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Giriş

• Semptomatik PAF hastalarında PVI genellikle yeterli olmaktadır.

• PerAF/LS-PerAF hastalarında ise tek başına PVI yapılan hastalarda 
uzun dönemde AF nüks etmektedir.

• Bu nedenle PerAF hastalarında ilave ablasyon stratejileri üzerinde 
çalışmalar devam etmektedir.

• Kronik inflamasyon ve atriyal fibrozis atriyal remodeling ile AF için 
substrat oluşturmaktadır.



AF ablasyonu için hasta seçimi

Uygun hasta
• <70 y
• Semptomatik
• LA<45 mm
• PAF (özellikle <48 saat)
• Başka aritmi  olmayan
• «Lone» AF
• Normal kalp fonksiyonları
• Normal BMI
• Normal solunum fonksiyonları
• Normal tiroid fonksiyonları
• Amiodarone kullanmayan hasta

Daha az uygun hasta!
• >70 y
• Asemptomatik/ hafif semptomatik
• LA>45 mm
• PerAF/LS-PerAF
• Eşlik eden AT/AFL
• Yapısal kalp hastalığı varlığı
• Kalp yetersizliği
• KOAH
• Tirotoksikoz öyküsü
• Amiodarone ile başarı sağlanamamış hasta



Persistan AF ablasyonu

• PVI olmazsa olmaz!

• NonPV tetikleyiciler

• Lineer lezyonlar

• Kompleks fraksiyone elektrogram ablasyonu (CFAE) ablasyonu

• Rotor/driver ablasyonu

• LAA izolasyonu

• Düşük voltajlı alan ablasyonu



Persistan AF’de atriyal substrat hedefi 

• Elektrogram temelli yaklaşım
• Complex fractionated atrial electrograms
• Dominant frequency

• AF mekanizmasının panaromik haritalaması (FIRM, ECGI)

• Atriyal fibrozis temelli yaklaşım

• AF risk faktörlerine yönelik yaklaşım (HT, diyabet, obezite, OSAS)



Hussein et al; Low PV Reconnection Rates With AI-Guided Ablation

Circ Arrhythm Electrophysiol. 2018;11:e006576. DOI: 10.1161/CIRCEP.118.006576 September 2018 3

ablation catheter (Biosense Webster, Inc) introduced via a 
nonsteerable sheath. The WACAs were created >10 mm 
outside the PV ostia, where the local electrograms did not 
show near-field PV signals. For the left pulmonary veins, abla-
tion was performed just inside the ridge anterior to the veins. 
Ablation on the intervenous carinae was not delivered as part 
of initial lesion set, unless it was needed to achieve PVI. None 
of the patients received additional ablation in the left atrium, 
and the only other additional ablation permitted was cavotri-
cuspid isthmus ablation for documented typical atrial flutter.

The VisiTag settings for all 40 patients were as follows: 
catheter position stability: minimum time 10 seconds, maxi-
mum range 2 mm; force over time: 30%, minimum force 5 
g; and lesion tag size: 2 mm. The protocol required that the 
operator should aim to deliver contiguous lesions (center-to-
center distance ≤6 mm).9 A CF of 5 to 40 g was targeted at 
each site. Power settings were at the individual operator’s dis-
cretion within the range of 20 to 40 W depending on the LA 
segment. Each lesion was guided by AI targets: 550 at the roof 
and anterior walls and 400 at the posterior and inferior walls 
(Figure 1).10 Impedance drop and FTI data were neither dis-
played nor targeted. Esophageal temperature monitoring was 
performed in all general anesthesia cases, and radiofrequency 
delivery was stopped as soon as the esophageal temperature 
reached 39°C, even if the target AI value of 400 had not been 
reached. Further radiofrequency was not delivered on the pos-
terior wall until the esophageal temperature reached baseline 
level. If there was evidence of residual conduction into the PVs 
on the posterior wall after completion of the WACA, radiofre-
quency was delivered inside the WACA, that is, further away 
from the esophagus, as shown in Figure 2.

The acute end point of the procedure was complete PVI, 
as demonstrated by entrance block using a 20-pole circular 
mapping catheter (Lasso NAV Eco; Biosense Webster, Inc) 
placed sequentially in each of the PVs. After a minimum of 20 
minutes from the last ablation to that WACA lesion set, ipsilat-
eral PVs were rechecked with the Lasso catheter to determine 
if spontaneous PV reconnection had occurred, and these sites 
were tagged. If overt PV reconnection had not occurred, a 
bolus of intravenous adenosine (12–18 mg) was administered 
to unmask any sites of dormant conduction. Further ablation 

was performed at any sites of overt or unmasked reconnec-
tion to achieve PVI once again.

Repeat Electrophysiology Study
All patients underwent protocol-mandated repeat proce-
dure, regardless of AF recurrence, 8 to 10 weeks after the 
initial procedure. Periprocedural anticoagulation manage-
ment and procedural protocol were identical to the first 
procedure, including creation of a LA map using CARTO 
and integration with the original computed tomography 
or magnetic resonance imaging reconstruction of the LA, 
where available. Each PV was then assessed in turn for 
late reconnection with a Lasso catheter and reconnection 
sites were recorded. All reconnection sites were reablated 
using a Thermocool SmartTouch irrigated ablation cathe-
ter until PVI was successfully achieved. The same AI target 
values as for the initial procedure (550 for the roof and 
anterior wall and 400 for the posterior and inferior walls) 
were used, as safety data for higher AI values than these 
are not available.

If the patient remained in AF after achieving isolation of 
all PVs, electric cardioversion was performed. No additional 
ablation was performed.

ECG Follow-Up
All patients were provided with a validated portable ECG 
monitor (Omron HCG-801-E, Omron Healthcare, Kyoto, 
Japan).11 After training them in its use, patients were 
instructed to self record a 30 seconds ECG every day and 
additionally whenever they experienced symptoms. ECG 
recordings were downloaded at each follow-up visit and 
were analyzed for the presence and dates of any atrial 
tachyarrhythmia (AT) by experienced clinicians blinded to 
patient symptoms.

Patient Follow-Up
Follow-up visits were arranged after 6 weeks and 3, 6, and 
12 months. Any antiarrhythmic medications, including β 
blockers, were stopped 3 months after the initial ablation 

Figure 1. Diagram showing the anterior/
roof and the posterior/inferior segments 
and the ablation index (AI) target values 
used for each of these segments in AI-
group.  
The red dots represent ablation lesions with AI 
target values ≥550 while the pink dots represent 
AI target values ≥400 but <550. LIPV indicates 
left inferior pulmonary vein; LSPV, left superior 
pulmonary vein; RIPV, right inferior pulmonary 
vein; RSPV, right superior pulmonary vein; and 
WACA, wide area circumferential ablation.
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BACKGROUND: Catheter ablation for persistent atrial fibrillation (AF) 
is associated with less favorable outcomes than for paroxysmal AF. 
Substrate modification is often added to pulmonary vein isolation (PVI) 
to try to improve success rates. Recent studies have shown improved 
clinical outcomes with use of regional ablation index (AI) targets for PVI. 
We hypothesized that prospective use of AI-guided PVI in persistent 
AF patients would result in a low rate of PV reconnection at repeat 
electrophysiology study and that a high success rate can be achieved with 
durable PVI alone.

METHODS: Forty consecutive patients with persistent AF underwent 
AI-guided PVI with target values of 550 for anterior and 400 for posterior 
left atrial regions, followed by a protocol-mandated repeat procedure 
after 2 months. Patients were monitored for atrial tachyarrhythmia 
recurrence via daily plus symptom-initiated ECG recordings for 12 months. 
Recurrence was defined as ≥30 seconds of any atrial tachyarrhythmia 
after a 3-month blanking period.

RESULTS: PV reconnection was seen at repeat electrophysiology study 
in 22% of patients, affecting 7% of PVs. Ablation on the intervenous 
carina was required in 44% patients to achieve durable PVI. Atrial 
tachyarrhythmia recurrence was documented in 8 (20%) patients, only 
one of whom had PV reconnection at repeat study. At 12 months, 38/40 
(95%) patients were in sinus rhythm, with 4 (10%) patients having 
started antiarrhythmic drugs. Higher body mass index and excess alcohol 
consumption were the only significant factors associated with atrial 
tachyarrhythmia recurrence.

CONCLUSIONS: Use of AI targets results in a high level of durable PVI. A 
good clinical outcome can be achieved in the great majority of persistent 
AF patients with AI-guided PVI alone.

CLINICAL TRIAL REGISTRATION: URL: https://www.clinicaltrials.gov. 
Unique identifier: NCT02628730.

VISUAL OVERVIEW: An online visual overview is available for this article.
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Complete pulmonary vein isolation (PVI) has been 
recommended as the best-established target for 
ablation of paroxysmal atrial fibrillation (AF) and 

has been found to be noninferior to more extensive 
ablation in persistent atrial fibrillation (PeAF).1–3 Late 
recovery of ablated tissue has been the Achilles’ heel 
of radiofrequency ablation, with late reconnection of 
at least 1 PV reported in ≈70% of patients even after 
complete acutely successful PVI.1 The introduction of 
contact force (CF)-sensing catheters and use of force-
time integral (FTI)-targeted ablation has improved re-
sults, but not to the levels hoped for, with 38% to 62% 
of patients still showing late PV reconnection.4,5

Ablation index (AI) is a novel marker of ablation 
lesion quality that incorporates power, CF, and time in 
a weighted formula and was found to accurately esti-
mate ablation lesion depth in preclinical studies.6 The 
AI formula is proprietary and is shown below with the 
constants replaced with letters.

AblationIndex K CF P d
t

a b

c

*= ( ) ( )



∫

0

τ τ τ

That formula has been recently integrated as an 
ablation lesion quality monitoring module into the 
automated lesion tagging software (VisiTag) in the 

CARTO 3 V4 3D electroanatomic mapping system (Bio-
sense Webster, Inc, Diamond Bar, CA). A multicenter 
retrospective study and a prospective study involving 
protocol-mandated repeat procedures after 2 months 
defined the minimum regional AI target values that 
would be required to prevent acute PV reconnection in 
the former study and late PV reconnection in the latter 
study, as 550 for anterior and roof and 400 for poste-
rior and inferior left atrial (LA) segments.5,7

We hypothesized that prospective use of these AI 
targets would result in a low rate of PV reconnection 
and that durable PVI alone may be adequate to achieve 
a high rate of clinical success in patients with PeAF. 
We, therefore, designed the PRAISE study (Pulmonary 
Vein Reconnection Following Ablation Index-Guided 
Ablation: a Success Evaluation), in which 40 patients 
underwent a protocol-mandated repeat electrophysiol-
ogy procedure following AI-guided ablation to deter-
mine the prevalence of late PV reconnection. Patients 
were then monitored intensively >12-month follow-up 
period for clinical outcomes.

METHODS
The data, analytic methods, and study materials have been 
made available to other researchers for purposes of repro-
ducing the results or replicating the procedure.

The study population comprised 40 consecutive patients 
with PeAF, of <12 months duration, and with no significant 
structural heart disease who underwent AI-guided PVI at 3 
sites: Liverpool Heart and Chest Hospital, Liverpool, United 
Kingdom; Freeman Hospital, Newcastle upon Tyne, United 
Kingdom; and Centro Cardiologico Monzino, Milan, Italy. The 
study was registered prospectively: PRAISE. The study was 
approved by the individual Institutional and National Ethics 
Committees, as well as monitored by a Data Monitoring and 
Safety Committee. Each patient provided written informed 
consent before participation.

Initial Ablation Procedure
All procedures were performed under general anesthesia or 
deep conscious sedation. Vitamin K antagonist treatment 
was uninterrupted while non-Vitamin K anticoagulants 
were omitted on the morning of the procedure. After ultra-
sound-guided right femoral venous access,8 2 transseptal 
punctures were performed using fluoroscopic guidance 
with additional pressure monitoring, after which intrave-
nous unfractionated heparin boluses were administered to 
maintain an activated clotting time of >300 seconds. If the 
patient was in AF, electric cardioversion was performed to 
restore sinus rhythm. A 3-dimensional navigation system 
(CARTO 3, Biosense Webster, Inc, Diamond Bar, CA) was 
used to create a 3-dimensional electroanatomical voltage 
map of the LA, with integration with a computed tomog-
raphy or magnetic resonance imaging reconstruction of the 
LA (CartoMerge, Biosense Webster, Inc) where available.

PVI was performed with radiofrequency energy in a point-
by-point wide area circumferential ablation (WACA) pattern 
using a Thermocool SmartTouch irrigated tip CF-sensing 

WHAT IS KNOWN?
• Ablation index is a novel marker incorporating con-

tact force, time, and power in a weighted formula.
• Retrospective analysis found that the minimum 

ablation index value within a segment of the encir-
cling pulmonary vein isolation lesion is predictive 
of pulmonary vein reconnection in that segment at 
repeat electrophysiology study and that higher val-
ues were required for durable isolation in anterior/
roof segments compared with posterior/inferior 
segments.

WHAT THE STUDY ADDS?
• Ablation index regional targets-guided ablation 

results in high rate of durable pulmonary vein 
isolation at repeat electrophysiology study, with 
93% of pulmonary veins found to remain durably 
isolated.

• Late reconnection is the most commonly encoun-
tered in carinal regions, and, therefore, consider-
ation needs to be given to ablating these regions 
preemptively.

• An ablation index-guided pulmonary vein isola-
tion-only strategy provides a high rate of clinical 
success in patients with persistent atrial fibrillation 
with no significant structural heart disease, poten-
tially because of improved durability of pulmonary 
vein isolation.
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in some PeAF patients, such as the presence of thicker 
or more fibrotic tissue. This merits further investigation.

High Incidence of Durable PVI With a 
Single Procedure
A few previous studies have studied patients with a 
protocol-mandated repeat electrophysiology study 2 to 
3 months after PVI to investigate the prevalence of late 
PV reconnection (Table 4). The percentage of patients 
with late reconnection of at least 1 PV was 60% to 70% 
in studies where CF information was not available,1,18 
or where CF-sensing catheters were used without FTI 
target values.20 In the EFFICAS II study, where a mini-
mum FTI target of 400 gs globally was used to guide 
ablation, this was reduced to 38%, but the increased 
efficacy came at the expense of serious complications 
(tamponade) in 8.3%.4

Our durable PVI rate of 93% with the use of regional AI 
targets is the highest reported, and this was achieved with-
out any complications. The durability of PVI in our study 
is comparable to the small single-center SUPIR study (Sus-
tained PV Isolation With Arctic Front Advance) in which at 
least two 4-minute freezes were delivered to each PV with 
the second-generation cryoballoon.17 However, patients 
included in that study had paroxysmal AF, with presum-
ably smaller left atria, there was a 3/21 (14.3%) complica-
tion rate and 2/21 (9%) drop-out rate, and assessment 
for late reconnection was solely with a circular catheter. A 
subsequent study of the second-generation cryoballoon, 
in which a single 3-minute freeze was delivered to each 
PV, showed considerably higher rates of late reconnection 
affecting 27% of PVs in 66% of patients when assessed 
by both a circular mapping catheter and electroanatomi-
cal mapping, as in our study.19

Considering the fact that a strategy of a routine 
repeat procedure at 2 months is not feasible in routine 

clinical practice, the 12-month arrhythmia-free suc-
cess rate of 81% in patients who did not require abla-
tion at the repeat procedure (n=28) was equivalent to 
those who required repeat ablation (n=12). This single-
ablation procedure outcome is superior to the 66.7% 
arrhythmia-free single-procedure success rate at 12 
months using PVI only in PeAF patients seen in a recently 
published systematic review,21 and likely represents an 
estimate of what is achievable with a durable WACA-
based PVI. Moreover, these results are also consistent 
with our previously reported results from a wider clinical 
cohort, albeit in whom the intensity of ECG monitoring 
during follow-up was not as intensive as in this study.9

Factors Associated With Late AT 
Recurrence
Patients in our study with late AT recurrence after cath-
eter ablation were found to have a higher body mass 
index and a greater proportion consumed excess alco-
hol (>30 g/wk), findings which are consistent with pre-
vious work.22,23 Our study findings, therefore, support 
recommendations to pursue healthy lifestyle modifica-
tions, such as weight reduction and avoidance of excess 
alcohol, to facilitate rhythm control after AF ablation.24

Limitations
The study is not a randomized controlled study and, 
therefore, direct comparisons with CF-guided ablation 
cannot be made. Second, despite the absence of com-
plications in this study across the 3 centers, the study 
size is too small to provide definitive safety assessment of 
AI-guided ablation strategy. However, between January 
2015 and April 2018, we at Liverpool Heart and Chest 
Hospital have performed 542 AF ablation procedures 
guided by AI targets for 385 de novo and 157 redo cases. 

Table 4. Studies That Examined Late Pulmonary Vein Reconnection at Mandated Repeat Electrophysiology Study After PVI

 EFFICAS I18 EFFICAS II4 SUPIR17 Miyazaki et al19 PRESSURE20 PRAISE

Patients, n 46 26 21 32 40 40

Repeat EPS, n (%) 40 (86.9) 24 (92.3) 19 (91) 32 (100) 40 (100) 40 (100)

Population PAF PAF PAF PAF PAF PeAF

Ablation tools Contact force/3D 
mapping

Contact force/3D 
mapping

Second-generation 
cryoballoon

Second-generation 
cryoballoon

Contact force/3D 
mapping

Contact force/3D 
mapping

Technique Blinded to CF CF and FTI targets 2×4-min freezes Single 3-min freeze CF and EGM targets AI targets

Complications, n (%) 0 2 (7.7) 3 (14.3) 1 (3.1) 1 (2.5) 0

Late PV reconnection

  By patients, n (%) 26/40 (65%) 9/24 (38%) 4/19 (21%) 21 (66%) 25/40 (62%) 8/36 (22%)

  By PVs, n (%) 44/160 (28%) 14/91 (15%) 7/75 (9%) 34 (27%) 41/160 (26%) 11/147 (7%)

3D indicates 3-dimensional; AI, ablation index; CF, contact force; EFFICAS I, Electrical Reconnection After Pulmonary Vein Isolation Is Contingent on 
Contact Force During Initial Treatment; EFFICAS II, Optimization of Catheter Contact Force Improves Outcome of Pulmonary Vein Isolation for Paroxysmal 
Atrial Fibrillation; EGM, intracardiac electrograms; EPS, electrophysiology study; FTI, force-time integral; PAF, paroxysmal atrial fibrillation; PeAF, persistent 
atrial fibrillation; PRAISE, Pulmonary Vein Reconnection Following Ablation Index-Guided Ablation: a Success Evaluation; PRESSURE, Pulmonary Vein Re-
Isolation as a Routine Strategy: a Success Rate Evaluation; PVI, pulmonary vein isolation; and SUPIR, Sustained PV Isolation With Arctic Front Advance.
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Freedom from AT recurrence was not significantly 
different between patients who needed redo ablation 
for PV reconnection, and those who had no reconnec-
tion (75% versus 81%; P=0.69).

Patient Characteristics in Relation to AT 
Recurrence
Table  3 presents patient demographics and clinical 
characteristics of patients with and without AT recur-
rence. Higher body mass index and excess alcohol 
intake, defined as >30 g/wk, were the only 2 factors 
significantly associated with AT recurrence during the 
outcome period.

Early Recurrence of AT
During the blanking period, early recurrence of AT 
occurred in 12 (30%) of patients. Only 2 patients with 
early recurrence of AT required redo ablation for PV 
reconnection at repeat study and neither had further AT 
recurrence during the study follow-up period. Of the 10 
remaining patients with early recurrence of AT but no 
PV reconnection, 4 went on to have postblanking period 
AT, indicating a non-PV driver for their recurrent AT. The 
absence of early recurrence of AT during the blanking 
period was significantly associated with freedom from 
late recurrence of atrial tachyarrhythmia at 12 months 
(85.7% versus 66.7%; P<0.01).

AF Effect on Quality of Life Scores
For all patients at 6 months after the initial PVI pro-
cedure, AF effect on quality of life scores showed a 
highly significant improvement in patient quality of life 
compared with baseline (63.9 [39.1–69.9] versus 91.7 
[84.3–97.2]; P<0.001). This became even more evident 
at 12 months (98.2 [81.5–99.5]; P<0.001).

DISCUSSION
Main Findings
This study is the first to investigate the durability of PVI 
after AI-guided ablation, as assessed at protocol-man-
dated repeat electrophysiology study, and clinical out-
comes at 12 months after a PVI only strategy in patients 
with PeAF. The main findings of this study are (1) AI-
guided ablation was associated with high rate of durable 
PVI of 93% PVs in a PeAF population; (2) around one-
third of posterior segments where therapeutic AI values 
could not be reached because of a rise in esophageal 
temperature exhibited acute PV reconnection after the 
20-minute waiting period; (3) almost half of patients in 
the AI-group required ablation on the intervenous cari-
na to achieve permanent PVI; (4) an AI-guided PVI only 
ablation strategy was associated with a successful out-
come in the vast majority of patients >12 months, most 
probably because of more durable PVI; and (5) higher 
body mass index and excess alcohol consumption were 
significantly associated with AT recurrence.

Reduction of Acute and Late 
Reconnection
Experiments in an animal model have suggested that AI 
accurately predicts the depth of ablation lesions,6 and AI 
has, therefore, been proposed as a novel marker of abla-
tion lesion quality. Previous retrospective analysis of Visi-
Tag data in a multicenter retrospective study identified 
minimum AI values of 540 and 380 that were predic-
tive of freedom from acute reconnection in the anterior/
roof and posterior/inferior regions, respectively.7 In our 
previously-published CF-guided paroxysmal AF ablation 
trial, the PRESSURE trial (Pulmonary Vein Re-Isolation as 
a Routine Strategy: a Success Rate Evaluation), similar 
AI values were also found to predict freedom from late 

Figure 4. Kaplan-Meier curve of freedom 
from atrial tachyarrhythmia recurrence for 
all PRAISE (Pulmonary Vein Reconnection 
Following Ablation Index-Guided Ablation: 
a Success Evaluation) patients.  
LRAT indicates late recurrence of atrial tachyar-
rhythmia.
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Pulmonary Vein Isolation
Versus Defragmentation
The CHASE-AF Clinical Trial

Julia Vogler, MD,* Stephan Willems, MD,* Arian Sultan, MD,y Doreen Schreiber, MD,z Jakob Lüker, MD,y
Helge Servatius, MD,x Benjamin Schäffer, MD,* Julia Moser, MD,* Boris A. Hoffmann, MD,* Daniel Steven, MDy

ABSTRACT

BACKGROUND Long-term success rates using ablation for persistent atrial fibrillation (AF) are disappointing and
usually do not exceed 60%.

OBJECTIVES This study sought to compare arrhythmia-free survival between pulmonary vein isolation (PVI) and a

stepwise approach (full defrag) consisting of PVI, ablation of complex fractionated electrograms, and additional linear

ablation lines in the setting of atrial tachycardias (AT) in patients with persistent AF after PVI.

METHODS From November 2010 to February 2013, 205 patients (151 men; 61.7 ! 10.2 years of age) underwent de novo

ablation for persistent AF. Subsequently, patients were prospectively randomized to either PVI alone (n ¼ 78) or full

defrag (n ¼ 75), with 52 patients not randomized due to AF termination with the original PVI. The primary endpoint was

recurrence of any AT after a blanking period of 3 months.

RESULTS During the entire study, 241 ablations were performed (mean: 1.59 in the PVI-alone group, 1.55 in the
full-defrag group). With the stepwise approach, termination of AF occurred in 45 (60%) patients. However, arrhythmia-

free survival did not differ whether patients underwent single or multiple procedures (p ¼ 0.468). Procedure duration,

fluoroscopy time, and radiofrequency duration were significantly longer in the full-defrag group (all p < 0.001).

CONCLUSIONS A stepwise approach aimed at AF termination does not seem to provide additional benefit over PVI

alone in patients with persistent AF, but it is associated with significantly longer procedural and fluoroscopic duration as

well as radiofrequency application time. (The Randomized Catheter Ablation of Persist End Atrial Fibrillation Study

[CHASE-AF]; NCT01580124) (J Am Coll Cardiol 2015;66:2743–52)

© 2015 by the American College of Cardiology Foundation.

A well-established therapy for paroxysmal
atrial fibrillation (PAF), pulmonary vein
isolation (PVI), is associated with encour-

aging long-term results and has proven to be superior
to antiarrhythmic therapy for long-term rhythm sta-
bility (1–3). However, PVI alone appears to be insuf-
ficient for treating persistent AF (persAF), with

disappointing long-term results (4–10). Therefore,
additional ablation strategies targeting the modifica-
tion and elimination of the AF-sustaining atrial sub-
strate have been developed, including ablation of
complex fractionated atrial electrograms (CFAEs)
(6,11) in both atria and the coronary sinus (CS),
isolation of the left atrial appendage (LAA), and
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group underwent substrate modification as in the
other group.

STATISTICAL ANALYSIS. Assuming an absolute risk
reduction of 30% for the stepwise approach compared
with PVI in the primary outcome, the estimated
sample size per group was 65 patients to provide 95%
power with an alpha error of 5%. To account for a
potential dropout rate of 10%, 160 patients were
planned for inclusion. Baseline patient characteris-
tics, procedure-related data, and arrhythmia-free
survival were compared using the Mann-Whitney
U test for continuous variables and the chi-square
test or Fisher exact test (if the expected frequencies
were low) for categorical variables. Continuous vari-
ables are expressed as mean ! SD for normal distribu-
tion or asmedian and interquartile ranges in the case of
other distribution. Categorical variables are summa-
rized as counts and percentages. Event-free survival
was displayed with Kaplan-Meier curves and com-
pared by the log-rank test. Throughout all calculations,
a 2-tailed p value of 0.05 was considered statistically
significant. Alpha adjustment for multiple testing was
not applied; therefore, results are of an exploratory
and descriptive character. An independent statistician
performed all analyses using SPSS version 22 (IBM
Corporation, Armonk, New York).

RESULTS

From November 2010 to February 2013, 205 patients
with persAF (mean age: 61.7 ! 10.2 years; 151 men)
were enrolled and assigned to PVI alone (n ¼ 78), full
defrag (n ¼ 75), or not randomized (n ¼ 52) due to
termination of AF with PVI (Figure 2). There were no
differences in baseline characteristics except for the
longest episode of continuous AF, which was longer
in the PVI-alone group (Table 1). An equal number of
patients in the PVI and defrag groups were on anti-
arrhythmic therapy before ablation (Table 1).

A total of 142 patients were eligible for rhythm
outcome analysis; 11 patients (7 in the PVI-alone group,
4 in the full defrag group) were lost to or had incom-
plete follow-up. In the PVI-alone group, 10 patients
were treated with a stepwise approach during the
repeat procedure (second or third ablation) due to
isolated PVs and excluded from rhythm outcome
analysis to avoid bias by crossover. No patient died
during follow-up.

All patients were in spontaneous AF at the begin-
ning of the procedure. Baseline AF cycle length did not
differ (Table 2). In the PVI-alone group, sinus rhythm
was achieved by DC cardioversion. In the full-defrag
group, mean AF cycle length progressively increased
during CFAE ablation (Figure 3). AF termination was

achieved in 45 (60%) patients: 18 patients converted to
sinus rhythm during ablation of CFAE in the LA, RA,
or CS. In 27 patients, AF was converted to AT; 11 of
these patients required cardioversion because AT
could not be terminated by ablation. Failure to termi-
nate was mainly due to unstable AT combined with
prolonged procedure duration, high volume load, and
barely mappable electrograms after extensive abla-
tion. AF was not terminated in the remaining 30 pa-
tients. Procedure duration, fluoroscopy time, and RF
duration were longer in the full-defrag group, and
patients had a higher fluid intake (Table 2).

In the full-defrag group, 22 patients underwent
linear ablation: mitral isthmus line in 6 patients; mitral
isthmus line plus ablation at the cavotricuspid isthmus
in 2 patients; mitral isthmus line plus LA roof line in 2
patients; anterior line in 1 patient; anterior line plus
linear ablation at the cavotricuspid isthmus in 1 pa-
tient; LA roof line and linear ablation at the cavo-
tricuspid isthmus in 1 patient; and ablation at the
cavotricuspid isthmus in 8 patients. Bidirectional
block was achieved in 20 of these 22 patients. The
remaining 2 patients showed an incomplete block at
the mitral isthmus line.

FIGURE 1 Stepwise Ablation Approach

Atrial !brillation

Step 1
Pulmonary vein isolation

(n = 75)

Step 2
LA Defragmentation

(n = 75)

CS Defragmentation
(n = 61)

RA Defragmentation
(n = 68)

Atrial tachycardia
(n = 27)

Step 3
Mapping and ablation of AT

n = 30

n = 11

n = 11

n = 1

n = 6

n = 16

Sinus rhythm

Electrical cardioversion

Term
ination

The subsequent ablation steps used with the stepwise approach. AT ¼ atrial tachycardia;
CS ¼ coronary sinus; LA ¼ left atrium; RA ¼ right atrium.
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RHYTHM OUTCOME. During the entire study, 241 ab-
lations were performed in 153 patients (mean: 1.59 in
the PVI-alone group, 1.55 in the full-defrag group).
Single ablation was performed in 88 patients, 2 abla-
tions in 41 patients, and 3 ablations in 24 patients.
(As discussed earlier, 10 patients in the PVI group
required the stepwise approach.) After single (Figure 4)
and multiple procedures (Central Illustration),
arrhythmia-free survival (on drug therapy) did not
differ between the 2 groups: by per-protocol analysis,
sinus rhythm was maintained in 39 of 61 (63.9%) pa-
tients in the PVI-alone group versus 41 of 71 (57.7%)
patients in the full-defrag group (p ¼ 0.468). By
intention-to-treat analysis, arrhythmia-free survival
was also similar (61.4% in the PVI group vs. 58.3% in the
full-defrag group; p ¼ 0.707). The drug-free overall
1-year multiple procedure success rate was 51.4% in
the PVI-alone group compared with 50.0% in the
full-defrag group (p ¼ 0.865). PAF recurred in 4 (6.6%)

patients in the PVI-alone group and in 8 (11.3%) pa-
tients in the full-defrag group; for persAF, the corre-
sponding numbers were 18 (29.5%) and 19 (26.8%)
patients (p ¼ 0.635), respectively. No difference was
seen in the rate of ATs: 5 (8.2%) patients in the
PVI-alone group, and 6 (8.5%) in the full-defrag group
(p > 0.999). Termination of AF during the first proce-
dure was not associated with better arrhythmia-free
survival; 13 patients (21.3%) in the PVI group and 20
patients (28.2%) in the full-defrag group were still or
once again on antiarrhythmic medication at the last
follow-up visit (p ¼ 0.364).

A subanalysis that evaluated the arrhythmia-free
survival after 12 months according to the number of
ablations within the follow-up period was consistent
with the results of the overall study population
(Table 3). There was no difference between the 2
treatment groups, and there was no trend toward a
difference for either group. With few patients who

FIGURE 2 Study Flowchart

205 patients with persistent AF
assessed for eligibility received

PVI

52 patients excluded due
to termination of AF

153 patients randomized

78 patients assigned to PVI and
received PVI–alone plus DC

75 patients assigned to and
received full defragmentation 1. Index procedure

18 patients received
re–isolation of PVs

17 patients received a second
full defragmentation 2. Procedure

8 patients received a second
re–isolation of PVs

12 patients received a third
full defragmentation 3. Procedure

7 patients lost to follow–up
10 patients excluded from
analysis due to cross–over
during 2. or 3. procedure

4 patients lost to follow–up
or with incomplete follow–up

Patients with persistent atrial fibrillation (AF) that did not terminate after initial pulmonary vein isolation (PVI) were randomized to subsequent
PVI or full defragmentation (full defrag). DC ¼ direct current cardioversion; PV ¼ pulmonary vein.
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from 1 day to >12 months. This suggests a different
population of patients with a less advanced type of
AF compared with previous studies. A subset of pa-
tients might have had AF of paroxysmal character.

Additional CFAE ablation is not beneficial for sinus
rhythm maintenance in these patients (20,22–25);
consequently, PVI might have been comparable to the
stepwise approach in our study. AF termination rate
in the full-defrag group was lower than in the
Bordeaux group studies (16,26). However, compared
with other studies (27–29), including STAR AF II (the
Substrate and Trigger Ablation for Reduction of Atrial
Fibrillation Trial Part II) (30) and our own experience,
a termination rate of 60% is reasonable if patients
with successful AF termination following PVI are
excluded and if linear ablation lines are only per-
formed in cases of ATs. Assuming that AF termination
during the procedure is 1 of the strongest predictors
of procedure outcome, as shown in some previous
studies (15,31), arrhythmia-free survival should have
been superior in patients with AF termination. How-
ever, the results of the STAR AF II trial and our study
do not support that assumption (1,28,32). There is
conflicting evidence as to whether AF termination
during ablation influences long-term outcome.
Therefore, the outcome value of AF termination
remains controversial in a “real-world scenario.”

PATIENT CHARACTERISTICS. Long-term efficacy of
PVI as the first-line ablative strategy in persAF is
questionable. However, Tilz et al. (8,9) reported
that 43.2% of patients were arrhythmia free after a

FIGURE 4 Rhythm Outcome After Single Ablation
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Kaplan-Meier event-free survival curve demonstrates arrhythmia-free survival after a single ablation. Abbreviations as in Figures 1 and 2.

FIGURE 3 Mean AFCL Progression
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The mean atrial fibrillation cycle length (AFCL) is shown during ablation in the full-defrag
group, starting from baseline to the end of ablation in the right atrium. Abbreviations as in
Figures 1 and 2.

Vogler et al. J A C C V O L . 6 6 , N O . 2 4 , 2 0 1 5

The CHASE-AF Study D E C E M B E R 2 2 , 2 0 1 5 : 2 7 4 3 – 5 2

2748

J Am Coll Cardiol 2015;66:2743–52 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 372;19 nejm.org May 7, 20151812

From Southlake Regional Health Centre, 
Newmarket, ON (A.V.), Montreal Heart 
Institute, Montreal (L.M.), McMaster Uni-
versity, Hamilton, ON (C.A.M.), and Roy-
al Jubilee Hospital, Victoria, BC (P.N.) — 
all in Canada; Sir Run Run Shaw Hospital, 
College of Medicine, Zhejiang University, 
Hangzhou, China (C.J.); John Radcliffe 
Hospital, Oxford, United Kingdom (T.R.B.); 
Haukeland University Hospital, Bergen, 
Norway (J.C.); the German Heart Center, 
Munich (I.D.), and Charité Campus Vir-
chow-Klinikum, Berlin (W.H.) — both in 
Germany; Ospedale M. Bufalini, Cesena 
(R.M.), Presidio Ospedaliero Pineta 
Grande, Castel Volturno (S.N.), and Os-
pedale Santa Croce e Carle, Cuneo (E.M.) 
— all in Italy; Hollywood Private Hospi-
tal, Perth, WA (R.W.), and the University 
of Adelaide and Royal Adelaide Hospital, 
Adelaide, SA (P.S.) — all in Australia; and 
Clinique Pasteur Toulouse, Toulouse, 
France (J.-P.A.). Address reprint requests 
to Dr. Verma at Southlake Regional 
Health Centre, 602-581 Davis Dr., New-
market, ON L3Y 2P6, Canada, or at  atul 
. verma@  utoronto . ca.

*A complete list of investigators in the 
Substrate and Trigger Ablation for Re-
duction of Atrial Fibrillation Trial Part II 
(STAR AF II) is provided in the Supple-
mentary Appendix, available at NEJM.org.

N Engl J Med 2015;372:1812-22.
DOI: 10.1056/NEJMoa1408288
Copyright © 2015 Massachusetts Medical Society.

BACKGROUND
Catheter ablation is less successful for persistent atrial fibrillation than for parox-
ysmal atrial fibrillation. Guidelines suggest that adjuvant substrate modification 
in addition to pulmonary-vein isolation is required in persistent atrial fibrillation.

METHODS
We randomly assigned 589 patients with persistent atrial fibrillation in a 1:4:4 ratio 
to ablation with pulmonary-vein isolation alone (67 patients), pulmonary-vein iso-
lation plus ablation of electrograms showing complex fractionated activity (263 pa-
tients), or pulmonary-vein isolation plus additional linear ablation across the left 
atrial roof and mitral valve isthmus (259 patients). The duration of follow-up was 
18 months. The primary end point was freedom from any documented recurrence 
of atrial fibrillation lasting longer than 30 seconds after a single ablation procedure.

RESULTS
Procedure time was significantly shorter for pulmonary-vein isolation alone than 
for the other two procedures (P<0.001). After 18 months, 59% of patients assigned 
to pulmonary-vein isolation alone were free from recurrent atrial fibrillation, as 
compared with 49% of patients assigned to pulmonary-vein isolation plus complex 
electrogram ablation and 46% of patients assigned to pulmonary-vein isolation 
plus linear ablation (P = 0.15). There were also no significant differences among the 
three groups for the secondary end points, including freedom from atrial fibrilla-
tion after two ablation procedures and freedom from any atrial arrhythmia. Com-
plications included tamponade (three patients), stroke or transient ischemic attack 
(three patients), and atrioesophageal fistula (one patient).

CONCLUSIONS
Among patients with persistent atrial fibrillation, we found no reduction in the rate 
of recurrent atrial fibrillation when either linear ablation or ablation of complex 
fractionated electrograms was performed in addition to pulmonary-vein isolation. 
(Funded by St. Jude Medical; ClinicalTrials.gov number, NCT01203748.)

A BS TR AC T

Approaches to Catheter Ablation  
for Persistent Atrial Fibrillation

Atul Verma, M.D., Chen-yang Jiang, M.D., Timothy R. Betts, M.D., M.B., Ch.B., 
Jian Chen, M.D., Isabel Deisenhofer, M.D., Roberto Mantovan, M.D., Ph.D., 

Laurent Macle, M.D., Carlos A. Morillo, M.D., Wilhelm Haverkamp, M.D., Ph.D., 
Rukshen Weerasooriya, M.D., Jean-Paul Albenque, M.D., Stefano Nardi, M.D., 

Endrj Menardi, M.D., Paul Novak, M.D., and Prashanthan Sanders, M.B., B.S., Ph.D., 
for the STAR AF II Investigators*

Original Article

The New England Journal of Medicine 
Downloaded from nejm.org on December 4, 2022. For personal use only. No other uses without permission. 

 Copyright © 2015 Massachusetts Medical Society. All rights reserved. 

n engl j med 372;19 nejm.org May 7, 20151814

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

ablation (the postablation “blanking period”7), af-
ter which their use was discouraged. Patients with 
recurrent atrial fibrillation after the blanking 
period were allowed to start or resume the use 
of antiarrhythmic medications; they were also al-

lowed to undergo a repeat ablation by means of 
the strategy to which they were initially randomly 
assigned. If such a repeat ablation was deemed 
appropriate, we recommended that it be per-
formed 3 to 6 months after the initial procedure. 
Anticoagulation was continued after ablation for 
a minimum of 3 months; after 3 months, anti-
coagulation treatment was administered at the 
discretion of the treating clinician.

Clinical assessments, 12-lead electrocardio-
grams, and 24-hour Holter-monitor recordings 
were obtained at baseline and at 3, 6, 9, 12, and 
18 months after the initial ablation. Patients were 
given a transtelephonic monitor (Tele-ECG-Card, 
Vitaphone) for the 18-month follow-up period and 
were asked to transmit rhythm recordings weekly 
and any time they had symptoms such as palpi-
tations, dizziness, or shortness of breath. Electro-
cardiograms and Holter-monitor recordings were 
read by clinicians who were unaware of the treat-
ment assignments. Transmissions from the trans-
telephonic monitor were read independently by 
core laboratory personnel who were unaware of 
the treatment assignments.

 Study Outcomes
The primary study outcome was freedom from 
any documented episode of atrial fibrillation last-
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Figure 1. Three Strategies of Ablation for Persistent 
Atrial Fibrillation.

Patients randomly assigned to pulmonary-vein isola-
tion had ablation lesions (red circles) encircling each 
pulmonary vein until all signals within each vein were 
abolished (entrance block), as confirmed by a circular 
catheter, and pacing inside each vein failed to conduct 
into the left atrium (exit block). For the strategy in-
volving pulmonary-vein isolation plus complex frac-
tionated electrograms, pulmonary-vein isolation (red 
circles) was followed by mapping and ablation of elec-
trograms that showed either rapid or continuous elec-
trical activity during atrial fibrillation; these were iden-
tified by validated, automated software in the mapping 
system. Electrograms were ablated until atrial fibrilla-
tion terminated to sinus rhythm or until all complex 
fractionated regions were completely eliminated. For 
the strategy involving pulmonary-vein isolation plus 
linear ablation, pulmonary-vein isolation (red circles) 
was followed by ablation of linear lesions along the left 
atrial roof and the mitral valve isthmus. Conduction 
block was confirmed by prespecified pacing maneuvers. 
The view is from the posterior.
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Primary Outcome
At 18 months, a documented recurrence of atrial 
fibrillation lasting longer than 30 seconds after 
one ablation procedure, with or without the use 
of antiarrhythmic medications, had occurred in 
25 of 61 patients (41%) randomly assigned to isola-
tion alone, 125 of 244 patients (51%) assigned to 
isolation plus electrograms, and 132 of 244 pa-
tients (54%) assigned to isolation plus lines. Rates 
of the primary outcome were not significantly 
different among the three groups (59% for the 
group receiving isolation alone, 49% for the group 
receiving isolation plus electrograms, and 46% 
for the group receiving isolation plus lines; P = 0.15 
for between-group differences) (Table 2 and Fig. 2).

Overall, 12% of patients who were free from 
recurrence of atrial fibrillation at 18 months were 
taking antiarrhythmic medications (7 patients in 
the group receiving isolation alone, 28 in the 
group receiving isolation plus electrograms, and 
29 in the group receiving isolation plus lines). 
The rate of freedom from recurrence of atrial 

fibrillation after one procedure, without antiar-
rhythmic medication, was not significantly dif-
ferent among the three groups (Table 2).

Secondary Outcomes
Rates of freedom from atrial fibrillation after 
two ablation procedures, with or without antiar-
rhythmic medication, were not significantly dif-
ferent among groups (Table 2, and Fig. S3 in the 
Supplementary Appendix). Rates of freedom from 
any atrial arrhythmia, including atrial flutter and 
atrial tachycardia, after a single ablation proce-
dure and after two ablation procedures were not 
significantly different among groups (Table 2, and 
Fig. S4 and S5 in the Supplementary Appendix).

The total burden of atrial fibrillation was 
significantly reduced after ablation and was not 
significantly different among the three groups 
(Fig. S6 in the Supplementary Appendix). Post 
hoc analyses showed that the group assigned to 
isolation plus lines had a significantly higher 
incidence of arrhythmia recurrence without an-

Figure 2. Freedom from Atrial Fibrillation.

The graph shows Kaplan–Meier estimates of freedom from documented atrial fibrillation more than 30 seconds af-
ter a single procedure, with or without the use of antiarrhythmic medications. There were no significant differences 
between groups (P = 0.15). Isolation plus electrograms denotes ablation with pulmonary-vein isolation plus addi-
tional ablation of complex fractionated electrograms; isolation plus lines refers to ablation with pulmonary-vein iso-
lation plus additional linear ablation.
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tiarrhythmic medication than did the group as-
signed to isolation alone (Table 2).

Adverse Events
Periprocedural adverse events occurring in patients 
who underwent any ablation procedure are shown 
in Table 3. The most common adverse events were 
sedation-related complications (8 events), arte-
riovenous fistula or pseudoaneurysm at the ac-
cess site (6 events), hematoma at the access site 
(5 events), and fluid overload (4 events). Of these 
23 most frequently occurring adverse events, only 
2 hematomas at the access site occurred in the 
group assigned to isolation alone; the remainder 
occurred in the groups assigned to isolation plus 
electrograms or isolation plus lines. Serious ad-
verse events included 3 instances of cardiac tam-
ponade and 3 instances of stroke or transient 
ischemic attack. In one patient in the group as-
signed to isolation plus electrograms, a proce-
dure-related atrioesophageal fistula developed that 
was complicated by stroke; this was successfully 
treated by esophageal stenting, but the patient died 
3 months later of aspiration pneumonia. Nonpro-
cedural adverse events are shown in Table S3 in 
the Supplementary Appendix.

Subgroup Analyses
Pairwise subgroup analyses were performed for 
eight prespecified subgroups for each pair of as-

signed treatments (Fig. S7 in the Supplementary 
Appendix). No significant treatment-according-to-
subgroup interactions were identified.

Discussion

In this randomized trial, we evaluated three ap-
proaches to radiofrequency ablation for patients 
with persistent atrial fibrillation. We found no 
reduction in the rate of recurrent atrial fibrilla-
tion when either linear ablation or ablation of 
complex fractionated electrograms was performed 
in addition to ablation with pulmonary-vein isola-
tion. These results, which were observed during 
18 months of follow-up with rigorous monitoring, 
held across the primary outcome and all second-
ary outcomes. Our findings are not in accordance 
with the current guideline recommendation that 
patients with persistent atrial fibrillation who un-
dergo pulmonary-vein isolation should have ad-
ditional substrate ablation to improve outcome.2,7

Most published studies of catheter ablation 
have involved patients with paroxysmal atrial fi-
brillation.7 Although we are aware of no large 
trials on the outcomes of ablation for persistent 
atrial fibrillation, small studies report lower suc-
cess rates than those achieved in studies of par-
oxysmal atrial fibrillation.9,24,25 Our data suggest 
that pulmonary-vein isolation alone can achieve 
a successful outcome in about half of patients, 

Adverse Event

Isolation 
Alone 

(N = 64)

Isolation 
plus Electrograms 

(N = 254)

Isolation 
plus Lines 
(N = 250)

Total 
(N = 568)

number of events

Hematoma at access site 2 0 3 5

Arteriovenous fistula or pseudo- 
aneurysm at access site

0 3 3 6

Pericarditis 0 1 2 3

Fluid overload 0 1 3 4

Sedation-related complication 0 3 5 8

Skin burn 1 0 0 1

Cardiac tamponade 1 0 2 3

Transient ischemic attack or stroke 0 2 1 3

Death due to atrioesophageal fistula 0 1 0 1

*  Adverse events are reported for patients who underwent an ablation procedure, regardless of whether they completed 
at least 3 months of follow-up. There were no significant differences between groups.

Table 3. Procedural Adverse Events.*

The New England Journal of Medicine 
Downloaded from nejm.org on December 4, 2022. For personal use only. No other uses without permission. 

 Copyright © 2015 Massachusetts Medical Society. All rights reserved. 

N Engl J Med 2015;372:1812-22



Pulmonary vein isolation alone vs. more
extensive ablation with defragmentation and
linear ablation of persistent atrial fibrillation:
the EARNEST-PVI trial

Koichi Inoue 1*, Shungo Hikoso1, Masaharu Masuda2, Yoshio Furukawa3,
Akio Hirata4, Yasuyuki Egami5, Tetsuya Watanabe6, Hitoshi Minamiguchi1,
Miwa Miyoshi7, Nobuaki Tanaka1, Takafumi Oka1, Masato Okada1, Takashi Kanda2,
Yasuhiro Matsuda2, Masato Kawasaki3, Kenichi Hayashi8, Tetsuhisa Kitamura10,
Tomoharu Dohi1, Akihiro Sunaga1, Hiroya Mizuno1, Daisaku Nakatani1, and
Yasushi Sakata1; on behalf of the OCVC Arrhythmia Investigators
1Cardiovascular Center, Sakurabashi-Watanabe Hospital, 2-4-32 Umeda, Kita-ku, Osaka 530-0001, Japan; 2Department of Cardiovascular Medicine, Osaka University Graduate
School of Medicine, Suita, Japan; 3Cardiovascular Center, Kansai Rosai Hospital, Amagasaki, Japan; 4Division of Cardiology, Osaka General Medical Center, Osaka, Japan;
5Cardiovascular Division, Osaka Police Hospital, Osaka, Japan; 6Division of Cardiology, Osaka Rosai Hospital, Sakai, Japan; 7Department of Cardiovascular Medicine, Yao
Municipal Hospital, Yao, Japan; 8Department of Cardiology, Osaka Hospital, Japan Community Healthcare Organization, Osaka, Japan; 9Department of Mathematics, Keio
University, Yokohama, Japan; and 10Division of Environmental Medicine and Population Sciences, Department of Social and Environmental Medicine, Osaka University Graduate
School of Medicine, Suita, Japan

Received 10 July 2020; editorial decision 1 September 2020; accepted after revision 12 September 2020; online publish-ahead-of-print 17 November 2020

Aims Previous studies could not demonstrate any benefit of more intensive ablation in addition to pulmonary vein isola-
tion (PVI) including complex fractionated atrial electrogram (CFAE) and linear ablation for recurrence in the initial
catheter ablation of persistent atrial fibrillation (AF). This study aimed to establish the non-inferiority of PVI alone
to PVI plus these additional ablation strategies.

...................................................................................................................................................................................................
Methods and
results

Patients with persistent AF who underwent an initial catheter ablation (n = 512, long-standing persistent AF; 128
cases) were randomly assigned in a 1:1 ratio to either PVI alone (PVI-alone group) or PVI plus CFAE and/or linear
ablation (PVI-plus group). After excluding 15 cases who did not receive procedures, we analysed 249 and 248
patients, respectively. The primary endpoint was recurrence of AF, atrial flutter, and/or atrial tachycardia, and the
non-inferior margin was set at a hazard ratio of 1.43. In the PVI-plus group, 85.1% of patients had linear ablation
and 15.3% CFAE ablation. After 12 months, freedom from the primary endpoint occurred in 71.3% of patients in
the PVI-alone group and in 78.3% in the PVI-plus group [hazard ratio = 1.56 (95% confidence interval: 1.10–2.24),
non-inferior P = 0.3062]. The procedure-related complication rates were 2.0% in the PVI-alone group and 3.6% in
the PVI-plus group (P = 0.199).

...................................................................................................................................................................................................
Conclusion This randomized trial did not establish the non-inferiority of PVI alone to PVI plus linear ablation or CFAE ablation

in patients with persistent AF, but implied that the PVI plus strategy was promising to improve the clinical efficacy
(NCT03514693).
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therapy. Repeat ablation was allowed for patients with recurrence of AF
but was to be avoided during the blanking period. Repeat ablation during
this period was counted as a recurrence just after the blanking period.
Use of anti-arrhythmic drugs during the blanking period was allowed, but
discontinuation after the blanking period was strongly recommended.

Patients were followed up at 1, 3, 6, 9, and 12 months after the initial
ablation procedure. Each scheduled follow-up visit included an ECG and
medication assessment. A 24-h Holter ECG was acquired at 6 and
12 months. In addition to the scheduled follow-up, the study participants
had free access to healthcare providers, including neighbouring clinics and
EP centres involved in this study. They were strongly recommended to
visit a healthcare provider if they felt symptoms possibly due to an ar-
rhythmia or noticed any irregularity of their peripheral pulse by routine
self-measurement. An ECG was performed at every additional visit, and
cases with symptoms or findings suggestive of recurrence underwent
Holter ECG monitoring and/or event monitor recording.

Study endpoints
The primary endpoint of the study was the recurrence of AF docu-
mented by scheduled or symptom-driven ECG tests during the 1-year
follow-up period after the initial ablation procedure with or without anti-
arrhythmic drugs. Recurrence of AF was defined as the documentation
by a 12-lead ECG or other appropriate tests of any atrial arrhythmia, in-
cluding AF, AFL, and/or AT lasting >_30 s. An independent events evalua-
tion committee, whose members were unaware of any group allocation,
adjudicated whether AF recurred or not. Secondary endpoints included
death from any cause, symptomatic stroke, periprocedural complications,

total duration of energy application, and total energy delivery during the
procedure.

Statistical analysis
The sample size and randomization were based on the statistical concept
of non-inferiority. The null hypothesis was that the incidence rate of the
primary outcome in the PVI-alone group was inferior to that in the PVI-
plus group. Based on a previous report,4 the recurrence rate of AF was
assumed to be 40% in both groups. Accordingly, a sample size of 243 sub-
jects was required to reject the null hypothesis with a power of 80% and
significance level of 5% with a non-inferiority margin of 10%. The random-
ization ratio was 1:1. Therefore, we finally required a total sample size of
512 patients, considering some dropouts. The full analysis set (FAS) was
defined as the set of all randomized patients who met all inclusion criteria
and received ablation procedures, and statistical evaluation was based on
the intention-to-treat principle. The per protocol set (PPS) was defined
as the set of patients from the FAS who completed the study without
protocol violations.

The analysis for the primary outcome was based on the hazard ratio of
the PVI-alone group compared with the PVI-plus group for the FAS and
PPS. The null hypothesis was to be rejected when the upper limit of the
confidence interval for the hazard ratio lay within the non-inferiority zone
(1, 1.43), which is calculated by the non-inferiority margin in terms of the
recurrence rate of AF as described above. Once non-inferiority had been
established, a test for superiority was subsequently conducted at a signifi-
cance level of 5%. The tests for the secondary endpoints were also con-
ducted if non-inferiority for the primary endpoint was established.
Freedom from the primary endpoint was estimated by the Kaplan–Meier
method. Subgroup analysis of the primary endpoint indicating hazard

Figure 1 Schema of the EARNEST-PVI trial. Patients with persistent atrial fibrillation (AF) were randomized to the PVI-plus group or PVI-alone
group. AFL, atrial flutter, AT, atrial tachycardia; cAFL, common AFL; CFAE, complex fractionated electrogram; PSVT, supraventricular tachycardia;
PVI, pulmonary vein isolation.
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Safety outcomes
Safety outcomes are shown in Table 4. Procedure-related complica-
tions occurred in five patients with PVI alone and in nine with PVI

plus additional ablation (2.0% vs. 3.6%, P = 0.294). During the follow-
up period, one patient in the PVI-plus group experienced a massive
ischaemic stroke of the left mid-cerebral artery 3 days after the index
procedure. Despite prompt transfer to the hospital and intensive
care, he died 7 days after the procedure from an encephalocele. In
the PVI-alone group, two patients experienced symptomatic strokes.

Discussion

In this open-label randomized control trial in 512 patients who
underwent initial catheter ablation of persistent AF, we evaluated the
non-inferiority of PVI alone compared with PVI plus additional CFAE
ablation or LA linear ablation. Recurrence was more frequent in the
PVI-alone group, and the non-inferiority of PVI alone to PVI plus addi-
tional ablation was not established. Further, the superiority of addi-
tional ablation to PVI alone could not be demonstrated owing to the
statistical analysis design. The safety outcomes between the groups
were comparable. Our results were statistically inconclusive but im-
plied that the PVI plus strategy was promising to improve the clinical
efficacy.

The addition of interventions involving non-pulmonary vein trig-
gers and substrates to PVI has been considered an important strategy
in improving the outcomes of catheter ablation of persistent AF. The
previous guidelines recommended extensive substrate modification,
such as defragmentation10 and linear ablation, in addition to the PVI
of persistent AF.1,11 However, STAR-AF II, a multicentre randomized
trial, revealed no difference in recurrence when either a CFAE or

....................................................................................................................................................................................................................

Table 2 Procedural characteristics

Variables PVI alone, n 5 249 PVI plus additional ablation, n 5 248 P-value

PVI under sinus rhythm, n (%) 61 (24.5) 58 (22.8) 0.7717

Successful PVI, n (%) 248 (99.6) 248 (100) >0.9999

Three-dimensional mapping system, n (%) 248 (99.6) 248 (100) >0.9999

CARTO, n (%) 232/248 (93.5) 228/248 (91.9) 0.6042

Ensite, n (%) 13/248 (5.2) 14/248 (5.6) >0.9999

Rhythmia, n (%) 3/248 (1.2) 7/248 (2.8) 0.3387

Contact force sensing catheter, n (%) 232 (93.2) 229 (92.3) 0.7330

Deflectable sheath, n (%) 95 (38.2) 118 (47.6) 0.0372

CFAE ablation, n (%) 0 (0) 38 (15.3) <0.0001

Linear ablation, n (%) 0 (0) 211 (85.1) <0.0001

Ganglionated plexus ablation, n (%) 0 (0) 2 (0.8) 0.2485

CTI ablation, n (%) 68 (27.3) 74 (29.8) 0.5524

CTI block achieved, n (%) 67/68 (98.5) 71/74 (95.9) 0.7456

SVC isolation, n (%) 7 (2.8) 6 (2.4) >0.9999

Successful SVC isolation, n (%) 7/7 (100) 5/6 (83.3) 0.4615

Non-PV trigger, n (%) 23 (9.3) 9 (3.6) 0.0163

Elimination of all non-PV trigger, n (%) 11/23 (47.8) 5/9 (55.6) >0.9999

Number of non-PV trigger per patient 1 (1–2) 1 (1–2) 0.886

Procedure time (min) 145 (112–175) 180 (135–230) <0.001

Total duration of energy application (s) 1895 (1405–2507) 2913 (2326–3705) <0.0001

Total energy delivery (J) 56 210 (41 881–79 022) 88 140 (66 945–117 362) <0.0001

Fluoroscopy time (min) 22.1 (16.3–33.99) 31.0 (19.5–42.7) <0.001

CFAE, complex fractionated atrial electrogram; CTI, cavotricuspid isthmus; PV, pulmonary vein; PVI, pulmonary vein isolation; SVC, superior vena cava.

Figure 3 Freedom from the primary endpoint. The graph shows
the Kaplan–Meier estimates of the freedom from the primary end-
point. The non-inferiority of PVI alone compared with PVI plus addi-
tional ablation could not be shown [hazard ratio = 1.56 (95%
confidence interval: 1.10–2.24), non-inferior P = 0.3062]. PVI, pul-
monary vein isolation.
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Safety and efficacy outcomes of left atrial
posterior wall isolation compared to
pulmonary vein isolation and pulmonary vein
isolation with linear ablation for the
treatment of persistent atrial fibrillation
Joanne S. Sutter, MD, a Yuliya Lokhnygina, PhD, a James P. Daubert, MD, a,b Tristram Bahnson, MD, a,b

Kevin Jackson, MD, a,b Jason I. Koontz, MD, a,b Albert Y. Sun, MD, a,b Donald D. Hegland, MD, a,b

Kevin L. Thomas, MD, a,b Larry Jackson, MD, a,b Robert Lewis, MD, PhD, a,b Christopher Granger, MD, a

Jonathan P. Piccini, MD, MHS, a,b and Brett D. Atwater, MDa,b Durham, NC

Background Pulmonary wall isolation (PWI) is increasingly used as an adjunctive lesion set to compliment pulmonary
vein isolation (PVI), especially in patients with persistent atrial fibrillation (AF). The objective was to compare outcomes of
catheter ablation in patients with persistent AF undergoing PVI with and without adjunctive PWI.

Methods We performed a retrospective study of 558 patients who underwent de novo and repeat ablation for persistent
AF. Subjects were matched using propensity score adjustments. Outcomes were freedom from recurrent atrial arrhythmia and
adverse events.

Results Among 558 patients who underwent ablation for persistent AF, 78 (14%) underwent PVI + PWI, 255 (46%)
underwent PVI, and 225 (40%) underwent PVI + linear ablation. Stratified logistic regression analysis with propensity
matching revealed higher odds of recurrent arrhythmia with PVI + PWI when compared to PVI (odds ratio [OR] 2.25, 95% CI
1.08-4.69, P = .030) and when compared to PVI + linear (OR 2.31, 95% CI 1.01-5.28, P = .048). Within the PVI + PWI
group, 57.7% of subjects were in normal sinus rhythm at 6 months compared to 73.9% and 72.2% in PVI and PVI + linear
groups, respectively. Adverse events were rare, with 19 events total identified across all groups.

Conclusions PVI + PWI does not appear to be as effective as PVI or PVI + linear ablation in reducing the recurrence of
arrhythmia within 6 months of the index procedure in patients with persistent AF. A prospective, randomized controlled trial
comparing these ablation techniques is needed to clarify the role of extensive substrate modification for treatment of persistent AF.

Condensed Abstract PWI is increasingly used as an adjunctive lesion set to compliment PVI in patients with
persistent AF. We performed a retrospective study of 558 patients who underwent de novo and repeat ablation for persistent
AF to compare the outcomes between PVI with and without adjunctive PWI. We found an increased incidence in recurrence of
AF and other atrial arrhythmias at 6 months in the PVI + PWI cohort compared to PVI with or without additional linear ablation.
A prospective, randomized controlled trial comparing these ablation techniques is needed to clarify the role of extensive
substrate modification for treatment of persistent AF. (Am Heart J 2020;220:89-96.)

Pulmonary vein isolation (PVI) has been the most
commonly used strategy for the catheter ablation of atrial
fibrillation (AF) due to the identification of AF triggers
found within the pulmonary veins.1,2 However, there
remains a high rate of AF recurrence with PVI alone, most
frequently due to pulmonary vein reconnection or to the
presence of triggers outside of the pulmonary veins.
Adjunctive techniques apply additional lesions to the

left atrial wall to isolate or eliminate additional arrhyth-
mogenic areas.3-6 Because of the common embryologic
origin of the left atrial posterior wall and pulmonary veins
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for all variables important to the outcome of catheter
ablation for persistent AF. Second, despite the fact that
this is the largest sample size of catheter ablation for
PVI + PWI studied to date, we failed to reach the desired
sample size of 75 PVI + PWI subjects after propensity
score matching. Despite this, our finding that PVI + PWI
was inferior to both PVI and PVI + linear ablation did
reach significance. Third, follow-up was relatively short at
6 months. This was due to the recent development of the
PVI + PWI technique. However, prior studies evaluating
these ablation techniques found that recurrence rates are
relatively stable after 6 months with most recurrences
occurring between 3 and 6 months.11,15 Fourth, the

ablation lesion in the PVI + linear and PVI + PWI groups
was heterogeneous in some cases including ablation of
the cavotricuspid isthmus, mitral isthmus, or additional
substrate modification. The limited sample size precluded
subgroup analysis of these lesions sets, and the impact
of the variety of linear ablation combinations may have
affected the outcomes of interest. Long-term ECG
monitoring was performed in approximately one third
of the cohort, so episodes of asymptomatic AT/AFL/AF
may be underreported. Finally, this study was not
adequately powered to evaluate the secondary outcome
of adverse events, although the total number of identified
adverse events was low across all groups.

Figure 2

Proportions of rhythm type at 6-month follow-up by lesion group. A visual depiction of the varying proportions of rhythm type at 6-month follow-up
for each lesion group (central illustration).

Table III. Change in AF symptom severity in propensity score matched populations by ablation strategy.

PVI
n = 203

PVI + linear
n = 203

P
value

PVI
n = 56

PVI + PWI
n = 56

P
value

PVI + linear
n = 56

PVI + PWI
n = 56

P
value

CCSdataavailable at baselineand6-m follow-up (%) 140 (69) 156 (77) 45 (80) 50 (89) 42 (75) 50 (89)
Change in CCS from baseline to 6-m follow-up,
mean (SD)

−2.4
(1.1)

−2.3 (1.1) .36 −2.3
(1.1)

−1.9 (1.4) .16 −2.3 (1.2) −2.0 (1.4) .34

NYHA data available at baseline and 6 m (%) 142 (70) 158 (78) 45 (80) 51 (91) 42 (75) 51 (91)
Change inNYHA class frombaseline to 6-m follow-up,
mean (SD)

−0.9
(0.7)

−0.8 (0.7) .37 −1.1
(0.7)

−0.8 (1) .11 −1.1 (0.7) −0.8 (1) .13

Legend: m = month
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AF/AT recurrence with PVI + PWI compared to PVI,15

suggesting that this is not the only mechanism for
recurrence of arrhythmia. Patients undergoing PVI + PWI
experienced a nonsignificant trend toward fewer recur-
rences at the 1-month follow-up compared to PVI or
PVI + linear ablation and then went on to experience
higher risk between 1 and 6 months. This pattern suggests
that the mechanism driving increased risk of AT/AFL/AF
after PVI + PWI took some time to develop after ablation.
Isolating a larger area of the atriummay create substrate

for a macroreentrant pathway leading to atrial flutter,
and preventing recurrence of AF may allow maintenance
of stable focal AT. This may explain the higher rates of
AT/AFL with PVI + PWI. In a recent study by Yokokawa
et al comparing different ablation methods for PVI +
PWI, the authors also noted an increased incidence of AT
after PVI + PWI.21 Future studies combining PVI + PWI
and ablation of the cavotricuspid isthmus and/or mitral
isthmus are needed to see if suppression of AF using PWI
and AT/AFL using additional linear ablation is needed.
Alternative methods for achieving PWI that do not use
linear ablation such as posterior wall homogenization
may not create substrate for macroreentrant tachycardia
and may provide different outcomes. Use of alternative
methods of energy delivery such as short-duration high-
energy radiofrequency or alternative energy sources

such as cryotherapy, ultrasound energy, or laser therapy
may also provide different results and should be further
evaluated as well.
In our cohort, PVI and PVI + linear ablation have

comparable rates of recurrence of AT/AFL/AF at
6 months. However, PVI + linear ablation does appear
to have a lower proportion of AT/AFL compared to PVI.
This is consistent with the idea that additional linear
ablations disrupt macroreentrant pathways that may form
as the result of PVI, as suggested by several studies.4-6

There were no statistically significant differences in the
number of adverse events across all groups, although
the study was not adequately powered to evaluate this
secondary outcome.
Our results are not consistent with what has previously

been found in the literature, with a few smaller studies
demonstrating lower rates of AF recurrence with PVI +
PWI.11,15 These studies evaluated patients with lower
CHA2DS2-VASc scores and lower rates of comorbidities,
which may make them more favorable candidates for
extensive ablation sets with better outcomes.
There are several limitations to our study. First, this

was a retrospective analysis and subjects were not
randomly allocated to treatment assignment. Although
we attempted to control for differences between groups
using propensity scoring, we may not have controlled

Figure 1

Forest plot of risk of recurrence of arrhythmia at follow-up. Plotted ORs for the risk of recurrence of AT/AFL/AF at 6-month follow-up for each
ablation type group.
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Biatrial linear ablation in sustained nonpermanent
AF: Results of the substrate modification with ablation
and antiarrhythmic drugs in nonpermanent atrial
fibrillation (SMAN-PAF) trial
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BACKGROUND More advanced atrial fibrillation (AF) is associated
with lower success rates after pulmonary vein isolation (PVI), and
the optimal ablation strategy is uncertain.

OBJECTIVES To assess the impact of additional linear ablation
(lines) compared to PVI alone.

METHODS In this multicenter randomized controlled trial, 122
patients (mean age 61.9 ! 10.5 years; left atrial diameter 43 ! 6
mm) with persistent AF (PeAF) or sustained (412 hours) parox-
ysmal AF (SusPAF) with risk factors for atrial substrate were
included and followed up for 12 months. Patients were randomized
to PVI-only or PVI þ lines (left atrial roof line, mitral isthmus line,
and tricuspid isthmus line) group. Holter monitoring was performed
at 3, 6, and 12 months and according to symptoms. The primary
outcome was atrial tachyarrhythmia recurrence lastingZ30 seconds.

RESULTS Baseline characteristics were comparable between
groups; 61% had PeAF and 39% SusPAF. Successful PVI was
achieved for 98% of pulmonary veins, and bidirectional block was
obtained in 90% of lines. The primary end point occurred in 38% of
the PVI þ lines group and 32% of the PVI-only group (P ¼ .50),
which was consistent in both PeAF (36% vs 28%; P ¼ .45) and
SusPAF (42% vs 39%; P ¼ .86). Compared with the PVI-only group,
the PVI þ lines group had higher procedure duration (209 ! 52
minutes vs 172 ! 44 minutes; P o .001), ablation time (4352 !

1084 seconds vs 2503 ! 1061 seconds; P o .001), and radiation
exposure (Dose-area product 3992! 6496 Gy # cm2 vs 2106! 1679
Gy # cm2; P¼ .03). Quality of life (disease-specific Atrial Fibrillation
Effect on Quality of Life questionnaire and mental component scale
of the Short Form 36 Health Survey) improved significantly during
the study but did not differ between groups.

CONCLUSION Adding lines to wide antral PVI in substrate-based
AF requires significantly more ablation, increases procedure dura-
tion and radiation dose, but provides no additional clinical benefit.

KEYWORDS Atrial Fibrillation; Ablation; Clinical trial; Persistent
atrial fibrillation; Atrial substrate; Outcomes; Quality of life

ABBREVIATIONS AAD ¼ antiarrhythmic drug; AF ¼ atrial
fibrillation; AFEQT ¼ Atrial Fibrillation Effect on Quality of Life;
AT ¼ atrial tachycardia; CI ¼ confidence interval; CTI ¼
cavotricuspid isthmus; ITT ¼ intention-to-treat; OR ¼ odds ratio;
PAF ¼ paroxysmal atrial fibrillation; PeAF ¼ persistent atrial
fibrillation; PV ¼ pulmonary vein; PVI ¼ pulmonary vein
isolation; RCT ¼ randomized controlled trial; SusPAF ¼ sustained
paroxysmal atrial fibrillation; WACA ¼ wide area circumferential
ablation

(Heart Rhythm 2016;13:399–406) I 2016 Heart Rhythm Society. All
rights reserved.

Introduction
Atrial fibrillation (AF) is a continuum of disease that ranges
from a single paroxysm without accompanying comorbidity
to continuous, permanent AF where sinus rhythm cannot be
restored.1 Patients toward the latter end of this spectrum
often have adversely remodeled left atria and may well have
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received research grants and fellowship support from Biosense Webster.
Address reprint requests and correspondence: Dr Dhiraj Gupta, Liver-
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episodes but failed to attend any monitoring or review visits.
A second patient with preexisting Crohn’s disease had a
severe relapse shortly after his ablation, which directly led to
his death 8 months later. Twenty-seven patients (14 in the
PVI-only group and 23 in the PVI þ lines group) underwent
additional or prolonged rhythm monitoring in addition to the
prespecified study requirement.

Six patients withdrew or were withdrawn from the study
after randomization but before ablation had been performed.
Two withdrew consent for ablation due to symptomatic
improvement; 2 underwent alternative, nonstudy, proce-
dures; and in 2 patients, a new diagnosis of hypertrophic
cardiomyopathy, an exclusion criterion, was made using
preprocedural imaging. These patients were not included in
subsequent analyses.

Ablation procedures
All patients were included in an ITT analysis according to
their initial randomization. One protocol violation occurred
when a patient randomized to the PVI þ lines group did not
undergo the additional linear ablation procedure because of a
clinical decision by the operating consultant. One more
patient underwent no linear ablation because of technical

difficulties. In 8 patients allocated to the PVI-only group, an
additional ablation procedure was performed on the CTI line
because of sustained typical atrial flutter induced during the
procedure.

Details of the index procedure for all patients who
underwent ablation, including the 2 lost to follow-up, are
given in Table 2.

Confirmed isolation of all 4 PVs was achieved in 121
patients (98%). Of the 496 PVs, 55 (11%) required additional
ablation at the end of the waiting period because of early
conduction recovery. Bidirectional block was achieved and
proved in 90% of lines performed. In terms of individual
linear lesions, bidirectional block was achieved in 90%
(55 of 61) of roof lines, 83% (49 of 59) of mitral isthmus
lines, and 96% (65 of 68) of CTI lines. Further ablation after
the waiting period was required for 10 (5%) lines for early
conduction recovery.

Primary end point
Over the 12-month follow-up period after the index proce-
dure, recurrence of AF/AT occurred in 19 patients (32%) in
the PVI-only group and 24 patients (38%) in the PVI þ lines

Assessed for eligibility (n=200) 

Excluded (n=70)  
Inclusion/ exclusion criteria (n= 53) 
Declined to participate (n=12) 
Unable to comply with protocol (n=5) 

Analysed  (n= 59) 
Excluded from analysis (n=0)

Lost to follow-up (n= 2) 
1 x Non-cardiovascular death 
1 x Repeated non-attendance 

Discontinued intervention (n= 0)

Allocated to PVI  (n= 64) 
Received allocated intervention (n=61)
Did not receive allocated intervention (n=3) 

1x Symptomatic improvement  
2x Withdrew due to other medical 
problems 

Lost to follow-up (n=0) 

Discontinued intervention (n=0) 

Allocated to PVI +lines (n= 66) 
Received allocated intervention (n=63)
Did not receive allocated intervention (n=3) 

1x Symptomatic improvement 
2x Underwent alternative intervention

Analysed  (n=63) 
Excluded from analysis (n=0)

Allocation

Analysis

Follow-Up

Randomized (n= 130) 

Enrollment 

♦
♦
♦

♦
♦

♦
♦

♦ ♦

Figure 1 Study CONSORT diagram. PVI ¼ pulmonary vein isolation.
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group after a single ablation procedure. The difference
between the groups was not statistically significant (P¼ .50).

All patients successfully discontinued AADs postproce-
dure. In 3 patients (2 in the PVI-only group and 1 in the PVI
þ lines group), AADs were later readministered on clinical
grounds because of ongoing symptoms without documented
AF/AT. Freedom from the primary end point without AADs
occurred in 64% (38 of 59) of the PVI-only group and 62%
(39 of 63) of the PVI þ lines group (P ¼ .78).

Mechanism of recurrence
Of the 43 patients with recurrence of atrial tachyarrhythmia,
34 (17 in each group) presented with AF and 9 (2 in the
PVI-only group and 7 in the PVI þ lines group) with AT or
atrial flutter. This difference in recurrence mechanism did not
meet statistical significance (P ¼ .26). There was no
significant association between the presence of an incom-
plete ablation lesion and AF/AT recurrence (8 of 43 [19%]
with recurrence vs 11 of 79 [14%] without; P ¼ .5). This
remained true for subgroup analysis according to treatment
arm. Although none of these comparisons reached statistical
significance, it should be noted that the size of the study did
not have sufficient power to adequately investigate the
differences seen.

Predictors of AF recurrence
Univariate and multivariable predictors of the primary end
point were sought using logistic regression analysis. Details
of the analysis are given in Table 3. Only female sex and
procedural duration met the prespecified inclusion criteria for
inclusion in the multivariable model. However, only proce-
dure duration remained significant in multivariable analysis
(odds ratio [OR] (per minute) 1.01; 95% confidence interval
[CI] 1.01–1.02; P ¼ .03).

Per-protocol and as-treated analyses
The per-protocol analysis for the primary end point showed
no significant difference between the treatment groups
(31.4% [PVI-only group] vs 37.3% [PVI þ lines group];
P¼ .52), suggesting that protocol deviations had a negligible
effect on the findings by ITT analysis. Furthermore, as 2
patients randomized to lines received PVI alone, we per-
formed the as-treated analysis of PVI alone against both PVI

þ complete linear lesion set (32.1% [PVI alone] vs 43.6%
[PVI þ complete linear lesion set] P ¼ .61) and PVI þ any
linear ablation (32.1% [PVI alone] vs 37.7% [PVI þ any
linear ablation]; P¼ .52). The results of both these additional
sensitivity analyses were in concordance with the main ITT
analysis.

Secondary end points
Comparison of PeAF and SusPAF
Of the 122 patients who completed follow-up, the primary
end point was observed in 24 of 75 patients with PeAF
(32.0%) and 19 of 47 with SusPAF (40.4%) (P ¼ .34). The
mean duration of PeAF was 5.5 ! 4.2 months in the
PVI-only group and 5.5 ! 3.9 months in the PVI þ lines
group (P ¼ .98). Although not powered for subgroup
analysis, there was no signal that the occurrence of the
primary end point differed between treatment arms according
to AF type (PeAF [PVI 27.8%; PVI þ lines 35.9%; P ¼ .45]
and SusPAF [PVI 39.1%; PVI þ lines 41.7%; P ¼ .86]).

Outcomes after multiple procedures
Sixteen patients (8 in each group) had repeat ablation
procedures performed, and 10 of these remained free of
AF/AT after their second procedure, although it should be
borne in mind that the follow-up period after a second
ablation procedure is considerably shorter (median 110 days;
interquartile range 43–207 days) than that after the index
procedure. After their last procedure, recurrence of AF/AT
occurred in 14 patients (23.7%) in the PVI-only group and 14
patients (30.2%) in the PVI þ lines group (P ¼ .42).

Quality of life
The overall AFEQT score for the cohort at baseline was 50.9
! 22.6, which improved significantly to 76.5 ! 23.4 at the
end of the study (Po .001). The improvement after ablation
was seen in both treatment groups, with no significant
difference between the study groups, either at baseline
(50.5 ! 23.3 vs 51.3 ! 22.0; P ¼ .86) or at the final
follow-up visit (76.9! 23.0 vs 76.1! 24.1; P ¼ .62). Also,
the individual AFEQT domains of symptoms, activities, and
concerns all followed the same pattern, with each improving
significantly between baseline and the final follow-up visit as
an overall cohort and when analyzed according to treatment

Table 2 Details of the index procedure

Variable Total(n ¼ 124) PVI(n ¼ 61) PVI þ lines(n ¼ 63) P

Procedure time (min) 191 ! 51 172 ! 44 209 ! 52 o.001
Ablation time (s) 3435 ! 1415 2503 ! 1061 4352 ! 1084 o.001
DAP (Gy # cm2) 3065 ! 4853 2106 ! 1679 3992 ! 6496 .03
Fluoroscopy time (s) 1356 ! 764 1079 ! 527 1610 ! 858 o.001
Wait time after PVI (min) 62 ! 33 43 ! 16 80 ! 35 o.001
Use of contact force sensing catheter 104 (83.9) 48 (78.7) 56 (88.9) .12
CT/MR merge 84 (68) 39 (64) 45 (71) .37
Sinus rhythm at the start 89 (72) 43 (71) 46 (73) .75
Incomplete lesions 19 (15) 2 (3) 17 (27) o.001

Values are presented as mean ! SD or as n (%).
CT ¼ computed tomography; DAP ¼ dose-area product; MR ¼ magnetic resonance; PVI ¼ pulmonary vein isolation.
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after high-quality durable WACA PVI, “less is more” in
terms of additional lesions.

Our results are concordant with the recent Substrate and
Trigger Ablation for Reduction of Atrial Fibrillation 2 trial,
which showed no incremental benefit of lines or complex
electrogram ablation over PVI alone, with both groups
performing nonsignificantly worse, as in our trial, than PVI
alone.26 Taken together, these 2 trials would suggest that
given the shorter procedure times, ablation times, and lower
radiation doses associated with a PVI-only strategy, clinicians
should avoid the empirical use of additional linear lesions.

In this study, we included patients with PAF if they had
additional risk factor(s) for poor outcome after ablation and,
importantly, only if their paroxysms lasted 412 hours, as we
felt this was suggestive of a role of left atrial substrate in
maintaining these prolonged attacks. For convenience, we
used the nonstandard term SusPAF. Several clinical risk
factors such as systemic hypertension, diabetes mellitus,
obesity, and sleep apnea have been associated with altered
atrial substrate,7–10 and recent magnetic resonance imaging-
based research has shown that advanced atrial substrate can be
present even in patients with PAF and is associated with poor
outcomes with PVI.27 The Substrate and Trigger Ablation for
Reduction of Atrial Fibrillation trial similarly included both
patients with PeAF and “advanced” PAF.28 Our subanalyses
by AF type suggests that the inclusion of the SusPAF group
did not alter the overall primary finding of our trial, and the
similarity of results between the SusPAF and PeAF groups
would seem to back our assertion that patients with SusPAF
have a similar disease process to those with PeAF.

In our trial, we mandated universal use of AADs in the
periprocedural period, whereas previous studies have usually
discontinued AADs at or before the time of ablation. The
benefit of continued AAD has been suggested by a number
of observational studies.5,29 Although the recently published
AMIOdarone after CATheter ablation for atrial fibrillation
(AMIO-CAT) RCT found no benefit of 8 weeks of amiodar-
one in 212 patients with either PAF or PeAF,30 we cannot
exclude the possibility that our use of this strategy reduced
the benefit that would have been seen in one study group or
the other in this trial.

Our study excluded patients with long-standing PeAF as
well as patients with paroxysmal AF (PAF) without other
possible risk factors for substrate abnormalities, and there-
fore our results cannot be extrapolated to these groups.
Brooks et al31 performed a comprehensive review of studies
in long-standing PeAF. They found low success rates in,
mainly nonrandomized, studies using a PVI-only strategy.
A prospective RCT in this group, using modern WACA
techniques, may now be warranted.

Study limitations
Our follow-up period of 12 months will not have identified late
AF recurrences, but this would not be expected to affect the
comparison between the 2 study groups. Equally, our use of
intermittent monitoring for AF/AT may have underestimated

the true recurrence rate, especially if patients suffered asymp-
tomatic recurrences, but this potential underestimate would not
be expected to differ between groups.

Our sample size calculation allowed for 5% attrition rate,
whereas our eventual rate was 6%. However, our results
show no trend to suggest that a slightly larger sample would
have produced a different result.

Although we tested for entrance block into the PVs, our
protocol did not mandate testing of exit block, nor the use of
adenosine. It is possible that these additional techniques
would have improved the durability of PVI. Finally, some
patients in the PVI þ lines group received incomplete lesion
sets while a few randomized to the PVI-only group received
additional ablation of the CTI. With this in mind, we
performed per-protocol and as-treated sensitivity analyses
which showed no evidence that there was any confounding
of the primary outcome.

Conclusion
For patients with possible substrate-based AF, the addition of
linear ablation lesions to PVI with WACA prolongs proce-
dure duration and significantly increases radiation dose, but
provides no additional clinical benefit in terms of freedom
from arrhythmia or improvement in quality of life.
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Catheter ablation has become a routine treatment option 
for patients experiencing symptomatic paroxysmal atrial 

fibrillation (AF). Long-term clinical success rates of ≤80% 
after 5 years have been reported for the treatment of paroxys-
mal AF by initial stand-alone pulmonary vein isolation (PVI) 
as the accepted cornerstone of all AF ablation strategies; how-
ever, to achieve permanent PVI, multiple procedures are often 
required.1,2 In contrast, the results for ablation of persistent 
AF are less convincing.3 The optimal strategy for persistent 

AF is not known, and previous studies investigating more 
extensive ablation strategies in addition to PVI demonstrated 
heterogeneous results.4–12 The recently published STAR AF 2 
trial (Substrate and Trigger Ablation for Reduction of Atrial 
Fibrillation Trial) compared initial stand-alone PVI to PVI 
with additional ablation of complex fractionated atrial elec-
trograms (CFAEs) or additional linear ablation and could not 
demonstrate a superior outcome for the additional ablation 
strategies.13 The prospective and randomized Alster-Lost-AF 
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Background—Pulmonary vein isolation (PVI) for persistent atrial fibrillation is associated with limited success rates and 
often requires multiple procedures to maintain stable sinus rhythm. In the prospective and randomized Alster-Lost-AF 
trial (Ablation at St. Georg Hospital for Long-Standing Persistent Atrial Fibrillation), we sought to assess, in patients with 
symptomatic persistent or long-standing persistent atrial fibrillation, the outcomes of initial ablative strategies comprising 
either stand-alone PVI (PVI-only approach) or a stepwise approach of PVI followed by complex fractionated atrial 
electrogram ablation and linear ablation (Substrate-modification approach).

Methods and Results—Patients were randomized 1:1 to stand-alone PVI or PVI plus substrate modification. The primary 
study end point was freedom from recurrence of any atrial tachyarrhythmia, outside a 90-day blanking period, at 12 
months. A total of 124 patients were enrolled, with 118 patients included in the analysis (61 in the PVI-only group, 57 
in the Substrate-modification group). Atrial tachyarrhythmias recurred in 28 PVI-only group patients and 24 Substrate-
modification group patients, for 1-year freedom from tachyarrhythmia recurrence after a single ablation procedure of 54% 
(95% confidence interval, 43%–68%) in the PVI-only and 57% (95% confidence interval, 46%–72%) in the Substrate-
modification group (P=0.86). Twenty-four patients in the PVI-only group (39%) and 18 in the Substrate-modification 
group (32%) were without arrhythmia recurrence and off antiarrhythmic drug therapy at the end of the 12-month follow-up.

Conclusions—In patients with persistent and long-standing persistent atrial fibrillation, no significant difference was 
observed in 12-month freedom from atrial tachyarrhythmias between an index ablative approach of stand-alone PVI and 
a stepwise approach of PVI plus complex fractionated atrial electrogram and linear ablation.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCT00820625.   
(Circ Arrhythm Electrophysiol. 2017;10:e005114. DOI: 10.1161/CIRCEP.117.005114.)
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patients included in the intention-to-treat analysis. Sixty-
one patients were randomized to the PVI-only group and 57 
patients to the Substrate-modification group. Baseline and pro-
cedural patient data are shown in Table 1. The median dura-
tion of AF persistence before randomization was 12 months 
[Q1, Q3: 7, 24 months] in both groups. AF was categorized 
as persistent in 69 patients (58%) and long-standing persistent 
in 49 patients.

Index Catheter Ablation in the PVI-Only Group
During the index ablation procedure, 1 patient (2%) in the 
PVI-only group converted to SR during PVI, and another 
patient converted to typical AFL, which was successfully ter-
minated by linear ablation of the CTI; the other 59 patients 
(97%) underwent successful DC cardioversion (Figure 2).

Index Catheter Ablation in the Substrate-
Modification Group
In the Substrate-modification group, 2 patients (4%) presented 
in SR after DC cardioversion before hospital admission for 

ablation. PVI in the remaining patients resulted in SR, AT, and 
AFL in 1 patient each (Figure 2); AT and AFL were success-
fully terminated by an anterior line and a CTI line, respectively.

CFAE ablation was subsequently performed in the 52 
patients (91%) still in AF after PVI. CFAEs were ablated in 
the LA in all 52 patients, additionally in the right atrium in 27 
patients (47%), and in the coronary sinus in 33 patients (58%). 
During CFAE ablation, 1 patient (2%) converted to SR, and 30 
patients (53%) converted to AT (n=27) or typical AFL (n=3); 

Figure 2. Acute outcomes of index abla-
tion procedures according to randomiza-
tion. AF indicates atrial fibrillation; AFL, 
atrial flutter; AT, atrial tachycardia; CFAE, 
complex fractionated atrial electrogram; 
DC, direct current cardioversion; Lin. 
abl., linear ablation; Numbers, numbers 
of patients; PVI, pulmonary vein isola-
tion; and SR, sinus rhythm.

Table 2. Procedural Characteristics of Linear Ablation in the 
57 Patients Randomized to Substrate Modification

 n %

Procedures with linear ablation 32 56

  Left atrial linear ablation (total) 28 49

  Anterior line 13 23

  Mitral isthmus line 17 30

  Roof line 3 5

  Posterior line 1 2

  CTI block 14 25

Conversion to sinus rhythm during 
linear ablation

9/32 28

CTI indicates cavotricuspid isthmus.

Table 3. Procedural Data

 PVI-Only (n=61)

Substrate 
Modification 

(n=57) P Value

Ablation time, min 39 [31, 52] 82 [60, 99] <0.0001

Procedure duration, min 162±56 218±53 <0.0001

Fluoroscopy time, min 19.5±8.9 23.5±8.5 0.0151

Radiation dose, cGy·cm2 2918±2005 3976±2641 0.0162

Major complications 3 (5) 7 (12) 0.19

  Cardiac tamponade 0 (0) 2 (4)  

  Stroke 1 (2) 1 (2)  

    Transient ischemic 
attack

1 (2) 0 (0)  

    Groin bleeding requiring 
transfusion

1 (2) 2 (4)  

    Groin bleeding requiring 
surgical therapy

0 (0) 2 (4)  

Minor complications 8 (13) 5 (9) 0.56

    Minor groin 
complication

8 (13) 4 (7)  

    Mediastinal hematoma, 
conservative treatment

0 (0) 1 (2)  

Values are mean±SD, median [first quartile, third quartile], or n (%).
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AF could not be terminated within 2 hours in the remaining 
21 patients (37%) who all underwent successful DC cardio-
version (Figure 2). In the 27 patients converted to AT during 
CFAE ablation, a total of 39 ATs occurred. Tachycardia map-
ping revealed perimitral flutter in 19 cases, roof-dependent 
AT in 4 cases, and focal AT in 3 cases. In the remaining 13 
cases, the tachycardia mechanism was not mappable because 
of instability of the AT. In these patients, no additional linear 
ablation was performed.

All 27 patients with conversion to AT and the 3 patients 
with conversion to AFL during CFAE ablation underwent 
ablation with sets of linear lesions in the LA and across the 
CTI, respectively. In the 19 patients with perimitral flutter, 
ablation was achieved by way of a mitral isthmus line in 11 
cases, an anterior line in 6 cases, a mitral isthmus line plus an 
anterior line in 1 case, and a mitral isthmus line plus a posterior 
line in 1 case. The roof-dependent and focal ATs were treated 
by the creation of roof lines and by focal ablation, respec-
tively. Empirical linear ablation (delivery of a mitral isthmus 
line in 4 cases and an anterior line in another 4 patients) was 
performed in 8 patients in whom conversion to AT during PVI 
or CFAE ablation was not achieved. In total, 48 linear abla-
tions comprising 34 LA lesions and 14 CTI blockades were 
performed in 32 patients (56%) of the Substrate-modification 
group (Table 2). All left and right atrial linear lesions proved 
to be bidirectionally blocked except for 1 mitral isthmus line. 
All 3 AFL patients and 4 AT patients converted to SR during 
linear ablation; the remaining 23 AT patients underwent suc-
cessful DC cardioversion (Figure 2).

At the end of all ablation attempts, 2 patients (3%) in 
the PVI-only group and 11 patients (19%) in the Substrate-
modification group had converted from AF to SR (P=0.007).

Procedural Parameters and Complications
With median ablation times of 82 minutes in the Substrate-
modification group and 39 minutes in the PVI-only group 
(P<0.0001), procedure duration was significantly longer 
in the former (218±53 versus 162±56 minutes, P<0.0001). 

Accordingly, fluoroscopy time (23.5±8.5 versus 19.0±8.5 
minutes, P=0.0151) and radiation dose (3976±2641 versus 
2918±2005 cGy·cm2, P=0.0162) were significantly higher in 
patients undergoing substrate modification (Table 3).

Major complications were observed in a total of 10 
patients (9%; Table 3). In detail, major complications occurred 
in 3 PVI-only patients (5%; 1 stroke, 1 transient ischemic 
attack, and 1 groin complication requiring transfusion) and 7 
Substrate-modification patients (12%; 1 stroke, 2 cardiac tam-
ponades requiring subxiphoidal drainage, 2 groin bleedings 
requiring transfusion, and 2 groin bleedings requiring surgical 
intervention).

The stroke in the PVI-only group occurred 2 hours after 
the procedure in the form of aphasia with partial remission 
until discharge. The stroke in the Substrate-modification 
group occurred on the fourth postprocedural day with 
hemiplegia because of an embolism to the right midcerebral 
artery, which persisted until the end of follow-up. The tran-
sient ischemic attack occurred 8 hours post-procedure in 
the form of aphasia with complete remission. In 2 of these 
3 patients with cerebrovascular events, activated clotting 
time was <300 s at least at 1 measurement during the pro-
cedure. The stroke patients were on periprocedural heparin 
bridging therapy (1 on LMWH, 1 on unfractionated heparin 
therapy with subtherapeutic partial thromboplastin time); 
the transient ischemic attack patient was on LMWH bridg-
ing therapy.

Minor groin complications without the need for specific 
therapy were observed in 8 PVI-only patients (13%) and 5 
Substrate-modification patients (9%; Table 3). No atrioesoph-
ageal fistula or PV stenosis occurred in either group. The 
overall incidences of major and minor complications were sta-
tistically not different between the groups (P=0.19 and 0.56, 
respectively).

Primary End Point
Twelve-month clinical follow-up was available in a total 
of 113 patients (96%), in 59 (97%) of the PVI-only group 

Figure 3. Freedom from recurrence of 
atrial tachyarrhythmias after a single pro-
cedure. One-year Kaplan–Meier estimates 
are 54% (95% confidence interval [CI], 
43%–68%) in the pulmonary vein isola-
tion (PVI)-only group and 57% (95% CI, 
46%–72%) in the Substrate-modification 
group (P=0.86).
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patients included in the intention-to-treat analysis. Sixty-
one patients were randomized to the PVI-only group and 57 
patients to the Substrate-modification group. Baseline and pro-
cedural patient data are shown in Table 1. The median dura-
tion of AF persistence before randomization was 12 months 
[Q1, Q3: 7, 24 months] in both groups. AF was categorized 
as persistent in 69 patients (58%) and long-standing persistent 
in 49 patients.

Index Catheter Ablation in the PVI-Only Group
During the index ablation procedure, 1 patient (2%) in the 
PVI-only group converted to SR during PVI, and another 
patient converted to typical AFL, which was successfully ter-
minated by linear ablation of the CTI; the other 59 patients 
(97%) underwent successful DC cardioversion (Figure 2).

Index Catheter Ablation in the Substrate-
Modification Group
In the Substrate-modification group, 2 patients (4%) presented 
in SR after DC cardioversion before hospital admission for 

ablation. PVI in the remaining patients resulted in SR, AT, and 
AFL in 1 patient each (Figure 2); AT and AFL were success-
fully terminated by an anterior line and a CTI line, respectively.

CFAE ablation was subsequently performed in the 52 
patients (91%) still in AF after PVI. CFAEs were ablated in 
the LA in all 52 patients, additionally in the right atrium in 27 
patients (47%), and in the coronary sinus in 33 patients (58%). 
During CFAE ablation, 1 patient (2%) converted to SR, and 30 
patients (53%) converted to AT (n=27) or typical AFL (n=3); 

Figure 2. Acute outcomes of index abla-
tion procedures according to randomiza-
tion. AF indicates atrial fibrillation; AFL, 
atrial flutter; AT, atrial tachycardia; CFAE, 
complex fractionated atrial electrogram; 
DC, direct current cardioversion; Lin. 
abl., linear ablation; Numbers, numbers 
of patients; PVI, pulmonary vein isola-
tion; and SR, sinus rhythm.

Table 2. Procedural Characteristics of Linear Ablation in the 
57 Patients Randomized to Substrate Modification

 n %

Procedures with linear ablation 32 56

  Left atrial linear ablation (total) 28 49

  Anterior line 13 23

  Mitral isthmus line 17 30

  Roof line 3 5

  Posterior line 1 2

  CTI block 14 25

Conversion to sinus rhythm during 
linear ablation

9/32 28

CTI indicates cavotricuspid isthmus.

Table 3. Procedural Data

 PVI-Only (n=61)

Substrate 
Modification 

(n=57) P Value

Ablation time, min 39 [31, 52] 82 [60, 99] <0.0001

Procedure duration, min 162±56 218±53 <0.0001

Fluoroscopy time, min 19.5±8.9 23.5±8.5 0.0151

Radiation dose, cGy·cm2 2918±2005 3976±2641 0.0162

Major complications 3 (5) 7 (12) 0.19

  Cardiac tamponade 0 (0) 2 (4)  

  Stroke 1 (2) 1 (2)  

    Transient ischemic 
attack

1 (2) 0 (0)  

    Groin bleeding requiring 
transfusion

1 (2) 2 (4)  

    Groin bleeding requiring 
surgical therapy

0 (0) 2 (4)  

Minor complications 8 (13) 5 (9) 0.56

    Minor groin 
complication

8 (13) 4 (7)  

    Mediastinal hematoma, 
conservative treatment

0 (0) 1 (2)  

Values are mean±SD, median [first quartile, third quartile], or n (%).
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only (see Supplementary material online, References 66, 72), two
used linear ablation only (see Supplementary material online,
References 44, 105, both using a contiguous ablation line to essen-
tially isolate the posterior wall), and one GP ablation only (see
Supplementary material online, Reference 79). Single-procedure suc-
cess was reported in four cohorts with an estimate of 44% (95% CI;
34–55%; see Supplementary material online, Item S4). Multiple-
procedure success was reported in four cohorts and the point esti-
mate increased to 74% (95% CI; 57–88%; see Supplementary material
online, Item S4).

Predictors of single-procedure success
The ablation strategy utilized was a predictor of clinical success
among single-procedure cohorts (P < 0.001). Using PVA/PVAI as the
reference strategy (57% single-procedure success), the most com-
plex PVþ LINþCFAE approach was associated with significantly
poorer outcomes (single-procedure success = 33%; P < 0.001), whilst
PVþ LIN (46%; P = 0.071) and PVþCFAE (46%; P = 0.051) both
trended towards inferiority.

A decrease in single-procedure efficacy of 1.6% (95% CI; 0.2–3.0%)
was seen for each millimetre increase in the average cohort left atrial
size (P = 0.02; see Supplementary material online, Item S8). In add-
ition, efficacy trended towards inferiority with an increase in publica-
tion year (P = 0.07), indicating an overall decline in success between
2001 and 2015. All remaining sample and procedural characteristics
assessed (Table 2) were not significantly related to single-procedure
efficacy (P >_ 0.15).

When the meta-regression was repeated on studies published be-
tween 2010 and 2015 (see Supplementary material online, Item S5)

the point estimate of PVA/PVAI was reduced from 57 to 47%, but
PVA/PVAI results remained statistically superior to 32% single-pro-
cedure success associated with the PVþ LINþCFAE approach.
PVA/PVAI success (47%; single procedure) was equivalent to the
44%-point estimate associated with PVþ LIN and PVþCFAE (47%;
single procedure) ablation. Left atrial size remained a predictor of
outcome, whilst follow-up duration showed a negative association
with single-procedure success (P = 0.004), that was not present in
the overall analysis.

Discussion

Although P–LsP AF ablation outcomes are extensively reported in
the scientific literature, techniques are rarely compared in moderate
sized (>60 patients per strategy) randomized trials.3,4,6,7,9 Indeed, the
most recent STAR AF II randomized controlled trial4 has observed
outcomes distinct to conventional thinking indicating that ‘less may
be more’ when treating P–LsP AF via ablation, although these findings
are still subject to significant debate.10 We aimed to assess whether
the literature on the whole supports the findings of STAR AF II, to ex-
tend efficacy comparisons to ablation strategies not assessed in
randomized trials and to provide an overall current ‘state of efficacy’
of contemporary AF ablation.

Our main findings are:

• Contemporary radiofrequency ablation techniques for P–LsP AF
yield a single-procedure drug free success rate of 43% at "25
months follow-up. Repeat procedures and the use of previously in-
effective anti-arrhythmic drugs increase the clinical success to 69%.

Figure 2 Combined point estimates and 95% CI for single-procedure and multiple-procedure cohorts across all six ablation approaches.
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Aims Several techniques have been utilized for the ablation of persistent (P) and long-standing persistent (LsP) atrial fib-
rillation (AF); however, the best approach of substrate ablation remains poorly defined. This study aims to examine
the impact of ablation approach on outcomes associated with P or LsP AF ablation by conducting a meta-analysis
and regression on contemporary literature.

...................................................................................................................................................................................................
Methods
and results

A systematic literature review was conducted up to 29 July 2015 for scientific literature reporting on outcomes
associated with P or LsP AF ablation. One hundred and thirteen studies reported outcomes in a total of 18 657 pa-
tients undergoing various ablation approaches for the treatment of P–LsP AF between 2001 and 2015. The point
efficacy estimate of a single-AF ablation procedure without the use of anti-arrhythmic drugs was 43% (95% CI; 39–
47%). Multiple procedures and/or the use of anti-arrhythmic drugs increase success to 69% (95% CI; 66–71%).
Meta-regression revealed that ablation technique (P < 0.001) and left atrial size (P = 0.02) were predictive of single
procedure, drug-free success. The addition of extra-pulmonary substrate approaches was associated with declining
efficacy when compared to a pulmonary vein ablation alone.

...................................................................................................................................................................................................
Conclusion The efficacy of a single-AF ablation procedure for P or LsP AF is 43%; however, can be increased to 69% with the

use of multiple procedures and/or anti-arrhythmic drugs. Current literature supports the finding that pulmonary
vein antrum ablation/isolation is at least equivalently efficacious to other contemporary P–LsP ablation strategies.

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

Keywords Atrial fibrillation • Ablation • Systematic review • Long-standing persistent • Meta-analysis • Meta-
regression

Introduction

The genesis and maintenance of atrial fibrillation (AF) requires an
interaction between a trigger, perpetuators, and substrate. The pul-
monary veins play an important role in the initiation and maintenance
of AF, with pulmonary vein electrical isolation proving to be an effect-
ive treatment of paroxysmal arrhythmia.1 However, when this ap-
proach alone is applied to the remodelled atrial substrate in

persistent or long-standing persistent (P–LsP) AF, the clinical success
has been thought to be limited.2–4 Ablation approaches for P–LsP AF
have therefore moved from the pulmonary veins to the atrial sub-
strate, commonly in the forms of pulmonary vein antrum ablation/
isolation, linear transection of the left and right atrium and more re-
cently, signal guided, or complex fractionated atrial electrogram
(CFAE) ablation. Although the specific ‘extra’ pulmonary vein abla-
tion approach that produces the maximum efficacy gains remains a

* Corresponding author. Tel: þ61 8 83139000; fax: þ61 8 83622273. E-mail address: prash.sanders@adelaide.edu.au
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Association of Atrial Tissue Fibrosis Identified by Delayed
Enhancement MRI and Atrial Fibrillation Catheter Ablation
The DECAAF Study
Nassir F. Marrouche, MD; David Wilber, MD; Gerhard Hindricks, MD; Pierre Jais, MD; Nazem Akoum, MD; Francis Marchlinski, MD;
Eugene Kholmovski, PhD; Nathan Burgon, BSc; Nan Hu, PhD; Lluis Mont, MD; Thomas Deneke, MD; Mattias Duytschaever, MD; Thomas Neumann, MD;
Moussa Mansour, MD; Christian Mahnkopf, MD; Bengt Herweg, MD; Emile Daoud, MD; Erik Wissner, MD; Paul Bansmann, MD; Johannes Brachmann, MD

IMPORTANCE Left atrial fibrosis is prominent in patients with atrial fibrillation (AF). Extensive
atrial tissue fibrosis identified by delayed enhancement magnetic resonance imaging (MRI)
has been associated with poor outcomes of AF catheter ablation.

OBJECTIVE To characterize the feasibility of atrial tissue fibrosis estimation by delayed
enhancement MRI and its association with subsequent AF ablation outcome.

DESIGN, SETTING, AND PARTICIPANTS Multicenter, prospective, observational cohort study of
patients diagnosed with paroxysmal and persistent AF (undergoing their first catheter
ablation) conducted between August 2010 and August 2011 at 15 centers in the United
States, Europe, and Australia. Delayed enhancement MRI images were obtained up to 30
days before ablation.

MAIN OUTCOMES AND MEASURES Fibrosis quantification was performed at a core laboratory
blinded to the participating center, ablation approach, and procedure outcome. Fibrosis
blinded to the treating physicians was categorized as stage 1 (<10% of the atrial wall), 2
(!10%-<20%), 3 (!20%-<30%), and 4 (!30%). Patients were followed up for recurrent
arrhythmia per current guidelines using electrocardiography or ambulatory monitor
recording and results were analyzed at a core laboratory. Cumulative incidence of recurrence
was estimated by stage at days 325 and 475 after a 90-day blanking period (standard time
allowed for arrhythmias related to ablation-induced inflammation to subside) and the risk of
recurrence was estimated (adjusting for 10 demographic and clinical covariates).

RESULTS Atrial tissue fibrosis estimation by delayed enhancement MRI was successfully
quantified in 272 of 329 enrolled patients (57 patients [17%] were excluded due to poor MRI
quality). There were 260 patients who were followed up after the blanking period (mean [SD]
age of 59.1 [10.7] years, 31.5% female, 64.6% with paroxysmal AF). For recurrent arrhythmia, the
unadjusted overall hazard ratio per 1% increase in left atrial fibrosis was 1.06 (95% CI, 1.03-1.08;
P < .001). Estimated unadjusted cumulative incidence of recurrent arrhythmia by day 325 for
stage 1 fibrosis was 15.3% (95% CI, 7.6%-29.6%); stage 2, 32.6% (95% CI, 24.3%-42.9%); stage
3, 45.9% (95% CI, 35.5%-57.5%); and stage 4, 51.1% (95% CI, 32.8%-72.2%) and by day 475 was
15.3% (95% CI, 7.6%-29.6%), 35.8% (95% CI, 26.2%-47.6%), 45.9% (95% CI, 35.6%-57.5%), and
69.4% (95% CI, 48.6%-87.7%), respectively. Similar results were obtained after covariate
adjustment. The addition of fibrosis to a recurrence prediction model that includes traditional
clinical covariates resulted in an improved predictive accuracy with the C statistic increasing from
0.65 to 0.69 (risk difference of 0.05; 95% CI, 0.01-0.09).

CONCLUSIONS AND RELEVANCE Among patients with AF undergoing catheter ablation, atrial
tissue fibrosis estimated by delayed enhancement MRI was independently associated with
likelihood of recurrent arrhythmia. The clinical implications of this association warrant further
investigation.
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The completion of the blanking period (ie, 90 days after
ablation) was defined as time zero for all analyses of time to
recurrence per the consensus statement.14 The primary analy-
ses of time to recurrence administratively censored fol-
low-up at day 325 or at the date of last contact for those pa-
tients who were lost to follow-up prior to day 325. The above
analyses were repeated using each patient’s complete fol-
low-up period, including any additional follow-up time after
day 325. We also estimated the absolute risk of recurrence for
the 4 Utah fibrosis stages (defined in the Results section) at days
325 and 475 after the blanking period. The unadjusted risks
were estimated using the Kaplan-Meier estimator with 95%
confidence intervals computed on the log-log scale.

The adjusted risks were estimated from a Cox propor-
tional hazard model controlling for covariates defined in model
5. We used the Breslow estimator to obtain the baseline haz-
ards under the Cox model. Relationships were designated as
statistically significant if the 2-sided P value was less than .05
without adjustment for multiple comparisons. We used SAS
version 9.3 (SAS Institute Inc), Stata version 11 (StataCorp), and
R version 2.11.1 (R Project for Statistical Computing) to per-
form all statistical analyses.

Results
Baseline Characteristics and Ablation
There were 329 patients enrolled in the DECAAF study be-
tween August 2010 and August 2011. Fifty-seven patients
(17.3%) were excluded due to poor MRI quality by consensus
of 3 observers from the core center. Atrial wall fibrosis was

quantified for 272 patients who had preablation delayed en-
hancement MR images of acceptable quality. We lost contact
with 12 of these 272 patients during the blanking period. Thus,
260 were included in the final cohort for analysis. The mean
(SD) follow-up time prior to day 325 after the blanking period
was 213 (120) days and the total follow-up time was 255 (178)
days.

Table 1 summarizes demographic and clinical character-
istics of this final cohort (n = 260) and of the remaining 69 en-
rolled patients who were excluded from the final cohort. No-
table characteristics of the prospective cohort included a mean
(SD) patient age of 59.1 (10.7) years with a male majority (68.5%);
64.6% had paroxysmal AF and 63.9% received antiarrhyth-
mic treatment prior to ablation. Ten percent of patients had a
history of coronary artery disease, whereas the prevalence was
5% for congestive heart failure and 11% for diabetes.

The patients underwent ablation per their institutional pro-
tocols. Of the final cohort, 16 patients underwent cryobal-
loon ablation (6.2%), and the remainder underwent radiofre-
quency ablation. There were 177 patients (68.1%) who
underwent pulmonary vein isolation alone. Forty-three pa-
tients (16.5%) underwent cavotricuspid isthmus and pulmo-
nary vein isolation ablation. The ablation procedures per-
formed on the patient cohort are summarized in eTable 2 in
the Supplement. At 12 months postablation, 53 of 213 patients
(24.9%) were receiving a class 1 or 3 antiarrhythmic drug.

Complications
There were complications observed in 5% of the analyzed co-
hort with 6 reported cases of cardiac tamponade, 1 case of pul-
monary vein narrowing, 1 case of esophageal injury, 1 case of

Figure 2. Four Stages of Left Atrial Tissue Fibrosis Based on 3D Delayed Enhancement Magnetic Resonance Imaging Scans

A Stage 1 (<10% of atrial wall) B Stage 2 (≥10%-<20% of atrial wall)

C Stage 3 (≥20%-<30% of atrial wall) D Stage 4 (≥30% of atrial wall)

Posterior view Anterior view Posterior view Anterior view

Posterior view Anterior view Posterior view Anterior view

Healthy Fibrotic tissue

Representative example from 4 different patients of each stage of left atrial
tissue fibrosis. Normal left atrial wall is displayed in blue; fibrotic changes are in
green and white. Stages 1 through 4 show increasing amounts of fibrosis as a

percentage of the total left atrial wall volume. The pulmonary veins and mitral
valve are shown in gray.
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change. In DECAAF, hypertension was the only baseline fac-
tor associated with atrial fibrosis in patients with AF. None of
the known AF risk factors, including the composite CHADS2

score, predicted fibrosis burden. This possibly could be ac-
counted for by the relatively younger AF patient population
enrolled in DECAAF (mean [SD] age, 59.1 [10.7] years) and the
low prevalence of significant comorbidities in these patients.
Nevertheless, the DECAAF population seems to be represen-
tative of the AF ablation population.24,25

Current clinical practice evaluates AF using a classifica-
tion system that describes the pattern of arrhythmia and
need for treatment, including electrical and chemical
cardioversion.14 Patient comorbidities including echocardio-

graphic evaluation of atrial size and ventricular function also
play a role in formulating an overall prediction in response to
treatment.26,27 It was recently demonstrated that AF clinical
phenotype and AF-related fibrotic changes or atrial disease pro-
gression are not interchangeable or equivalent. For example,
patients with a short known history of paroxysmal AF could
have extensive atrial fibrosis and conversely patients diag-
nosed with persistent AF for many years could have a mini-
mal amount of fibrosis. Until data from recent publications12,13

became available, there was no insight into the underlying atrial
fibrosis associated with different phenotypes of AF. The weak
correlation between the temporal pattern of AF and degree of
fibrosis was confirmed in DECAAF.

Ablation Outcome for AF
Since the introduction of catheter ablation as a viable treat-
ment option for AF more than a decade ago, reported long-
term procedural success in suppressing AF has ranged be-
tween 20% and 50%.14 Although both procedure time and
safety have improved substantially, the success rate has not
seen a concomitant meaningful improvement despite signifi-
cant advancement in the technology used in the ablation
procedure.28 Another major challenge facing the AF ablation
approach is the need for repeat ablations,14,29 with some pa-
tients requiring up to 4 interventional procedures to achieve
suppression of recurrent arrhythmias.30 In a prospective, ran-
domized, multicenter study comparing ablation with antiar-
rhythmic drug therapy, it was demonstrated that 66% of pa-
tients had better health outcomes due to ablative treatment
of paroxysmal AF after 9 months of follow-up.31 Most of the
published ablation studies, similar to this one, are short-term
(≤1 year) follow-up reports.32,33 Longer follow-up suggests a
lower success rate.34,35

A recent report19 described the effect of atrial fibrosis on
surgical AF ablation outcome in an open-heart surgery

Figure 3. Relationship of Atrial Fibrillation Recurrence With Percent
Fibrosis
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Adjusted for age, sex, hypertension, congestive heart failure, mitral valve
disease, diabetes, atrial fibrillation type (paroxysmal or persistent), left atrial
volume, left ventricular ejection fraction, and participating center (model 5)
based on a cubic spline analysis with follow-up censored at day 325 after the
blanking period. The strength of the association was greater at lower levels of
fibrosis than at higher levels (P = .03 for test of nonlinearity). Blue dashed lines
indicate 95% CI.

Table 3. Absolute Arrhythmia Risk at 325 and 475 Days After Blanking
Period

Stage

Absolute Risk (95% CI) by
No. of Days After 90-d Blanking Period

325 d 475 d
Without covariate adjustmenta

1 0.15 (0.08-0.30) 0.15 (0.08-0.30)

2 0.33 (0.24-0.43) 0.36 (0.26-0.48)

3 0.46 (0.36-0.58) 0.46 (0.36-0.58)

4 0.51 (0.33-0.72) 0.69 (0.49-0.88)

With covariate adjustmentb

1 0.12 (0.03-0.21) 0.14 (0.03-0.23)

2 0.31 (0.21-0.39) 0.36 (0.25-0.48)

3 0.45 (0.33-0.55) 0.49 (0.35-0.60)

4 0.55 (0.28-0.71) 0.65 (0.39-0.80)

a The absolute risk was calculated using the Kaplan-Meier method and the 95%
confidence interval was based on survival estimate at the log-log scale.

b The absolute risk was calculated based on the Cox proportional hazard model
and baseline hazard was obtained using the Breslow estimator. All covariates
in model 5 (see Statistical Methods section of text for definition of model 5)
were used for the adjustment. Mean values for each of the covariates were
used to calculate adjusted absolute risks.

Figure 4. Cumulative Incidence of Arrhythmia Recurrence Without
Covariate Adjustment Through Day 475 After the Blanking Period
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change. In DECAAF, hypertension was the only baseline fac-
tor associated with atrial fibrosis in patients with AF. None of
the known AF risk factors, including the composite CHADS2

score, predicted fibrosis burden. This possibly could be ac-
counted for by the relatively younger AF patient population
enrolled in DECAAF (mean [SD] age, 59.1 [10.7] years) and the
low prevalence of significant comorbidities in these patients.
Nevertheless, the DECAAF population seems to be represen-
tative of the AF ablation population.24,25

Current clinical practice evaluates AF using a classifica-
tion system that describes the pattern of arrhythmia and
need for treatment, including electrical and chemical
cardioversion.14 Patient comorbidities including echocardio-

graphic evaluation of atrial size and ventricular function also
play a role in formulating an overall prediction in response to
treatment.26,27 It was recently demonstrated that AF clinical
phenotype and AF-related fibrotic changes or atrial disease pro-
gression are not interchangeable or equivalent. For example,
patients with a short known history of paroxysmal AF could
have extensive atrial fibrosis and conversely patients diag-
nosed with persistent AF for many years could have a mini-
mal amount of fibrosis. Until data from recent publications12,13

became available, there was no insight into the underlying atrial
fibrosis associated with different phenotypes of AF. The weak
correlation between the temporal pattern of AF and degree of
fibrosis was confirmed in DECAAF.

Ablation Outcome for AF
Since the introduction of catheter ablation as a viable treat-
ment option for AF more than a decade ago, reported long-
term procedural success in suppressing AF has ranged be-
tween 20% and 50%.14 Although both procedure time and
safety have improved substantially, the success rate has not
seen a concomitant meaningful improvement despite signifi-
cant advancement in the technology used in the ablation
procedure.28 Another major challenge facing the AF ablation
approach is the need for repeat ablations,14,29 with some pa-
tients requiring up to 4 interventional procedures to achieve
suppression of recurrent arrhythmias.30 In a prospective, ran-
domized, multicenter study comparing ablation with antiar-
rhythmic drug therapy, it was demonstrated that 66% of pa-
tients had better health outcomes due to ablative treatment
of paroxysmal AF after 9 months of follow-up.31 Most of the
published ablation studies, similar to this one, are short-term
(≤1 year) follow-up reports.32,33 Longer follow-up suggests a
lower success rate.34,35

A recent report19 described the effect of atrial fibrosis on
surgical AF ablation outcome in an open-heart surgery

Figure 3. Relationship of Atrial Fibrillation Recurrence With Percent
Fibrosis
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Adjusted for age, sex, hypertension, congestive heart failure, mitral valve
disease, diabetes, atrial fibrillation type (paroxysmal or persistent), left atrial
volume, left ventricular ejection fraction, and participating center (model 5)
based on a cubic spline analysis with follow-up censored at day 325 after the
blanking period. The strength of the association was greater at lower levels of
fibrosis than at higher levels (P = .03 for test of nonlinearity). Blue dashed lines
indicate 95% CI.

Table 3. Absolute Arrhythmia Risk at 325 and 475 Days After Blanking
Period

Stage

Absolute Risk (95% CI) by
No. of Days After 90-d Blanking Period

325 d 475 d
Without covariate adjustmenta

1 0.15 (0.08-0.30) 0.15 (0.08-0.30)

2 0.33 (0.24-0.43) 0.36 (0.26-0.48)

3 0.46 (0.36-0.58) 0.46 (0.36-0.58)

4 0.51 (0.33-0.72) 0.69 (0.49-0.88)

With covariate adjustmentb

1 0.12 (0.03-0.21) 0.14 (0.03-0.23)

2 0.31 (0.21-0.39) 0.36 (0.25-0.48)

3 0.45 (0.33-0.55) 0.49 (0.35-0.60)

4 0.55 (0.28-0.71) 0.65 (0.39-0.80)

a The absolute risk was calculated using the Kaplan-Meier method and the 95%
confidence interval was based on survival estimate at the log-log scale.

b The absolute risk was calculated based on the Cox proportional hazard model
and baseline hazard was obtained using the Breslow estimator. All covariates
in model 5 (see Statistical Methods section of text for definition of model 5)
were used for the adjustment. Mean values for each of the covariates were
used to calculate adjusted absolute risks.

Figure 4. Cumulative Incidence of Arrhythmia Recurrence Without
Covariate Adjustment Through Day 475 After the Blanking Period
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Discussion

In this randomized clinical trial of patients with persistent AF,
MRI-guided fibrosis-targeted ablation with PVI, compared with

PVI alone did not significantly improve atrial arrhythmia re-
currence at follow-up. Moreover, more strokes were ob-
served when additional MRI defined fibrotic areas outside the
PV ostia were targeted.

Targeting atrial fibrosis detected by electroanatomical
mapping or using diagnostic imaging to treat patients with AF
has shown promise in recent studies. Trials targeting low-
voltage areas during ablation, either by homogenization
or selective ablation, significantly increased the success
rates of the procedure compared with PVI by reducing AF
recurrence.22-24 Using regions of delayed enhancement to iden-
tify fibrotic remodeling, Akoum et al25 demonstrated that pa-
tients with persistent AF and more fibrosis targeted during
ablation based on late gadolinium enhancement MRI had
significantly less AF recurrence after the procedure. In the re-
cently published ALICIA trial,17 investigators found no signifi-
cant additional benefit of adding delayed-enhancement
MRI–guided fibrosis ablation to PVI in 181 randomized pa-
tients with AF. Trial investigators excluded patients with large
left atrium, and most randomized participants had paroxys-
mal AF with very low fibrotic burden. Similar outcomes were
observed in this trial that included a larger cohort consisting
exclusively of patients with persistent AF and a wider distri-
bution of left-atrial fibrotic burdens.

Despite the different ablation strategies that have been
explored to improve ablation outcomes in patients with per-
sistent AF, none have shown significant superiority to PVI in
randomized clinical trials.4,26,27 In this trial, 54% of patients
with AF were free of AF recurrence at 12-month follow-
up. This finding is similar to rates observed in other trials
comparing PVI to other ablation strategies that also included

Table 2. Efficacy Outcomesa

No. (%)
Risk difference
(95% CI)b

Hazard ratio
(95% CI)c P valued

MRI-guided
(N = 407)

PVI only
(N = 408)

Primary outcome

Atrial arrhythmia recurrence or repeat ablatione 175 (43.0) 188 (46.1) −0.016 (−0.078 to 0.048) 0.95 (0.77 to 1.17) .63

Components of the primary outcome
(atrial arrhythmia types)f

Atrial fibrillation 129 (31.7) 147 (36.0) −0.029 (−0.089 to 0.036) 0.90 (0.71 to 1.14) .37

Atrial flutter 33 (8.1) 26 (6.4) 0.021 (−0.020 to 0.064) 1.30 (0.78 to 2.17) .32

Atrial tachycardia 7 (1.7) 6 (1.5) 0.003 (−0.018 to 0.024) 1.18 (0.40 to 3.50) .77

Secondary outcomes

Atrial arrhythmia recurrence, repeat ablation,
or new atrial arrhythmia medicatione,g

183 (45.0) 196 (48.0) −0.016 (−0.080 to 0.048) 0.95 (0.78 to 1.16) .62

Repeat ablationh 57 (14.0) 72 (17.6) −0.028 (−0.070 to 0.013) 0.80 (0.56 to 1.12) .20

Post hoc outcome

Atrial arrhythmia recurrence, repeat ablation,
new atrial arrhythmia medication or cardioversione,g

187 (45.9) 198 (48.5) −0.013 (−0.076 to 0.052) 0.96 (0.79 to 1.17) .69

Abbreviations: MRI, magnetic resonance imaging, PVI, pulmonary vein isolation.
a Outcomes were evaluated in randomized patients who remained in follow-up

after the 90-day blanking period.
b Calculated as the difference in risk of the outcome in the MRI-guided group

vs the PVI-guided group by day 275 after the start of the blanking period
(95% CIs are percentile CIs from 2000 bootstrap samples).

c Computed using Cox regression with baseline hazards stratified by baseline
fibrosis (<20% vs !20%).

d Computed from the log-rank test stratified by baseline fibrosis (<20% vs
!20%).

e The analysis evaluates the listed events as a composite outcome, with the first
occurrence of any of the listed events counted as the composite event for
the analysis.

f Indicates atrial arrhythmia type for atrial arrhythmia recurrences designating
the primary outcome.

g Only new initiations of atrial arrhythmia medications are included in the atrial
arrhythmia medication component of this composite outcome.

h Repeat ablation is counted as an outcome even if there was an atrial
arrhythmia recurrence, cardioversion, or start of atrial arrhythmia medications
prior to the repeat ablation date.

Table 3. Safety Outcomes in Total Populationa

No. (%)
MRI-guided
(N = 403)

PVI alone
(N = 428)

Safety outcomes

Bleeding requiring transfusion 1 (0.2) 0

Heart failure 1 (0.2) 0

Pulmonary vein stenosis 0 (0) 0

Stroke or transient ischemic attack 6 (1.5) 0

Death 2 (0.5) 0

Primary composite safety outcome,
defined as ≥1 of the above eventsb

9 (2.2) 0

Esophageal injuryc 5 (1.2) 1 (0.2)

Perforation or tamponadec 5 (1.2) 5 (1.2)

Abbreviations: MRI, Magnetic resonance imaging; PVI, pulmonary vein
isolation; TIA, transient ischemic attack.
a Safety outcomes were evaluated according to the treatment received in the

full safety population for the 30-day period following ablation. Therefore,
referring to footnote c of Figure 1: for the safety analysis in the MRI group,
N = 414 – 12 + 1 = 403, and for the PVI-only group, N = 417 + 12 – 1 = 428.

b The P value for the comparison of the primary composite safety outcome
between the MRI-guided and PVI-only groups computed using the
Fisher-exact test was .001.

c Esophageal injury and perforation or tamonade were initially identified by
clinical sites and reviewed by the medical monitor for this trial. Final
classifications were made by a safety outcome review committee.
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Effect of MRI-Guided Fibrosis Ablation vs Conventional Catheter Ablation
on Atrial Arrhythmia Recurrence in Patients With Persistent Atrial Fibrillation
The DECAAF II Randomized Clinical Trial
Nassir F. Marrouche, MD; Oussama Wazni, MD; Christopher McGann, MD; Tom Greene, PhD; J. Michael Dean, MD;
Lilas Dagher, MD; Eugene Kholmovski, PhD; Moussa Mansour, MD; Francis Marchlinski, MD; David Wilber, MD;
Gerhard Hindricks, MD; Christian Mahnkopf, MD; Darryl Wells, MD; Pierre Jais, MD; Prashanthan Sanders, MD;
Johannes Brachmann, MD; Jeroen J. Bax, MD; Leonie Morrison-de Boer, MD; Thomas Deneke, MD;
Hugh Calkins, MD; Christian Sohns, MD; Nazem Akoum, MD; for the DECAAF II Investigators

IMPORTANCE Ablation of persistent atrial fibrillation (AF) remains a challenge. Left atrial
fibrosis plays an important role in the pathophysiology of AF and has been associated with
poor procedural outcomes.

OBJECTIVE To investigate the efficacy and adverse events of targeting atrial fibrosis detected on
magnetic resonance imaging (MRI) in reducing atrial arrhythmia recurrence in persistent AF.

DESIGN, SETTING, AND PARTICIPANTS The Efficacy of Delayed Enhancement-MRI-Guided
Fibrosis Ablation vs Conventional Catheter Ablation of Atrial Fibrillation trial was an
investigator-initiated, multicenter, randomized clinical trial involving 44 academic and
nonacademic centers in 10 countries. A total of 843 patients with symptomatic or
asymptomatic persistent AF and undergoing AF ablation were enrolled from July 2016 to
January 2020, with follow-up through February 19, 2021.

INTERVENTIONS Patients with persistent AF were randomly assigned to pulmonary vein
isolation (PVI) plus MRI-guided atrial fibrosis ablation (421 patients) or PVI alone
(422 patients). Delayed-enhancement MRI was performed in both groups before the
ablation procedure to assess baseline atrial fibrosis and at 3 months postablation to assess
for ablation scar.

MAIN OUTCOMES AND MEASURES The primary end point was time to first atrial arrhythmia
recurrence after a 90-day blanking period postablation. The primary safety composite
outcome was defined by the occurrence of 1 or more of the following events within 30 days
postablation: stroke, PV stenosis, bleeding, heart failure, or death.

RESULTS Among 843 patients who were randomized (mean age 62.7 years; 178 [21.1%]
women), 815 (96.9%) completed the 90-day blanking period and contributed to the efficacy
analyses. There was no significant difference in atrial arrhythmia recurrence between groups
(fibrosis-guided ablation plus PVI patients, 175 [43.0%] vs PVI-only patients, 188 [46.1%];
hazard ratio [HR], 0.95 [95% CI, 0.77-1.17]; P = .63). Patients in the fibrosis-guided ablation
plus PVI group experienced a higher rate of safety outcomes (9 [2.2%] vs 0 in PVI group;
P = .001). Six patients (1.5%) in the fibrosis-guided ablation plus PVI group had an ischemic
stroke compared with none in PVI-only group. Two deaths occurred in the fibrosis-guided
ablation plus PVI group, and the first one was possibly related to the procedure.

CONCLUSIONS AND RELEVANCE Among patients with persistent AF, MRI-guided fibrosis
ablation plus PVI, compared with PVI catheter ablation only, resulted in no significant
difference in atrial arrhythmia recurrence. Findings do not support the use of MRI-guided
fibrosis ablation for the treatment of persistent AF.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT02529319

JAMA. 2022;327(23):2296-2305. doi:10.1001/jama.2022.8831
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Primary Outcome
The event rate for the primary end point of atrial arrhythmia
recurrence after ablation did not significantly differ between
the fibrosis-guided group plus PVI and the PVI-only group
(Figure 2). After a follow-up period of 12 to 18 months, the pri-
mary end point occurred in 175 (43.0%) patients in the fibrosis-
guided ablation plus PVI group and in 188 (46.1%) in the PVI-
only group (HR = 0.95 [95% CI, 0.77 to 1.17]; P = .63) (Table 2).
Similar results were obtained under sensitivity analyses, which
stratified by clinical center or treated center as a random ef-
fect (eTable 3 in Supplement 3).

The provision of ECG readings is summarized in eFig-
ure 2 in Supplement 3. The percent of patients remaining at
risk for the primary end point with at least 1 ECG reading over
a 1-week period during the first week after the blanking
period was 80.6% in the MRI-guided group and 83.2% in
the PVI-only group. These percentages declined to 62.5%
in the MRI-guided group and to 58.0% in the PVI-only group
by 180 days after the blanking period, and they declined to
31.2% in the MRI-guided group and to 33.5% in the PVI-only
group by 360 days after. The median total duration of fol-
low-up for the atrial arrhythmia recurrence outcome was 9.0
months. Of 363 total atrial arrhythmia recurrence events, 230
(63.4%) were identified by smartphone readings, 79 (21.8%)
by clinical ECGs, 39 (10.7%) by ambulatory ECG monitoring,
and 15 (4.1%) by repeat ablations.

Main Secondary Outcome
In the prespecified main secondary analysis, the Toronto Atrial
Fibrillation Symptom Severity Scale declined by a mean of 6.82
(95% CI, −7.52 to −6.08) points in the MRI-guided group and
by a mean of 6.44 (95% CI, −7.13 to −5.71) points in the PVI-
only group at 12-month follow-up, with a mean difference in
change from baseline to 12 months of −0.38 (95% CI, −1.23 to
0.47) points (eTable 4A in Supplement 3). Similar results were
obtained in the post hoc sensitivity analysis with site as a ran-
dom effect (eTable 4B in Supplement 3).

Other Secondary Outcomes
There were no significant differences between treatment
groups in individual components of the primary atrial arrhyth-
mia composite end point or in other secondary end points re-
lated to atrial arrhythmia recurrence and repeat ablation
(Table 2).

There were no significant differences between treatment
groups in the mean changes in the Short Form-36 physical or
mental health composite scores at 3-month or 12-month fol-
low-up (eTable 4A in Supplement 3). Seven of the 414 pa-
tients in the MRI-guided group and 1 out of 417 in the PVI-
only group had strokes during the 12- to 18-month follow-up
period (P value = .04).

Prespecified Subgroups
In prespecified subgroup analysis comparing the primary atrial
arrhythmia recurrence composite outcome between the fibro-
sis-guided ablation plus PVI and PVI-only groups, the HRs were
0.88 (95% CI 0.67-1.16) for patients with low-fibrosis stage
(<20% baseline fibrosis) and 1.09 (0.80-1.50) for patients with

high-fibrosis stage (≥20% baseline fibrosis) (eFigures 3A and
3B in Supplement 3). The HRs for the primary composite out-
come did not differ significantly between the 2 baseline fibro-
sis groups (P value for interaction = .32). The individual com-
ponents of the primary end point and related composite end
points separated by fibrosis stage are summarized by treat-
ment group in eTables 5A and 5B in Supplement 3.

Adverse Events
There was a statistically significant higher occurrence of the
primary safety composite outcome in the fibrosis-guided ab-
lation plus PVI group (9 of 403 patients [2.2%]) compared with
the PVI-only group (0 of 428 patients; P = .001) (Table 3). Six
patients (1.5%) in the fibrosis-guided ablation plus PVI group
had an ischemic stroke within 30 days after the procedure com-
pared with none in the PVI-only group. Two out of 6 of these
patients (in the fibrosis-guided ablation plus PVI group) had a
previous stroke episode. Characteristics of patients who ex-
perienced an ischemic stroke are shown in eTable 6 in Supple-
ment 3. Anticoagulation was resumed for all patients after the
procedure. None had an isolation of their left-atrial append-
age. Five stroke events occurred between 0 to 3 days after ab-
lation. One patient had an out-of-hospital ventricular fibrilla-
tion event 26 days after the ablation procedure. Only 1 of the
6 patients with stroke had no comorbidities. Two deaths oc-
curred in the fibrosis-guided ablation plus PVI group, and the
first one was possibly related to the procedure. The first death
occurred 5 days postablation and was sudden with unknown
cause. The second death occurred 34 days after ablation and
was due to 2 strokes after ventricular fibrillation. eTable 7 in
Supplement 3 summarizes the frequency of safety events by
treatment group and fibrosis stage.

Figure 2. Primary Composite of Atrial Arrhythmia Recurrence
or Repeat Ablation
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The analysis was performed in randomized patients who remained in follow-up
after the 90-day blanking period. Follow-up times are expressed in days
following the end of the 90 day blanking period. No. at risk indicates the
number of patients remaining at risk at the indicated follow-up times
without a prior atrial arrhythmia–recurrence event. Cox model hazard ratio,
0.95 (95% CI, 0.77-1.17); log-rank P = .63; median observation time, 273 days
(IQR, 51-321 days). MRI indicates magnetic resonance imaging; PVI, pulmonary
vein isolation.
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assignment on quality-of-life outcomes at months 3 and 12
were estimated using constrained longitudinal mixed-effects
models in which baseline mean quality-of-life scores were
assumed equal between the randomized groups, with base-
line fibrosis stratum included in the model as a covariate and
with an unstructured covariance matrix to account for serial
correlation in quality-of-life scores. A post hoc sensitivity
analysis expanded the covariance model by considering cen-
ter to be a random effect.

A Fisher exact test compared the primary safety compos-
ite outcome between the treatment groups. The weighted κ
and the Gwet agreement coefficient20 were used to assess in-
terrater agreement across the 5 raters of the level of scar
coverage. All hypothesis tests were performed with a 2-sided
significance level of .05, without adjustment for multiple
comparisons.

Time-to-event analyses were right censored at the time
of the final ECG transmission or the final study visit (which-
ever came last). The assumption of proportional hazards was
evaluated using smooth Schoenfeld residual plots and tests
of the interaction between randomized treatment and
follow-up time. No violations of proportional hazards were
detected for either the primary or secondary time-to-event
outcomes. Analyses of quality-of-life outcomes incorporated
all available data at each time point and under the mixed-
effect model remain approximately unbiased under the
assumption that data are missing at random after accounting
for the observed data in the analysis.21

Due to the large number of secondary end points, analy-
ses of secondary end points other than the main secondary out-
come should be interpreted as exploratory. All analyses were
performed in SAS Version 9.4 or R Version 3.4.1.

Results
Assessment and Evaluation
From July 2016 through January 2020, 843 patients were
recruited. Four hundred and twenty-one patients were ran-
domized to undergo fibrosis-guided ablation plus PVI, and
422 were assigned to receive PVI only. A flow diagram high-
lighting causes for exclusion is shown in Figure 1. Baseline
characteristics were balanced between the randomized treat-
ment groups (Table 1).

Assessment of Fibrosis Targeting and Scar Coverage
The assessment of fibrosis targeting by ablation points in each
treatment group showed that 80.9% of patients in the fibrosis-
guided ablation plus PVI group and 16.7% of patients in the
PVI-only group had a mean fibrosis targeted score of at least 3
(indicating half or more coverage or encirclement). The as-
sessment of fibrosis coverage by ablation-induced scar on the
3-month MRI showed that 44.8% of patients in the fibrosis-
guided ablation plus PVI group and 15.5% of patients in the
PVI-only group had mean scores consistent with half or more
of their fibrosis covered by scar. The distribution of fibrosis tar-
geting and scar coverage in each trial group, according to the
5-level scale, is shown in eTable 2 in Supplement 3.

Table 1. Baseline Characteristics

Characteristic

No. (%)
MRI-guided
(n = 421)

PVI only
(n = 422)

Age, median (IQR), y 62.2
(57.0-68.2)

63.2
(57.1-68.8)

>75 y 24 (5.7) 24 (5.7)

Women 89 (21.1) 89 (21.1)

Men 332 (78.9) 333 (78.9)

Ethnicity, No.a 386 389

Hispanic or Latino 19 (4.9) 11 (2.8)

Not Hispanic or Latino 367 (95.1) 378 (97.2)

Race, No.a 396 398

Alaska Native, Native Hawaiian
or Other Pacific Islander

0 3 (0.8)

Asian 2 (0.5) 0

Black or African American 4 (1.0) 4 (1.0)

White 390 (98.5) 391 (98.2)

History of tobacco use 147 (34.9) 164 (38.9)

Medical history

Baseline fibrosis levels

<10% 48 (11.4) 50 (11.8)

10%-<20% 198 (47) 196 (46.4)

20%-<30% 144 (34.2) 137 (32.5)

≥30% 31 (7.4) 39 (9.2)

Median (IQR) 18.4
(12.7-23.4)

18
(13.2-23.8)

Cardiovertedb 353 (83.8) 353 (83.6)

Hypertension (systolic >160 mm Hg) 247 (58.7) 247 (58.5)

Hyperlipidemia 146 (34.7) 142 (33.6)

Congestive heart failure
or left ventricular dysfunctionc

91 (21.6) 70 (16.6)

Coronary artery disease 56 (13.3) 51 (12.1)

Vascular disease 44 (10.5) 40 (9.5)

Diabetes 40 (9.5) 45 (10.7)

Stroke, transient ischemic attack,
or thromboembolism

36 (8.6) 34 (8.1)

Mitral valve disease 23 (5.5) 27 (6.4)

Rheumatic fever 7 (1.7) 4 (0.9)

Coronary artery bypass graft 4 (1) 9 (2.1)

Treatment details

Ever taken anti-arrhythmic medication
that failed to control atrial arrhythmia

240 (57.0) 250 (59.2)

Anti-arrhythmic medications 201 (47.7) 195 (46.2)

Days from atrial fibrillation diagnosis
to ablation, No.

355 351

Median (IQR) 451
(159-1147)

405
(188-1124)

At least 1 y from atrial fibrillation
diagnosis

355 351

No. (%) 192 (54.1) 188 (53.6)

Cryotherapy catheter at ablation 415 417

No. (%) 48 (11.6) 64 (15.3)

Baseline characteristics are summarized for the full randomized study
population.
a Race and ethnicity were classified based on self-report. Some patients did not

report these data, as categorial number of patients does not randomized
group number of patients.

b Indicates cardioverted prior to randomization (no time limit).
c Left ventricular dysfunction was not firmly defined.
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Magnetic Resonance Imaging-Guided Fibrosis 
Ablation for the Treatment of Atrial Fibrillation
The ALICIA Trial
Felipe Bisbal , MD, PhD*; Eva Benito, MD*; Albert Teis, MD; Francisco Alarcón, BEng; Axel Sarrias, MD;  
Gala Caixal, MD; Roger Villuendas , MD; Paz Garre , BEng; Nina Soto , MD; Jennifer Cozzari, MD;  
Eduard Guasch , MD, PhD; Gladys Juncà , MD; Susanna Prat-Gonzalez, MD, PhD; Rosario J. Perea, MD, PhD;  
Victor Bazán, MD, PhD; José María Tolosana, MD, PhD; Elena Arbelo , MD, PhD; Antoni Bayés-Genís , MD, PhD;  
Lluis Mont , MD, PhD

BACKGROUND: Myocardial fibrosis is key for atrial fibrillation maintenance. We aimed to test the efficacy of ablating cardiac 
magnetic resonance (CMR)-detected atrial fibrosis plus pulmonary vein isolation (PVI).

METHODS: This was an open-label, parallel-group, randomized, controlled trial. Patients with symptomatic drug-refractory atrial 
fibrillation (paroxysmal and persistent) undergoing first or repeat ablation were randomized in a 1:1 basis to receive PVI plus 
CMR-guided fibrosis ablation (CMR group) or PVI alone (PVI-alone group). The primary end point was the rate of recurrence 
(>30 seconds) at 12 months of follow-up using a 12-lead ECG and Holter monitoring at 3, 6, and 12 months. The analysis 
was conducted by intention-to-treat.

RESULTS: In total, 155 patients (71% male, age 59±10, CHA2DS2-VASc 1.3±1.1, 54% paroxysmal atrial fibrillation) were 
allocated to the PVI-alone group (N=76) or CMR group (N=79). First ablation was performed in 80% and 71% of patients 
in the PVI-alone and CMR groups, respectively. The mean atrial fibrosis burden was 12% (only ≈50% of patients had fibrosis 
outside the pulmonary vein area). One hundred percent and 99% of patients received the assigned intervention in the PVI-
alone and CMR group, respectively. The primary outcome was achieved in 21 patients (27.6%) in the PVI-alone group and 
22 patients (27.8%) in the CMR group (odds ratio: 1.01 [95% CI, 0.50–2.04]; P=0.976). There were no differences in the 
rate of adverse events (3 in the CMR group and 2 in the PVI-alone group; P=0.68).

CONCLUSIONS: A pragmatic ablation approach targeting CMR-detected atrial fibrosis plus PVI was not more effective than PVI 
alone in an unselected population undergoing atrial fibrillation ablation with low fibrosis burden.

REGISTRATION: URL: https://www.clinicaltrials.gov. Unique identifier: NCT02698631.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Key Words: atrial fibrillation ◼ fibrosis ◼ magnetic resonance imaging ◼ pulmonary veins ◼ treatment outcome

Pulmonary vein isolation (PVI) is recommended for 
patients with symptomatic, drug-refractory atrial fibril-
lation (AF)1 and provides improved quality of life and 

reduced AF burden with an acceptable safety/benefit 

profile compared with medical treatment.2–4 The success 
rate measured as AF recurrence during follow-up ranges 
widely across individuals depending on the AF phenotype, 
left atrial (LA) remodeling, and the presence of risk factors.5,6
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a 3D reconstruction of the LA with fibrosis information (3D 
fibrosis map), as described previously (Figure 1).12 LA mid-
wall contours were manually drawn in the axial plane by 
experienced operators to obtain the initial 3D model. Further 
shell deformations were performed, if necessary, to ensure 
the anatomic accuracy of the model. Fibrosis identification 
was based on voxel signal intensity. Signal intensity thresh-
olds defining abnormal tissue were based on the previously 
reported normalized local image intensity ratio.13 Briefly, the 
mean signal intensity of the LA blood pool was automati-
cally calculated. Then, the image intensity ratio value for each 
voxel was calculated (voxel signal intensity/mean pixel inten-
sity of blood pool) and projected to the 3D model to obtain 
the final fibrosis map. The thresholds for fibrosis visualization 
were 1.20 (native fibrosis) and 1.32 (dense scar), with good 
intraobserver and interobserver variability (interclass correla-
tion coefficient >0.97).14

Interventions
All procedures were performed using radiofrequency energy 
and a 3D navigation system, as described elsewhere.3 Briefly, 
high-density electroanatomic mapping was performed with a 
multipolar catheter. Point-by-point or dragging ablation was 
performed with an open-irrigated tip catheter with contact 
force sensing (Smart-Touch; Biosense-Webster/TactiCath; 
Sant Jude Medical) targeting the vein-atrial junction. In addi-
tion, the carina between ipsilateral pulmonary veins could 
be targeted at the operator’s discretion. Power was set to a 
maximum of 40 W and reduced to 30 W at the posterior wall 
according to operator judgment. The presence of bidirectional 
conduction block was confirmed by the absence or dissocia-
tion of local PV potentials and exit block by pacing within the 
PV ostia. In the PVI-alone group, a blank CMR-derived 3D 
model could be merged to improve anatomic delineation dur-
ing ablation according to the operator’s preference, and no 
additional ablation was performed beyond PVI in both first and 
repeat procedures.

In the CMR group, the 3D fibrosis map was merged into 
the navigation system. The prespecified procedural end point 
included PVI and ablation of fibrotic patches outside the PV 
area by means of homogenization (debulking) or isolation 
(encirclement; Graphic Abstract). Fibrosis isolation (including 

posterior wall isolation) was confirmed by voltage abatement 
(<0.1 mV) and exit block by pacing within the encircled area. If 
anatomic lines were deployed, complete bidirectional conduc-
tion block was required. In patients undergoing repeat abla-
tion, reisolation of PVs was achieved targeting anatomic gaps 
identified in the 3D fibrosis map as previously reported.10,12 
Additionally, fibrosis areas outside the PV area were targeted 
after successful PV reisolation.

Follow-Up
Follow-up visits were scheduled at 3, 6, and 12 months and 
included rhythm monitoring by means of 12-lead ECG and 
24-hour Holter recording. Follow-up data were prospectively 
collected for 12 months.

Study Outcomes
The primary end point of the study was defined as the 
recurrence rate at 1 year of follow-up, excluding a 3-month 
blanking period. Recurrence was defined as any docu-
mented episode of AF/atrial tachycardia lasting >30 sec-
onds, according to the European Society of Cardiology 
guidelines.1 Secondary end points included procedure and 
fluoroscopy times. Other end points included procedural 
safety and radiofrequency time.

Statistical Analysis
Continuous variables were expressed as mean (SD), and cat-
egorical variables as n and percentage. The χ2 test or Fisher 
test was used to compare proportions between groups. The 
t test was used for continuous variables in between-groups 
comparisons. The planned sample size was 154 patients (77 
patients in each group) to achieve 80% power (1-β) to detect 
differences in testing the null hypothesis H0 (equality of the 
proportion of annual recurrence rate between groups) using 
a bilateral χ2 test, taking into account a level of significance of 
5%, and assuming an annual recurrence rate of 35% and 15% 
in the PVI-alone and CMR groups, respectively. The analysis 
was conducted by intention-to-treat. Statistical analysis was 
performed using R Software (Vienna, Austria) and SPSS 18.0 
(Chicago, IL).

Figure 1. Magnetic resonance imaging postprocessing.
A, Delayed enhancement cardiac magnetic resonance (CMR) of the left atrium. B, Segmentation of the left atrial wall and pulmonary vein 
antrum. C, Three-dimensional fibrosis map of the left atrium depicting enhanced areas (red) and healthy myocardium (blue).
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lines: roof line in 6 patients (7.6%), mitral in 13 (16%), 
and posterior line in 1 (1.3%).

Primary End Point
The prespecified follow-up was completed in 100% 
of patients in both groups. At the end of follow-up, 
the primary outcome was achieved in 21/76 patients 
(27%) and 22/79 patients (27%) in the PVI-alone and 
CMR groups, respectively (odds ratio: 1.01 [95% CI, 
0.50–2.04]; P=0.98). There were no significant dif-
ferences between the first and repeat ablation proce-
dures (Figure 3).

Other End Points and Subgroup Analysis
Atypical atrial flutter was the recurrent arrhythmia in 
10 patients, with no differences between groups (6.3% 
versus 6.5% in the CMR and PVI-alone groups, respec-
tively; P=0.95). After the 3-month blanking period, 22% 
of the of patients continued or resumed antiarrhythmic 
drug therapy during follow-up (11% continued the anti-
arrhythmic drug beyond 3 months due to documented 
early recurrence within the blanking period and 11% 
due to symptoms without confirmed recurrence), with-
out differences between treatment arms (P=0.37). The 
Kaplan-Meier survival analysis by treatment arm and by 
antiarrhythmic treatment on/off showed no differences 
between groups (Figures I and II in the Data Supple-
ment). There were no differences between the PVI-
alone and CMR groups in overall procedural (139±43 
versus 151±49 minutes; P=0.10), fluoroscopy 
(22±13 versus 24±13 minutes; P=0.75), or radiofre-
quency times (1184±540 versus 1540±920 seconds; 
P=0.29). Both groups had similar adverse event rates 
(P=0.68): 3 in the CMR group (one asymptomatic PV 
stenosis, one hematoma, and one pseudoaneurysm) 
and 2 in the PVI-alone group (one hematoma and one 
arteriovenous fistula). Outcomes did not differ among 
different subgroups (Figure 4).

DISCUSSION
The ALICIA trial is the first randomized, controlled trial 
evaluating the safety and efficacy of tailored ablation 
of CMR-detected fibrosis plus PVI compared with PVI 
alone. We found that a CMR-guided substrate ablation 
was safe but did not improve the recurrence rate at 1 
year of follow-up in an unselected AF patient population 
undergoing first or repeat ablation procedures.

Myocardial fibrosis is considered a key factor for AF 
maintenance.7 Several methods to identify atrial fibro-
sis have been developed, however, it still remains a 
challenging field. Currently, invasive assessment using 

Table. Baseline Characteristics of the Patients Studied

 
PVI-alone group 

(n=76)
CMR group 

(n=79)

Age, y (SD) 59 (10) 58 (10)

Male sex, n (%) 55 (72.4) 56 (70.9)

Weight, kg (SD) 82 (16) 86 (16)

Height, cm (SD) 169 (9) 172 (12)

BMI, mean (SD) 28 (4) 29 (6)

HBP, n (%) 45 (59.2) 38 (48.1)

Diabetes, n (%) 9 (11.8) 5 (6.3)

NYHA, mean (SD) 1.2 1.1

CHA2DS2-VASc, mean (SD) 1.3 (1.1) 1.2 (1.2)

Paroxysmal AF, n (%) 44 (57.9) 40 (51.3)

Persistent AF, n (%) 32 (42.1) 38 (48.7)

Time from AF diagnosis, mo (SD) 54 (71) 59 (65)

First ablation, n (%) 61 (80.3) 56 (70.9)

Repeat ablation, n (%) 15 (19.7) 23 (29.1)

LA diameter, mm (SD) 42 (7) 43 (6)

LVEF, % (SD) 56 (8) 56 (8)

Antiarrhythmic drugs, n (%) 71 (93.4) 77 (97.5)

AF indicates atrial fibrillation; BMI, body mass index; CHA2DS2-VASc, conges-
tive heart failure, hypertension, age >75 y, diabetes, prior stroke, vascular disease, 
age 65<75 y, female sex; CMR, cardiac magnetic resonance; HBP, high blood 
pressure; LA, left atrial; LVEF, left ventricular ejection fraction; NYHA, New York 
Heart Association Heart Failure classification; and PVI, pulmonary vein isolation.

Figure 3. Primary outcome of the 
study.
CMR indicates cardiac magnetic 
resonance; and PVI, pulmonary vein 
isolation.
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outpatient visit or (2) AF/AT of at least 30-s duration on 
ambulatory ECG monitoring. AF/AT episodes during the 
3 months after the initial or repeat ablation were not 
included in the recurrence events (blanking period). To 
assess the progression of arrhythmogenic substrate, we 
monitored the transformation from PAF to persistent AF. 
In addition, late AF/AT recurrence, de!ned as recurrence 
at >6 months after the last ablation, was also evaluated. 
No antiarrhythmic drugs (AADs) were prescribed after the 
ablation procedure unless there was AF/AT recurrence.

Repeat Ablation Procedure
Repeat ablation was recommended for recurrent AF/AT 
that developed >3 months after the primary ablation.

Electrophysiological studies and catheter ablation were 
performed under intravenous sedation with dexmedetomi-
dine. A 6-Fr decapolar electrode was inserted into the cor-
onary sinus while a second 6-Fr decapolar electrode was 
placed in the right atrium. Following transseptal puncture 
at the fossa ovalis, 2 long sheaths were introduced into the 
left atrium. The operators performed mapping and ablation 
guided by an electroanatomical mapping system (Rhythmia®, 
Boston Scienti!c, Marlborough [Cambridge] MA, USA or 
Carto3®, Biosense Webster, Diamond Bar, CA, USA). 
When Rhythmia was used, a 64-pole mini-basket catheter 
(Orion®, Boston Scienti!c) and an open-irrigated ablation 
catheter with a 3.5-mm tip (Thermocool Celsius®, Biosense 
Webster) were used. When CARTO 3 was used, a 20-pole 
multielectrode mapping catheter arranged in 5 soft radiat-
ing spines (Pentaray®, Biosense Webster) and an open-

Patients
The original VOLCANO trial included 402 patients with 
PAF who underwent AF ablation (Figure 1). Patients were 
divided into the 4 groups based on the results of voltage 
mapping. Group A consisted of patients without LVA on 
the voltage map after PVI (n=336). Patients with left atrial 
LVAs were randomly allocated in a 1 : 1 fashion to group 
B, which underwent LVA ablation (n=30), or group C, 
without LVA ablation (n=32). Group D included patients 
in whom voltage mapping was not completed due to unsta-
ble cardiac rhythm (n=4).

LVAs were homogeneously ablated using an open-irri-
gated radiofrequency (RF) catheter. The endpoint of each 
RF application was an electrogram voltage reduction of 
>50%. Isolation of the posterior LVA by PVI, roof, and 
bottom lines (box isolation) to avoid esophageal injury was 
permitted.

Follow-up
Patients in the VOLCANO trial were followed for 12 
months. After this protocol period, follow-up was continued 
for 1 year or more (≥2 years after the index ablation proce-
dure), usually every 3 months. Routine ECG examination 
was conducted at each outpatient visit. When patients 
experienced symptoms suggestive of an arrhythmia, surface 
ECG, ambulatory ECG, and/or cardiac event recording 
were also conducted at the discretion of the attending phy-
sician. AF or atrial tachycardia (AT) recurrence was 
de!ned as the occurrence of 1 of 2 events: (1) AF/AT indi-
cated on a routine or symptom-triggered ECG during an 

Figure 1.  Patient flow chart. Patients 
were followed up for 25 (23, 31) 
months. AF/AT recurrence after sin-
gle ablation, repeat ablation, AF/AT 
recurrence after multiple ablations, 
and AF/AT-free survival rates are 
shown. ABL, ablation; AF, atrial fibril-
lation; AT, atrial tachycardia; LVA, 
low-voltage area; PVI, pulmonary 
vein isolation.
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had a relatively short follow-up period, which limited its 
clinical implications.

Here, to overcome this limitation, we conducted an 
extended follow-up study of the VOLCANO trial that com-
pared both the rhythm outcomes over more than 2 years of 
follow-up, and the types of recurrent atrial tachyarrhyth-
mias between treatment cohorts.

Methods
Study Design
This study was a prospective observational study that 
included patients enrolled in the randomized controlled 
VOLCANO trial. It complied with the Declaration of 
Helsinki, and written informed consent for participation in 
the study was given by all patients. The protocol was 
approved by the institutional review board.

T he presence of left atrial low-voltage areas (LVAs) 
is strongly associated with recurrence of atrial 
!brillation (AF) after pulmonary vein isolation 

(PVI) even in patients with paroxysmal AF (PAF).1–3 Sev-
eral observational studies have reported the possible e"-
cacy of ablation targeting LVAs,1,4 but it has not been well 
determined.5

VOLCANO was a randomized controlled trial that 
compared 1-year AF recurrence rates for the following 
ablation strategies: PVI alone for patients without LVAs, 
PVI + LVA ablation for those with LVAs, and PVI alone 
for those with LVAs.6 LVAs were regionally ablated. In the 
case of LVAs at the posterior wall, posterior isolation by 
PVI, roof, and bottom lines (box isolation) was allowed. 
Results showed poorer rhythm outcomes in patients with 
LVAs than in those without. In addition, comparable AF 
recurrence rates were observed between patients with and 
without LVA ablation, suggesting that LVA ablation in 
addition to PVI had no bene!cial e#ect on 1-year rhythm 
outcomes in PAF patients. However, the VOLCANO trial 
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Low-Voltage-Area Ablation in Paroxysmal Atrial Fibrillation
 Extended Follow-up Results of the VOLCANO Trial 

Masaharu Masuda, MD, PhD; Mitsutoshi Asai, MD, PhD; Osamu Iida, MD;  
Shin Okamoto, MD; Takayuki Ishihara, MD; Kiyonori Nanto, MD;  

Takashi Kanda, MD; Takuya Tsujimura, MD; Yasuhiro Matsuda, MD;  
Yosuke Hata, MD; Hiroyuki Uematsu, MD; Toshiaki Mano, MD, PhD

Background: The randomized controlled VOLCANO trial demonstrated comparable 1-year rhythm outcomes between patients with 
and without ablation targeting low-voltage areas (LVAs) in addition to pulmonary vein isolation among paroxysmal atrial fibrillation 
(PAF) patients with LVAs

Methods and Results: An extended-follow-up study of 402 patients enrolled in the VOLCANO trial with PAF, divided into 4 groups 
based on the results of voltage mapping: group A, no LVA (n=336); group B, LVA ablation (n=30); group C, LVA without ablation 
(n=32); and group D, incomplete voltage map (n=4). At 25 (23, 31) months after the initial ablation, AF/atrial tachycardia (AT) recur-
rence rates were 19% in group A, 57% in group B, 59% in group C, and 100% in group D. Recurrence rates were higher in patients 
with LVAs than in those without (group A vs. B+C, P<0.0001), and were comparable between those with and without LVA ablation 
(group B vs. C, P=0.83). Among patients who underwent repeat ablation, ATs were more frequently observed in patients with LVAs 
(Group B+C, 50% vs. A, 14%, P<0.0001). In addition, LVA ablation increased the incidence of AT development (group B, 71% vs. 
C, 32%, P<0.0001).

Conclusions: Patients with LVAs demonstrated poor long-term rhythm outcomes irrespective of LVA ablation. ATs were frequently 
observed in patients with LVAs, and LVA ablation might exacerbate the occurrence of iatrogenic ATs.

Key Words: Ablation; Low-voltage area; Paroxysmal atrial fibrillation; Recurrence
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Figure 2.  Kaplan-Meier curves for AF/AT-recurrence-free survival are shown. Patients without LVAs (group A) demonstrated 
excellent rhythm outcomes. In contrast, those with LVAs had a significantly lower AF-recurrence-free survival rate. Allocation to 
additional LVA ablation or not did not influence the AF-recurrence-free survival rates. AF, atrial fibrillation; AT, atrial tachycardia.

Table 2. Factors Associated With AF/AT Recurrence* Among Patients With a Complete Voltage Map (Group A+B+C)

Recurrence Univariate Multivariate
With  

(n=100)
Without 
(n=298) HR 95% CI P value HR 95% CI P value

Age, years 70.4±10.3 68.5±11.7 1.01　　 0.99–1.03 0.18　　
Female, n (%) 62 (62) 113 (38) 2.28　　 1.53–3.42 <0.0001 1.88     1.24–2.86 0.003

Body mass index 23.1±3.8　　 23.6±3.8　　 0.97　　 0.91–1.04 0.40　　
AF period, months 6 (3, 16) 7 (3, 18) 0.998 0.993–1.003 0.46　　
Heart failure, n (%) 14 (14) 27 (9) 1.51　　 0.86–2.66 0.15　　
CHA2DS2-VASc score 2.8±1.4 2.5±1.4 1.14　　 0.99–1.30 0.065

eGFR, pg/mL 58±17 59±20 0.996 0.99–1.01 0.44　　
Left atrial diameter, mm 38.9±6.0　　 37.4±6.1　　 1.04　　 1.004–1.07　　 0.029 1.04 1.0041–1.07 0.029

LVA presence, n (%) 36 (36) 26 (9) 4.00　　 2.65–6.01 <0.0001 3.29     2.15–5.02 <0.0001

Factors with P<0.05 in the univariate analysis were incorporated into the multivariate analysis. *Recurrence of both AF and AT. AF, atrial fibrillation; 
AT, atrial tachycardia; CI, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio; LVA, low-voltage area.

Table 3. Factors Associated With AF/AT Recurrence* Among Patients With LVAs (Group B+C)

Recurrence Univariate Multivariate
With  

(n=36)
Without 
(n=26) HR 95% CI P value HR 95% CI P value

Age, years 74.9±7.5 75.2±7.8 0.99   0.95–1.04 0.75　　
Female, n (%) 27 (75) 17 (65) 1.58   0.74–3.37 0.24　　
Body mass index 22.5±4.5 21.9±3.7 1.03   0.95–1.12 0.44　　
AF period, months 5 (3, 14) 9 (4, 17) 0.99   0.96–1.01 0.32　　
Heart failure   9 (25) 2 (8) 2.36   1.10–5.08 0.028 1.79   0.80–4.04 0.16　　
CHA2DS2-VASc score   3.5±1.3   3.3±1.3 1.14   0.88–1.47 0.33　　
eGFR, pg/mL   56±17   49±19 1.01 0.994–1.03 0.17　　
Left atrial diameter, mm 40.6±5.4 37.0±5.2 1.07   1.02–1.14 0.013 1.06 1.001–1.13 0.047

LVA size, cm2 16.8±11.3 14.1±9.6 1.02   0.99–1.05 0.21　　
LVA ablation (group B) 17 (47) 13 (50) 0.95   0.49–1.84 0.89　　 0.85   0.44–1.66 0.64　　

Factors with P<0.05 in the univariate analysis were incorporated in the multivariate analysis. *Recurrence of both AF and AT. Abbreviations as 
in Table 2.
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Catheter ablation has become an established treatment 

option for patients with atrial fibrillation (AF).1 Trigger 

elimination by pulmonary vein (PV) isolation represents the 

cornerstone of ablation strategies. Further modification of AF 

maintaining atrial substrate seems necessary in at least some 

patients. However, selection of adequate candidates, as well 

as identification and treatment of atrial substrate, are not yet 

standardized.

Clinical Perspective on p 833

Common strategies involve either application of empirical 

linear lesion sets similar to operative procedures,2 and abla-

tion at sites with complex fractionated atrial electrograms 

(CFAEs) during AF considered crucial for AF perpetuation.3 

Patient selection for additional atrial substrate modification 

is usually based on their clinical presentation although the 

correlation between AF type and the extent of atrial struc-

tural disease remains unclear. Consequently, extended AF 

therapies may currently lead to overtreatment in the sense 

of unnecessarily increased procedure duration, complication 

rate, proarrhythmia, as well as x-ray exposure to the patient 

and staff. However, some patients with paroxysmal AF may 

be even undertreated with PV isolation alone.

Atrial structural remodeling involving atrial fibrosis and 

scarring is a well-recognized factor in AF pathogenesis. Left 

atrial (LA) scarring can be detected by late enhancement MRI 

and can be correlated well with reduced electrogram ampli-

tudes as recorded by endocardial voltage maps.4 Pre-existence 

of low-voltage areas (LVAs) as detected by LA voltage map-

ping has been shown to be a powerful predictor of arrhythmia 

recurrence after AF catheter ablation.4–6

On the basis of these reports, we consequently used voltage 

mapping as a tool to identify patient subgroups, which most 

likely benefit from additional substrate modification. In this 

pilot study, we aimed to assess (1) the proportion of patients 

with LVAs, (2) the distribution of LVAs within the LA, and (3) 

the effect of a personalized voltage-based substrate modifica-

tion (VSM) on the long-term outcomes in a large patient cohort.

© 2014 American Heart Association, Inc.

Circ Arrhythm Electrophysiol is available at http://circep.ahajournals.org DOI: 10.1161/CIRCEP.113.001251

Original Article

Background—Reduced electrogram amplitude has been shown to correlate with diseased myocardium. We describe a novel 
individualized approach for catheter ablation of atrial fibrillation (AF) based on low-voltage areas (LVAs) in the left atrium 
(LA). We sought to assess (1) the incidence of LVAs in patients undergoing AF catheter ablation, (2) the distribution of 
LVAs within the LA, and (3) the effect of an individualized ablation strategy on long-term rhythm outcomes.

Methods and Results—In 178 patients with paroxysmal or persistent AF, LA voltage maps were created during sinus rhythm 
after circumferential pulmonary vein isolation. Subsequent substrate modification was confined to the presence of LVA 
(<0.5 mV) and inducible regular atrial tachycardias. LVAs were identified in 35% and 10% of patients with persistent and 
paroxysmal AF, respectively. The LA roof and the anterior, septal, and posterior wall LA were most often affected. The 
12-month atrial tachycardias/AF-free survival was 62% for patients without LVAs and 70% for patients with LVAs and 
tailored substrate modification (P=0.3). Success rate in a comparison group of 26 LVA patients without further substrate 
modification was 27%.

Conclusions—LVAs can be found at preferred sites in 10% of patients with paroxysmal AF and in 35% of patients with 
persistent AF. This is the first clinical report describing a consistent voltage-based approach for substrate modification in 
addition to circumferential pulmonary vein isolation irrespective of AF type. Application of this limited individualized 
approach may have the potential to compensate for the impaired 12-month outcome of patients with endocardial structural 
defects.  (Circ Arrhythm Electrophysiol. 2014;7:825-833.)

Key Words: arrhythmias, cardiac ◼ atrial fibrillation ◼ catheter ablation ◼ fibrosis
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Methods
Study Population
Patients ≥18 years who underwent catheter ablation for paroxysmal 
or persistent symptomatic drug-refractory AF between September 
2010 and December 2011 were included in this pilot study. The type 
of AF was defined in accordance with current guidelines. Patients 
with previous catheter ablation or cardiac surgery and those partici-
pating in other clinical studies were excluded from the study. Patients 
provided written and verbal informed consent. Clinical characteris-
tics of the study population are detailed in Table 1.

General Procedure Setup
Patients were studied under deep sedation. A temperature probe was 
introduced into the esophagus for continuous real-time monitoring 
of the intraluminal temperature (Sensitherm; St. Jude Medical, St. 
Paul, MN). After transseptal puncture, mapping and ablation were 
performed under the guidance of electroanatomical mapping systems 
(EnSite Velocity NavX; St. Jude Medical Inc or Carto; Biosense-
Webster, Diamond Bar, CA), supplemented by 3-dimensional image 
integration as described previously.7

Voltage Mapping and Ablation Settings
Ablation was performed with 4-mm-tip irrigated-tip ablation cath-
eters (Navistar Thermocool; Biosense-Webster or Therapy CoolPath; 
St. Jude Medical) facilitated by the use of steerable sheaths. The 
standard ablation settings consisted of an upper temperature limit of 
45°C, an radiofrequency power of 25 to 40 W, and a flow rate of 17 to 
30 mL/min. Power delivery was reduced to 25 W near the esophagus 
and further adapted based on esophageal temperature readings.

After circumferential PV isolation (PVI), a detailed bipolar LA 
voltage map was acquired during sinus rhythm. Patients with AF 
at the beginning of the procedure were externally cardioverted be-
fore ablation allowing for a waiting period before voltage mapping. 
Subsequent substrate mapping usually followed a predetermined 
workflow. First, mapping points were systematically acquired with 
the decapolar circular catheter (Inquiry Optima or Reflexion Spiral; 
St. Jude Medical or Lasso; Biosense-Webster). Next, the ablation 

catheter was used to map sites not adequately accessible with the 
spiral catheter. An interpolation threshold of 10 mm was used for 
surface color projection. Filling all color gaps provided a minimal 
map density in all parts of the LA. Moreover, the ablation catheter 
was used to create high-density maps in all those areas where low-
voltage potentials were found. On the one hand, this was necessary 
to delineate the extent of LVA exactly, and on the other hand, to rule 
out insufficient wall contact. In these areas, adequate tissue contact 
was double-checked using different ablation catheter angulations 
and looping maneuvers if necessary (especially for septal areas). 
Adequate endocardial contact was assessed by stable electrograms 
and consideration of the distance to geometry surface. Only true si-
nus beats were selected. Bipolar electrograms were filtered at 30 to 
500 Hz. In accordance with previous studies,5,6,8,9 peak-to-peak elec-
trogram amplitude was defined as follows: >0.5 mV=healthy; 0.2 to 
0.5 mV=diseased; <0.2 mV=likely scar tissue. LVAs were defined as 
sites of ≥3 adjacent low-voltage points <0.5 mV. The LA was almost 
evenly categorized into 6 different areas, and the location of scar was 
classified accordingly as septal, roof, posterior, anterior (including 
LA appendage), inferior, and posterolateral.

Ablation Line Concept and Procedural End Points
In all patients, circumferential ablation around both ipisilateral PVs 
was performed at the atrial level of the PV antrum. Procedural end 
point was reached with bidirectional conduction block of the cir-
cumferential PV ablation lines. Gap detection and line verification 
were performed using the Pace-and-Ablate approach as described 
previously.10 Results were confirmed with circular mapping catheters 
in all patients. All patients with LVAs underwent additional ablation. 
Any LVA was considered as a possible target for substrate modifi-
cation. Confined LVAs were targeted for regional ablation, which 
aimed to homogenize the diseased LA tissue by radiofrequency ab-
lation. The end point for areal radiofrequency lesions was reached 
with a significant reduction in local electrograms, defractionation, 
and loss of capture, while stimulating with the ablation catheter with 
high output (10 V; 2 ms). Strategic linear lesions were performed, 
whenever ablative substrate homogenization could not be completed 
because of potential collateral damage (eg, septal near the AV-node 
or posterior close to the esophagus), or when extensive regional ab-
lation might have created critical isthmus sites for potential macro-
reentrant tachycardias (eg, near the roof or anterior LA to prevent 
roof-dependent or perimitral flutter). These strategic linear lesions 
either connected nonconducting tissues with other nonconducting 
anatomic structures traversing target LVAs (eg, septal line from the 
right superior PV to the anterior mitral annulus or roof line between 
superior PVs), or encircled large LVAs to isolate the diseased tissue 
from the rest of the healthy atrium electrically (eg, posterior box 
by roof line plus inferoposterior line connecting both inferior PVs 
or superior triangle by roof line plus septal line plus anterior mitral 
isthmus line from left superior PV to anterior mitral annulus). The 
end point for strategic lesion creation was reached with the confirma-
tion of a complete block (eg, perimitral conduction) as indicated by 
(1) reduction of local electrogram amplitude, (2) loss of local cap-
ture, (3) confirmation of double potentials on the line and analysis of 
activation sequence, while stimulating near the linear lesion. After 
circumferential PVI with or without VSM, burst pacing (10 V; 2 
ms) from the proximal coronary sinus was conducted (10-s periods, 
decreasing cycle lengths from 300 ms until refractoriness in 20-ms 
steps). Inducible regular atrial tachycardias (AT) were targeted for 
radiofrequency ablation with AT termination and nonreinducibility 
as the clinical end point. In case of AF inducibility, no further sub-
strate modification was conducted.

Postprocedural Care and Follow-Up
Antiarrhythmic medication was discontinued after ablation, and 
β-blockers were administered. In case of symptomatic arrhythmia 
recurrences, antiarrhythmic medication was administered per the 
investigator’s discretion. Follow-up contacts were scheduled, and 
serial 7-day-Holter ECGs (Lifecard CF; DelmarReynolds Medical 

Table 1. Baseline Characteristics

All Patients  

(N=178)

LVA Group  

(N=47)

No-LVA Group  

(N=131) P Value

Age, y 61±10* 67±8* 59±9* <0.001*

Men 121 (68%)* 25 (53%)* 96 (73%)* 0.017*

Arterial hypertension 131 (74%) 40 (85%) 91 (70%) 0.053

Diabetes mellitus 29 (16%) 12 (26%) 17 (13%) 0.064

Structural heart disease 41 (23%) 12 (26%) 29 (22%) 0.69

Body mass index 29±5 29±5 29±5 0.90

Left atrial diameter, mm 44±7 45±8 43±6 0.26

LVEF, % 60 (54,62) 60 (50,63) 60 (55,62) 0.73

LAA flow velocity, m/s† 0.53±0.20* 0.35±0.14* 0.55±0.20* 0.002*

Persistent AF 116 (65%)* 41 (87%)* 75 (57%)* <0.001*

History of AF, mo 49 (24,109) 35 (16,90) 66 (24,110) 0.048

Medication

    β-blockers 129 (73%) 36 (77%) 93 (71%) 0.57

    ACEI and ARB 105 (59%) 32 (68%) 17 (56%) 0.17

    Statins 21 (12%) 7 (15%) 14 (11%) 0.44

ACEI indicates angiotensin-converting-enzyme inhibitor; AF, atrial fibrillation; 

ARB, angiotensin receptor blocker; LAA, left atrial appendage; LVA, low-voltage 

area; and LVEF, left ventricular ejection fraction.

*Independent predictors after multivariable testing.

†For patients in sinus rhythm.
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LA were found in 47 patients (26%; 95% confidence interval, 

20%–33%). Among these patients, the septum was involved in 

72% of cases, the anterior LA in 60%, the posterior wall in 51%, 

the atrial roof in 49%, and the inferior LA in 30% (Figure 1). 

The posterolateral LA (posterior mitral isthmus) was affected in 

6%. A total of 11% of the LVA patients exhibited either >3 large 

LVAs covering >50% of the LA surface or diffuse reduction of 

LA voltage. None of the patients showed single, isolated, small 

LVAs in an otherwise normal LA. Small islands (eg, 3 adjacent 

low-voltage points) of diseased tissue were usually associated 

with larger LVAs or rarely part of a patchy distribution.

Comparison of Patients With and Without LVAs
Patient Characteristics

Clinical comparison of patients with and without LVAs is 

listed in Table 1. LVAs were found in 6 of 62 patients (10%) 

with paroxysmal AF, and 41 of 116 patients (35%) with per-

sistent AF (Figure 1). Multivariable analysis showed that 

age (67±8 versus 59±9 years; adjusted P=0.001), sex (men, 

53% versus 73%; adjusted P=0.036), AF type (persistent AF, 

87% versus 57%; adjusted P<0.001), and LA appendage flow 

velocity (0.35±0.14 versus 0.56±0.20 m/s; adjusted P=0.004, 

for those in sinus rhythm during echocardiographic assess-

ment) were independently associated with LVAs.

Procedural Data

Complete PV isolation with bidirectional conduction block 

was achieved in all 178 patients. Ablation lesions according to 

the observed LVAs—alone or in combination—were placed in 

47 of 178 (26%) patients (Figures 2 and 3) as follows: supe-

rior septal line (24 of 47 patients; 51%), roof line combined 

with box line (24 patients; 51%), focal/areal septal lesions (15 

A B C

Figure 1. Left atrial (LA) distribution of low-
voltage areas (LVAs; A) and examples of 
voltage maps of patients without (B) and 
with (C) LVAs. The top maps (B and C) show 
modified anteroposterior (a.p.) views, and the 
bottom maps show modified posteroanterior 
(p.a.) views of LA models after image regis-
tration. Color-coding is defined as follows: 
<0.2 mV=scar (gray), 0.2 to 0.5 mV=diseased 
atrial tissue (red, yellow), >0.5 mV=healthy 
atrial myocardium (pink). Note the different 
prevalence of LVAs in patients with paroxys-
mal atrial fibrillation (AF; 10%) and persistent 
(35%) AF.

B

CA

D

E

F

Figure 2. Examples (A–F) of low-voltage 
distribution within the left atrium and the 
consecutive targeted radiofrequency lesion 
design. Color-coding as defined in Figure 
1. A/B and C/D same patient. a.p. indicates 
anteroposterior view; p.a., posteroanterior 
view; and sup., superior view.

 by guest on April 4, 2016http://circep.ahajournals.org/Downloaded from 

830  Circ Arrhythm Electrophysiol  October 2014

Comparison of LVA Patients With and  
Without VSM
The comparison group consisted of 26 patients (15 men) with 

LVA identified by voltage mapping but left without VSM after 

PV isolation. Mean age in this group was 67±9 years, mean 

LA diameter 43±6 mm, and 17 of these patients had persistent 

AF (Table 3). LVA patients with and without tailored substrate 

ablation after PVI differed in terms of AF type (87% ver-

sus 65% persistent AF; P=0.036), fluoroscopy time (median 

32 [quartiles 23,46] min versus median 27 [quartiles 20,32] 

min; P=0.018), and freedom from AF/AT at 12 months (70% 

versus 27%; P<0.001). Kaplan–Meier plots comparing both 

groups are shown in Figure 5.

Discussion

Main Findings of the Study

Our study is the first to describe the use of sinus rhythm 

voltage mapping as a tool to guide personalized AF sub-

strate modification and reports on the correspondent clinical 

patient profiles, procedural observations, and clinical out-

comes. Previous studies have already shown the correlation 

Figure 4. Kaplan–Meier plots depicting the atrial 
tachycardias (AT)/atrial fibrillation (AF)–free sur-
vival of the study population stratified by sub-
strate patients with low-voltage area (LVA) and 
targeted substrate modification (blue line) and 
healthy patients without LVA after circumferential 
pulmonary vein isolation (PVI) only (green line).

Figure 5. Kaplan–Meier plots depicting the 
atrial tachycardias (AT)/atrial fibrillation (AF)–free 
survival of the study substrate patients with low-
voltage area (LVA) after targeted substrate modi-
fication (blue line) and the comparison substrate 
patients left without additional substrate modifi-
cation after LVA identification (green line).
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ERASE-AF DECAAF-II ALICIA VOLCANO-AF
Hasta sayısı 324 843 155 62 (336’nın %18’i)
Yaş 66 63 58 75
Erkek/kadın %67/%33 %79/%21 %72/%28 %29/%71
BMI 30 --- 29 22
PAF/PerAF/LS-PerAF %0/%93/%7 %0/%100/%0 %55/%45/%0 %100/%0/%0
Redo Ablasyon %0 %0 %25 %0
% KY/LV disfonksiyonu %23 %19 --- %18
Önceki başarısız AA tedavi %98 %58 %96 ---
LA çapı 45 --- 43 39

Skar belirleme EA mapping DE-MRI DE-MRI EA mapping
Sonuç Pozitif Nötral Nötral Nötral



with persistent forms of AF, adjunctive linear lesions were applied at the
LA roof and bottom connecting the circular lesions around the PVs to
isolate the LA posterior wall (‘posterior box lesion’) and between the left
inferior PV and the mitral annulus (‘posterior mitral isthmus line’).
Isolation of the LA posterior wall was confirmed by entrance and exit
block during mapping and pacing at multiple sites inside the ‘box’.
Bidirectional conduction block across the mitral isthmus line was verified
by (i) the presence of widely separated double potentials, (ii) a reduction
or a loss of local signals, (iii) the failure to capture the left atrium during
pacing along the line, and (iv) differential pacing manoeuvres.12 If neces-
sary, epicardial ablation via the coronary sinus was applied to achieve
complete conduction block across the mitral isthmus.

In the LVA ablation group, PVI was followed by additional substrate
modification only if LVAs were detected during EVM irrespective of AF
type. The ablation techniques for voltage-guided substrate modification

have been detailed previously.12 In brief, substrate modification consisted
of regional LVA homogenization, placement of strategic linear lesions
connecting non-excitable tissue, or electrical isolation of the LVA de-
pending on the location, the shape, and the extent of a LVA (Figures 1 and
2). Endpoints for LVA homogenization included defractionation, signifi-
cant reduction in local potentials, and loss of capture during high-output
stimulation in that area. Conduction block across linear lesions and elec-
trical isolation of circumscribed areas were confirmed as described for
control group patients.

In both study groups, atrial burst pacing was performed to test for
inducibility after completion of the intended lesion set.12 Inducible
organized ATs were mapped and ablated with termination and non-
inducibility serving as endpoints. If AF or an instable AT was induced,
electrical cardioversion was performed without any additional ablation.
Pharmacological provocative manoeuvres to unmask dormant PV

A

B

Figure 1 Schematic representation of the strategies for substrate modification in both study groups. Panel (A) shows the lesion sets in patients
with paroxysmal atrial fibrillation (top) or persistent forms of atrial fibrillation (bottom) in the control group. See text for further information. Panel
(B) displays three examples of voltage-guided substrate modification. Smaller circumscribed low-voltage areas (pink areas) were approached by re-
gional ablation aiming at tissue homogenization (top). Larger longitudinally oriented low-voltage areas were targeted by linear lesions traversing the
low-voltage area and connecting non-excitable tissue (middle). Broader low-voltage areas extending over a wider area were approached by electrical
isolation from the remainder myocardium by linear lesions that were connected to non-conducting atrial structures (bottom). AF, atrial fibrillation;
AP, anterior–posterior; LAA, left atrial appendage; LIPV, left inferior pulmonary vein; LSPV, left superior pulmonary vein; MA, mitral annulus; PA, pos-
terior–anterior; RIPV, right inferior pulmonary vein; RSPV, right superior pulmonary vein.
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was associated with a significantly higher arrhythmia-free survival rate
compared to a step-wise approach consisting of linear ablation and
electrogram-based ablation.19,20 In a randomized study by Wang
et al.20 including 124 patients with long-standing persistent AF, 42/64
patients (66%) in the voltage-guided ablation group and 27/60 patients
(45%) in the step-wise ablation group were free from arrhythmia re-
currence on or off AADs after a single procedure at 12 months of
follow-up (P = 0.04). To the best of our knowledge, this study is the
first randomized trial to investigate the role of voltage-based ablation
in patients with paroxysmal or persistent AF who represent the largest
group among patients undergoing catheter ablation for AF.21

Comparison with other substrate
modification strategies
There is widespread consensus that PVI should be the minimum lesion
set for both paroxysmal and persistent AF.1,2 Adjunctive substrate
modification is frequently applied in persistent forms of AF in an effort
to improve ablation success. This strategy is based on the observation
that mechanisms outside the PV antra may be operative in arrhythmia
maintenance in persistent forms of AF. Different strategies have been
proposed to target substrate-related mechanisms such as ablation of
complex fractionated atrial electrograms (CFAEs) or anatomically
defined empirical linear ablation.3,4 However, available data concerning
the benefit of such strategies are conflicting.3,4,15 In the STAR AF II trial,
additional substrate modification (i.e. CFAE ablation or linear ablation)

did not translate into an improved outcome when compared with PVI
alone in patients with persistent AF.15 These data suggest that current
strategies for substrate modification fail to consistently address
patient-specific mechanisms of AF perpetuation and that elimination of
PV arrhythmogenicity by antral PVI may be sufficient in a considerable
subset of patients with persistent AF.

There is a great overlap in the prevalence of LA structural
alterations when patients with paroxysmal and persistent AF were
compared.12 This ill-defined association between the clinical presenta-
tion and the stage of atrial disease and the highly variable inter-
individual distribution of LVAs emphasize the need for a more patient-
specific substrate description.6,12 In this study, a considerable number
of patients with paroxysmal AF would be undertreated by PVI alone.
On the contrary, the majority of patients with persistent AF had no
LVAs and would thus be overtreated by empirical linear ablation which
may be technically challenging and potentially proarrhythmogenic due
to gap-related re-entrant tachycardias.22 Moreover, the standardized
linear lesion set that was applied in our study consisting of a ‘box lesion’
and a mitral isthmus line would miss atrial substrate in a considerable
proportion of patients. Thus, empirical linear ablation may be associ-
ated with at least partial undertreatment despite extensive ablation.

Limitations
Our study has several limitations that need to be discussed. First, out-
come data in the non-pre-specified subgroups of patients with
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Figure 4 Primary efficacy outcome. The Kaplan–Meier estimates of single-procedure freedom from any atrial arrhythmia >30 s off antiarrhythmic
medication. PVI, pulmonary vein isolation.
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Individually tailored vs. standardized substrate
modification during radiofrequency catheter
ablation for atrial fibrillation: a randomized
study
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Aims This randomized single-centre study sought to compare the efficacy and safety of pulmonary vein isolation (PVI)
plus voltage-guided ablation vs. PVI with or without linear ablation depending on the type of atrial fibrillation (AF).

...................................................................................................................................................................................................
Methods
and results

Overall, 124 ablation-naive patients with paroxysmal or persistent AF were randomized to PVI with (persistent AF)
or without (paroxysmal AF) additional linear ablation (control group) vs. PVI plus ablation of low-voltage areas
(LVAs) irrespective of AF type. Bipolar voltage mapping was performed during stable sinus rhythm. An LVA con-
sisted of >_ 3 adjacent mapping points that each had a peak-to-peak amplitude <_0.5 mV. After a mean follow-up of
12 ± 3 months, significantly more patients in the LVA ablation group were free from atrial arrhythmia recur-
rence >30 s off antiarrhythmic drugs (AADs) after a single procedure (primary endpoint) compared with control
group patients [40/59 (68%) vs. 25/59 (42%), log-rank P = 0.003]. Arrhythmia-free survival on or off AADs was
found in 33/59 control group patients (56%) and in 41/59 LVA ablation group patients (70%) (adjusted log-rank
P = 0.10). During the 7 day Holter monitoring period at 12 months, significantly more patients in the LVA ablation
group were free from arrhythmia recurrence on or off AADs [45/50 (90%) vs. 33/46 (72%), P = 0.04]. No
between-group differences were observed regarding procedure duration, fluoroscopy time, and major
complications.

...................................................................................................................................................................................................
Conclusion In this single-centre study, individually tailored substrate modification guided by voltage mapping was associated

with a significantly higher arrhythmia-free survival rate compared with a conventional approach applying linear abla-
tion according to AF type.

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

Keywords Atrial fibrillation • Catheter ablation • Fibrosis • Voltage mapping • Substrate modification

Introduction

Radiofrequency (RF) catheter ablation is an established therapy for
symptomatic atrial fibrillation (AF).1,2 Whilst pulmonary vein isolation

(PVI) is performed as a stand-alone procedure in the majority of pa-
tients with paroxysmal AF, additive substrate modification is frequently
applied in persistent forms of AF to improve ablation outcome.3,4

Presently, however, there is no uniform concept for the definition of

* Corresponding author. Tel: þ49 341 865 1431; fax: þ49 341 865 1460. E-mail address: dr.arasharya@gmail.com
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Extent and spatial distribution of left atrial
arrhythmogenic sites, late gadolinium
enhancement at magnetic resonance imaging,
and low-voltage areas in patients with persistent
atrial fibrillation: comparison of imaging vs.
electrical parameters of fibrosis and
arrhythmogenesis

Juan Chen1,2, Thomas Arentz1, Hubert Cochet3,4, Björn Müller-Edenborn1,
Steven Kim5, Zoraida Moreno-Weidmann1, Jan Minners1, Peter Kohl6,
Heiko Lehrmann1, Juergen Allgeier1, Dietmar Trenk1, Meleze Hocini3,4,
Pierre Jais3,4, Michel Haissaguerre3,4, and Amir Jadidi 1*
1Arrhythmia Department, University Heart Center Freiburg-Bad Krozingen, Bad Krozingen, Germany; 2Cardiovascular Department, the First Peoplés Hospital of Jingmen,
Jingmen, China; 3IHU Liryc, Electrophysiology and Heart Modeling Institute, Fondation Bordeaux Université, Pessac-Bordeaux, France; 4Bordeaux University Hospital (CHU),
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Aims Atrial fibrosis contributes to arrhythmogenesis in atrial fibrillation and can be detected by MRI or electrophysiological mapping.
The current study compares the spatial correlation between delayed enhancement (DE) areas to low-voltage areas (LVAs)
and to arrhythmogenic areas with spatio-temporal dispersion (ST-Disp) or continuous activity (CA) in atrial fibrillation (AF).

...................................................................................................................................................................................................
Methods
and results

Sixteen patients with persistent AF (nine long-standing) underwent DE-magnetic resonance imaging (1.25 mm ! 1.25
mm ! 2.5 mm) prior to pulmonary vein isolation. Left atrial (LA) voltage mapping was acquired in AF and the regional
activation patterns of 7680 AF wavelets were analysed. Sites with ST-Disp or CA were characterized (voltage, duration)
and their spatial relationship to DE areas and LVAs <0.5 mV was assessed. Delayed enhancement areas and LVAs cov-
ered 55% and 24% (P < 0.01) of total LA surface, respectively. Delayed enhancement area was present at 61% of LVAs,
whereas low voltage was present at 28% of DE areas. Most DE areas (72%) overlapped with atrial high-voltage areas
(>0.5 mV). Spatio-temporal dispersion and CA more frequently co-localized with LVAs than with DE areas (78% vs.
63%, P = 0.02). Regional bipolar voltage of ST-Disp vs. CA was 0.64 ± 0.47 mV vs. 0.58 ± 0.51 mV. All 28 ST-Disp and
56 CA areas contained electrograms with prolonged duration (115 ± 14 ms) displaying low voltage (0.34 ± 0.11 mV).

...................................................................................................................................................................................................
Conclusion A small portion of DE areas and LVAs harbour the arrhythmogenic areas displaying ST-Disp or CA. Most arrhyth-

mogenic activities co-localized with LVAs, while there was less co-localization with DE areas. There is an important
mismatch between DE areas and LVAs which needs to be considered when used as target for catheter ablation.

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

Keywords Atrial fibrillation • Delayed enhancement magnetic resonance imaging • Low voltage •
Substrate • Rotational/focal trigger
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(4 mm spaced adjacent electrodes with a sensing field measuring 5 mm ra-
dius) displayed CA, the surface area of CA was calculated as follows:
A = p * (0.5 cm)2 = 0.8 cm2.

Statistical analysis
Statistical analyses were performed using SPSS version 22.0 (IBM
Corporation, Armonk, NY, USA). Continuous variables are presented as
mean ± standard deviation or as median and 25th and 75th percentiles,
according to their distribution. Categorical data were expressed as a frac-
tion or percentage. Because EGM characteristics (areas and voltage)
showed a positively skewed distribution, data were analysed using non-
parametric tests. Two-sided Mann–Whitney U test or Kruskal–Wallis
one-way analysis were performed for comparison of continuous varia-
bles, as appropriate. Categorical data were compared using the v2 test.
A P-value <0.05 was considered statistically significant.

Results

Patient- and mapping characteristics
Baseline characteristics of the patients are outlined in Table 1. A total
of 16 550 EGMs were analysed for bipolar voltage and EGM duration
(at least 700 points and in average >1000 points per LA map). We

analysed a total of 480 AF patterns in each patient, corresponding to
9120 AF EGMs in each patient and to 145 920 EGMs in the 16
patients. In the total study population, we analysed 7680 AF wavelet
patterns (recorded by the 20-pole double-spiral catheter).

On average, we found one site with ST-Disp [interquartile range
(IQR): 0.25–4] and three sites with CA (IQR: 1–5) per patient.

Extent of delayed enhanced areas, low-
voltage areas, and arrhythmogenic sites
The median LA surface area was 112 cm2 (IQR: 97–136). On average,
61 cm2 (IQR: 53–74) of the LA demonstrated DE, accounting for
55% of the total LA surface. Of all DE areas, 28% demonstrated
dense and 72% a patchy pattern of DE (P < 0.001). In contrast, LVAs
<0.5 mV in AF covered a smaller LA area: 30 cm2 (IQR: 14–53), cor-
responding to the 24% of the LA surface. Areas with ST-Disp and
continuous activities took 2 cm2 (IQR: 1.5–4) and 2.5 cm2 (IQR: 1–5),
corresponding each to 2% of the total LA surface, respectively
(Figure 4).

There was a weak correlation between LA surface area and extent
of pathological substrate in both MRI and voltage mapping (correla-
tion to total DE areas: r = 0.41; correlation to dense DE areas:

Figure 2 Spatial distributions of atrial low-voltage areas (A), DE areas (B), and an atrial site with spatio-temporal dispersion. Spatio-temporal
dispersion is identified by electrical activity exceeding 70% of the local AF cycle length and occurring around >_8 electrodes of the circumferential
catheter (>_270! rotation; white arrow in A, B, and E and grey arrows in C). The examples illustrate co-localization of a site with spatio-temporal
dispersion to low-voltage and DE areas at the posterior LA. The electrogram with prolonged activity is highlighted by the white box in C. AF, atrial
fibrillation; DE, delayed enhancement; LA, left atrium.
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Electrophysiological criteria to localize
sources of atrial fibrillation: electrogram
voltage and duration at atrial areas with
spatio-temporal dispersion or continuous
activity
We investigated three criteria of arrhythmogenic sites in AF:
ST-Disp, CA, and local prolonged activity. Detection of localized re-
entrant AF sources displaying >70% of local AFCL with rotational
activity (corresponding to ST-Disp in a localized area) was first de-
scribed by Haissaguerre et al.21 using a 20-pole PentaRay catheter.
Takahashi et al.22 and Haissaguerre et al. later revealed that AF termi-
nation occurs at sites of CA during AF.

Our group recently demonstrated that selective ablation of LVAs
(with ST-Disp, prolonged or rapid activity) in addition to PVI, is asso-
ciated with high AF termination—and improved arrhythmia free-
dom-rates.3 In line with our findings, Seitz et al.6 reported high rates
of acute AF termination and long-term arrhythmia freedom with ab-
lation of atrial sites with ST-Disp. Moreover, they observed that
most AF termination sites with ST-Disp displayed low-voltage EGMs
<0.6 mV.6

Using the currently available methods by visual scrutinizing of re-
gional AF activation patterns recorded by the 20-pole spiral catheter,

we observed in each patient a median of one left atrial region with
ST-Disp and three areas with CA. All potential arrhythmogenic sites
with ST-Disp or CA displayed reduced bipolar peak-to-peak voltage
values (0.64± 0.47 mV) with prolonged electrical activity duration
(115± 14 ms), as a potential underlying slow conduction site.

In AF, reduced bipolar voltage may be caused by increased fibrosis,
functional tissue refractoriness, or dissociation of endo-mid-
epicardial myocardial tissue layers. In the current study, all identified
ST-Disps and continuous activities presented low-voltage EGMs and
most of them (78%) were located within LVAs <0.5 mV in AF, sug-
gesting a mechanistical role of atrial LVAs and increased atrial fibrosis
for perpetuation of AF arrhythmogenic sources. These findings are
supported by recent studies reporting local fibrosis as the histological
substrate of localized re-entrant spatially stationary AF sources,
which could be detected by panoramic epicardial optical mapping in
explanted human atria.23

Implication for catheter ablation
The discrepancies in the extent and distribution of atrial DE areas vs.
LVAs are important to consider for substrate-based ablation strate-
gies in persistent AF. This is of particular importance as, in our cur-
rent study as well as in a recent study by Higuchi et al.,24 DE areas
were most consistently present at the left posterior LA. MRI-guided
substrate ablation—using the current segmentation method—would
therefore, potentially result in significantly intensified ablation at the
posterior LA, with an inherently higher risk for oesophageal damage.

We suggest that, in addition to low-voltage or DE as ablation tar-
gets, further electrophysiological criteria should be used to guide ab-
lation of arrhythmogenic substrate (late potentials, fractionated
potential, slow conduction areas, rapid/continuous, or repetitive
rotational activities with ST-Disp during AF).3,4,6

Limitations
There is currently no gold standard available neither for detection of
the fibrotic LA substrate nor for detection of sources of AF by avail-
able multi-electrode catheters in vivo. It may be that adjustment of the
MRI technique and voltage mapping is necessary to better character-
ize the fibrotic substrate. Different thresholding methods for DE de-
tection by MRI are inconsistently used, with potentially strong
implications in their results. Voltage mapping on the other hand is
sensitive to far-field effect (which as in the current study was avoided
by re-mapping with a contact-force catheter), electrode size and
spacing, activation front orientation, and rate of activation. Other
more global mapping techniques such as body surface ECG-imaging
or FIRM mapping2 may yield different results.

Conclusion

Our study demonstrates a significant spatial mismatch between
delayed gadolinium-enhanced areas and LA areas displaying low volt-
age in AF. Only a small portion of DE areas and LVAs harbours po-
tential arrhythmogenic sources with ST-Disp or CA. Most DE areas
overlap with atrial high-voltage areas in AF. Further studies are neces-
sary to explain why different imaging methods such as DE at MRI and
low-voltage mapping for detection of the fibro-fatty substrate
showed a significant spatial mismatch.

Figure 6 Overlap between LVA and DE areas. (A) Spatial rela-
tionship between (i) total LA surface (grey rectangle), (ii) arrhyth-
mogenic AF sources with ST-Disp, CA, and PA as the small orange,
green, and red ovals), and (iii) DE areas (large pink oval area) and
low-voltage areas (large yellow circle): DE (pink area) covers 55%
of total LA surface and low voltage (yellow area) covers 24% of to-
tal LA surface. ST-Disp and CA cover a small percentage of total LA
area and mostly overlap with low-voltage areas and partially with
DE areas. (B) LVA as percentage of DE region: LVAs overlapped
with 31% of dense DE (in dark green) and 23% of patchy DE (in or-
ange shades). (C) DE as percentage of total LVA (whole circle in B):
61% of LVA overlapped with DE areas. About 39% of LVA over-
lapped with patchy DE and 22% with dense DE areas. Notably,
non-DE areas contained 39% of LVA. AF, atrial fibrillation; CA, con-
tinuous activity; DE, delayed enhancement; LA, left atrium; LVA,
low-voltage area; PA, prolonged activity; ST-Disp, spatio-temporal
dispersion.
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Sonuç

• PerAF/LS-PerAF tedavisinde genellikle tek başına PVI yeterli 
olmamaktadır.

• PerAF/LS-PerAF’nin patofizyolojisinde atriyal substrattaki yeniden 
şekillenme önemli bir yer almaktadır.

• Buna karşın, atriyal substrata yönelik ablasyon stratejileri istenen 
sonuçları vermemiştir. 

• Atriyal fibrozise yönelik yapılan ablasyon umut vadetmektedir.  
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