ablation with subsequent permanent pacemaker implantation 
represents an effective and safe therapeutic option in patients with 
fast AF refractory to pharmacotherapy when rhythm and rate control 
are not achievable. It provides symptom relief through lowering of 
ventricular rates and regularization of RR intervals, and reversal 
of tachycardia-induced cardiomyopathy when present. Due to the 
deleterious effects caused by RVA pacing induced electro-mechanical 
dyssynchrony in patients with reduced LVEF, CRT is the preferred 
pacing strategy and should always be considered in this patient group. 
Nonetheless, data on predictors of poor response to RVA pacing 
and potential benefit of CRT is scarce and warranted. HF patients 
with concomitant AF receiving CRT is another patient group that 
may benefit from AVJ ablation since this guarantees a near 100% 
of biventricular pacing. So far, multiple cohort studies indicate that 
in this patient group AVJ ablation is associated with improved LV 
function, functional class, cardiac and total mortality when compared 

improvement NYHA class (mean difference -0.34; 95% CI: -0.56 
to -0.13; P=0.002) (Figure 4).8 Of the studies included, 3 consisted 
solely of permanent AF patients, 1 of persistent AF lasting >3 
months and 1 did not report data on AF subtype. One year later the 
results from the prospective, multicenter, international, observational 
Cardiac Resynchronization Therapy in Atrial Fibrillation Patients 
Multinational Registry (CERTIFY) study were published.53 The 
study reported the clinical outcome of CRT patients with permanent 
AF undergoing CRT implantation followed by AVJ ablation (n=443) 
or pharmacological rate control (n=895) compared with patients in 
SR (n=6046). After a median follow-up of 37 months total mortality 
(6.8 vs. 6.1 per 100 patient-years) and cardiac mortality (4.2 vs. 4.0) 
were similar for those with AF+AVJ ablation. On the contrary, the 
AF+drug group had a significantly higher total and cardiac mortality 
than the sinus rhythm (SR) group (11.3 and 8.1 respectively; 
P<0.001). The biventricular pacing capture (by means of device 
counters) in the AF + AVJ ablation group was significantly higher 
than the AF+drug group (96±6% vs. 87±14%; P<0.001), reinforcing 
the importance of achieving a high percentage of biventricular 
capture, particularly in AF patients (the SR group presented 92±13% 
biventricular pacing). Interestingly, in the same year a single-center 
prospective observational study,54 including 155 patients with 
permanent AF treated with CRT, found that AVJ block (either 
spontaneous or ablation induced) did not improve survival at a mean 
follow-up of 30 months. The contradictory results could be explained 
insufficient statistical power with a study population of only 155 
patients and a lower baseline LVEF.55 Future randomized controlled 
trials, comparing the 2 rate-control strategies, are in great need and if 
such trials would prove AVJ ablation superior to medical rate-control 
we might see an ablate and CRT pace strategy becoming increasingly 

Table 3: Clinical cohort studies comparing pharmacological rate control vs. AVJ ablation (AVJA) in HF patients with concomitant permanent AF receiving CRT 
(NYHA II-IV, LVEF ≤35% and QRSd ≥120ms)

Study (year) Intervention 
groups (n)

Follow-up 
(months)

AVJA criteria %BVP Results

Gasparini56 
2006

CRT-SR (511)
CRT-AF-AVJA 
(114)
CRT-AF-drug (48)

Prospective
25.2±18 months

BVP <85% at 2 
months follow-up

CRT-SR: 98.5±1.8%
CRT-AF-AVJA: 98.4±2.1%
CRT-AF-Meds: 88.2±3.1%

-CRT significantly improved LVEF, LVESV, NYHA class, functional capacity score in both 
CRT-SR and CRT-AF-AVJA/Meds groups
-CRT-AF-AVJA group, and not CRT-AF-drug group, showed significant improvements in 
LVEF, LVESV and functional capacity score
-Significantly higher rate of responders in CRT-AF-AVJA group (68%) than CRT-AF-drug 
group (18%)

Ferreira57

2008
CRT-SR (78)
CRT-AF-AVJA (26)
CRT-AF-drug (27)

Retrospective
6 months

Not specified CRT-SR: 95±13%
CRT-AF-AVJA: 98±6%
CRT-AF-Meds: 87±19%

-CRT significantly improved NYHA class in both CRT-SR and CRT-AF-AVJA/drug groups
-Significantly higher rate of responders in CRT-AF-AVJA group (85%) than in CRT-AF-drug 
group (85% vs. 52%; P<0.008)
-CRT-AF-drug was independently associated with higher mortality (HR 5.22; CI: 1.60-
17.01; P=0.006)

Gasparini58 
2008

CRT-SR (1042)
CRT-AF-AVJA 
(118)
CRT-AF-drug (125)

Retrospective
34 (10-40) 
months

BVP <85% at 2 
months follow-up

CRT-SR: not reported
CRT-AF-AVJA: 98.7±1.8%
CRT-AF-Meds: 89.4±2.4%

-CRT-AF-AVJA/drug and CRT-SR groups showed similar total mortality (8.4 vs. 8.9 per 
100 person-year)
-CRT-AF-AVJA group showed significantly higher overall survival compared to CRT-AV-
drug, primarily by reducing HF death (4.3 vs. 15.2 per 100 person-year; P<0.001)

Dong59

2010*
CRT-AF-AVJA (45)
CRT-AF-drug (109)

Retrospective
2.1 (1.4-3.0) 
years

Not specified CRT-AF-AVJA: 99.0%
CRT-AF-Meds: 96.5%

-CRT improved LVEF (8.1% vs. 6.8%) and LVEDD (-0.7 vs. -0.4) in both CRT-AF-AVJA and 
CRT-AF-drug groups with no significant intergroup differences
-Improvement in NYHA class was significantly greater in CRT-AF-AVJA group than CRT-
AV-drug group (-0.7 vs. -0.4; P=0.04)
-CRT-AF-AVJA was associated with increased survival (HR 0.13; CI 0.03-0.58; P=0.007)

Gasparini53

2013
CRT-SR (6046)
CRT-AF-AVJA 
(443)
CRT-AF-drug (895)

Prospective
37 (14-58) 
months

BVP <85% and/
or inadequate 
clinical response 
at 3 months 
follow-up

CRT-SR: not reported
CRT-AF-AVJA: 96±6%
CRT-AF-Meds: 87±14%

-CRT-AF-AVJA/drug and CRT-SR groups showed similar total mortality (6.8 vs. 6.1 per 
100 person-year) and cardiac mortality (4.2 vs. 4.0)
-CRT-AF-drug was associated with significantly higher total mortality (HR 1.52; CI 1.26-
1.82; P<0.001) and cardiac mortality (HR 1.57; CI 1.27-1.94; P<0.001) 

Tolosana54

2013**
CRT-AF-AV 
Block*** (76)
CRT-AF-drug (79)

Prospective
30 (13-51) 
months

BVP <85% at 45 
days follow-up

CRT-AF-AVJA: 97±4%
CRT-AF-Meds: 94±5%

AV Block did not improve overall and cardiovascular mortality in CRT-AF patients

*88% permanent AF; **Only NYHA class III-IV; ***72% AVJA and 28% spontaneous AV block; BVP = biventricular pacing; CI = confidence interval; CRT = cardiac resynchronization therapy; HF = heart 
failure; HR = hazard ratio; LVEDD = left ventricular end-diastolic diameter; LVEF = left ventricular ejection fraction; LVESV = left ventricular end-systolic volume; NYHA = New York Heart Association 
functional class; QRSd = QRS complex duration; SR = sinus rhythm.
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