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Abstract

Purpose of Review Pulmonary vein (PV) isolation is the cor-
nerstone of atrial fibrillation (AF) ablation. However, the
long-term procedural outcome remains suboptimal and there
is a frequent need for repeat ablation procedure, especially in
patients with non-paroxysmal AF. The review article summa-
rizes the rationales, recent evidences, and strategies of ablation
of extra-PV sites and its clinical outcomes.

Recent Findings It is a consensus that durable PV isolations
are a definite therapy in patients with paroxysmal AF. In non-
paroxysmal AF, many laboratories still believe that adequate
substrate ablation outside PV is definitely required. Empirical
linear ablation is not recommended because of difficulty in
achieving complete linear block, unless macro-reentry atrial
tachycardia developed during procedure. Most of laboratories
applied complex fractionated atrial electrogram (CFAE) abla-
tion after PV isolation in non-paroxysmal AF, but the efficacy
is limited in the long-term follow-up studies. A combined
approach using CFAE, non-linear similarity, and phase map-
ping strategy to identify rotors or focal sources for substrate
modification increases the ablation outcome, when compared
to CFAE ablation alone. Provocative test with mapping of
non-PV triggers is also recommended in all patients to im-
prove long-term ablation success.
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Summary Ablation beyond PV isolation is important, espe-
cially in non-paroxysmal AF patients, to modify the diseased
atrial substrate and eliminate the non-PV triggers, which in
turn improve the ablation outcome.

Keywords Ablation - Atrial fibrillation - Non-paroxysmal -
Pumlonary vein - Rotor - Substrate

Introduction

More than a decade ago, catheter ablation of atrial fibrillation
(AF) was introduced as a method for maintaining sinus rhythm
[1, 2]. Percutaneous catheter ablation is now widely used as an
interventional tool for non-pharmacological AF rhythm control,
particularly in those who are refractory to anti-arrhythmic medi-
cations [3]. Because most of the triggers for paroxysmal AF
come from the PVs, circumferential pulmonary vein (PV) isola-
tion, with confirmation of both entrance and exit blocks, is the
cornerstone of this procedure. The ablation for persistent AF is
more challenging and is associated with a less favorable outcome
[4, 5]. Although the study from STAR AF II revealed no reduc-
tion in the rate of recurrent AF when either linear ablation or
ablation of complex fractionated atrial electrogram (CFAE) was
performed in addition to PV isolation [6], most laboratories still
perform additional substrate modification in those with non-
paroxysmal AF. Nevertheless, the long-term procedural outcome
remains suboptimal and there is a frequent need for repeat abla-
tion procedures to improve the long-term freedom from AF.

Beyond PV Isolation: What Else do We Ablate?

There are two major proposed mechanisms of AF:
Multiple random propagating wavelets and focal electrical
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discharges [3, 7-9]. Those mechanisms are responsible
for initiation and perpetuation of AF. Therefore, in the
updated 2017 HRS/EHRA/ECAS Consensus Document
for ablation reinforced, the concept of developing AF re-
quires a trigger and an anatomic or functional substrate
capable of both initiation and perpetuation of AF [3].
When we do PV isolation, we seclude the trigger inside
the PVs and block the potential reentry at the PV antrum.
However, we do not deal with the random propagating
wavelets in the atrium, and neither do rare but existing
focal electrical discharges outside PV. What are the clin-
ical significance of those mechanisms?

Random Propagating Reentry

Moe and colleagues proposed that multiple reentrant
wavelet hypothesis as a mechanism of AF in 1959 [10].
Random reentry, different from regular reentry due to cir-
cus movement, could cause AF. AF was consisted of a
critical number of randomly distributed reentrant wave-
lets. Those wavelets propagate through the atria with frac-
tionations that result in self-perpetuating ”daughter wave-
lets”. In addition, the wavelets could collide and divide or
changing in size and velocity. The hypothesis is now
widely accepted and Alessie et al. further reported the
experimental results of the hypothesis [11]. Multiple re-
entrant wavelets are separated by functional conduction
block lines. In the clinical practice, some cases do not
have AF termination after PV isolation but it terminates
during linear or CFAE ablations. It could be that ablation
blocks those reentrant wavelets, especially in the non-
paroxysmal AF patients.

Focal Electrical Discharges

The studies from Scherf et al. supported the concept of
rapid firing focus initiating AF [12]. By administrating
aconitine on the atrium, both rapid, regular atrial rhythm
and rapid irregular atrial thythm could be initiated. Goto
et al. and Azuma et al. reproduced the similar findings
and found the mechanism was secondary to enhanced au-
tomaticity [13, 14]. Therefore, some patients developed
triggers outside PVs. In our previous publication, the in-
cidence of AF originating from the non-PV foci was
around 20% [15]. The superior vena cava and left atrial
free wall were the most common locations of non-PV
triggers.

Based on those evidences, extra-PV atrial sites are impor-
tant because it might harbor some triggers and also provide
substrates for maintaining AF. It is therefore critical to identify
which patient requires additional ablation and where we
should target beyond PV isolation.
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Beyond PV Isolation: How Consensus Tells Us?

Among all updated AF guideline, including AHA/ACC,
European Society of Cardiology, and HRS Consensus
Document [3, 16, 17], catheter ablation of AF is a class
I (paroxysmal) or Ila (persistent) indication in symptom-
atic AF refractory or intolerant to at least one class 1 or 3
anti-arrhythmic medication. PV isolation is the corner-
stone in the patients with either paroxysmal or persistent
AF. Unfortunately, due to the substantial recurrence rate
observed in patients with PV isolation alone, continued
efforts are underway to identify additional strategies to
improve the long-term outcome. The steps after PV isola-
tion are ill-defined, and there is no consensus on the op-
timal strategy in these patients. In general, there are four
methods that are more definitive and recommended in the
Consensus Document for ablation not targeting PVs:
Linear, CFAE, non-PV triggers, and ganglionated plexi
(GP) ablations [3]. Recently, some literatures also report-
ed that rotor ablation could be an alternative to modify the
atrial substrate and improve the ablation outcome [18-23].

Ablation Approaches Not Targeting the PVs
Linear Ablation Strategy

Linear ablation is one of the most widely used strategies
in conjunction with PV isolation after the prospective ran-
domized study conducted by Willems and colleagues [24].
Additional left atrial linear lesions increase the success
rate significantly after PV isolation, compared with PV
isolation alone in patients with persistent AF. The most
commonly targeted linear lesion sets are left atrial roof
and mitral isthmus lines. Iesake et al. reported that PV
isolation followed by biatrial predetermined linear abla-
tions for substrate modification is feasible, and AF termi-
nation happened in 51% of the patients with an AF free
rate of 74% after 1.7 procedures in a 1.5-year follow-up
[25, 26]. Later, the same group reported that AF termina-
tion during linear ablation is the sole predictor of arrhyth-
mia freedom at a 5-year follow-up data [27]. Pak and Kim
proposed that linear ablation at left atrial anterior wall
resulted in a better clinical outcome in persistent AF pa-
tients [28].

Unfortunately, linear lesion failed to show benefits in the
patients with paroxysmal AF. An updated meta-analysis of
randomized controlled trials published that additional linear
ablation did not exhibit any benefits in terms of sinus rhythm
maintenance following a single procedure but increased the
mean procedural, fluoroscopy and radiofrequency application
times [29]. Linear ablation is also considered as a double-
edged sword because proarrhythmic atrial tachycardias can
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be created secondary to an incomplete block line. Some liter-
atures also showed conflicting results of linear ablation in
persistent AF population. Morady and colleagues reported
that during a repeat procedure, up to 90% of atrial tachycardias
after AF ablation (including linear ablation in the first proce-
dure) were reentrant, and the mitral isthmus, roof, and septum
accounted for 75% of the ablation targets for the macro-
reentrant arial tachycardia [30]. In the study by Sawhney
and Feld, more patients developed left atrial flutter after PV
isolation plus linear ablations, compared to segmental PV iso-
lation alone [31]. In our recent publication, among the patients
who received multiple AF ablation procedures, the incidence
of atypical flutter or atrial tachycardia was around 30% or
higher after a second procedure [32].

From the above evidences, linear ablation itself may be
helpful in eliminating AF sources in the beginning; lack of
durable and incomplete lesions during follow-ups are
proarrhythmic and even complete lines can also promote re-
entry. We need to reconsider the risk-benefit ratio of such
ablation strategy. It should be reserved for those with macro-
reentry atrial tachycardia developed after PV isolation during
first or recurrent procedure and should not be applied in pure
paroxysmal AF cases.

CFAE Ablation Strategy

Areas with CFAEs have been reported to potentially represent
AF substrate. It has become targeted sites for AF ablation and
is recommended for non-paroxysmal AF cases in the HRS
Consensus Document [3]. Similar to linear ablation, CFAE
ablation in addition to PV isolation does not provide additional
benefit to sinus rhythm maintenance in paroxysmal AF pa-
tients [33]. Nearly 50% of Task Force members routinely ap-
ply CFAE-based ablation as part of the strategy during non-
paroxysmal AF ablation. Although the true mechanism of
CFAEs detected during ablation is not yet fully understood,
our previous study demonstrated that different activation pat-
terns existed in the repetitive and continuous fractionated
CFAE:s [34]. Non-PV ectopies are also found to be located at
the same locations as the CFAEs, and targeting those CFAEs
can effectively eliminate AF [35]. Twenty-five percent of
CFAEs in left atrium and 57% of the CFAEs in right atrium
are related to non-PV triggers after PV isolation. Similar find-
ing was also reported by Natales and colleagues that non-PV
triggers inducing AF after PV isolation were associated with
stable or transient CFAE in more than 70% of cases in long-
standing persistent AF [36]. The beneficial effect achieved by
CFAE ablation reflexes elimination of non-PV triggers. In
addition, the study from Oklahoma and Chen’s labs also re-
vealed that the intrinsic cardiac autonomic activity is related to
the fractionated atrial electrograms, ablation of the GP can
attenuate CFAE activities [37, 38].

However, there are some controversies of CFAE ablations,
including the end point of CFAE ablation, and how extensive
amount of the ablation required. Therefore, how to differenti-
ate active from passive CFAE has been investigated in some
studies. Singh et al. reported that by using ibutilide to organize
the atrial activity and facilitate AF termination during ablation
while minimizing the ablation lesion set [39]. Narayan et al.
used the monophasic action potential to map the active CFAE
and localized the CFAE to true rapid AF sites [40]. Our recent
publication demonstrated that in the patients with persistent
AF who failed to achieve AF termination after PVI, targeting
continuous CFAE (fractionated interval < 60 ms) could be
considered as an initial ablation strategy because of the lower
incidence of recurrent atrial flutter and better reverse remod-
eling of the left atrium, better outcome with freedom from any
atrial arrhythmia after two procedures [41].

Although CFAE ablation has been widely accepted for
more than a decade, the exact mechanism of CFAE has not
been fully understood, nor the scientific basis of CFAE abla-
tion is not universally accepted. The prospectively random-
ized trial from STAR AF 1I failed to demonstrate the favorable
outcome of CFAE ablation in persistent AF patients [6].
Careful selection of the patients, avoiding empirical extensive
defragmentation and complete lesion creation while CFAE
ablation are recommended in order to prevent the
proarrhythmic side effect.

Non-PV Trigger Ablation Strategy

The importance of non-PV ectopic foci initiating AF has
been demonstrated in multiple literatures, including trig-
gers from superior vena cava, left atrial free wall, crista
terminalis, coronary sinus ostium, ligament of Marshall,
left atrial appendage, and interatrial septum [3, 15, 35,
42-49]. In our laboratory, we found the incidence is
higher (45%) in patients with long-standing persistent
AF patient who received catheter ablation (unpublished
data). Those with non-PV triggers also have a higher re-
currence rate after catheter ablation [15, 45]. Figure 1
shows the incidence of non-PV triggers in patients re-
ceived multiple ablation procedures. As the number of
the procedure sessions increases, there is an increasing
incidence of triggers from non-PV foci. The presence of
non-PV trigger is also an independent predictor of AF
recurrence during a long-term (4-year) follow-up study
[15]. A study from the University of Pennsylvania
showed that non-PV trigger ablation for long-standing
persistent AF in addition to PV isolation provides a good
long-term AF control in over 70% of patients with infre-
quent proarrhythmic atrial flutter after ablation [46]. This
ablation approach also improves the maintenance of sinus
rhythm and reverses disease progression. Later, the same
group published that transformation from long-standing
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Fig. 1 Percentages of pulmonary vein (PV) and non-PV atrial fibrillation
(AF) triggers at each ablation sessions in patient who received more than
2 AF ablation procedures. As the number of procedure sessions increases,
there is an increase incidence of triggers from non-PV foci (reproduced
with permission from: Lo LW, et al. J Cardiovasc Electrophysiol.
2015;26:1048-56, with permission of John Wiley and Sons) [32]
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persistent to paroxysmal AF after initial ablation may be a
step toward long-term freedom from recurrence arrhyth-
mia [47].

There are no standard provocation test and mapping
technique of the non-PV triggers. Therefore, the reported
incidence of non-PV triggers varied in different laborato-
ries. It is also disputed whether the provocative non-PV
triggers are related to clinical ectopies that initiate AF.
Table 1 shows the provocative test used in our laboratory.
Nevertheless, most of the laboratories still believe that
non-PV triggers are important and ablation of those

Table 1  Taipei approach of provocative test for non-PV trigger

Steps of induction in different types of AF

Paroxysmal AF
- Isoproterenol 1-4 pg/min

- Burst atrial pacing from right atrium and coronary sinus with brief
pauses in between each burst

- High dose adenosine IV bolus (12-18 mg)

- If AF induced --> electrical cardioversion to see spontaneous
re-initiation of AF

- AF is induced for at least twice
Non-paroxysmal AF
- If sinus rhythm during ablation --> induced as paroxysmal AF

- If AF noted and sustained after PV isolation --> identify max CFAE or
identify rotor and ablate

- AF sustained after ablation --> cardioversion to see if non-PV
triggers, and then induce as above if required

AF atrial fibrillation, CFAE complex fractionated atrial electrogram, /V
intravenous, PV pulmonary vein

@ Springer

ectopies is required if detected or induced during the pro-
cedure. During sinus rthythm, mapping of non-PV triggers
can be evaluated by the endocardial activation sequence
of the high right atium, His-bundle, and coronary sinus
[48]. Figure 2 is the algorithm showing the scheme we
used for assessing the origin of the non-PV ectopic activ-
ity initiating AF. If patients remained AF after PV isola-
tion, CFAE ablation is possible to eliminate non-PV trig-
gers, as described in the previous paragraph [35].

GP Ablation Strategy

Cardiac autonomic nervous system is considered as a
modulator for initiation and maintenance of AF. The in-
trinsic cardiac autonomic system (GP) is located
epicardially at the junction of PV to left atrium [50].
There are four major GPs in the left atrium, including
anterior right GP, inferior right GP, superior left GP, and
inferior left GP. High-frequency stimulation can identify
the location of the GP, and ablation targeting those GPs
had been applied in some laboratories. In a prospective
randomized trial, GP ablation in addition to PV isolation
confers a significantly higher success rate compared to
PVI or GP ablation alone in patients with paroxysmal
AF [51]. Similar data has also been found in patients with
persistent and long-standing persistent AFs; Pokushalov
et al. reported that PV isolation plus GP ablation resulted
in a superior clinical result with less ablation-related left
atrial flutter and reduced AF recurrence compared to PV
isolation plus linear ablation after a 3-year follow-up [52].

On the contrary, AFACT study showed that GP abla-
tion during the thoracoscopic surgery for advance AF has
no detectable effect on AF recurrence but causes more
major bleeding, sinus node dysfunction, and pacemaker
implantation [53]. But, denervation of cardiac autonomic
nervous system in this study was executed epicardially;
the mechanism and end point for denervation might be
different from that in percutaneous transcatheter approach.
Therefore, further researches are required to clarify the
effect of GP ablation in AF patients.

Rotor Ablation Strategy

Rotor is a phase singularity; it means spiral waves radiate
at a high speed into the surrounding tissues [7]. This con-
cept was first observed by Jalife and colleagues and then
supported by the evidence from optical mapping in isolat-
ed animal heart preparation [7, 54, 55]. There are two
forces from a rotor; one is a rotational force with a cur-
vature, and the other is a divergence force with peripheral
fibrillatory conduction. Recent studies have reported a
successful rotor identification by phase mapping of simul-
taneous recordings using a multi-electrode mapping
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Fig. 2 Algorithm showing scheme used in our laboratory for assessing
the origin of the non-PV ectopic activity initiating AF. AFCL atrial
fibrillation cycle length, CS coronary sinus, CSd distal portion of
coronary sinus, CSp proximal potion of coronary sinus, CT crista
terminalis, /IS His-bundle area, HRA high right atrium, LA left atrium,

R, L-PVs

catheter in clinical practice [20, 21, 23]. Focal impulse
and rotor modulation (FIRM) mapping was first reported
in 2011 to systematically and reproducibly identify local-
ized drivers in human AF. Using a 64-pole basket catheter
in the left atrium, Narayan et al. proposed a panoramic
contact mapping, incorporating a phase analysis, repolar-
ization, conduction dynamics, and oscillation in the AF
rate, and hypothesized that AF may be sustained by elec-
trical rotors and focal impulses [20]. Ablation of such
sources has been shown to improve ablation outcome
compared with conventional ablation alone. In the extend-
ed follow-up of the CONFIRM trial, Narayan et al.
claimed rotors or focal sources were observed in 97.7%
of the patients during AF. After more than 2 years of
follow-up with 1.2 ablation procedures, 78% of the pa-
tients maintained freedom from AF [21]. However, a
study from UCLA group then reported that using the
FIRM technique to guide AF ablation and found that rotor
sites did not exhibit quantitative atrial electrogram char-
acteristics expected from rotor and did not differ from the
surrounding tissue; AF termination or organization was
only observed in 17% of the patients [56]. After a 1.5-
year follow-up, only 37% of patients were free from doc-
umented recurrent AF, indicating a poor efficacy of the
FIRM ablation outcome [57]. FIRM-identified rotor

Earliest site

Earliest site shows

LA potential followed shows LOM
by PV potential potential
Non-PV near LOM

L-PV

LOM ligament of marshall, L-PV left pulmonary vein, RA right atrium; R-
PV right pulmonary vein, SVC superior vena cava (reproduced with
permission from: Higa S, et al. Heart Rhythm. 2006;3:1386-90, with
permission from Elsevier) [48]

ablation is also found to be not effective in preventing
recurrence of atrial tachyarrhythmia in other prospective
multi-center study [58].

Due to inconsistent results of FIRM ablation, rotor ab-
lation has been evaluated by using other mapping catheters
or methodologies. Ghoraani et al. used the 20-pole circular
mapping catheter to identify the localized rotational activ-
ity and found that low-voltage CFAE associated with rota-
tional activity is importance for arrhythmia maintenance
[59]. Kalman and colleagues used epicardial high-density
mapping plaque to identify the wave front activation intra-
operatively and reported less than 10% of transient rota-
tional circuits during AF [60]. Bourdeaux group used an
array of 252 body surface electrodes and non-contrast
computed tomography scan to obtain an accurate biatrial
geometry. They reported that in the early months, persis-
tent AF is predominantly maintained by unstable reentry
drivers with meandering and periodic occurrence [61]. It is
also different from Narayan’s temporary stable rotors. In
our laboratory, we used the non-linear analysis to evaluate
the fibrillatory electrogram similarity and combined with
phase mapping technique to identify the small-radius reen-
try [22, 23, 62]. Figure 3 shows the scheme of the non-
linear similarity analysis and phase mapping methodology.
By using this method, we found that an average of
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Fig. 3 Schematic presentation of the nonlinear similarity mapping and
phase mapping for rotor identification. a Shows the bipolar fibrillation
electrogram obtained from multiple electrode mapping catheter and was
first band-pass filtered (10 to 300 Hz) for preprocessing. b Shows the
associated envelope of the filtered signals was subsequently obtained by
the order-statistic filter, which could effectively attenuate noise and far-
field contamination to highlight the local activation wave (LAW). C
Indicates the multiple electrode mapping catheter facilitates
characterization of wave front propagation by real-time phase mapping

2.6 + 0.9 high similarity index region in each chamber,
rotor, and focal sources was found in around two thirds
of the patients. This mapping technique can predict a free-
dom from AF recurrence after 18 months of follow-up
[23].

There is no consensus on the rotor ablation in AF patients
because of inconsistent outcomes based on current evidences.
We need more literatures to confirm the best methods and
tools in identifying the rotor and focal sources. Rotor mapping
and ablation may be of particular benefit in patients with per-
sistent AF, and maybe a patient-tailored therapy is the best
approach to reduce unnecessary ablation lesions. Multicenter
randomized controlled studies are ongoing to better define the
role of rotor ablation in this population.

Voltage Map-Guided Ablation Strategy

Atrial fibrosis and its border zones are considered an im-
portant substrate for focal and reentry activity involved in
the initiation and perpetuation of AF [3, 63]. It can be
identified from cardiac MRI with delayed enhancement
or 3D mapping system with bipolar low-voltage electro-
gram (<0.5 mV). In general, the low-voltage zones
(LVZs) can be demonstrated in approximately every third

@ Springer

derived from the reconstructed envelop function. Yellow arrows indicate
the direction of the wave front propagation. d Shows the similarity index
quantified based on the temporal and spatial consistency of the
morphological repetitiveness of LAW. e Shows the rotors were
identified in the high similarity index region with aids of real-time 3D
display of the similarly index/phase mapping (reproduced with
permission from: Lin YJ, et al. ] Am Coll Cardiol EP. 2016;2:667-78.
with permission from Elsevier) [23]

patients with persistent AF and less often in patients with
paroxysmal AF [18]. Those pre-existing LVZs have been
shown to be related to arrhythmia recurrence after catheter
ablation and may lead to a rapid firing secondary to local
automaticity or micro-reentry [18, 63]. Hindricks and col-
leagues first described this method and found that addi-
tional voltage-based substrate modification had a compa-
rable 1-year outcome when compared with the patients
with normal voltage undergoing PV isolation alone [18].
Another study from Jadidi et al. also found that ablation
within border zones of LVZ in addition to PV isolation is
more effective than conventional PVI-only strategy for
persistent AF [64]. The study also found that PV isolation
only seems to be sufficient to treat patients with left atria
LVZs of <10%. Study from a China group revealed that
sinus rhythm LVZs were presented in 70% of the patients
with persistent AF. Selective electrophysiologically guid-
ed substrate modification during sinus rhythm after PV
isolation is clinically more effective than the stepwise ap-
proach for persistent AF with less post-procedural
proarrhythmic atrial tachycardia [65].

However, similar to rotor ablation, this strategy was only
reported in limited laboratories, and we required more data to
confirm the long-term outcome. In addition, in patients with
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diffuse LVZ (strawberry left atrium), it is not reasonable and is
difficult to define how extensive the ablation lesions should be
applied.

Patient-Tailored Ablation Strategy beyond PV
Isolation

It is of no doubt that a durable PV isolation is the corner-
stone of ablation in patients with paroxysmal AF. Routine
substrate modification is not recommended in these pa-
tients [33], except macro-reentrant atrial tachycardia devel-
oped during ablation and requiring linear lesion sets.
Targeting the non-PV triggers is suggested if detected or
induced during or after PV isolation. In patients with non-
paroxysmal AF, how to select and perform substrate abla-
tion on top of PV isolation is still disputed. Table 2 sum-
marized the ablation strategy beyond PV isolation. Based
on the available evidences, we performed CFAE maps and
identified the location of continuous CFAE after PV isola-
tion [41]. Then, regional analysis is suggested by using a
high-density multi-electrode mapping catheter (i.c., circu-
lar catheter or Penta-ray™ catheter), followed by a real-
time phase mapping using non-linear method at the contin-
uous CFAE sites [22, 23, 62]. Areas with a similarity index
higher than 0.57 are selected for quantification of the rotor
curvature and divergence forces. Rotor ablation is applied
after identification of these sites. If AF still persisted, right
atrial CFAE mapping with rotor identification and ablation

Table 2

are then performed. If AF still persisted after biatrial sub-
strate modification, electrical cardioversion is given to re-
store sinus rhythm. Searching for non-PV triggers is rec-
ommended after restoration to sinus rhythm by AF proce-
dural termination or electrical cardioversion [32, 35].
Activation mapping is recommended at any step if AF
transformed to an organized atrial tachycardia.

Conclusions

Although a durable PV isolation is the most important step
during catheter ablation of AF, a portion of patients still re-
quire additional lesion sets to eliminate AF sources and in-
crease the success rate, especially in those with non-
paroxysmal AF. Empirical linear ablation is not recommended
because of the difficulty in achieving complete linear block. It
is recommended only when macro-reentry atrial tachycardia
developed during the procedure. Most laboratories applied
CFAE ablation after PV isolation in non-paroxysmal AF, but
the efficacy is limited in the long-term follow-up study [6]. We
recommended a combined approach using CFAE, non-linear
similarity, and phase mapping strategy to identify rotors or
focal sources for substrate modification. In addition, applica-
tion of provocative test with mapping of non-PV triggers are
also important to increase the ablation outcome in both parox-
ysmal and non-paroxysmal AF patients. Success rate can be
further improved if those foci are adequately detected and
eliminated.

Summary of the ablation strategy beyond PV isolation and its characteristics

Ablation strategy Arrhythmia type

How to identify critical sites

Ablation lesion locations

Linear ablation Macro-reentry atrial - Activation mapping

- Roof line

- Mitral isthmus line

- Left atrial anterior line

- Connecting 2 anatomical obstacles

CFAE identified in right and left atria

- Left atrial anterior, posterior wall, appendage,
ligament of Marshall, septum, other Non-PV
triggers identified in right or left atrium

- Superior vena cava

- Coronary sinus

GP near PV ostium

Rotor or focal source identified in right or left atrium by
mapping system

tachycardia - Entrainment mapping
CFAE ablation Persistent AF - Visually identified fractionated
Long-standing electrograms
persistent - Automatic algorithm from 3D
AF mapping system
Non-PV trigger Paroxysmal AF - EKG
ablation Persistent AF - Multiple mapping catheters
Long-Standing - 3D mapping system
persistent
AF
GP ablation Paroxysmal AF - High frequency stimulation
Rotor ablation Persistent AF - Non-linear analysis and phase
mapping
Voltage-map guided Persistent AF - 3D mapping system

ablation

Low voltage zones identified in right or left atrium
by mapping system

AF atrial fibrillation, CFAE complex fractionated atrial electrogram, EKG electrocardiogram, GP ganglionated plexi, PV pulmonary vein
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