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Introduction

Haissaguerre etal. [1] established the im-
portance ofatrial fibrillation (AF) triggers
originating from the pulmonary veins.
Isolation of the pulmonary veins (PVs)
has become the cornerstone of treatment
for all stages of AF; however, multiple
procedures are often required to signifi-
cantly reduce AF recurrence [2]. PV re-
connection appears to be the main cause
of AF recurrence, regardless of the type
of energy source used to perform PV
isolation [3-5]. For persistent and long-
standing persistent AF, a stepwise ap-
proach was adopted to address the recur-
rence rate [6]. The need for an improved
and easy ablation strategy for non-parox-
ysmal AF remains, particularly follow-
ing the STAR-AF 2 trial, which reported
alack oflong-term benefitassociated with
additional substrate ablation [7].
Arbelo et al. [8] reported the results
of a multicenter European trial, with 21%
of patients being readmitted for AF re-
currences. The majority (18%) required
asecond procedure during 12-month fol-
low-up. Furthermore, the same study
reported that 50% of the ablated AF pa-
tients became asymptomatic, indicating
an underestimation of the number of re-
currences. Those findings, along with
that of many other publications, high-
light the need for a better individualized
procedure that will provide improved
long-term outcomes. Recent studieshave
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identified the benefit of rotor ablation
in conjunction with PV isolation (PVT)
to improve long-term outcome [9-16].
This new technique has been criticized
by many who have found the limitation of
this technology to be overwhelming [17,
18]. Intwo recently published single-cen-
ter studies [19, 20] reporting outcomes
for recurrent AF patients, the main find-
ings were that focal impulse and rotor
mapping (FIRM) did not increase free-
dom from atrial arrhythmias in compar-
ison to their controls. A better under-
standing of the mechanisms of rotors in
AF is provided by optical mapping at
the cellular level. Animal studies pro-
vide evidence for rotor existence [21, 22],
suggesting that this is the mechanism re-
sponsible for sustained AF. The presence
of rotors in isolated human hearts, as
revealed by optical mapping, has shown
that AF is driven by spatially and tempo-
rally stable rotational drivers anchored
to micro-anatomic filaments of fibrotic
tissue, and that ablation of those rotors
terminated the arrhythmia [22].

The authors report the results of FIRM
ablation in a recurrent AF patient popu-
lation, in combination with re-isolation
of the conducting PVs. They analyzed
the correlation of rotors to AF duration,
LA diameter, areas of low voltage, and
the number of previous ablations. Based
on this analysis, they discuss the pos-
sible association between rotor ablation
and AF clinical outcome. To the best of
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their knowledge, this is the first study
reporting outcomes at 24-month follow-
up relating to rotor ablation in patients
with recurrent AF.

Methods

Between June 2014 and September 2017,
100 consecutive patients referred for
repeat catheter ablation of paroxysmal,
persistent, and long-standing persistent
AF (as defined by their initial state
prior to their first ablation) were en-
rolled. The study was approved by the
Institutional Review Board (IRB). All
participants received a full explanation
regarding the study aims and procedures
and signed a written informed consent
form. Patients with recurrent AF un-
derwent FIRM-guided rotor ablation in
both atrial chambers, followed by PV re-
isolation.

Procedural details

Recurrence of AF was diagnosed by at
least one documented electrocardiogram
(ECG), during the 3 months prior to in-
clusion. Allanti-arrhythmic medications
were discontinued >five half-lives prior to
ablation, except for amiodarone, which
was discontinued at least 30 days prior
to the procedure. All patients underwent
light sedation for the duration of the pro-
cedure. Rotor mapping was performed
during AF (in 73 patients) or induced AF
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(27 patients) witha similar induction pro-
tocol as previously described [23]. Rotor
mapping was conducted bya 64-electrode
basket catheter (FIRMap, Abbott, Min-
neapolis, MN, USA) placed successively
in multiple positions for each atrium to
record unipolar electrograms. The bas-
ket catheter size (50, 60, or 70 mm) was
selected based on LA diameter as mea-
sured by transesophageal echocardiogra-
phy (TEE), transthoracic echocardiogra-
phy (TTE), and/or computerized tomog-
raphy (CT). In all cases, basket coverage
was confirmed by fluoroscopy, electro-
gram detection on an electrophysiologi-
cal (EP) recording system, and visualiza-
tion in a three-dimensional (3D) map-
ping system (Ensite NavX Precision or
Velocity, Abbott) [23]. Rotational activ-
ity was identified using the RhythmView
system and software (Abbott).

AF propagation maps from unipolar
recordings were projected onto two-di-
mensional (2D) grids referenced to atrial
anatomy on electroanatomic shells cre-
ated using Ensite NavX Precision or Ve-
locity. Radiofrequency (RF) ablation was
performed using an irrigated 3.5-mm
catheter (Tacticath, Abbott) or an irri-
gated 4-mm catheter (Therapy Cool Flex,
Abbott) around the identified rotational
area. The RF energy was deliveredat30 W
with a maximum temperature of 45 °C.
In certain LA areas (e.g., posterior wall),
ablation energy was reduced to 25 W. Ro-
tors were targeted for ablation based on
rotational activity as identified by an al-
gorithm indicating the rotational activity
profile (RAP) with a repetitive, spatially
stable rotational pattern from the default
4-s time segment (RhythmView Ver. 4.2
and 5.0; Abbott), or by analysis of the
entire 60-s recording (15 segments of 4s
each) using a stability map (RhythmView
Ver. 6.0and 6.1, Abbott). Rotor mapping
and ablation were repeated until complete
elimination of rotors was confirmed by
re-mapping.

If AF persisted following complete
rotor elimination, cardioversion was
undertaken to restore sinus rhythm.
Conventional ablation for re-isolation
of the conducting PVs was then per-
formed for all patients (including the
control group). Re-isolation was verified
(entrance and exit block) using a circu-

lar mapping catheter (Inquiry Optima,
Abbott). Finally, additional ablation of
relevant atrial tachycardias (AT) was
performed as needed.

Voltage maps were created during si-
nus rhythm, either following ablation-
mediated restoration to sinus rhythm or
cardioversion, prior to re-isolation of the
PVs, in most patients. Using a circu-
lar mapping catheter, bipolar voltages
<0.5mV considered as low voltage ar-
eas were mapped. The low voltage areas
were estimated and patients were then
divided into three categories: low (less
than 25% of chamber surface), medium
(above 25% but less than 75%), and high
(>75% low voltage area).

Long-term clinical follow-up

Follow-ups were guided by the Heart
Rhythm Society (HRS)/European Heart
Rhythm Association (EHRA)/European
Cardiac ArrhythmiaSociety (ECAS) con-
sensus documents [2]. An ambulatory
monitoring ECG was performed at 3, 6,
12,and 24 months with 48-h ECG. Recur-
rence was defined as any ECG recording
of AF or AT lasting >30s.

Endpoints

The primary study effectiveness endpoint
for success was defined as freedom from
AF at 3, 6, 12, and 24 months after
ablation. Previously ineffective antiar-
rhythmic drugs at the same/lower dose
were considered to be treatment fail-
ures. A spontaneously self-terminating
recurrences without intervention (elec-
trical cardioversion or ablation) was also
considered as treatment failure.

Statistical analysis

Frequencies and proportions were used
to describe categorical variables, while
means and standard deviations were used
to describe continuous variables. Pear-
son correlation coefficients were used to
assess the relationship between numbers
of rotors and AF duration and number of
rotors and LA diameter. Spearman cor-
relation coefficient was used to assess the
relationship between previous number of
ablations and AF freedom.
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Results

Patient characteristics

This study included 100 recurrent AF
patients undergoing FIRM-guided ro-
tor ablation. Mean patient age was
62.2+£9.2 years; most patients were
male (70%). Patients had paroxysmal
(14%), persistent (15%), and long-stand-
ing persistent (71%) AF. All patients had
previously failed at least one or more PVI
ablations (mean 1.4+ 0.8 per patient).
AF duration was 4.4+ 3.4 years (range
1-18 years), and the mean CHA,DS,-
VASc score was 2.2+ 1.4. The control
group included 50 patients undergoing
re-isolation of PVs only and had similar
characteristics to our FIRM group. Pa-
tient characteristics are further detailed
in @ Table 1.

Procedural details

Procedural details are summarized in
O Table 2. Reconnection of at least one
pulmonary vein occurred in 99 of 100 pa-
tients. A total of 263 reconnections were
made in the PVs: 76, right inferior; 64,
right superior; 55, left inferior; 58, left
superior; and 10, left common. Re-
isolation of the PV required on average
44+ 19 RF applications with an average
single ablation time of 19.1+13.6s.

Total procedure duration averaged
199+ 41 min, with FIRM-guided abla-
tion taking approximately 61% of that
time. Much attention was given to the
identification of rotors and their ablation
including several remappings for rotor
elimination.

The FIRM catheter was selected based
on LA diameter, either 50mm (47%) or
60mm (51%); a 70-mm basket was used
in only two patients (2%). Stable rotors
were identified in 97% of patients, with
a mean of 2.7+ 1.4 per patient. Right
atrial (RA) rotors were present in 60%
(60/100) of patients (mean 1.5+0.8 in
patients with RA rotors; range, 1-4), and
LA rotors were present in 82% (82/100)
of patients (mean 2.1+ 1.2 in patients
with LA rotors; range, 1-5). Rotors were
found in both atria of 45 patients.

Rotors were successfully ablated, as
confirmed by repeat FIRM mapping. The
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Abstract

Background. Ablation of recurrent atrial
fibrillation (AF) is common. Studies indicate
that AF recurrence is primarily due to
pulmonary vein (PV) re-conduction. This
retrospective analysis characterized and
evaluated recurrent AF patients using focal
impulse and rotor mapping (FIRM) plus PV
re-isolation, with follow up at 3, 6, 12, and
24 months after the repeat ablation.
Methods and results. Patients (consecutive,
n=100) underwent FIRM-guided ablation
followed by conventional PV re-isolation for
recurrent AF treatment. All FIRM patients
had failed one or more conventional ablation
procedures (1.4 £ 0.08) for paroxysmal (14%),

persistent (15%), and long-standing persistent
(71%) AF. Stable rotors were identified in
97/100 patients: 60% in the right atrium (RA)
and 82% in left atrium (LA) (mean 1.5+ 0.8
and 2.1+ 1.2 per patient, respectively). No
correlation was noted between the previous
number of ablations, AF duration, or LA
diameter to the number of rotors (R?=0.0039,
R?=0.0017, and R?=0.006, respectively). In
this limited observation, only 22% of identified
rotors were associated with proximity to

low voltage areas. The 12- and 24-month
arrhythmia free rate was 93% (13/14) and 92%
(12/13) for paroxysmal AF, 60% (9/15) and
47% (7/15) for persistent AF, and 70% (48/69)

and 64% (43/67) for long-standing persistent
AF, respectively, after a single FIRM procedure
and re-isolation of the veins.

Conclusions. The data show a benefit for
FIRM-guided ablation in recurrent AF at

12 months. No correlation was found between
rotors and tissue characterization, AF duration,
or previous number of ablations, suggesting
that rotors may play an independent role in
maintaining recurrent AF after prior failed
ablation.

Keywords
Atrial fibrillation - Catheter ablation - Rotor -
Pulmonary vein isolation - FIRM

Retrospektive Analyse der FIRM-gestiitzen Ablation von Vorhofflimmern bei Redo-Patienten - Eine

Singlecenter-Studie

Zusammenfassung

Hintergrund. Rezidive nach vorangegangener
Ablation von Vorhofflimmern (VHF) sind
haufig. Studien zeigen, dass Vorhofflim-
merrezidive in erster Linie auf die erneute
Leitungsfahigkeit einer oder mehrerer
Pulmonalvenen (PV) zuriickzufiihren sind.
Diese retrospektive Analyse charakterisiert
Patienten mit VHF-Rezidiv, die mit fokalem
Impuls- und Rotor-Mapping (FIRM) plus PV-
Reisolation behandelt wurden. Follow-up-
Untersuchungen erfolgten nach 3, 6, 12 und
24 Monaten.

Methoden und Ergebnisse. Insgesamt

100 konsekutive Patienten unterzogen sich
einer FIRM-gestiitzten Ablation, gefolgt
von einer konventionellen PV-Reisolation
zur Behandlung von rezidivierendem VHF.
Alle FIRM-Patienten hatten zuvor eine

oder mehrere erfolglose konventionelle

Ablationen (1,4 0,08) bei paroxysmalem

(14 %), persistierendem (15 %) oder lang per-
sistierendem Vorhofflimmern (71 %) erhalten.
Stabile Rotoren wurden bei 97/100 Patienten
identifiziert: 60 % im rechten Vorhof (RA) und
82 % im linken Vorhof (LA), durchschnittlich
1,5+0,8 bzw. 2,1+ 1,2 Rotoren pro Patient.
Es wurde keine Korrelation zwischen der
vorherigen Anzahl der Ablationen, der

Dauer des Vorhofflimmerns oder des LA-
Durchmessers und der Anzahl der Rotoren
festgestellt (R2=0,0039, R?=0,0017 bzw.
R?=0,006). Lediglich 22 % der identifizierten
Rotoren befanden sich in der Nahe zu Low-
voltage-Arealen. Die Arrhythmiefreiheitsrate
nach 12 bzw. 24 Monaten betrug 93 % (13/14)
bzw. 92 % (12/13) bei paroxysmalem VHF, 60 %
(9/15) bzw. 47 % (7/15) bei persistierendem
VHF und 70 % (48/69) bzw. 64 % (43/67)

bei lang persistierendem Vorhofflimmern
nach einer einzelnen FIRM-gestiitzten
Rotorablation und erneuten PV-Isolation.
Schlussfolgerungen. Unsere Daten zeigen
einen Nutzen der FIRM-gestiitzten Ablation
bei rezidivierendem VHF nach 12 Monaten.
Es fand sich keine Korrelation zwischen den
Rotoren und der Gewebecharakterisierung,
der Dauer des VHF oder der vorherigen Anzahl
der Ablationen, was darauf hindeutet, dass
die Rotoren eine unabhdngige Rolle bei der
Aufrechterhaltung des rezidivierenden VHF
nach einer zuvor fehlgeschlagenen Ablation
spielen konnten.

Schliisselworter
Vorhofflimmern - Katheterablation - Rotor -
Pulmonalvenenisolation - FIRM

mean ablation time to terminate each
rotor was 352s (5.9min). Termination
of AF was observed in 6% (6/100) of
patients and cycle length prolongation
greater than 10% was observed in 17%
of patients. No AT was noticed during the
procedures. Complications occurred in
6% of patients (6/100): two pericardial ef-
fusions during PVI requiring pericardio-
centesis, two femoral pseudoaneurysms
requiring surgical treatment, one pul-

monary embolism, and one atrioventric-
ular block. No complications occurred
in relation to the basket catheter.

Long-term clinical outcomes

A total of 98 patients completed 12-
month and 95 patients completed 24-
month follow-up. @Fig. 1 displays AF
recurrence at 3-, 6-, 12-, and 24-month
follow-up. At 12 months, patients were
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AF free as follows: paroxysmal group,
92.9% (13/14); persistent group, 60.0%
(9/15); and long-standing persistent
group, 69.6% (48/69). At 24-month fol-
low-up, the paroxysmal (12/13), persis-
tent (7/15), and long-standing persistent
(43/67) groups were 92.3%, 46.7%, and
64.2% free of AF, respectively. @Fig. 1
shows that, for all paroxysmal and long-
standing persistent AF categories, fol-
lowing the initial fall in AF freedom at
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Table 1
Values are n (%) or mean + standard devia-
tion (SD)

Baseline patient characteristics.

Patient characteristics FIRM + PVI
Value
(n (%) or
mean + SD)
Age (years) 62.0+9.2
Male gender 70 (70%)
Mean AF duration (years) 44+34
AF Type
Paroxysmal 14 (14%)
Persistent 15 (15%)
Long-standing persistent 71 (71%)
Patients with prior conven- 100 (100%)
tional ablation
Mean ablations/patient 14+0.8
LA diameter TTE (mm) 47+6
LA diameter CT/TEE (mm) 53+6
LVEF % 59+7
Comorbid Conditions
Coronary artery disease 11(11%)
Dilated cardiomyopathy 8 (8%)
Arterial hypertension 85 (85%)
Diabetes mellitus 23 (23%)
Prior stroke or TIA 8 (8%)
CHA2DS2-VASc (max 9; 22+14
min 0)

FIRM focal impulse and rotor mapping,
PVI pulmonary vein isolation, AF atrial
fibrillation, LA left atrium, CT computed
tomography, TIA transient ischemic event,
TTE transthoracic echocardiography,
LVEF left ventricular ejection fraction,
NA not available

3 months, patients had similar curve
decays at 6, 12, and 24 months. Only the
persistent AF group continued to fall to
<60%.

Characterization of recurrent AF
patients

Number of rotors and AF duration
Analysis was performed to determine
the correlation between AF duration and
the number of identified rotors. @ Fig. 2
shows the numbers of rotors either in the
RA or LA vs the duration of AF in all re-
current patients. Note the very low Pear-
son correlation coefficient (R>=0.0169)
and that the number of rotors did not
increase with longer AF duration in this
cohort of patients.

Table 2 Procedure data: values are average + standard deviation (range, min—max)

Procedure data FIRM portion Total procedure
Duration (min) 121+40 (50-268) 199+41(107-310)
Fluoroscopy time (min) 13+5(6-31) 24+9 (8-51)

RF application time (s)
Ablation time per rotor (s)
Number of applications —

881+ 578 (247-2949)
352+ 174 (196-866) -

1719+ 838 (251-4337)

44+19(8-91)

| FIRM focal impulse and rotor mapping, RF radiofrequency

Rotor proximity to low voltage
areas

Low voltage areas were measured at the
end of each procedure in sinus rhythm, as
described above. The proximity of iden-
tified rotors to the low voltage areas was
checked in 68 patient maps (nine did not
have low voltage areas, and voltage map-
ping was not performed in the other 23).
Much caution was taken during the volt-
age mapping to delineate the locations of
the rotor ablation, so that it would not
be included in the analysis of low voltage
areas. @ Fig.3 presents some examples
of this analysis. Note that whether or
not low voltage areas were present, rotors
were identified prior to voltage mapping.
This was taken into consideration when
analyzing 5-mm proximity to previously
ablated rotors. However, only 22% of
the maps had rotors near the low voltage
areas.

Low voltage zone and AF freedom
at 12 months
To quantify the contribution of low volt-
age areas to the clinical outcome, low
voltage maps were measured for scar area
with a measurable scale, out of the total
surface area of the LA. A scale of low,
medium, and high was defined, as de-
scribed in the “Methods” section.
Previously ablated rotor locations
were not taken into consideration (ab-
lated area of rotor subtracted from low
voltagearea). Ascanbeenseenin B Fig.4,
the highest AF-free rate was observed in
the “low” category, while the lowest rate
of AF freedom was noted in the “high”
low voltage category.
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Number of previous ablations

and 12-month and 24-month
outcomes

@ Fig. 5 presents the correlation between
the number of previous ablations and
the number of AF-free patients at 12-
month follow-up. The 12-month AF-
free rates were 65.2% for Group 1 patients
with a previous single ablation (1= 66),
81.5% for Group 2 with two prior abla-
tions (n = 27), and 83.3% for Group 3 with
three or more previous ablations (n=6).
Spearman correlation analysis between
the previous number of ablations and
clinical outcome at 12 months following
rotors ablation resulted in a coefficient
of ry=-0.5. At 24 months, the numbers
were very similar given the comparable
outcome results.

LA diameter and number of rotors
inthe LA

LA diameter was measured by the lon-
gitudinal axis and associated with the
number of rotors in the LA. For analy-
sis, several imaging modalities were used
to measure the LA diameter, TTE, TEE,
and preacquired CT. B Fig. 6 shows a di-
ameter range of 33-69mm with TTE,
44-65 mm with TEE, and 44-74mm on
CT. The number of rotors ranged be-
tween one and five. Pearson correlation
(R?2=0.006) was very low, indicating that
the number of rotors is not correlated to
LA size in this cohort of patients.

Discussion

The present study reveals several impor-
tant findings in recurrent AF patients un-
dergoing repeat ablation. Repeatablation
procedures that involve re-isolation of the
PVsin addition to rotor mapping and ab-
lation provide a reasonable outcome at
12 and 24 months, but not a statistically
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Fig. 2 A Relationship of number of rotors to duration of atrial fibrillation (AF). Pearson correlation co-
efficient was calculated for the total number of rotors in both chambers. Note the greater number of
rotors in the left atrium (LA) compared to the right atrium (RA)

different one from the control group at
12 months. LA diameter and AF dura-
tion did not correlate with the number
of identified rotors in this patient pop-
ulation. The number of rotors did not
differ significantly between the recurrent
paroxysmal, persistent, or long-standing
persistent AF patients. Furthermore, ro-
tor elimination in recurrent AF patients
had a similar outcome for both single
and multiple prior procedures. Lastly,
the proximity of rotors to scar areas was
found to be limited, as previously re-
ported [21].

Long-term clinical outcome

AF is a challenging arrhythmia and
multiple catheter-based strategies have
evolved. However, there is currently no
general acceptance of a single method.
The present study shows that adding ro-
tor ablation to PV re-isolation has along-
term AF-free outcome of approximately
65%. In a recent report by Barakat et al.
[3], the 1-year outcome of repeat abla-
tion with and without antiarrhythmic
drugs was inferior, with only 41.5% and
14.5% of patients being arrhythmia-free,
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AF-free outcome ranged from 70% to
80% [9-16]. Conversely, in a recent sin-
gle-center study of long-term outcome
in a limited number of patients (n=21),
the authors report a much lower success
rate in recurrent AF patients treated with
FIRM and PVI (33.3%) [19]. Henley
et al. [20] completed 16-month fol-
low-up on recurrent AF patients, re-
ablated guided by FIRM and PV re-
isolation. They report freedom from AF
and atrial tachycardias in paroxysmal
patients (n=18) at 83.3% and 40.7% for
the persistent patients (n=27). Henley
et al’s results do not differ from the au-
thors’ results in the paroxysmal patients,
but are much lower in the persistent
group. Another recurrent AF patient
study treated by cryoballoon technol-
ogy and re-ablated with RF reported
outcomes of 55% at 2-year follow-up
[4]. The multicenter study conducted in
10 European countries with 72 centers
reported a very low outcome, with AT as
one of the main reasons for recurrence.
Only 30.2% of persistent AF patients
were arrhythmia-free at 12-month fol-
low-up [8]. Pappone et al. [24] reported
another mapping and ablating technique
aiming at individualized treatment for
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persistent AF patients, called repetitive
regular activities (RRas). They reported
a 73.2% arrhythmia-free rate in patients
ablated with this technique. Careful in-
terpretation suggests similarities in the
findings between rotors and RRAs (short
CL [cycle length], organized activity, and
a limited amount of areas of interest).
While the acceptance of rotor ablation
is still controversial [17, 18], several
groups are trying to identify the alleged
drivers or triggers sustaining AF [24,
25].  Although durable and sustained
isolation of PVs are desirable, Winkle
et al. [26] recommend that additional
repeat ablation should be performed in

Fig. 3 <« Location
of rotors in relation-
ship to low voltages
areasinthe leftatria.
Only 22% of rotors
arein close proxim-
ity to low voltage
areas (a) therest are
not (b,c). (b) depicts
one rotor (orange
dots) in proximity,
while the other two
rotors (green and
blue dots) are not.
(c) shows rotoriden-
tificationin an area
without any low
voltages

all AF patients to increase long-term
success rates. The authors hypothesize
that additional ablation of drivers/rotors/
triggers may be needed to develop an
individualized ablation strategy in AF
patients.

Rotors and substrate
characterization

Several studies in human isolated hearts
[22, 27] and several clinical studies [28,
29] have attempted to describe the cor-
relation of rotors to atrial substrates. In
explanted isolated human hearts, the
ability to utilize voltage sensitive dyes
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and powerful non-clinical magnetic res-
onance imaging (MRL 9T) suggested
that rotors (reentry) were anchored to
micro-filaments of fibrotic tissue [22]. In
the present study, the voltage mapping
showed rotors within 5mm distance
from low voltage areas in only 22% of
the cases. The differences between intra-
mural scars revealed by high-intensity
MRI, which is not clinically available,
versus endocardial voltage mapping may
explain the relative lack of spatial cor-
relation between rotors and substrate.
Examining rotors identified from the
body surface, Cochet et al. reported
a good correlation with late gadolinium
enhanced (LGE) MRI (1.5T) [28]. In
their study, the number of re-entrant
regions during AF related to the extent
zone of LGE findings, with re-entry
occurring at the LGE zone borders. No-
tably, the authors did not perform LGE,
and it is unclear whether their low volt-
age regions would have been abnormal
on LGE. Nevertheless, it remains unclear
why body surface mapping (of the epi-
cardium) may differ from endocardial
mapping. The DECAAF study [30] con-
cluded that atrial tissue fibrosis measured
by LGE independently associates with
recurrent arrhythmia after AF ablation,
in agreement with other findings of poor
correlation of low voltage zones to AF
type [29, 31]. Given the lack of a gold
standard for LGE, these findings require
validation.

Another interesting topic of in the
presentstudywas thelow number ofiden-
tified rotors (2.7 per patient) in compari-
son to other studies reporting on average
more than five rotors (re-entrant activity)
per patient [9, 28]. The authors’ recurrent
AF patients had undergone at least one
previous ablation, targeting the PVs. It
has been well described that about 40% of
rotors/reentrant activities are identified
near the PVs [28, 32]. While perform-
ing the initial PV ablation, the chance
of eliminating those rotors is high and
may reduce the number of identified ro-
tors in recurring patients, according to
the present study. Furthermore, @ Fig. 2
displays the relationship between AF du-
ration in those recurrent AF patients and
the number of rotors found. A high cor-
relation of more rotors in the persistent
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tion; Group 2: two previous ablations; Group 3, three or more previous ablations Spearman correlation
coefficient rs=-0.5. Freedom from AF at 24-month follow-up did not change significantly

population vs paroxysmal patients has
been previously described [33]. How-
ever, as stated above, the previous ab-
lation may have eliminated the rotors
around the PVs, obliterating the rela-
tionship between rotors and AF duration.
A similar explanation may be provided
for the findings of LA size and rotors
in the present study. The LA diameter
varied between 33 and 74mm and was
uncorrelated to number of identified ro-
tors. The effect of repeat ablation on LA
diameter was investigated by Montserrat
et al. [34], who reported that reduction
in LA size after initial ablation did not
change with repeated procedures. How-

ever, additional ablation lines in the LA
in repeated procedures may reduce LA
size even more [35].

The correlation between the previous
number of ablations and clinical outcome
in our study was also low. This suggests
that targeting the correct sources (rotors)
at repeat ablation will increase the prob-
ability of the patient remaining arrhyth-
mia-free. This is very much in line with
the findings of Ammar et al. [35], who
suggested that initial substrate modifi-
cation, as well as substrate modification
during a repeat procedure, do not lead
to significantly better results. In other
words, nonspecific ablation of substrate
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does not benefit patients even in repeat
procedures.

Clinical implication of rotor
ablation in recurrent AF patients

Many studies of recurrent AF report ATs
as a leading cause of recurrence [35, 36].
These findings [35] raise the need for
abetter understanding of the mechanism
of such ATs. Those ATs are not always
mapped in recurring patients, and may
potentially be confused with focal non-
PV triggers or micro-reentries. Rota-
tional activity and rotors are not iden-
tified by sequential mapping and may
be documented in such cases as ATs or
repetitive local electrograms. Regardless
of the definition, ablation of individual-
ized areas in recurring AF patients may
provide improved long-term outcome.

Limitations

This was a single-center retrospective,
non-randomized studyinalimited recur-
rent AF population. Rotor identification
was limited to basket electrode coverage
of the mapped chamber, as well as in-
dividual contact of the electrodes to the
atrial tissue, although multiple basket po-
sitions were used per atrium. Neverthe-
less, such limitations may have reduced
the number of identified rotors affecting
the analysis and the outcome. An addi-
tional limitation in acute termination to
sinus rhythm (only 6% in this study) may
be explained by the inability to precisely
locate the core of the rotational activity.
A low voltage substrate map was created
using multiple sequential acquisitions at
each location during sinus rhythm not
representing the true substrate during ar-
rhythmia. Arrhythmia recurrence may
have been underestimated by 48-h ECG
Holter monitoring, despite compliance
with recommended guidelines [2]. How-
ever, the authors’ confidence in the results
are encouraged by other studies report-
ing similar outcomes after ablating the
rotors during the initial procedure.

Conclusions

The data here show similar benefit of
FIRM-guided ablation for recurrent AF
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at 12 months. No correlation was found
between rotors and tissue characteriza-
tion, AF duration, or previous number
of ablations, suggesting that rotors may
play an independent role in maintaining
recurrent AF after prior failed ablation.

Larger multicenter randomized stud-
ies will be required to confirm the find-
ings. A prospective randomized con-
trolled trial of FIRM-guided ablation in
redo procedures is underway: Clinical-
Trials.gov (NCT02799043).
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