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Abstract

Congestive heart failure (CHF) and atrial fibrillation (AF) are two increasingly common conditions that predis-
pose to each other and frequently coexist. Cardiac resynchronization therapy (CRT) has emerged as an important
therapeutic modality for selected patients with end-stage CHF. However, despite the high prevalence of AF in
patients eligible for CRT, almost all the randomized clinical trials that validated the benefit of resynchronization
therapy excluded patients with preexisting AF. In this review, we examine the available evidence on the benefits
and limitations of CRT in patients with AF and discuss recent data that narrowed the knowledge gap on this topic.

Introduction

Cardiac resynchronization therapy (CRT) is now
a well established treatment for selected patients
with advanced chronic heart failure (CHF), hav-
ing shown to reduce morbidity and mortality
when combined with optimal pharmacotherapy. *
Since the prevalence of atrial fibrillation (AF) par-
allels the severity of CHF (from 10% in patients in
New York Heart Association (NYHA) class II up
to 50% in NYHA class IV), ? it is not surprising
that many candidates for CRT have AF. Indeed,
patients with AF make up 20-30% of CRT recipi-
ents in clinical practice.’* The development of AF
in the CHF patient also heralds a worse prognosis,
nearly doubling the risk of death,” even though
there is no consensus as to whether AF is an in-
dependent risk factor or just a marker of more
advanced disease. Nevertheless, and despite the
high prevalence of this arrhythmia among pa-
tients eligible for CRT, almost all the randomized
clinical trials that validated the benefit of resyn-
chronization therapy have excluded subjects with
preexisting AF. This gap in CRT science is yet to
be filled, but was somehow mitigated by several
observational studies with encouraging findings,

springing the recent class Ila recommendation
for CHF patients with AF who otherwise qualify
for CRT.*7 In this review, we examine the avail-
able evidence on the benefits and limitations of
CRT in patients with AF and discuss recent data
that narrowed the knowledge gap on this topic.

Why is Atrial Fibrillation Relevant for Pa-
tients Receiving CRT?

AF poses a number of challenges for adequate CRT
delivery. Patients with AF have no AV synchrony,
precluding coordinated AV pacing with appropri-
ately programmed AV intervals. Moreover, these
patients often have highly irregular and fast ven-
tricular rates, particularly during exertion. In these
circumstances, spontaneous ventricular rate tends
to override biventricular pacing rates, causing a
reduction of paced beats precisely when patients
most need it. ® Special programming features have
been developed to overtake spontaneous rhythm
in these circumstances,’ including Ventricular Rate
Regularization™, Ventricular Sense Response™,
and Conducted AF Response™. However, some of
these programming features increase biventricular
pacing at the expense of higher ventricular rates,
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and their benefits remain to be proven. So, the net
result of rhythm irregularity and fast ventricular
rates is a decrease in biventricular pacing deliv-
ery, the cornerstone of resynchronization therapy.

How Important is the Percentage of Biven-
tricular Pacing?

Our knowledge on the relationship between the
percentage of biventricular pacing and the clinical
benefit of CRT had recent advances. Earlier stud-
ies arbitrarily defined adequate biventricular pac-
ing as >85% capture,'® ! but it soon became appar-
ent that an even greater degree of biventricular
pacing might be required for optimal results. This
conclusion stemmed from several observational
studies showing that near-maximal biventricular
captureisrequired torealize all the benefits of CRT,
both in sinus rhythm and in atrial fibrillation.'*"”
The largest of these studies followed up a cohort
of more than 30,000 patients in a remote-monitor-
ing network.” Higher percentages of biventricu-
lar pacing were associated with lower mortality
and fewer heart failure symptoms. The optimal
cut-point that divided the patient population into
two pacing groups with maximally different sur-
vival patterns was 98.5%. Interestingly, this high
cut-point value was also valid for patients with
AF (defined here as >0.5% of atrial sensed beats
at rates greater than 180 beats/min). This study
raised the goal of biventricular pacing even fur-
ther by showing that subjects with a biventricular
pacing percentage above 99.6% experienced a 24%
reduction in mortality compared with other quar-
tile groups, while those with <94.8% had a 19% in-
crease in mortality. The reasons behind this brisk
decline in CRT benefit when biventricular capture
rates drop below near-maximal values are still un-
clear, but this high threshold emphasizes the need
to achieve biventricular pacing as close to 100% as
possible. It is interesting to note that both AF and
low biventricular pacing rates are independently
associated with worse outcomes,'*!” thus suggest-
ing that AF may have a dual impact on prognosis,
both as a component of more advanced cardiomy-
opathy and as a determinant of poor biventricu-
lar pacing rates that hamper response to therapy.

An important limitation of these analyses (and
also a common difficulty in clinical practice) is that
even when pacing is delivered, many ventricular

complexes may be fused or pseudo-fused, making
pacing capture percentages retrieved from CRT
devicesinaccurate and an overestimate of effective
pacing capture.’ ® It is also possible that the loss
of biventricular pacing may be a marker of dete-
riorating cardiac function, since it may be caused
by other factors associated with worse outcome,
such as nonsustained ventricular tachycardia and
premature ventricular contractions. This could
help explain why very small reductions in the
percentage of biventricular pacing relate to poorer
outcomes. " Studies in which the actual cause for
decreased biventricular pacing can be ascertained
and the degree of fusion and pseudofusion accu-
rately quantified are needed to settle these issues.

WhatistheImpactof AFontheBenefitof CRT?
Does AF Preclude Clinical Response to CRT?

Large-scale randomized clinical trials have vali-
dated the use of CRT in patients with significant
systolic dysfunction, symptomatic CHF despite
optimized medical therapy, prolonged QRS du-
ration, and sinus rhythm. The established benefits
include improvements in symptoms, exercise ca-
pacity, left ventricular systolic function, and ul-
timately, prognosis. » %2 Whether or not these
benefits can be extended to patients with AF has
been a matter of study and debate in these last
few years, encouraged by initial reports showing
a beneficial acute effect of CRT on hemodynam-
ic parameters.” % In the absence of randomized
controlled trials of CRT vs. no CRT in patients
with AF, our knowledge on this subject comes
essentially from surrogates such as observation-
al studies and comparisons between patients
in AF vs. patients in sinus rhythm among CRT
recipients. Their findings on mortality and re-
sponsiveness to CRT are summarized in Table 1.

A recent meta-analysis of 23 observational stud-
ies including a total of 1,912 CRT recipients with
a history of AF suggests that, while patients with
AF benefit from CRT, they are at increased risk for
adverse outcomes when compared to similar pa-
tients with sinus rhythm.* AF was a predictor of
all-cause mortality (pooled RR 1.50; 95% CI 1.08-
2.09) and was also associated with an increased
risk of nonresponse to CRT (pooled relative risk
[RR] 1.32; 95% confidence interval [CI] 1.12-1.55),
even though the definition of response to CRT
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Table 1: Studies reporting the effect of CRT on the functional class of patients with AF, and the impact of AF on
mortality and nonresponse to CRT. SR: sinus rhythm; RR: relative risk; NR: not reported. * p<0.05 in all the studies.

Sample Size % undergoing | Follow up NYHA in AF patients * Impact of AF : RR (95% CI)
Sty Year SR(%) AF(%) LA EL TN (Eoate o) Baseline | Follow-up Mortality Nonresponse
Leclercq 2000 22(59) 15(41) 100% 14 88508 22+0.7 1.83(0.59-5.73) NR
Linde 2002 67(51) 64(49) 63% 12 3.0+0.0 22+0.5 1.14 (0.54-2.40) NR
Molhoek | 2004 30(50) 30(50) 57% 22 33+04 24+08 2.33(0.67-8.18) | 1.83(0.78-4.32)
Gasparini | 2006 511(76) | 162(24) 70% 25 NR NR NR 1.28 (0.98-1.68)
Delnoy 2007 162(63) 96(37) 25% 23 29+0.6 21+0.8 | 0.72(0.31-1.67) 1.03(0.82-1.31)
Buck 2008 58(51) 56(49) 2% 18 NR NR NR 1.33(0.74-2.41)
Ferreira | 2008 78(60) 53(40) 49% 29 3.0+05 22+06 7.36(1.68-32.25) | 1.56 (0.87-2.81)
Gasparini | 2008 | 1042(81) | 243(19) 49% 34 NR NR 0.98(0.72-1.35) NR
Khadjooi | 2008 | 209(71) 86(29) 0% 23 3305 | 20+08 | 1.24(0.85-1.81) NR
Tolosana | 2008 344 (73) | 126 (27) 15% 12 NR NR 2.16 1.23-3.81) 1.38(1.06-1.79)
Wilton 2011 73 (78) 20 (22) 11% 34 NR NR 4.46(1.61-12.32) | 0.92(0.44-1.93)

differed widely among studies. The effects of CRT
on softer endpoints have also been reported in
several observational studies including patients
with AF. Quality of life was assessed in seven
studies reporting changes in the Minnesota Living
with Heart Failure (MLWHEF) score. All showed
improved scores in CRT recipients with AF, even
though the pooled mean reduction was 4.1 points
less than in those without AF (95% CI 1.7 - 6.6). ¥
The same was true for exercise capacity, where pa-
tients with AF experienced a weighted mean im-
provement in 6-minute walking distance of 63m,
which was 14.1m smaller (95% CI 0.0 - 28.2) than
in those without AF.? Data on hospitalizations for
CHF are only available from four studies. Three
of these suggest that CRT in patients with AF de-
creases hospitalization rates, ' *? while another
one suggests that patients with AF not submitted
to ablation of the atrioventricular junction (AV])
are at increased risk for hospitalization compared
to patients in sinus rhythm. * Finally, most stud-
ies show significant improvements in left ven-
tricular ejection fraction (LVEF)!*!% 2 2 3157which
seem independent from heart rhythm, with no
consistent difference in LVEF change between pa-

tients with AF and patients with sinus rhythm.*”

So, there is some evidence that, even though their
prognosis is poorer, patients with AF do benefit
from CRT in terms of symptomatic improve-
ment and, possibly, mortality. Nevertheless, it
remains unclear whether the worse prognosis of
CRT recipients with AF is the result of reduced
response to CRT or merely the reflection of
greater baseline risk. There are also reasons why
CRT might work particularly well in patients
with AF, provided that biventricular pacing de-
livery is assured. Rhythm regularization, rate
slowing, simpler programming and the need
for less leads are among those reasons. More
importantly, the extent to which the benefits of
CRT depend upon performing ablation of the
atrioventricular junction (AV]) is still uncertain.

What is the Role of Atrioventricular Node
Ablation?

Perhaps the most controversial issue regarding
CRT in patients with AF is whether optimal rate
control should be achieved pharmacologically
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Table 2: Observational studies assessing CRT response according
to the use of AV] ablation. BiV: percentage of biventricular pacing.

Number o oo g
Study E; m::f;n(:z submitted to AV] Crltae]zllztfi(())rnAV] Tm;;lli t(i)(fn?vj Benefits of AV] ablation
Y ablation (%)
Molhoek 30 17 (57) Not reported 18 + 6 months pre-CRT | Reduced risk of non-responsiveness
Improvement in functional class
Gasparini 159 114 (70) BiV <85% 2 months post-CRT and echocardiographic parameters
restricted to AV] ablation group
. Independently associated with
Ferreira 53 26 (49) Low BiV or ICD Pre-, at, or post-CRT less risk of non-responsiveness,
shock due to AF - .
hospitalization and cardiac death
. . o Independently associated with less
Gasparini 243 118 (49) BiV <85% 2 months post-CRT risk of death (particularly due to HF)
Schutte 36 9 (25) BiV <90% Not reported No effect
Independently associated with
Dong 154 45 (29) Not reported Median -13 days less risk of death; Improvement in
functional class

or nonpharmacologically by ablation of the AV].
The potential benefits of AV] ablation include
rhythm regularization by optimizing the alterna-
tion of systolic and diastolic phases of the cardiac
cycle, * lower heart rates favoring diastolic per-
formance,” the avoidance of rate control drugs
with potential deleterious effects®™ * and, of
course, the nearly complete biventricular capture.
The main arguments against AV] ablation are
lifelong pacemaker dependency and the possible
restoration of sinus rhythm with prolonged CRT.
Six observational studies' 3% 34142 followed 675
patients with atrial fibrillation and assessed the
response to CRT according to the use of AV] abla-
tion (Table 2). AV] ablation was performed in 49%
of the patients (ranging from 25% to 70%) based
on different criteria. Only one small study found
no benefit of AV] ablation. 3 The remainder re-
ported improvements in functional capacity and
left ventricular function. One of the largest stud-
ies suggested that only patients submitted to AV]
ablation had significant benefit as far as left ven-
tricular ejection fraction (LVEF), left ventricular
end-systolic volume and exercise tolerance were
concerned.'’ AV] ablation was also independently
associated with a survival advantage in three of
these studies.” *"'*> A recent meta-analysis further
underlined the importance of AV] ablation, as-
sociating it with a lower risk of non-response to
CRT (pooled RR 0.40, 95% CI 0.28-0.58; P<0.001).”
These findings, taken together with the increas-
ingly recognized importance of near-maximal
biventricular capture, suggest that the threshold

for performing AV] ablation should be low. Nev-
ertheless, robust randomized clinical trials are
needed to confirm these results and help us un-
derstand who should undergo AV] ablation and
when.®® Meanwhile, it seems reasonable not to
perform AV] ablation systematically at the time of
CRT implantation, but instead to perform it a few
weeks later if biventricular pacing is suboptimal
(<95-99%) despite adequate pharmacological op-
timization of ventricular heart rate. Holter moni-
toring and exercise testing can provide accurate
and useful information on biventricular pacing
rates in order to make informed decisions.'** The
situation is somewhat clearer for patients with AF
and CHF who require conventional pacing for
other reasons, including those undergoing abla-
tion of the atrioventricular junction (AV]) for rate
control purposes. The benefit of biventricular pac-
ing in these circumstances has been demonstrated
in several randomized clinical trials.! 4

Finally, a rhythm control strategy with pulmonary
vein isolation should also be considered. There is
some evidence that sinus rhythm is desirable in
patients with heart failure and that catheter abla-
tion is effective in achieving it and improving the
patient’s overall condition.” The future may hold
a greater role for ablation, as new technology al-
lows faster, more efficient, and safer procedures.”
For the time being, a recent meta-analysis of AF
catheter ablation in patients with systolic left ven-
tricular dysfunction showed significant improve-
ment in LVEF, albeit with considerable heteroge-
neity among the analyzed studies regarding the
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extent of this improvement.”> More specifically,
the PABA-CHF study was a randomized con-
trolled trial comparing pulmonary vein isolation
(PVI) with the combination of AV] ablation and
biventricular pacing for patients with symptom-
atic AF and an ejection fraction of 40% or less.”
Catheter ablation of AF was superior to CRT with
AV] ablation regarding improvements in LVEF,
exercise capacity and quality of life. These results
suggest that PVI may be a third option for patients
with AF receiving CRT, apart from AV] ablation
and pharmacological therapy. A randomized
controlled trial assessing these three alternatives
would be most welcome.

Conclusions

Current evidence suggests that CRT is effective in
patients with AF, even though its benefits may be
less pronounced than in patients without AF. Near-
maximal biventricular pacing rates seem crucial to
attain the best possible outcome, but these are often
difficult to achieve in AF patients unless AV] abla-
tion is performed or sinus rhythm is restored. Pro-
spective randomized studies to confirm the benefit
of CRT in AF patients and assess the roles of AV]
ablation and pulmonary vein isolation are needed.
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