
EDITORIAL

Identification of AF Drivers: Toward a Mechanistic
Basis of AF Ablation
KENTARO YOSHIDA, M.D. and AMAN CHUGH, M.D.
From the Division of Cardiovascular Medicine, University of Michigan, Ann Arbor, Michigan

While the ablation endpoint in patients with
paroxysmal atrial fibrillation (AF) has been largely
standardized, the optimal approach for patients
with persistent AF remains unknown. Among the
latter, it is clear that pulmonary vein (PV) isola-
tion alone is insufficient.1 In an effort to improve
outcomes in patients with persistent AF, left atrial
(LA) substrate modification has been shown to be
effective.2,3 This may be accomplished by linear
ablation and/or ablation of complex, fractionated
electrograms (CFAEs). Although CFAEs may be
markers of sites that are critical to the fibrilla-
tory process, i.e., drivers, it is also possible that
they represent passive phenomena as a result of
wave collision, tissue anisotropy, and slow con-
duction.4 Even if one uses a relatively stringent
definition of a CFAE site, e.g., continuous electri-
cal activity, the likelihood that ablation at such a
site will have a favorable impact on the AF cycle
length is modest.5 The fact that such sites may be
found away from the PV region in patients with
paroxysmal AF also suggests that they may be
nonspecific.6 Also, a randomized study failed to
show an incremental benefit of CFAE ablation in
patients with persistent AF.7 Thus, it is possible
that CFAE ablation results in more tissue destruc-
tion than perhaps necessary to eliminate AF. This
has important implications with regards to proce-
dure times, complication rates, and atrial transport
function.

Prior Studies Using Multielectrode Catheters
Clinical studies involving electrogram-guided

ablation typically used an ablation catheter for
mapping purposes.8 Obviously, the inability to
map adjacent areas simultaneously makes it im-
possible to distinguish between active and passive
phenomena. In an attempt to overcome this limita-
tion, several investigators have utilized multielec-
trode catheters capable of recording over a larger
surface area of the left atrium. Rostock et al.9 inves-
tigated CFAE sites in patients with paroxysmal AF
using a 20-pole PentaRay catheter (Biosense Web-
ster, Diamond Bar, CA, USA) and reported that in
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the majority of cases, there was nearly simultane-
ous activation of the mapping field covering only
a limited part of the AF cycle length. This pat-
tern suggests passive activation from an AF driv-
ing process beyond the mapped area and thus un-
derscores the limited specificity of CFAE sites. In
another study using the same catheter, Takahashi
and colleagues performed high-density mapping
during AF.10 They noted spontaneous focal activ-
ity, indicated by centrifugal activation from the
center of the multipolar catheter, from 13 sites
(from 12 of 24 study patients) in the left atrium
during ongoing AF. Notably, AF terminated with-
out ablation at these sites in all patients, although
two patients did require additional radiofrequency
energy delivery at these sites for arrhythmia recur-
rence. The authors concluded that areas responsi-
ble for the focal activity may represent “secondary
drivers” since AF termination did not require their
elimination. Although mapping with multipolar
catheters further improved our understanding of
mechanisms of AF, it is still insufficient to guide
ablation of persistent AF in most patients.

The Driver Hypothesis
Several investigators have very elegantly

demonstrated the presence of AF “drivers” in an-
imal models. These drivers manifest not only the
fastest activation rates at a point in time, but also
radial decay in rate and organization away from
the source (fibrillatory conduction).11–14 The abil-
ity to identify these areas in patients may greatly
simplify catheter ablation in patients with persis-
tent AF. However, although the driver hypothesis
has been demonstrated in animal studies, its ev-
idence in human AF is limited.15–17 One of the
reasons for this discrepancy may have to do with
the fact that the spatial resolution of optical map-
ping in animal studies is much higher (<0.5 mm),
as compared with mapping with tools currently
available in clinical electrophysiology.12

In this issue of the Journal, Krummen et al.
strive to overcome this limitation and investi-
gated gradients of rate and organization during
AF in 24 patients undergoing catheter ablation.
The investigators performed LA mapping with
a basket catheter, which allows for simultane-
ous sampling of a broad area of the left atrium
and with higher resolution as compared to other
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multipolar catheters. In keeping with the findings
from seminal studies in animals, the authors used
a very rigorous definition of a driver. In order for
a source to be classified as a driver, it must not
only exhibit the fastest rate at a particular point
in time, but also radial decrement in rate and
organization.

The authors found potential driver sources
in approximately 50% of patients with paroxys-
mal and persistent AF. These sites demonstrated
a higher activation frequency and regularity than
adjacent and distant sites, consistent with a cen-
trifugal gradient in rate and organization. As ex-
pected, in patients with paroxysmal AF, the sites
were localized to the PV region, and in persistent
AF, to non-PV sites, such as coronary sinus, roof of
the left atrium, and the mitral annulus. Radiofre-
quency energy delivery at the driver sites led to
slowing of the AF cycle length in three patients
and AF termination in two patients. Conversely,
when these driver sites were not ablated, the AF
cycle length failed to prolong and was unchanged
at the end of the procedure. The small sample size
precludes a meaningful comparison of outcomes
among patients in whom ablation did or did not
traverse a driver site.

Although gradients of AF frequency have been
documented previously,5,17,18 the frequency maps
in these studies were constructed by sequential
point-by-point mapping. Since drivers may drift
over time,19 a major advantage of this study is that
data were gleaned from simultaneous mapping of
a large part of the left atrium. In fact, the authors
noted that simulated sequential mapping was less
effective in identifying a potential driver than si-
multaneous mapping.

Mapping of Drivers during Ablation
of Persistent AF?

Identification of driver sites prior to ablation
is intuitive and has the potential for making the ab-

lation procedure more efficient. However, several
limitations must be overcome before “driver map-
ping” can be adopted as a clinical tool during ab-
lation of persistent AF. First, it must be noted that
frequency analysis in this study was performed
off-line. In order to use frequency data to guide ab-
lation, signal processing should be able to be per-
formed real-time and efficiently. Second, simulta-
neous LA mapping requires insertion of a basket
catheter that is not routinely used during ablation
procedures for AF. Since patients with persistent
AF may harbor more than one driver,20 the time
needed for redeployment and remapping is a dis-
advantage. The risk of thrombo-embolism should
also be considered.21 The definition of “driver”
may need to be modified since only 50% of pa-
tients were found to harbor drivers in the current
study. Most importantly, the results need to be val-
idated in larger, preferably randomized study to
determine whether AF ablation guided by identi-
fication of drivers has incremental benefit as com-
pared to CFAE ablation.

The past decade has witnessed remarkable
progress in catheter ablation of AF. In this short
period of time, the procedure has evolved dra-
matically, so much so that it is now possible to
eliminate the arrhythmia even in those with long-
lasting AF and structural heart disease. However,
our understanding of the basic mechanisms of AF
has not kept pace with these advances. Krummen
et al. have extended this knowledge base by show-
ing that it is possible to identify sites critical to
the fibrillatory process based on rate and organi-
zation. The logical extension of these findings is
that ideally, such sites can be identified a priori
and then can be efficiently eliminated without ab-
lating noncritical sites. Hopefully, in the very near
future, better tools will become available, capable
of readily identifying driver sites real-time, usher-
ing in the era of mechanistic rather than empiric
AF ablation.
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