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High efficacy of the multi-
faceted strategy for persistent
atrial fibrillation1

Summary

Catheter ablation of persistent atrial fibrilla-
tion (AF) is challenging and needs a combina-
tion of different techniques targeting a wider
substrate to be effective. The so-called step-
wise approach progressively targets struc-
tures potentially contributing to initiation and
maintenance of AF. The endpoints of the pro-
cedure consist of pulmonary vein isolation, or-
ganisation and slowing of left and right atrial
electrograms and linear block in the left atrial
(LA) roof and mitral isthmus lines. This strat-
egy results both in high rate of  AF termina-
tion (85%) and an unprecedented clinical out-
come. 

Electrogram-based ablation is crucial for
the procedural outcome. While continuous and
fractionated electrograms are targeted during
complex atrial activity, more discrete sites like
temporal activation gradient, rapid or cen-
trifugal activity are ablated when atrial activ-
ity is organised allowing discrete mapping. 

AF cycle length (CL) measured in both ap-
pendages has been demonstrated to be the
strongest independent predictor of procedural
AF termination in AF lasting <5 years. Base-
line AFCL <140 ms suggests AF termination of
less than 70% while >140 ms predicts AF ter-
mination of more than 89%. AFCL also allows
monitoring impact of each step of catheter ab-
lation. LA ablation is usually associated with
prolongation of both LA appendage (LAA) CL
and right atrial appendage (RAA) CL, while
prolongation of LAA CL without concomitant
significant prolongation in RA suggests the
presence of drivers in RA, requiring additional
RA ablation. 

Because AF recurrence after the first pro-
cedure occurred in only 5% of the cases when
AF terminated during the procedure vs 45% 
if AF persisted, AF termination represents 
an incontrovertible endpoint of the ablation
process. 

The mode of termination of persistent AF
is conversion to multiples atrial tachycardia
(AT) in the vast majority of cases. Mapping and

ablation of those have become indispensable
steps in the ablation process. Predominant ATs
are localised  re-entries requiring mapping of
local activity spanning most of the AT cycle
length in the area of earliest activity. 

In conclusion, catheter ablation of persist-
ent  AF requires isolation of all PV electrogram
based ablation and linear lesions in the major-
ity of patients.  AF CL is an important guide for
monitoring progress of ablation and reliably
predicts the procedural outcome. AF termina-
tion by ablation is associated with excellent
outcome. Mapping and ablation of subsequent
atrial tachycardias are an integral part of the
AF ablation process and its success often
makes the difference between cure and per-
sistent illness.

Key words: atrial fibrillation; catheter ab-
lation; persistent; atrial tachycardia; localised
re-entry.

Introduction

Atrial fibrillation (AF) is the most frequent ar-
rhythmia in human. Its prevalence of 2% in the
general population reaches 5.9% for a popula-
tion of more than 65 years [1]. Pharmacologi-
cal therapies have a limited efficacy for the
treatment of this arrhythmia, and this partic-
ularly in the long run. On the other hand,
catheter ablation has been proven to have high
success rates in the short and middle runs, and
this technique is now included in the guide-
lines as a “reasonable alternative to pharma-
cological therapy to prevent recurrent AF in
symptomatic patients” (class IIa recommanda-
tion, level of evidence C) [2]. The vast majority
of paroxysmal AF patients can be successfully
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treated by electrical isolation of pulmonary
veins (PV) [3–6], but PV isolation alone with
or without including the posterior LA is rarely
effective in treating patients with long lasting
AF [7–10]. Inefficacy of this approach for long
lasting AF suggests substrate modification
and presence of drivers in other structures like
LA tissue, inferior LA/CS interface and struc-
tures outside LA (right atrium, SVC). Subse-
quent ablation strategies like targeting com-
plex fractionated atrial electrograms (CFAE)
[11], areas of short cycle length activity [12],
sites of dominant frequency [13, 14], perform-
ing LA linear lesions to interrupt re-entrant
wavelets and reduce LA mass [10, 15, 16], and
cardiac autonomic denervation [17, 18] have
been reported in the context of ablation for
long lasting AF. Even if each of these tech-
niques has only a limited efficacy for ablation
of persistent AF, the combination of all in a
stepwise approach has resulted in an unprece-
dented level of acute termination of long last-
ing AF by catheter ablation. 

The stepwise approach for 
persistent atrial fibrillation

The so-called stepwise approach progressively
targets structures potentially contributing to
initiation and maintenance of AF: PV, LA tis-
sue, linear ablation of LA roof and mitral isth-
mus, and right atrium. Each region is ablated
following a sequential approach, and the im-
pact of ablation is assessed by measurement of
AF cycle length (AF CL) in both appendages.
Each step is accompanied by an increase in AF
CL until conversion of AF directly to sinus
rhythm or more often to multiple atrial tachy-
cardias (AT), which are systematically ab-
lated. The specific sequence of ablation doesn’t
seem to play a role in the overall success rate
of the ablation. However, given the fact that
there is a limited success rate of complete block
for linear lesions with a higher rate of compli-
cations (particularly for the mitral isthmus
line), this step is in general performed as the
last one. 

Patient selection

Patients with symptomatic persistent AF de-
spite intake of at least one anti-arrhythmic
drug, electrical cardioversion, or both are con-
sidered for ablation. Patients with heart fail-
ure (NYHA II or more) or evidence of left ven-
tricular dysfunction without alternative ex-

planation may represent the group with high-
est benefit from catheter ablation [19–21].
Those with AF related thromboembolism are
also considered for the procedure. All antiar-
rhythmic medications are discontinued at
least five half lives prior to the procedure, with
the exception of amiodarone which is contin-
ued if already prescribed or is prescribed 
if ECG AF CL is less than 140 ms [22]. 
Oral anticoagulation with an INR target 
of 2.5 (between 2 and 3) is prescribed for at
least one month before the procedure and
transoesophageal echography is performed
maximum 48 hours prior to the procedure to
exclude intra-atrial thrombus. 

Atrial fibrillation cycle length 

Baseline measurements of  AF CL is systemat-
ically performed at the right and left ap-
pendages as the average of at least 30 cycle
lengths [23], using an automated software
(Bard EP) with the annotated electrograms
verified to ensure accuracy. Even if atria gen-
erally present chaotic activity preventing cycle
length measurement, both appendages dis-
play discrete and unambiguous electrograms.
Interelectrogram intervals of less than 100 ms
or continuous electrical activity are manually
corrected to count as a single interval [23]. We
routinely use the  AF CL as surrogate markers
of the impact of each step of the ablation
process. Prolongation of  AF CL with ablation
[12, 24] demonstrated in previous reports sup-
ports the use of AF CL as a monitoring tool.

We have previously shown that the base-
line AF CL (prior to any ablation) is signifi-
cantly longer in patients in whom AF termina-
tes during ablation (156 ± 23 ms, n = 52 vs 130
± 14 ms, n = 8) [12]. The facility with which AF
can be terminated by ablation varies inversely
with the baseline AF CL. A baseline AF CL
<140 ms correlated with a 69% termination
rate, while a baseline AF CL ≥140 ms was as-
sociated with a 89% rate of termination during
radiofrequency application in a cohort of 
178 consecutive patients undergoing catheter
ablation. In our experience, AF generally ter-
minates when the AF CL has prolonged to
about 180–200 ms. If RAAF CL remains short
despite LA AF CL prolongation after LA ab-
lation, it suggests the presence of critical
drivers in the RA, which should also be targe-
ted if AF termination is the desired endpoint. 

The baseline AF CL can be accurately
measured on the 12 lead ECG, with a good cor-
relation to the LA AF CL in more than 90% of
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the cases [25]. Patients with a short AF CL de-
termined with the 12 lead ECG can be pre-
treated with amiodarone in order to prolong
AF CL at the time of the procedure, and to im-
prove the success rate [22].

Termination

Even if it looks intuitively to be associated with
a better outcome, termination of persistent AF
during the ablation procedure has not yet been
validated as an endpoint by the scientific com-
munity given the risk-benefit ratio. However,
recent follow-up of our patients strongly sup-
ports a favourable outcome following AF ter-
mination. From a cohort of 153 patients with
permanent AF, after a follow-up of 22 ± 10
months, AF termination during the ablation
procedure was associated with a 95.3% success
rate (90% without any antiarrhyhthmic drug),
while persistent AF requiring electrical or
chemical cardioversion at the end of the proce-
dure was associated with a 50% success rate.
This success rate was achieved with more than
one procedure in 53% of the patients whom AF
terminated, and in 71% of patients with per-
sistent AF at the end of the procedure. Fur-
thermore, mode of arrhythmia recurrence dif-
fered in relation to AF termination. Indeed, 
AF recurrence occurred in only 5% of the cases
when AF terminated during the procedure 
vs 45% if AF persisted, while AT recurred in
42% of the former patients vs 26% in the lat-
ter. 

Thus, AF termination besides represent-
ing an immediate procedural gratification is
an incontrovertible endpoint and is associated
with better clinical outcome.

Sequential approach

Pulmonary vein isolation
PV isolation is performed as the initial abla-
tion step in all the patients with persistent AF.
A circumferential catheter is used to map and
guide ablation of each vein. Power is limited to
48 °C with a target tissue temperature of 
42 °C. Irrigation rates of between 5 and 60 ml/
min are employed (0.9% saline via Cool Flow,
Biosense Webster) and manually titrated by
the nurse during radiofrequency energy de-
livery to achieve the desired power and tem-
perature. The power is limited to 25 W for the
posterior part of PVs according the possible
presence of the oesophagus whom position is
not systematically determined. PV ostia are

routinely determined by advancing the
catheter inside the vein with downward deflec-
tion of the tip, and then dragging back with flu-
oroscopic monitoring of the drop off. Ablation
is performed one centimetre apart from the os-
tia to avoid risk of vein stenosis. For the ante-
rior aspect of the veins, a power of 25 W is used
for the lefts veins since ablation from within
the proximal portion of the vein is often re-
quired, and 30 to 35 watts are applied for the
right veins. Radiofrequency energy is deliv-
ered continuously for 30 to 60 seconds at each
point and prolonged to 1 to 2 minutes when a
visible change in the activation sequence or
electrogram morphology is observed. Targets
are earliest activity recorded with the circum-
ferential catheter, and electrogram polarity
reversal [26]. Veins are isolated individually or
as ipsilateral pairs depending on venous
anatomy, issues with catheter stability and op-
erator’s preference. If performed “en bloc”,
right PV isolation is first performed anatomi-
cally using fluoroscopy, and then assessed by
circumferential catheter which is moved from
one to the other vein to determine gaps in the
encircling ostial line. 

Left PVs can not be routinely isolated “en
bloc”, because of the presence of the left atrial
appendage anterior to the veins rending com-
pletely unstable the position of the ablation
catheter on the narrow rim separating both
structures. After the ablation of the posterior
wall, energy must be delivered within the first
millimetres of the veins to achieve effective
disconnection. 

For all veins, isolation is assessed by either
electrical elimination or dissociation of the PV
potentials. 

Electrogram based LA and CS Ablation
After PV isolation, atrial activity is most of the
time chaotic and too complex to allow discrete
analysis of the local cycle length or activation.
As a first step, only analysis of morphology or
frequency content can be realised, and target
sites include continuous activity, complex frac-
tionation or rapid activity [12] (fig. 1). Sites
displaying potential targets can be found in all
parts of the LA, even if LAA and the interface
between inferior LA and coronary sinus seem
to have the most important impact on the 
AF CL [12, 23, 27]. At this step, the endpoint
of ablation of the LAA is slowing and organi-
sation of local activity.

LAA ablation is performed at the top, an-
terior and posterior part separating this struc-
ture from the PVs, but without fully encircling
this structure given its potential role in LA
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function [28] and the need for anticoagulation
in case of complete disconnection. A loop can be
performed to achieve stability by advancing
the sheath inside the LAA and ablation
catheter turning all around the LAA junctions.
The posterior wall separating LAA from left
veins is a frequent site of complex activity and
is systematically checked. A power between 25
and 30 watts is used depending on the contact
and position of the ablation catheter to avoid
steam pops and subsequent perforation [29]. 

Inferior LA ablation is performed by loop-
ing the ablation catheter in the LA, allowing a
very stable position along the posterior mitral
annulus. The catheter is dragged along the 
CS from septal to lateral inferior LA (from 
7 o’clock to 4 o’clock in the left anterior oblique
projection) aiming disconnection of inferior
LA/CS interface. Artifacts can generally be ob-
served within the CS on the electrodes facing
the ablation catheter during the ablation. The
endpoint is elimination of local electrograms,
and this is often accompanied by some organ-
isation of activity inside the CS [27]. 

Ablation from within the CS may be re-
quired to eliminate electrophysiological tar-
gets which may be potential drivers of AF [27].
Power is limited to 25 W and the irrigation rate
adjusted manually to achieve the desired
power setting, with the highest irrigation flow
rates required for ablation in the distal CS (up
to 60 ml/min). Ablation is started distally CS
(approximately 4 o’clock in the LAO projection)

and pursued along the CS up to the ostium
with the tip deflected towards the LA. This
may help to minimise the risk of circumflex
coronary artery injury [30]. Ablation is per-
formed point by point or continuously depend-
ing on the extent of complex local activities.
The endpoint of ablation within the CS is local
organisation and slowing of electrical activi-
ties. Complete disconnection of this structure
is not routinely attempted in order to minimise
the complication rate, and based on a prior
study which demonstrated little additional
benefit with total disconnection of the CS [12].

After having “cleaned” the most complex
areas, a progressive prolongation of AF CL is
observed and local as well as global atrial ac-
tivities become more organised. A more subtle
electrogram based approach can then be used
to detect most favourable sites which may rep-
resent atrial sources (fig. 2). Targets include
(1.) areas of temporal gradients between activ-
ities recorded on the proximal and distal
bipoles or between adjacent areas (potentially
representing a small circuit), (2.) discrete sites
displaying centrifugal activation (with a distal
to proximal pattern becoming proximal to dis-
tal after slightly advancing the mapping
catheter), (3.) evidence of electrical activity
originating from a dead end area (with a 
distal to proximal pattern for example from 
the bottom of the appendage), and area of 
local short cycle length (faster than LAAF CL)
[31, 32]. 

Figure 1
After PV isolation, high
complex pattern of the
anterior LA recorded by a
20 poles pentaray catheter
(from A to E) and of the
coronary sinus (decapolar
catheter CS from 1 to 10) in
the context of persistent AF.
These areas displaying con-
tinuous activity have to be
organised and slowed be-
fore allowing more discrete
analysis of the local cycle
length and activation. 
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In our experience, termination of AF oc-
curred in 73% of cases during electrogram
based ablation after PV isolation [12]. 

Right atrium and SVC
Because of its easier access, RA was histori-
cally the first target for AF ablation, but with
modest success even with extensive ablation.
However, in 15% of the patients in whom we
fail to restore sinus rhythm in the LA and as-
sociated structures [12], some data suggest the
presence of perpetuators of AF in the RA or

SVC [14, 33–36]. This situation is expected
when during LA ablation only a relative pro-
longation of the CL occurs in the RA [37]: a
shorter AF CL in RA appendage compared to
LAA by more than 15–20 ms would suggest
that RA may harbor the perpetuating influ-
ence for ongoing AF (fig. 3). Similarly pauses
in activity in LA electrograms recordings not
followed by pauses in the RAA would suggest
RA as the culprit driver. As was the case with
the LA, the targets for ablation are regions dis-
playing complex electrical activity and after
slowing and organisation of the chamber po-
tential sources (fig. 4). Preferential areas are
RAA, which can be mapped and ablated with
the circumferential ablation catheter to deter-
mine the fastest and earliest sites of activa-
tion, intercaval region and CS ostium. SVC is
isolated only when there is evidence of ar-
rhythmogenicity in the vessel (activation from
the vein or local rapid activity). Care must be
taken to avoid phrenic nerve and sinus node
injury during ablation in this region [38]. Fi-
nally, cavotricuspid isthmus (CTI) ablation is
performed in all patients. 

Linear Ablation

LA Roof line

Because linear ablation of the roof is per-
formed by connecting margins of both superior
PVs, its length depends on extension of PV en-
circling lesions. It can be achieved in 96% of
the cases during 12 ± 6 minutes of RF delivery
[39]. The line is performed at the most cranial
part of the LA to minimise the risk of oesopha-
geal injury. Three different approaches can be
applied: perpendicular to the roof (with a re-
duced power to 25 watts to minimise the like-
lihood of steam pop and perforation [29]), par-
allel to the roof by looping the catheter in the
LA or by steering the sheath in one direction
and the catheter in another [39]. In this less
aggressive position, a power up to 30 watts can
be used and higher irrigation rates may be re-
quired due to occlusion of the irrigation holes
with this orientation. During AF, the endpoint
is the elimination of local electrograms. Fol-
lowing ablation, a complete line of conduction
block is confirmed in sinus rhythm using fol-
lowing manoeuvres [39]: in the presence of 
a complete roof line, during LAA pacing (us-
ing the CS catheter positioned through the
transseptal puncture), activation of the poste-
rior LA becomes inferior to superior compared
to the opposite activation sequence before ab-
lation. Furthermore, the posterior LA is acti-
vated from left to right, if the mitral isthmus

Figure 2
During electrogram based approach, 2 examples of sites which can potentially represent
sources.
A A distal to proximal activity (arrows) can be targeted in case of dead end area (left

appendage) or if activation become proximal to distal by advancing slightly the mapping
catheter (centrifugal activation).

B Temporal gradient (arrows) between activities recorded on proximal and distal bipoles
(potentially representing a small circuit)

Figure 3
A Progressive prolongation of both left (LAA) and right (RAA) atrial appendages cycle

lengths (CL), until conversion to atrial tachycardia (red star) which occurs at AF CL 
of 183 (LAA CL) and 181 (RAA CL).

B Lesser prolongation of the RAA CL during LA ablation, indicating driving activities in 
the RA. Ablation of the RAA which converted AF to AT (red star).
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is not blocked and from right to left, if blocked
(the conduction progressing across the ante-
rior LA, down the interatrial septum to the
posterior LA from the right).

Left mitral isthmus line

Mitral isthmus line is the most challenging
step in the process of persistent AF ablation.
Block can be achieve only in a limited percent-
age of cases (± 90%), and failures can have
proarrhythmic consequences [40, 41]. Further-
more, there is a risk of periprocedural tampon-
ade of 1–2% [15]. In 70% of the cases, it is nec-
essary to extend the ablation within the distal
coronary sinus to achieve block. As a conse-
quence, in patient in whom this structure can
not be catheterised, this step should be avoided
if possible. However, its ablation has been
shown to increase the success rate of catheter
ablation for drug-refractory long lasting AF
[15]. The ablation catheter is positioned with
an angle from 90° to 180° at the ventricular
side of mitral isthmus where the atrial to ven-
triculogram ratio is 1:1 or 2:1. Radiofrequency
is applied using power from 30 to 35 watts, and
irrigation rates up to 60 ml/min. Ablation is
continued by turning clockwise both sheath
and ablation catheter to reach the left inferior
PV. Careful monitoring of the stability of the
catheter is necessary to avoid inadvertent dis-
placement to the left inferior PV or LAA, to
prevent vein stenosis or perforation. The com-
pleteness of block is monitored with the CS

catheter bridging both parts of the line. It is of-
ten necessary to extend the line to the base of
the LAA and inside the coronary sinus (with a
limited power at 25 watts) in order to achieve
isthmus block. 

A complete line is confirmed in sinus
rhythm with the following criteria: local corri-
dor of equidistant double potentials, inversion
of CS activation sequence during pacing from
LAA and confirmation of bidirectional block 
by differential pacing from proximal and dis-
tal CS pacing to the recording catheter placed
in the LAA. 

Mapping and ablation 
of resultant atrial tachycardia

Because of electrogram based ablation creat-
ing the substrate for subsequent re-entries,
mapping and ablation of atrial tachycardias
are indispensable steps in the AF ablation
process.

Restoration to sinus rhythm requires ab-
lation of one or more ATs in 87% of patients
(mean: 2.6 ± 2 AT per patient; range 2–6 AT 
per patient) [12], including 50% of each
macroreentrant and focal tachycardia. As a
first step, we always confirm PV isolation. In
our experience, AT variability of more than
15% strongly suggests macroreentry. Among
them, perimitral flutter is the most common
(30% of the patients), before reentry around
veins (roof dependant) (12%) and peritricuspid
circuit (8%). Rapid anterior and posterior LA
mapping can suggest the diagnosis. For perim-
itral flutter both anterior and posterior activa-
tion wavefronts are ascending, with consistent
activation around the mitral annulus covering
all the cycle. For a roof dependant circuit one
activation wavefront is ascending and the
other one is descending with all the cycle cov-
ered around the right or left veins. For a peri
tricuspid circuit, both anterior and posterior
LA activation wavefronts are ascending and
activated from septal to lateral, and all the cy-
cle is covered throughout the tricuspid annu-
lus. Entrainment manoeuvres are currently
used to confirm the diagnosis. In absence of
macroreentry, we track a discrete source with
centrifugal activation. In our experience,
about 70% of these focal tachycardias in the
context of prior AF ablation are localised  reen-
try [42] (fig. 5). Those, described by Sanders
and al. with high density mapping [42], display
centrifugal activation with the entire tachy-
cardia cycle length within a localised region
(<2 cm) at the AT origin. Using conventional

Figure 4
Recording of the mapping catheter (RA 1 to 3) positioned in the lateral right atrium, of the
right appendage with the circumferential catheter (RAA), and of the coronary sinus (CS). 
By moving mapping catheter in a small area, recording of temporal gradient between 2 ad-
jacent points (RA1 and RA3) possibly representing a small source. In between, recording 
of a continuous activity which was targeted with subsequent restoration of sinus rhythm.
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mapping, the global strategy is to determine
areas of earliest activity. Entrainment ma-
noeuvres are routinely used with the goal to
determine a post pacing interval lower than
20–30 ms [43]. Localised reentry are then
tracked, by looking for fractionated electro-
gram covering more than 75% of the cycle
length in a small area of less than 2 cm [42].
In case of focal point tachycardia, the earliest
activity is targeted. The more frequent loca-
tions of focal AT are the base of the LAA, the
septum and the PVs, but they can occur every-
where in both atria. 

With this algorithm based approach, ATs
are diagnosed and ablated in 95% of the cases.

Conclusion

Persistent AF requires extensive radiofre-
quency ablation to be cured, associating pul-
monary vein isolation, electrogram based
ablation and linear lesions for most of the
patients. AF cycle length is the strongest pre-
dictor of procedural outcome. It is also the only
reliable monitoring tool to guide ablation dur-
ing the procedure, in particular to suggest
right atrial perpetuators. AF termination by
ablation is highly predictive of an outstanding
clinical outcome. Mapping and ablation of sub-
sequent atrial tachycardias are an integral
part of the AF ablation process and its success
often makes the difference between cure and
persistent illness.
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