Role of atrioventricular nodal ablation
and pacemaker therapy in elderly
patients with recurrent atrial fibrillation

Atrial fibrillation (AF) is an increasingly common condition in the aging population that can be difficult
to treat with medical therapy. Tachycardia resulting from AF often results in symptoms, impaired quality
of life and can lead to a tachycardia-mediated cardiomyopathy. When rhythm control and pharmacologic
rate control are ineffective options, atrioventricular nodal ablation may provide a more practical approach
that is both definitive and effective in controlling AF. This article reviews the rationale and current evidence
for atrioventricular nodal ablation combined with pacemaker therapy in elderly patients with recurrent
AF. The evidence and rationale for cardiac resynchronization therapy and future directions are also

described.
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Atrial fibrillation (AF), an increasingly com-
mon condition in the aging population [1], is
responsible for a substantial health burden and
impairment in patient quality of life [2]. The
conduction properties of the atrioventricular
(AV) node determine the ventricular response
of AF, which is rapid (>100 bpm) in many
individuals. Uncontrolled ventricular rates
in the setting of AF often result in symptoms
including dyspnea, palpitations and fatigue.
In some patients, rapid AF can cause hemo-
dynamic instability necessitating urgent medical
attention. Chronic tachycardia resulting from
AF can also lead to a tachycardia-mediated
cardiomyopathy, manifesting in systolic heart
failure. AF is associated with increased morbid-
ity and mortality, frequent hospitalizations and
increased healthcare costs overall, particularly
in the elderly [2].

AF is adisease of the elderly, with nearly three-
quarters of all patients being between the ages
of 65 and 85 years. Interplay between advanc-
ing age, comorbidities, environmental and
genetic factors contribute to the development of
AF (Fieure 1). The prevalence of AF is currently
1-2% and is expected to increase with the aging
population 3.4]. Comorbid medical conditions
associated with AF including hypertension,
heart failure, valvular heart disease, cardio
myopathies, coronary artery disease, obesity,
diabetes mellitus, chronic obstructive pulmo-
nary disease, sleep apnea and chronic kidney
disease are more frequent in the elderly, play
a role in propagating AF, and increase mor-
bidity and mortality [s]. Hospitalizations for
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AF in the USA have increased dramatically
(two- to three-fold) over the last 15 years [6].
As such, the availability of effective and practi-
cal therapies for AF in the elderly patient with
multiple comorbidities will be highly important
in coming years.

The two primary approaches to treatment
of AF are therapies aimed at restoring sinus
thythm (thythm control) and therapies that
control the ventricular response of AF (rate con-
trol) [7]. While pharmacologic agents including
B-blockers, non-dihydropyridine calcium chan-
nel blockers and digoxin are an often used first-
line treatment, there are many AF patients who
either do not respond to these therapies or are
intolerant of them due to side effects.

In the last decade, radiofrequency catheter
ablation of the left atrium has emerged as a rela-
tively successful and commonly used therapy for
restoring sinus rthythm in patients with recurrent
AF. While AF ablation is moderately effective in
preventing recurrence of AF in approximately
70—80% of individuals [s-11], the success rate
from long-term follow-up has not been deter-
mined. Reporting and comparison of outcomes
have been challenging, in part due to the evolv-
ing techniques and technologies in AF abla-
tion over the past decade. The type of outcome
measured, number of procedures and vigor of
follow-up may all impact the apparent success
rate. More recent data from longer follow-up
studies have shown recurrence of AF, particu-
larly in patients with persistent AF, steadily
increases with follow-up time [9]. The efficacy
of AF ablation may further decrease with older
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Figure 1. Atrial fibrillation is a multifactorial condition resulting from an
interaction between cardiovascular disease effects, aging, genetics and
environmental factors.
CAD: Coronary artery disease; COPD: Chronic obstructive pulmonary disease;
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age, left atrial dilation [12], longer duration of
AF, persistent as opposed to paroxysmal AF
and underlying heart disease, making its utility
in an elderly population limited [13]. For these
reasons, combined with an increased risk of AF
ablation procedural complications in the elderly,
AV nodal ablation provides a more practical
approach, which is both definitive and effective
in controlling the symptoms and sequelae of
AF in this population when standard medical
therapy fails.

AV nodal ablation & right ventricular
pacing for AF

Radiofrequency ablation of the AV node com-
bined with permanent right ventricular (RV)
endocardial pacing is a highly effective treat-
ment for controlling the ventricular response of
AF. AV nodal ablation is achieved by inserting
a steerable ablation catheter via the right or left
femoral vein. The tip of the ablation catheter is
positioned in the region of the AV junction in
the right atrium. The location of the catheter
is guided by the fluoroscopic image and by the
configuration of the intracardiac electrograms.
Mapping and localization of the proximal por-
tion of the AV junction is critically important
to ensure a junctional escape rhythm is pos-
sible. When ablation is performed during sinus
rthythm, an ideal ablation site should display a
local electrogram with atrial to ventricular ratio
> 1 and a His bundle signal present on the abla-
tion catheter. When ablation is performed dur-
ing AF, atrial to ventricular ratio is less reliable
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due to the variable amplitude and cycle lengths
of the fibrillation signals. The ideal ablation site
is identified by pulling back the ablation cath-
eter from the His bundle location towards the
AV junction. The local electrogram should have
three components: AF signals, a reproducible His
signal and a far-field ventricular signal. In the
elderly population, junctional rhythm is present
in approximately 70% of patients after success-
ful ablation, when the proximal AV junction can
be localized. RF energy is delivered to the AV
junction until complete heart block is observed
on the intra-cardiac electrogram (Ficure 2). Due
to its invasive nature and the need for permanent
pacing after AV nodal ablation, radiofrequency
ablation has generally been reserved as a last-
line therapy for individuals with permanent
AF who do not respond to or are intolerant of
pharmacologic therapy. The American College
of Cardiology/American Heart Association/
European Society of Cardiology joint guide-
lines support this approach for AF rate control
therapy as class I1a, or one in which the weight
of evidence favors its usefulness [14].

AV nodal ablation is successful in producing
persistent complete heart block in nearly 100%
of cases [15]. As patients are left pacemaker-depen-
dent following AV nodal ablation, a permanent
pacemaker must be implanted prior to the abla-
tion procedure. Rate adaptive pacing is necessary
following AV nodal ablation, to allow for pacing
rate increases in response to higher metabolic
demands using either an activity or physiologic
sensor. The decision to implant single- versus
dual-chamber primarily depends on whether
the patient has periods of sinus rhythm. The
patient with paroxysmal AF and periodic sinus
thythm may benefit from a dual-chamber rate-
adaptive (DDDR) pacemaker in order to main-
tain optimal AV synchrony. DDDR pacemakers
for this purpose should have automatic mode-
switching capability to avoid rapid ventricular
pacing during episodes of AF, which is currently
available in virtually all pacemakers. However,
patients with permanent chronic AF usually do
not derive benefit from the addition of an atrial
lead (due to lack of sinus rhythm) and require
only a single-chamber device with rate-adaptive
capabilities.

The benefits of AV nodal ablation and pace-
maker implantation for recurrent AF have been
shown in several observational studies. AV
nodal ablation in patients with uncontrolled AF
improves quality of life and exercise tolerance,
and decreases both hospital admissions and heart
failure episodes [16-19].
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Advantages in the elderly

Several characteristics of the elderly population
make them particulatly suited to AV nodal abla-
tion as a treatment for recurrent AF. Many issues
are particularly relevant when drug therapy,
either for rate or rhythm control, is considered
in elderly patients. Comorbid medical illnesses
such as hypertension, underlying heart disease,
diabetes, chronic obstructive lung disease,
dementia and other conditions are frequently
present in the elderly. ‘Polypharmacy’ often leads
to increased risk of drug—drug interactions and
low compliance to adhering to the prescribed
drug regimens. Hepatic and renal insufficiency
are not uncommon in the elderly, resulting
in complex pharmacokinetic and pharmaco-
dynamics, which often cause an increased risk of
side effects and complications. As the AV nodal
ablation procedure is relatively simple, safe and
effective in preventing tachycardia, it becomes
an important treatment option for this group of
patients. There is no age limit for nonpharma-
cologic treatment of AF and decisions regarding
patient suitability are best made on an individual
basis. Although yet to be shown in randomized
control trials, it is also anticipated that the AV
nodal ablation/pacemaker approach to treating
AF may reduce hospitalization and drug use as
well as improve symptoms, health-related qual-
ity of life and living independence in the rapidly
growing elderly segment of the population.

Safety issues

Patient safety is an important concern in the con-
sideration of AV nodal ablation and pacemaker
implantation for treatment of AF. Complications
associated with cardiac device implantation are
common and include mechanical device prob-
lems, hematoma, pneumothorax, pericardial
effusion, infection and death. Available data
from published studies suggest an estimated
peri-implantation risk of death of <0.1% (risk of
peri-implantation complications within 30 days
of implant), 4.8% (late complications occurring
between 1 and 12 months) and 2—3% for radio-
frequency ablation and conventional pacing in a
population with mean age of 75 years [2021]. A
meta-analysis of cardiac resynchronization ther-
apy (CRT) studies, with a population of mean
age 65 years, demonstrated an implantation suc-
cess rate of 93-95%, peri-implantation death risk
of 0.3%, peri-implantation complication risk of
4.3% and late complication risk of 5-6% [22]. A
lack of randomized trial data for the AF popula-
tion has left uncertainty as to whether the benefits
of this approach outweigh the risks.
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Figure 2. Atrioventricular nodal ablation. (A) Fluoroscopic image from right
anterior oblique projection demonstrating dual chamber implanted pacemaker
leads in the right atrium and right ventricle, coronary sinus catheter and
radiofrequency ablation catheter in the right atrium via the inferior vena cava.

(B) Atrial fibrillation with rapid ventricular response. (C) Following ablation of the
atrioventricular node, atrial fibrillation no longer conducts to the ventricles and an
escape junctional rhythm at a cycle length of 1200 ms (50 bpm) is present.

Concerns also exist that ablation of the AV
node may be associated with reduced long-
term survival. As AV nodal ablation often
leaves patients with ventricular rates <40 bpm,
patients are often dependent on pacemakers for
adequate cardiac output. As a result, failure of
the pacemaker could potentially lead to death.
In addition, there is concern regarding potential
deleterious effects of long-term RV pacing and
potential increased risk of ventricular arrhythmia
due to AV nodal ablation. These concerns have in
part been abated by a study of 350 patients that
showed similar 3-year survival rates in patients
without underlying heart disease who had under-
gone either AV node ablation or medical therapy
for AF, compared with expected survival of the
general population [23]. Due to a lack of random-
ized trials, there remains a need for further data
describing the effect of AV nodal ablation and
conventional pacemaker therapy on survival [24].

Potential negative effects of
standard RV pacing

RV apical pacing has been used in clinical practice
for over four decades. Although the procedure is
straightforward, with nearly 100% successful lead
placement and a low complication rate, subgroups
of patients from post hoc analysis of various large-
scale trials of pacemakers and implantable cardio-
verter-defibrillators (ICDs) have been observed to
develop heart failure without an identifiable cause
as well as a higher incidence of persistent and
permanent AF [25-28]. As RV endocardial pacing
causes the RV to contract before the left ventricle
(LV), termed interventricular dyssynchrony, it
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has been proposed that it may impair LV systolic
function, reduce functional capacity and even
increase mortality [29], even though LV ejection
fraction is not compromised in the majority of
patients [30]. In patients with significant dyssyn-
chrony due to intrinsic conduction disease or pac-
ing, CRT can improve ventricular synchrony and
mechanical function, making it a consideration
in patients who require long-term pacing. The
potential negative impact of RV apical pacing and
the potential positive impact of CRT pacing after
AV nodal ablation in the elderly population with
AF are known.

Interest of pacing in the RV outflow tract
(RVOT) or on the His bundle has been developed
based on the hypothesis that ventricular contrac-
tile synchrony can be better preserved when pac-
ing in these septal areas [31]. Available clinical data,
often with inconsistent results, have been from
limited, small observation studies using differ-
ent techniques. A recent small study randomized
33 patients receiving CRT for chronic heart failure
to either RVOT or RV apex pacing and found that
the site of pacing had no influence on response
to CRT [32]. These results may be explained by
the fact that pacing merely from the RVOT does
not ensure synchronous contraction. Pacing and
capturing the His bundle in order to mimic physi-
ologic depolarization requires a detailed mapping,
Stability of the ventricular lead could be a limit
ing factor as well. A better understanding of the
mechanisms of RVOT or His bundle pacing and
improved clinical tools will be needed to further
explore the utility of these pacing methods.

Cardiac resynchronization therapy
after AV nodal ablation for AF

Cardiac resynchronization therapy is achieved
with the implantation of an additional pacemaker
lead on the left lateral ventricle via the coronary
sinus and cardiac veins, resulting in improved
ventricular synchrony. This therapy has shown
benefit by reducing morbidity and mortality
in patients in sinus rhythm with symptomatic
systolic heart failure and evidence of ventricular
dyssynchrony based on ECG QRS-duration. The
American College of Cardiology/American Heart
Association/Heart Rhythm Society guidelines
have made the following recommendations:

= CRT is indicated for the treatment of New
York Heart Association (NYHA) class III-IV
HF patients with persistent symptoms despite
optimized medical therapy who have an ejec-
tion fraction <35% and a QRS duration
>120 ms [33];
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= CRT is reasonable for patients with LV ejec-
tion fraction <35%, with NYHA functional
class IIT or ambulatory class IV symptoms,
who are receiving optimal recommended
medical therapy and who have frequent
dependence on ventricular pacing [33];

= CRT may be considered for patients with LV
ejection fraction <35% with NYHA func-
tional class I or IT symptoms who are receiving
optimal recommended medical therapy and
who are undergoing implantation of a perma-
nent pacemaker and/or ICD with anticipated
frequent ventricular pacing [33].

Heart failure often coexists with AF and
the prevalence of AF increases with worsen-
ing NYHA functional class [34]. Observational
studies and small randomized trials support the
value of CRT for improving symptoms and left
ventricular function in patients with poorly con-
trolled AF who have reduced LV systolic function
or heart failure (Tasie 1) [35,36]. In a randomized
controlled trial, patients with symptomatic medi-
cally refractory chronic rapid AF were assigned
to AV nodal ablation with either RV pacing
or CRT. The group with CRT showed greater
improvement in exercise tolerance and greater
preservation of ejection fraction than the group
who received RV pacing [37]. A meta-analysis of
three randomized CRT AF trials [35,38-40] showed
a trend toward improved survival among patients
randomized to CRT but the difference in sur-
vival among patients randomized to CRT versus
RV pacing was not statistically significant [24].

A recent observational cohort study of patients
with AF and heart failure who received CRT
plus defibrillator therapy, showed that AV nodal
ablation to maximize biventricular pacing pro-
vided a greater improvement in NYHA class and
survival benefit compared with drug therapy for
rate control [41]. In 154 patients with a median
follow-up of 274 days, the median (Q1, Q3) per-
centage of biventricular pacing after CRT was
99.0% (95-100%) in the AV nodal ablation
group compared with 96.0% (85.5-99.0%) in
the drug-treated group (p = 0.05). After CRT,
the changes in NYHA functional class and
echocardiographic parameters observed in the
two groups are shown in Ficure 3. Both groups
had significant improvements in NYHA class,
LV ejection fraction and LV end diastolic dimen-
sion. Improvement in NYHA class was signifi-
cantly greater in the AV nodal ablation group
compared with the drug-treated group (0.7 £ 0.8
vs 0.4 + 0.8; p = 0.04), while improvement
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Authors Year Number Population Intervention Outcome Results Ref.
studied

Leclercq etal. 2002 59 NYHA class Il systolic CRT versus RV 6-min walk Favors CRT (mean walk distance (38]
heart failure undergoing  pacing distance and increased 9.3% [p = 0.05] and
pacemaker implant oxygen uptake peak VO, increased by 13%

[p = 0.04] over RV pacing)

Linde et al. 2002 33 NYHA class Ill heart CRT versus RV 6-min walk Favors CRT (mean walk distance (40]
failure and pacemaker pacing distance and improved 17% [p = 0.004] and
dependent from either NYHA class NYHA class improved by 27%
acquired AV block or over RV pacing [p = 0.0001])
induced AV nodal
ablation

Brignole et al. 2005 56 Age 70 = 8 years with CRT versus RV Quality of life  Favors CRT (NYHA class improved ~ [3]
symptomatic persistent  pacing questionnaires, by 11% pacing, 6-min walk
AF and either NYHA class, distance improved by 4 m and EF
uncontrolled ventricular 6-min walk improved by 5% compared with
rate or heart failure distance and EF RV [p < 0.05 for all])

Doshi et al. 2005 184 Age 69 £ 10 years CRT versus RV 6-min walk Favors CRT (6-min walk 31% (37]

undergoing AV nodal

pacing

distance and EF

improvement with CRT vs 24%

ablation

VO, Oxygen consumption.

in echocardiographic parameters was not
significantly different between the two groups.

In the AF population, current guidelines for
device implantation support the use of CRT in
patients with AF and reduced ejection fraction
<35% who are receiving optimal medical ther-
apy and are anticipated to require frequent ven-
tricular pacing, such as with those individuals
undergoing AV nodal ablation [33).

While the rationale for treating patients with
heart failure and AF with CRT after AV nodal
ablation has been established, the role of CRT
after AV nodal ablation among patients who
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AF: Atrial fibrillation; AV: Atrioventricular; CRT: Cardiac resynchronization therapy, EF: Ejection fraction, NYHA: New York Heart Association; RV: Right ventricular;

do not have advanced HF prior to ablation is
not known. At this time it remains unclear as
to whether patients with AF and no evidence
of heart failure benefit from prophylactic CRT.

Recent CRT data in patients without
advanced heart failure

More recent trials of CRT have examined the
outcome of CRT implantation in individuals
without NYHA class III or IV heart failure
(Tape 2). The REVERSE trial randomly assigned
262 patients in sinus rhythm, widened QRS
and NYHA class I or II symptoms with CRT

p=0.49 @ p=0.74
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Figure 3. Changes in symptoms and echocardiographic measurements associated with cardiac resynchronization therapy.
+AVN-ABL: Atrioventricular nodal ablation group; -AVN-ABL: Drug-therapy group; LVEDD: Left ventricular end-diastolic dimension;

NYHA: New York Heart Association.
Reproduced with permission from [41].
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Trial Year

REVERSE 2009

MADIT-CRT 2009

RAFT 2010

Number
studied

262

1820

1798

plus defibrillator implants, to either CRT-on or
CRT-off, and after 24 months of follow-up
found a statistically significant reduction in clin-
ical end points including death, hospitalizations
and worsening symptoms, as well as reduced
LV dimensions, with the use of CRT [42]. The
RAFT trial reviewed a total of 1800 patients
with EF <30% and NYHA class IT or Il symp-
toms and randomized them to either ICD alone
or ICD plus CRT over 3 years of follow-up,
and found a statistically significant reduction
in mortality and heart failure hospitalization,
but more adverse events with the addition of
CRT to ICD therapy [43]. The MADIT-CRT
trial randomized a total of 1820 patients with
EF <30%, NYHA class I or II symptoms and
QRS > 130 ms to either ICD alone or ICD plus
CRT, and found a 41% (p = 0.001) reduction in
heart failure events, but no difference in overall
death over a mean of 2.4 years follow-up [44].
These results suggest a potential role for CRT
in preventing the progression of disease in the
population of patients in sinus rhythm with wid-
ened QRS, systolic dysfunction and minimal
symptoms of heart failure. Given the potential
adverse events associated with the CRT pace-
maker or defibrillator implantation (mostly
related to procedural complexity and associated
complications), informed discussion with patients
prior to device implantation regarding the poten-
tial risks and benefits is of utmost importance.
However, considering the morbidity, quality of
life impairment and healthcare costs associated
with heart failure admissions, a therapy such as
CRT that can significantly reduce them is of high
value. Whether similar findings can be found in
patients with AF after AV nodal ablation remains

Population Intervention Outcome

NYHA class | or Il, CRT on or off
EF <40%,

QRS =120 ms

NYHA class | or Il, CRT +ICD vs ICD

EF <30%, alone and mortality
QRS 2130 ms

NYHA class Il or CRT +ICD vs ICD

lll, EF < 30%, alone and mortality
QRS 2 120 ms

Combined end point of
heart failure hospitalizations,
worsening symptoms and
death, and LV dimensions

Heart failure hospitalizations

Heart failure hospitalizations

uncertain, but it is possible that this pacemaker-
dependent population with similar characteristics
to those studied might also benefit from CRT.

Future perspective

Although nonrandomized data has shown an
improvement in outcomes with AV nodal ablation
for AF, the majority of randomized trials have not
found a statistically significant improvement in
symptoms, quality of life, exercise capacity, stroke
or survival. In addition, randomized trials have
not yet definitively shown which type of pace-
maker is most beneficial to patients undergoing
AV node ablation. Large-scale randomized trials
are needed to determine whether AV node abla-
tion is beneficial to patients compared with phar-
macologic rate control and to determine whether
patients should receive conventional pacemakers
versus cardiac resynchronization devices.

The PACIFIC trial is currently enrolling
patients in its pilot study to help answer these
questions. The PACIFIC trial randomizes elderly
patients with drug refractory symptomatic AF to
pharmacologic therapy, AV node ablation with
conventional pacemaker implantation, or AV node
ablation with cardiac resynchronization therapy
pacemaker implantation (Ficure 4). By design, the
trial will be adequately large enough to measure
the end points of survival, quality of life, exercise
capacity, stroke and hospitalization. With a rap-
idly increasing population of elderly patients with
symptomatic AF over the next several years [1],
results from the PACIFIC trial are expected to be of
great help in guiding their management. A future
study of left atrial catheter ablation for AF com-
pared with AV nodal ablation may also help inform
management decisions in the elderly population.

Results

Favors CRT; 15% reduction in
combined clinical end point

(p = 0.01); and reduction in LV
end-systolic volume index

(p < 0.0001)

Favors CRT; 41% reduction in
heart failure events (p = 0.001),
but no mortality difference
Favors CRT; hazard ratio: 0.75
(95% Cl: 0.62-0.91; p = 0.003)
for death and 0.68 for
hospitalizations

(95% Cl: 0.56-0.83; p < 0.001)

CRT: Cardiac resynchronization therapy, EF: Ejection fraction, ICD: Implantable cardioverter defibrillator; LV: Left ventricular;, NYHA: New York Heart Association.
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Conclusion

AF in the rapidly expanding elderly population
is a growing epidemic. Therapeutic options
are multiple, including medications, primary
radio-frequency ablation and AV nodal abla-
tion combined with permanent pacing. AV
nodal ablation and pacing holds promise as a
safe and effective therapy for elderly patients.
Evidence from large randomized trials is needed
to determine the clinical benefits and the best
method of pacing.
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Atrial fibrillation (AF) in the rapidly expanding elderly population is a growing epidemic.
Therapeutic options include medications, primary radiofrequency ablation and atrioventricular (AV) nodal ablation combined with

permanent pacing.

Radiofrequency ablation of the AV node, combined with permanent right ventricular endocardial pacing, is a highly effective treatment

for controlling the ventricular response of AF.

The elderly population is particularly suited to AV nodal ablation and permanent pacing for treatment of AF due to higher frequency of
comorbidities, risks of medication intolerance and the relative safety and simplicity of the procedure.
Cardiac resynchronization therapy is beneficial for patients with AF and reduced left ventricular systolic function who require frequent

pacing.

Large-scale randomized trials are needed to determine whether AV nodal ablation is beneficial in patients, compared with
pharmacologic rate control, and to determine the best method of pacing in patients without systolic heart failure.
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