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Abstract

Cardiac resynchronization (CRT) therapy is indicated in patients with at least mildly symptomatic heart 
failure, left ventricular ejection fraction ≤35% and wide QRS, and has been associated with decreased 
morbidity and mortality. Unfortunately, approximately 30% of the patients appropriately selected for 
therapy do not respond to CRT. Among the reasons for non-response, atrial fibrillation (AF) plays a 
prominent role. AF limits the degree of biventricular pacing during CRT, not only when the ventricular 
rate is fast and highly irregular, but also during periods of of relatively constant rate, by causing fusion 
and pseudo-fusion complexes. Importantly, achievement of nearly 100% biventricular pacing is neces-
sary to derive benefit from CRT. A simple, albeit irreversible, method to maximize biventricular pacing 
in patients with AF who are otherwise eligible for CRT is atrioventricular junction (AVJ) ablation. In 
this review, we discuss the role of AVJ ablation in CRT optimization in patients with AF. The available 
evidence from observational non-randomized studies suggests that AVJ ablation in patients with AF 
qualifying for CRT may offer improvement in heart failure symptoms, better survival, and better cardiac 
function.  In light of the inherent limitations of non-randomized studies, further randomized studies are 
needed to support this treatment option.
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Introduction 

Heart failure (HF) is a significant cause of mortal-
ity and morbidity in the United States.  In 2010, 
the estimated prevalence in adults over 18 years 
of age was 2.8%, and by 2030 the prevalence is 
projected to grow by 25% 1 While optimal phar-
macologic therapy has been shown to reduce HF 
symptoms and mortality, many patients still re-
main symptomatic and need additional interven-
tions.2  In patients with at least mildly symptom-
atic HF (New York Heart Association [NYHA] 

class II to IV), left ventricular (LV) ejection fraction 
≤35%, wide QRS with a left bundle branch block 
(LBBB) morphology and sinus rhythm, cardiac 
resynchronization therapy (CRT) is indicated3 

CRT has been shown to improve functional sta-
tus, increase exercise capacity, decrease hospital-
izations, and reduce mortality in HF patients that 
meet implant criteria. 4-8

Unfortunately, about 30% of patients who are ap-
propriately selected for therapy, do not respond 
to CRT.9 Several predictors of non-response have 
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been identified, including male gender, ischemic 
cardiomyopathy, QRS duration <150ms and non-
LBBB pattern.10-13 Other studies have identified 
apical LV lead position ,14 presence of lateral LV 
scar 15 and impaired renal function 16  as reasons 
for a lack of response to CRT.  Atrial fibrillation 
(AF) is another possible cause of poor response to 
CRT ,17as patients with AF do not derive as large a 
benefit as patients with sinus rhythm do.  This is 
unfortunate for several reasons.  First, at least 25% 
of patients eligible for CRT have AF.18,19  Further-
more, since HF and AF share similar risk factors, 
about 40% of patients with AF or HF will develop 
the other condition 1, and the prevalence of AF 
is related to worsening NYHA class.18 The lack of 
a definitive benefit of CRT in patients with AF is 
reflected in the current ACCF/AHA/HRS guide-
lines, which require the presence of sinus rhythm 
for a class I indication .3

Atrial Fibrillation and CRT Response

Achievement of nearly 100% biventricular pacing 
has been the holy grail of CRT. In a study of more 
than 36,000 patients (most of whom were in sinus 
rhythm) who underwent CRT implantation and 
were enrolled in a remote monitoring program, 
there was a direct relationship between the per-
centage of biventricular pacing and mortality, 
with incremental increases in mortality benefit 
observed with an increasing percentage of biven-
tricular pacing, whereas AF limited the degree of 
biventricular pacing .20 In another study, the pres-
ence of atrial arrhythmias was associated with a 
less-than-optimal degree of biventricular pacing, 
which in turn limits the efficacy of CRT.21 AF lim-
its the degree of biventricular pacing, not only 
when the rate is fast and highly irregular, but also 
during periods of relatively constant rate, by caus-
ing fusion and pseudo-fusion complexes .22 While 
slower ventricular rates help increase the degree 
of biventricular pacing, even modest increases in 
ventricular rates have been shown to reduce the 
benefit of CRT .23 Moreover, the absence of regu-
lar, organized atrial activity, and the loss of atrio-
ventricular synchrony in the presence of AF, may 
adversely influence the response to CRT .17,23

Most of the randomized controlled CRT trials in-
cluded only patients with sinus rhythm.3 There-
fore, evidence for the benefit of CRT in patients 
with AF has been derived from mostly observa-

tional studies,24-32  whereas only two randomized 
controlled trials included patients with AF.5,33  
An acute hemodynamic study of biventricular 
pacing in patients with HF and LBBB, in either 
sinus rhythm or AF, revealed a similar degree 
of improvement in pulmonary capillary wedge 
pressure, V-wave amplitude  and systolic blood 
pressure in both groups, suggesting that biven-
tricular pacing may be beneficial in patients with 
HF regardless of whether or not they are in sinus 
rhythm.34 A few small preliminary studies indi-
cated that CRT may improve symptoms and ex-
ercise tolerance 35,36 and induce reverse LV remod-
eling 36 at 1 year in patients with HF and wide 
QRS, regardless of the presence of AF. However, 
despite aggressive rate control to ensure adequate 
biventricular pacing, reverse LV remodeling was 
less prominent in the AF group in the latter study 
,36 whereas in the former study, atrioventricular 
junction (AVJ) ablation was performed systemati-
cally in all patients with AF, in order to achieve 
complete and permanent biventricular pacing .35 
Of note, AF was associated with an increased risk 
of death at follow-up in both studies .35,36

In the first randomized controlled trial to include 
patients with AF, the Multisite Stimulation in 
Cardiomyopathy (MUSTIC) study, the benefit 
of CRT in surrogate markers, including exercise 
tolerance, peak oxygen uptake, quality of life and 
NYHA class was observed equally in the AF and 
sinus rhythm groups at 12 months follow up.33 
However this study did not offer definitive evi-
dence as the sample size was small and it was not 
powered to examine differences between sub-
groups. In a pre-specified secondary analysis of 
the Resynchronization/Defibrillation for Ambu-
latory Heart Failure Trial (RAFT), the effect of 
CRT was examined in a subgroup of patients with 
permanent atrial fibrillation who received either 
an implantable cardioverter defibrillator (ICD) or 
CRT-ICD.  In this analysis, there was no clear im-
provement in any clinical or surrogate outcome in 
the CRT-ICD group compared to the ICD group.  
AF was associated with a higher risk of death, 
but there was a trend towards reduced HF hos-
pitalizations in the CRT-ICD group. 37  However, 
the trial was underpowered to detect moderate 
treatment effect differences, and only one third 
of patients received more than 95% biventricular 
pacing, suggesting that the effect of CRT was not 
maximized.
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To summarize the available evidence on the effi-
cacy of CRT in patients with AF compared to those 
in SR, Wilton et al.38  conducted a meta-analysis on 
23 observational  studies, including 7,495 CRT re-
cipients (25.5% with AF).  In five of the included 
studies, clinical response was defined as improve-
ment in one functional class and survival over 6 to 
12 months.  The remainder of the studies used a 
10% improvement in 6-minute walk distance or a 
15% improvement in quality of life score. Patients 
with AF had a significantly higher risk of non-re-
sponse to CRT and all-cause mortality compared 
to those in sinus rhythm.38  Likewise, AF was asso-
ciated with an attenuated improvement in 6 min-
ute walk distance, quality of life and LV end-sys-
tolic volume.   Importantly, among patients with 
AF, AVJ ablation was associated with a lower risk 
of CRT non-response, as well as improved surviv-
al. In another meta-analysis of prospective cohort 
studies, Upadhyay et al.39  examined the differen-
tial impact of CRT for patients in AF and sinus 
rhythm.  Five studies met their inclusion criteria, 
four of which were prospective cohort studies and 
one was a subgroup of a randomized clinical tri-
al.  The use of AVJ ablation in this meta-analysis 
varied from 22% 24 to 100%.35  Only two of the 
studies mentioned biventricular capture rates.  
Specifically, Gasparini et al. 28 reported a 75% 
biventricular capture rate and Molhoek et al. 31 
reported 82% capture rate.  They concluded that 
while patients with AF derive benefit from CRT, 
they have smaller functional improvements com-
pared to thise in sinus rhythm.  Specifically, while 
both groups had improvement in the 6-minute 
walk test, those in sinus rhythm patients walked 
11.6 m farther on average.  Similarly, both groups 
showed improvement in the quality of life as mea-
sured by the Minnesota Living with HF question-
naire, but those in in sinus rhythm showed more 
relative improvement. In summary, the presence 
of AF is associated with an attenuated response 
to CRT, in part because of the inability to achieve 
almost complete biventricular pacing. A simple, 
albeit irreversible, method to maximize biventric-
ular pacing is AVJ ablation.

AVJ Ablation to Maximize CRT Response In 
Patients with AF

The importance of biventricular capture in pa-
tients with CRT cannot be overstated.  Current ev-
idence suggests that a high degree of biventricular 

pacing is necessary in order to derive benefit from 
CRT. Analysis of the LATITUDE remote monitor-
ing network ,which followed more than 36,000 
CRT patients, showed a 27% reduction in mortal-
ity compared to all other groups when biventricu-
lar pacing was achieved in excess of 98% .20  Most 
of these patients, however, were predominantly in 
sinus rhythm.  In a subgroup analysis of patients 
with atrial arrhythmias from the RENEWAL and 
REFLEX trials, those with biventricular pacing 
percentages more than 92% had a reduced haz-
ard ratio of heart failure events compared to those 
with less than 92% biventricular pacing.21   

As described above, fast and irregular AF poses 
a significant challenge to achieving effective CRT 
by reducing the degree of biventricular pacing. 
Another challenge, which is often overlooked, 
arises when the percentage of biventricular pac-
ing taken directly from the device counter does 
not accurately represent effective CRT.  Kamath et 
al.40 placed Holter monitors on AF patients with 
CRT devices.  In this analysis, a high percentage 
of pseudo-fusion and fusion beats in patients with 
AF were seen that the device counters labeled as 
biventricular paced beats.  These beats likely do 
not deliver the true mechanical benefit of a biven-
tricular paced beat, which further advocates for 
more complete resynchronization in AF patients 
with CRT.

AVJ ablation was reported as a successful pro-
cedure with a low incidence of complications in 
1991 by Yeun-Lai-Wah et al. 41 for the treatment 
of supraventricular tachycardias, around the 
same time that radiofrequency catheter ablation 
started to be used for mapping and ablation of 
Wolff-Parkinson-White syndrome.42 AVJ ablation 
continues to be used for the maintenance of ap-
propriate ventricular rate control in AF patients, 
but usually only as a final option ,43-45  mostly be-
cause of the irreversible nature of the procedure 
and the possible long-term consequences.  Inap-
propriate ICD therapies may not be resolved com-
pletely after AVJ ablation, but since inappropriate 
therapies compose about 30% of all ICD interven-
tions, this secondary benefit may have more long 
term quality of life improvements. 46

A recent meta-analysis by Ganesan et al.47  sys-
tematically examined the role of AVJ ablation in-
patients with coexistent AF and HF undergoing 
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CRT.  Six observational non-randomized cohort 
studies, including 768 patients (339 patients who 
underwent AVJ ablation and 429 who received 
medical therapy aimed at rate control alone) were 
included in the analysis. AVJ ablation was associ-
ated with a significant reduction in all-cause and 
cardiovascular mortality, as well as improvement 
in NYHA Class when compared to medical man-
agement alone.47 In another meta-analysis, Wilton 
et al. reviewed five studies comparing CRT out-
comes by use of AVJ ablation in AF patients with 
HF, low LV ejection fraction (<35%) and wide QRS 
(>120ms).  In these studies, patients were selected 
for AVJ ablation based on inability to achieve at 
least 85% to 90% biventricular pacing, while the 
timing of AVJ ablation varied from either before 
or after CRT implantation. AVJ ablation was as-
sociated with a lower risk of CRT non-response. 
Moreover, improved survival with AVJ ablation 
was seen in two studies, independent of other fac-
tors .38

Notwithstanding the limitations of non-random-
ized trials, these analyses suggest that AVJ abla-
tion is associated with improved outcomes in 
patients with AF who otherwise meet criteria for 
CRT. Further randomized trials are warranted to 
confirm these findings. Importantly, the degree of 
biventricular pacing in the two groups should be 
systematically assessed and correlated with clini-
cal outcomes in a pre-specified analysis. Evidence 
from non-randomized trials supports the notion 
that the benefit of CRT may be equal in patients 
with sinus rhythm and those with AF who un-
dergo AVJ ablation. Tolosana et al.19 performed 
an observational prospective multicenter study in 
202 patients who received CRT for symptomatic 
heart failure despite optimal drug therapy, LV 
ejection fraction less than 35%, and a QRS dura-
tion more than 120ms. Patients were grouped ac-
cording to their intrinsic rhythm. If biventricular 
pacing was ≤85% in the first 2 months, AVJ abla-
tion was recommended for patients in AF. In the 
group of patients with AF, 28% required AVJ abla-
tion after maximizing negative chronotropic drug 
therapy. After one year of therapy, the percentage 
of biventricular pacing was similar in all three 
groups (sinus rhythm, AF, AF/AVJ ablation). , 
Importantly, there was no difference in the per-
centage of response, defined as ≥ 10% reduction in 
left ventricular end-systolic volume at 12 months 

between patients in sinus rhythm and AF.  None-
theless, the mortality was higher in patients with 
AF .19 These results are consistent with those of a 
previous trial, in which CRT resulted in a simi-
lar benefit among patients with sinus rhythm and 
AF, when AVJ ablation was performed systemati-
cally in all patients in the latter group, in order to 
maximize biventricular pacing.35

The above information taken together seems 
to suggest that the benefit of AVJ ablation by 
maximizing effective CRT outweighs the risk of 
pacemaker dependency.  Hopefully, continued 
advancements in bipolar pacing strategies will 
reduce this fear in patients who may benefit the 
most from this strategy. The importance of effec-
tive delivery of CRT in patients with AF is reflect-
ed in the current ACCF/AHA/HRS guidelines, 
which indicate that CRT can be useful in patients 
with AF and low LV ejection fraction who other-
wise meet CRT criteria, only if AVJ ablation or 
pharmacologic rate control will allow near 100% 
ventricular pacing with CRT (class IIa) .3

CRT Use After AVJ Ablation For Refactory 
AF

As previously mentioned, AVJ ablation with per-
manent pacing has been used in patients with 
symptomatic AF with difficult to control high 
ventricular rates. The optimal pacing modality in 
these patients is still a matter of debate.  In this 
subgroup of patients, a few studies have com-
pared RV pacing versus CRT in patients under-
going AVJ ablation for refractory AF.48-52  Some 
studies suggested that CRT might be more benefi-
cial than RV pacing in such patients,48,50-52 whereas 
some failed to show an additional benefit of CRT 
beyond that conferred by rate regularization.49 

Since most studies evaluated surrogate endpoints 
and were underpowered to evaluate major clini-
cal endpoints, the optimal pacing modality after 
AVJ ablation remains unclear. 

Our group performed a meta-analysis on this 
subject and found 5 randomized controlled tri-
als 48-52 meeting our inclusion criteria.53  The 
majority of the patients included in these studies 
had at least mildly depressed LV ejection fraction 
(<45%) and 50% had a QRS duration of >120ms. 
Our results suggested that CRT for permanent AF 
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after AVJ ablation may be superior to RV pac-
ing.  Specifically, CRT decreased hospitalization 
for heart failure and provided a favorable, albeit 
non-significant, trend in mortality, compared to 
RV pacing. Based on this meta-analysis, we hy-
pothesized that the beneficial effect of CRT was 
a result of reverse LV remodeling, as indicated 
by the significant improvement in LV ejection 
fraction, LV end-systolic and end-diastolic diam-
eters compared to RV pacing. These findings are 
consistent with previous studies, showing that 
the beneficial effects of CRT are associated with 
improvement of cardiac structure and function 
through reverse LV remodeling 54,55 Although 
these results are encouraging, they cannot be 

considered definitive. Importantly, the evidence 
supporting use of CRT after AVJ ablation in pa-
tients with normal LV ejection fraction is sparse, 
even though the benefit of CRT was seen irrespec-
tive of LV ejection fraction or NYHA class in one 
study.52 Therefore, a randomized clinical trial, ad-
equately powered to detect clinical outcomes and 
specifically examining patients with normal LV 
ejection fraction, is urgently needed. Based on our 
calculations, a sample size of 1310 patients would 
need to be recruited over a 3-year period with a to-
tal study duration of 5 years (minimum of 2 years 
follow-up for all patients) to provide adequate 
power to detect a difference in mortality between 
the two groups .53

Figure 1:  Recommended strategy for atrioventricular junction (AVJ) ablation in patients with atrial fibrillation (AF) for optimi-
zation of cardiac resynchronization therapy (CRT) based on available evidence.

Conclusions

CRT is a well-studied non-pharmacologic treat-
ment for HF, a disease that is only increasing in 

prevalence.  Atrial fibrillation, among other factors, 
may have a negative impact on the clinical benefit 
of CRT by reducing the degree of biventricular pac-
ing.  Based on the knowledge that maximizing bi-
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ventricular pacing reduces mortality, AVJ abla-
tion may be an important treatment in this patient 
population.  Based on the available evidence, we 
recommend the following algorithm for the use 
of AVJ ablation in patients with AF for optimi-
zation of CRT (Figure 1). In patients who other-
wise meet criteria for CRT (NYHA class II to IV, 
LV ejection fraction ≤35%, QRS duration ≥150ms 
with left bundle branch morphology) ,3aggressive 
medical therapy to achieve rate control may be 
tried first. If the degree of biventricular pacing is 
<95% at follow-up, we recommend considering 
AVJ ablation to maximize the response to CRT. In 
patients with symptomatic AF, in whom a deci-
sion was made to perform AVJ ablation, the de-
cision to implant a CRT device may be reserved 
for those who have HF with a low LV ejection 
fraction ≤35%. Given the uncertainty of the value 
of CRT in patients with normal ejection fraction 
and without HF, no firm recommendations can 
be made at this time and the decision to implant 
a CRT in these patients should be individualized. 

In conclusion, the available evidence from obser-
vational non-randomized studies suggests that 
AVJ ablation in patients with AF qualifying for 
CRT may offer improvement in HF symptoms, 
better survival, and better cardiac function.  In 
light of the inherent limitations of non-random-
ized studies, further randomized studies are 
needed to support this treatment option.
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