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1. Introduction

Atrial fibrillation (AF) is the most common supraventricular tachycardia resulting in reduction
of quality of life, functional clinical status and overall survival. [1-3] Atrial fibrillation
prevalence as well as its associated comorbidities are progressively increasing with the growing
population of elderly patients. Therefore, AF has become an important public health issue. [4-
5] The management of AF involves rhythm and rate control therapy. Moreover, treatment of AF
focuses on the prevention of AF- associated complications such as stroke, transient ischemic
events, and deterioration of heart failure. Catheter ablation of AF with pulmonary vein isolation
(PVI) is an increasingly sophisticated, widely applicable non - pharmacological method as
rhythm control in AF management. Multiple fundamental and clinical trials have established
PVI as the gold standard catheter ablation method of AF and have shown that this is superior to
pharmacological treatment, but its long-term success rate remains suboptimal in patients with
persistent AF. [6-9] The variable long-term arrythmia free survival data after a technically
successful PVI may be related to the technology and to incomplete understanding of the
mechanisms of AF. [6] Although, several basic and clinical studies demonstrated that
pulmonary vein isolation (PVI) is superior to medical therapy in AF management, the
underlying mechanism of PVI efficacy is still not completely clear. [10-13] Haissaguerre et al.
detected that pulmonary veins (PVs) have role in triggering of AF. However, our knowledge

about AF drivers responsible for AF maintenance is still far from being complete. [14]

There is substantial evidence that apart from the pulmonary veins other parts of the atria may
contribute to triggering and maintaining AF through various mechanisms. [15] Notably, many
patients have reconnected pulmonary veins following a successful ablation, while patients with
recurrent AF often have isolated pulmonary veins. [1,16] It is still debated what mechanism
should be targeted during AF ablation, and it is still not completely clear how it works when it
is successful. [17,18] If we agree that elimination of AF sources should result in termination of
AF comparable to observations in other arrythmias, then if we could individually define the AF
source(s) we should be able to reach more promising results with catheter ablation even in
persistent AF patients.[19-22] Pulmonary vein isolation provides a generic anatomical approach
to eliminate AF triggers and also the susceptive driver(s) in PVs as well. One can assume if a
driver of AF is eliminated then it should result in termination and/or non-inducibility of the

arrhythmia.



Pulmonary vein isolation can be successfully achieved with different energy sources.
Radiofrequency and cryoballoon catheter ablation of AF are the most frequently used

technologies. [1]

Recently, the focal impulse and rotor modulation (FIRM) mapping became available, which
aims to identify areas of the atria functioning as patient-specific AF driver(s). [16-18] Targeting
these atrial substrates ensures a patient-tailored ablation strategy for AF elimination.[23]
Despite this, the clinical outcome data of AF termination after FIRM-guided ablation is still

controversial. [24-26]

2. Objectives

2.1 Firstly, we aimed to systematically review and perform a meta-analysis by compiling the
results of all relevant studies that have evaluated the short-, mid-, and long-term outcome
of PVI as a sole treatment strategy (from the same group of investigators) for a homogenous

paroxysmal AF patient population.

2.2 Secondly, we evaluated the timing and rate of AF termination using ablation of rotational
activity detected by focal impulse and rotor modulation mapping in combination with

conventional PVI in persistent AF patients.



3. Materials and methods

3.1 Systematic review and meta-analysis
3.1.1 Data sources and search strategy

This review was conducted in accordance with the PRISMA and MOOSE guidelines (Appendix
1, 2). We aimed to identify all published articles discussing the short-, mid- and long-term
follow-up data of percutaneous, manually guided PVI-only procedures with radiofrequency or
cryoballoon ablation (CBA) for PAF, which derived from the same group of investigators. We
searched Embase.com, Ovid Medline, Web-of-science and the Cochrane Central registry of
trials from inception until the 14" of December 2015. Additional references were obtained from
PubMed, the subset as supplied by publisher, containing recent references, and the first relevant
results from Google scholar. The search strategy was created with the assistance of a medical
librarian (WB). The search strategy combined terms for PAF with terms for interventions such
as RFCA, CBA and PVI, and searched for cohort, follow-up, and longitudinal studies. The
search results were limited to English language articles, but no restriction was used on
publication dates. The detailed search methodology for all databases is provided in Appendix
3.

3.1.2 Study selection and eligibility criteria

We included studies that reported outcome data of patients after PAF PVI, with both a short
and at least a median/mean follow-up period of >24 months. If success rate outcome data with
either on- and off-drug therapy was available, the off-drug data was used. Studies involving
surgical AF ablation or AV-nodal ablation, or those using adjunctive, stepwise linear ablation
methodology after PVI were also excluded. The articles focusing on the AF ablation outcome
of patients with structural heart disease were excluded as well. Individual case reports,

editorials, review articles and meeting abstracts were not included.
3.1.3 Data extraction process

Firstly, two authors (ZK, TST) independently reviewed the included articles and analysed the
following data: catheter ablation type, catheter type, procedural and fluoroscopy time, follow-
up time, ablation success rate and procedural complications. Secondly, the authors cross-
checked their findings to ensure accuracy. Finally, if there was no complete agreement, the

authors discussed the results, and a consensus decision was made.
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3.1.4 Risk of bias assessments for the included clinical studies

Study quality was assessed by two independent reviewers (ZK, TM) based on the nine-star
Newcastle-Ottawa Scale (NOS) using three pre-defined domains namely: selection of
participants (population representativeness), comparability (adjustment for confounders), and
ascertainment of outcomes of interest. The NOS assigns a maximum of four points for selection,
two points for comparability, and three points for outcome. Studies that received a score of nine
stars were judged to be of at low risk of bias; studies that scored seven or eight stars were
considered at medium risk; those that scored six or less were considered at high risk of bias.
(Appendix 4) The Cochrane Collaboration's tool was used for assessing the risk of bias for

randomized controlled studies.
3.1.5 Statistical Analysis

The inverse variance weighted method was used to combine success rates to produce a pooled
success rate using random-effects models to allow for between study heterogeneity.

Additionally, we reported the results using fixed effect models. Fixed-effects models were also
used to pool rates of the same study. Heterogeneity was assessed using the Cochrane x2 statistic
and the I? statistic and was distinguished as low (I> <25%), moderate (I> >25% and <75%) or

high (I1>>75%) (Higgins et al. 2003).

For the analysis that included 5 or more studies, publication bias was evaluated through a funnel
plot and Egger’s test (Egger et al. 1997). All tests were two-tailed and p-values of 0.05 or less
were considered significant. STATA release 12 (Stata Corp, College Station, Texas) was used

for all statistical analyses.
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3.2 Prospective study conducting FIRM- guided ablation with PVI for atrial fibrillation
3.2.1 Study population

This single-center, prospective study enrolled thirty-eight consecutive patients with
symptomatic persistent AF despite pharmacologic therapy and/or prior ablation undergoing a
combined conventional PVI and FIRM-guided ablation between March 2015 and April 2016.
“Persistent AF was defined as continuous AF that is sustained beyond seven days. Episodes of
AF in which a decision was made to electrically or pharmacologically cardiovert the patient
after >48 hours of AF, but prior to 7 days, were also be classified as persistent AF episodes.”[1]
Written informed consent was obtained from all patients. Data collection for this study was
approved by the institutional review board and the ethical committee. We did not include
patients with paroxysmal AF, and those with presence of intracavital thrombus. Patients with
pacemaker or with implantable cardiac defibrillator were not scheduled for the procedure. None

of the patients suffered from long-standing AF.

3.2.2 Electrophysiologic Study

The electrophysiologic study was performed without interrupting the anti-arrhythmic drug
(AAD) therapy. Of note, this was our AAD policy for persistent and long-standing persistent
AF ablation procedures. Decapolar catheters were advanced via femoral venous access to the
coronary sinus. If spontaneous AF was not observed, AF was induced by burst pacing starting
at 500 ms cycle length and reduced with 50 ms steps to 300 ms then reduced with 10 ms till
initiation of AF. Sustained AF after > 10 minutes of duration was mapped. Intravenous heparin
was administered to reach ACT > 300 seconds before introduction of the basket catheter. A 64-
pole basket catheter spaced along 8 splines (FIRMap, Abbott, Chicago, IL, USA) was passed
through an 8,5 Fr SL1 sheath to identify RoAc firstly in the right atrium. Sizing and positioning
of the basket catheter such as the confirmation of good atrial contact was ensured by
fluoroscopy and/or intracardiac echocardiography (ICE). After identification and elimination
of all right-sided RoAcs we placed the basket catheter through ICE-guided transseptal puncture
to the left atrium. If all identifiable RoAcs were eliminated we continued the procedure with
PVI. If AF termination could not be reached during RoAc ablation then PVI was performed in
AF. At the end of the procedure in case of unsuccessful ECV we rechecked the PV

reconnections as well.
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3.2.3 FIRM mapping and AF sources

Atrial fibrillation was recorded using wide field of view basket catheters. Unipolar and bipolar
intracardiac signals from the basket catheter were filtered at 0.05 - 500 Hz and recorded at 1-
kHz sampling frequency for export from the electrophysiology recording system to the
computational FIRM-mapping system (RhythmView, Topera, San Diego, CA). This system
first preprocessed the electrograms to remove the QRS signals to improve the signal-to-noise
ratio. [25,28]'> “The system then analyzed the AF cycles at each electrode over successive
timepoints. The resulting computational phase map depicts the putative propagation of
electrical activity of AF. [25] The AF propagation maps are then projected onto a two-
dimensional grid. The two-dimensional grid portrays the right atrium opened through the
tricuspid annulus vertically, while representing the left atrium opened horizontally through the
mitral valve. [25] The location of the rotors and focal sources could be identified by their
electrode coordinates based on three-dimensional (3D) electroanatomic map. [28] In the present
study NavX (St. Jude Medical, St Paul, MN, USA) 3D electroanatomic mapping system was
used. Rotational activity was defined as sustained clockwise or counterclockwise activation
around a core, or a centrifugal activation from an origin, which were located on the basis of
their electrode coordinates. [29-31] The basket coverage was confirmed in all cases by
fluoroscopy and/or ICE, electrograms quality checking and basket visualization on the 3D
mapping system. If poor signal quality was achieved, then repositioning of the basket catheter
was executed until adequate raw signals could be recorded. The assessment of the RoAc based
on the results of rotational activity profile (RAP) software tool of the Topera system. It could
be overruled if the quality of raw signals appeared to be inadequate or if RoAc was not clearly
identifiable. All effort was done to determine whether each RoAc was reproducible over several
4-sec epochs. The stability of RoAc ensures a rational target for limited ablation. The RAP tool
provides easier detection of areas that have more RoAc. Areas of higher RoAc for selected time

segments are highlighted superimposed on the relevant grid locations.
3.2.4 Ablation procedure

In all included patients FIRM-mapping and rotational activity (RoAc) ablation was performed
prior pulmonary vein isolation (PVI). If FIRM-mapping revealed RoAc, then a FIRM-guided
ablation was executed first in the right then in the left atrium. Subsequently, conventional PVI-

only was performed.
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Only RoAc(s) identified by the RAP feature with a repetitive, spatially stable rotational pattern
from the default 4-second time segment were targeted for ablation, except if considered to be a
false positive upon a visual assessment of the operator. Using 3,5 mm irrigated-tip catheters
radiofrequency energy was applied to the basket grid coordinates, referenced to electrode
positions on electroanatomic shells. The power setting was < 25 W for the posterior atrial wall
and 40 W for the rest of atria, the temperature limit was set to 43 C°. In FIRM-guided ablation
the RF applications were applied directly to centre of the RoAc bounded by = 2 electrodes
distance in each axis for around 300 s in each sides. '® Whenever, AF terminated rigorous
attempts were used in all patients to re-induce AF using pacing manoeuvres protocol for AF
initiation. The definition of re-inducibility was to be > 30 sec duration of sustained AF. If AF
was re-induced, then a novel FIRM-mapping was indicated. Each additional RoAc sites were
similarly ablated until all identifiable RoAc were eliminated based on repeated FIRM-maps.
Verification of the pulmonary vein isolation was implemented in all patients using a circular
mapping catheter (Lasso, Biosense Webster) after conventional PVI. If AF organized into atrial
flutter or tachycardia, then these were treated with application of the appropriate line(s).
Additional substrate ablation (roof or mitral isthmus line, non-PV sources) was not routinely
accomplished. Electric cardioversion (ECV) was performed only in the absence of conversion

to sinus rhythm (SR) after completion of the ablation protocol.
3.2.5 Follow-up

Patients were seen at the outpatient clinic following a 3-month blanking period at post-ablation
3, 6, and 12-months. During these visits, 12-lead ECGs were obtained. In addition, long-term
monitoring was obtained by trans-telephonic ECG monitoring between 3 and 4, and between 6
and 7- months post-ablation. At 6 and 12- months follow-up, 7-day Holter-recordings were
obtained. Between the 6 and 12-months of follow-up symptom-driven event monitoring was
ensured if required. Arrhythmia recurrence was defined as any episode of documented AF/AT

> 30 seconds.

3.2.6 Study endpoints

The pre-specified primary efficacy endpoint was the rate and timing of AF elimination during
the combined RoAc and PVI ablation procedure. Secondary endpoint was safety, defined as

incidence of peri-procedural complication(s).
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3.2.7 Statistical Analysis

Normality of distribution was assessed using with the Shapiro-Wilks test. Continuous variables
are presented as mean + standard deviation (SD), if normally distributed, otherwise by median
and corresponding 25" and 75" percentile. Data were compared by the ANOVA or Mann-
Whitney U test, as appropriate. Categorical variables are expressed as number and percentage
(%) and compared with Fisher’s exact test. Logistic regression analysis was performed to study
the relation between clinical covariates and the type of termination of AF during rotor ablation.
The following covariates were considered as presumable predictors of AF termination: AF
duration, AF type, rhythm before ablation, location of the rotors. Statistical analysis was
performed using SPSS version 21 (IBM Corp., Somers, NY). Statistical significance was
defined as P < 0.05 (two-tailed).
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4. Results

4.1 Systematic review and meta-analysis
4.1.1 Identification of relevant studies

The search strategy identified 2398 citations, out of which, following initial screening based on
titles and abstracts, full-texts of 262 articles were evaluated further. Of these, 13 articles (with
a total of 1774 patients) were included in the final analysis (Figure 1). A total of 13 studies
discussing the short-, mid-and long-term (with mean/median follow-up (FU) >24-month)
success rate of PVI in patients with PAF (cryoballoon or conventional radiofrequency), derived

from the same group of investigators were included. [32-44]

4.1.2 General characteristics of the included studies

Table 1 and 2 summarize the key characteristics of the included studies. In aggregate, in all
included studies, 1774 patients with PAF were included in this review. However, not all studies
provided relevant data that could be meta-analysed. Out of 13 included studies, 7 were
prospective studies, 6 were retrospective studies. One randomized controlled trial (RCT) and
twelve observational studies were included. Out of 13 studies ten single-center, two double-
center and one triple-center studies were analysed. The intensity of the follow-up methodology
within 1 year after the index procedure was similar in the included studies (Table 1. and 2).
Eleven studies reporting the outcome data of PVI ablation conducted a clinical visit and Holter-
monitoring at least 4 times per year, furthermore transtelephonic ECGs were obtained in 4 out
of 10 studies within 1-year follow-up. In a majority of the studies (5 out of 7) using CBA
patients were scheduled for clinical visit, ECG and 24-hour Holter-monitoring quarterly,
furthermore in one study a 5-day Holter-monitoring at 3 or at 6 months was assessed.?
Magnetic resonance scan examination was performed in two studies to assess PV diameters and
to exclude PV stenosis. The studies regarding the long-term outcome of PVI beyond 1-year
continued the clinical visits and Holter-monitoring 6 monthly or at least annually. Nevertheless,
additional visits were scheduled if required on the basis of patient’s symptoms. The single-
procedure outcome data pertaining to the efficacy of PVI catheter ablation was clearly available
in eight studies. Most studies defined single-procedure success rate as the percentage of patients
who remained free of atrial fibrillation and/or atrial flutter or atrial tachycardia with or without
anti-arrhythmic drug (AAD) therapy following a 3-months blanking period or those not

requiring redo procedures. All studies observed a gradual decrease in arrhythmia-free survival
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rate over time. Among the observational studies, no studies were judged to be at low risk of
bias, six studies were at medium risk of bias, and six studies were evaluated to be at high risk
of bias. The quality assessment of the involved studies is reported in Supplement 1 and 2. The
only one RCT included in this review demonstrated a medium risk of bias within one or more

areas of study quality using Cochrane Collaboration’s tool (Supplement 3).
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Figure 1.: Flowchart of Studies for outcome of pulmonary vein isolation for paroxysmal

atrial fibrillation

Records identified through
database searching
(n =2398)

l

Records screened o Records excluded
(n=239%) (n=2136)
Full-text articles Full-text articles excluded,
assessed for eligibility , (n =249)
(n=1262) Reasons:
-Long-term outcome data

not applicable:121

-Included not-only PVI
procedures:66

-Outcome data of
paroxysmal and non-
paroxysmal AF patient not
distinguishable:62

Studies included in
qualitative synthesis

(n=13)
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Figure 2.: 12-month success rate of pulmonary vein isolation

Author Rate (95% Cl)

Shah 2007 . 0.75 (0.70, 0.79)
Katritsis 2008 ~ —#&— | 0.63 (0.54, 0.74)
Sawhney 2009 il 0.86 (0.76, 0.92)
Ouyang 2010 ~ —8&— 0.62 (0.54, 0.69)
Neumann 2008 . 0.74 (0.69, 0.78)
Wojczik 2013 3 . 0.91 (0.84, 0.95)
Rao 2013 —a— 0.63 (0.47, 0.76)
Metzner 2014 - 0.81 (0.65, 0.90)
Boho 2015 . 0.78 (0.72, 0.83)
-V Overall 0 0.78 (0.76, 0.80)
D+L Overall <> 0.75 (0.69, 0.82)

47 213

Assessment of heterogeneity, X’=57.3, 1>=86.0%; P <0.001.
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Figure 3.: 62-month success rate of pulmonary vein isolation

Author

Shah 2007

Neumann 2013

Wojczik 2013

-V Overall

D+L Overall

Rate (95% CI)

0.49 (0.44, 0.55)

0.53 (0.45, 0.60)

0.77 (0.68, 0.84)

0.59 (0.56, 0.64)

0.59 (0.44, 0.78)

Assessment of heterogeneity, X’=36.1, 1>=94.5%; P <0.001.
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Table 1A Data from included publication concerning the radiofrequency ablation success rate
Publication Study design Ablation type g]é;tileter ;All(z:l::fss Elmu(e)r(oni?g)p y fr;()il(;?dure tme Eil)nent number Follow-up (S);Ifll:e proc. free
Shah A.N. et al. | single center, PVI RFCA, nd nd nd 350 1-year 75%
(2007, USA) prospective Biosense 2-year 69,2%
Webster 3-year 66,2%
4-year 62%
5-year 49,5%
Fiala M. et al. single center, segmental PVI RFCA, nd 46+13,4 255455 54 6-month 68%
(2008, Cz) prospective, Biosense 9-month 62,6%
randomized Webster 12-month 57,3%
48+8-month 57%
Fiala M. et al. single center, circumferential PVI RFCA, nd 45,5+14,9 279+42 56 6-month 68%
(2008, Cz) prospective, Biosense 9-month 62,6%
randomized Webster 12-month 57,3%
48+8-month 57%
Katritsis D. et double center, | ostial-antral PVI RFCA, nd 56,3+7,9 208,8+26,9 41 I-year 61% #
al. (2008, IT) prospective circumferential PVI Biosense 28,2+6,1 180,1+18,4 49 I-year 67,4%
Webster
Katritsis D. et double center, | segmental ostial PVI RFCA, nd nd nd 35 42,2+6-month | 21,4%
al. (2008, IT) prospective antral PVI Cordis- 4
Webster
Sawhney N. et single center, segmental ostial PVI RFCA, nd nd nd 71 1-year 86%
al. (2009, USA) | prospective Blazer 2-year 79%
5-year 56%
Ouyang F. etal | single center, continuous circular RFCA 100% | 29,1+11,9 228+58 161 1 month 78%
(2010, GER) prospective PVI 3 months 73%
6 months 69%
12 months 62%
24 months 53%
36 months 52%
48 months 49%
4,8 years 46,6%
Over 60 month | 46%

AF = atrial fibrillation, nd = no data, PVI = pulmonary vein isolation, RFCA-radiofrequency catheter ablation, #= effect of multiple procedures not available
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Table 1B Data from included publication concerning the radiofrequency ablation success rate
Publication r:elt(:?}:l? roc. Complication Follow-up within 1-year FU Follow-up after 1-year FU Scl;i::ty
Shah A.N. et al. nd nd Clinic visit at 1, 3, 6, 9, 12 months clinical visit annually 8
(2007, USA) transtelephonic ECG postproc. 3 months
Holter-monitor at 3 months
Fiala M. et al. (2008, | 80%%* PV stenosis (n=1) Clinic visit and Holter-monitor at clinic visit and Holter-
Cz) Hemianopsia (n=1) 6 week, 3, 6, 8, 12 months monitor at least twice a year
transtelephonic ECG when required (6-monthly)
Fiala M. et al. (2008, | 80%%* Femoral pseudoaneurysm (n=1) | Clinic visit and Holter-monitor at clinic visit and Holter-
Cz) 6 week, 3, 6, 8, 12 months monitor at least twice a year
transtelephonic ECG when required (6-monthly)
Katritsis D. et al. nd Pericardial tamponade (n=2) Clinic visit and Holter-monitor at clinic visit and ECG 3- 8
(2008, IT) 1, 3, 6, 8, 12 months monthly
transtelephonic ECG when required
Katritsis D. et al. 66,7%* nd Clinical visit and ECG monthly Clinical visit and ECG 3 6
(2008, IT) transtelephonic ECG when required monthly
Sawhney N. et al. 84%* Femoral hematoma (n=2) Clinic visit and Holter-monitor at clinic visit and Holter- 8
(2009, USA) Femoral pseudoaneurysm (n=1) | 1, 3, 6, 8, 12 months monitor at least twice a year
transtelephonic ECG when required (6-monthly)
Ouyang F. et al 79,5%* Pericardial effusion (n=2) Clinic visit, surface ECG, Clinic visit, surface ECG, 6

(2010, GER)

Aspiration pneumonia (n=1)

transtelephonic ECG

Holter-monitoring 6-monthly

ECG = electrocardiogram, n = number, nd = no data, PV = pulmonary vein, PVI = pulmonary vein isolation, * = success rate after not- only PVI ablation
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Table 2A

Data from included publications concerning the cryoballoon ablation success rate

o . Ablation | Catheter Fluorosco Procedure Patient Single proc.
Publication Study design type type Acute success time (min)p y time (min) number (n) Follow-up freegofl;&F
Neumann T. et al | single center, antral or CB, AF nd 40 170 346 1-year 74%#
(2008, GER) prospective ostial PVI
Neumann T. et al | single center, antral or CB, AF 98,9% 50,2 222 163 5-year 53%
(2013, GER) prospective ostial PVI
Wojczik M. et al 3-center, PVI CB, AF 100% 33 210 103 6-month 94%
(2013, GER,POL) | prospective 1-year 91%

5-year 77%
Rao J.Y. et al single center, PVI CB, AF 100% 49+12 151+30 40 3-month 72,5%
(2013, Belgium) retrospective 6-month 67%
12-month 62%
24-month 60%
36,6-month | 58%
Metzner A et al single center, PVI CB, AFA | 99% 2548 140+28 36 1-year 81%#
(2014, GER) retrospective
Metzner A et al single center, PVI CB, AFA | 99,60% 2448 138+29 60 2-year 73%#
(2015, GER) retrospective
Boho A. et al. single center, PVI CB, AF 92,70% 23485 187+34,9 205 6-month 93%
(2015, SK) retrospective 12-month 78%
24-month 53%
36-month 34%

AF = atrial fibrillation, AF = Artic Front, AFA = Artic Front Advanced, CB = cryoballoon, n = number, PVI = pulmonary vein isolation, # = effect of multiple

procedures not available
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Table 2B

Data from included publications concerning the cryoballoon ablation success rate

Publication Er:let(ill?l?;rfo[:.l: after Compilcations Follow-up withing 1 year Follow-up after 1 year Quality score
Neumann T. etal | nd pericardial tamponade: n=2 clinical visit, ECG, 7-day clinical visit, ECG, 7-day | 8
(2008, GER) Holter 1, 3, 6, 12 mo Holter annually
Neumann T. etal | nd pericardial effusion: n=3 clinical visit, ECG, 7-day clinical visit, ECG, 7-day | 8
(20013, GER) femoral pseudoaneurysm: n=2 Holter 1, 3, 6, 12 mo Holter annually

femoral arterio-venous fistula: n=1

transient PNP: 11%

TIA: n=1

transient air embolism: n=2

groin hematoma: n=5
Wojczik M. et al nd pericardial tamponade: n=1 clinical visit, ECG, 7-day clinical visit, ECG, 7-day | 6
(2013, GER,POL) transient PNP: n=5 Holter 1, 3, 6, 12 mo Holter annually

pericardial effusion: n=1
Rao J.Y. et al nd pericardial tamponade: n=1 Clinical visit, ECG, Holter- clinical visit, ECG 6 6
(2013, Belgium) PNP: n=3 monitor 1, 3, 6, 12 mo monthly

Five day Holter-monitor at 3
or 5 mo

Metzner A. et al nd transient PNP: n=1 (2%) clinical visit, Holter-monitor 3, 6
(2014, GER) 6, 12 mo
Metzner A. et al 88%* transient PNP: n=2/60 (3,3%) clinical visit, Holter-monitor 3, 6
(2015, GER) 6,12, 24 mo
Boho A. et al. nd transient PNP: n=7 clinical visit, Holter-monitor 3, | clinical visit, Holter- 8
(2015,SV) persistent PVP: n=7 6,9, 12 mo monitor 6 monthly

embolic complication: n=3
TIA: n=2

vascular complication: n=9
pericardial tamponade: n=2

ECG: electrocardiogram, n = number, nd = no data, PNP = phrenic nerve palsy, TIA = transient ischaemic attack, * = freedom from AF after not-only PVI
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4.1.3 Overall efficacy of catheter ablation

Outcome data concerning the freedom from AF after PVI for PAF were available in all studies.
The pooled 12-month and 62-month success rate for 9 observational studies reporting outcome
for PAF PVI-only procedure was 78% (95% CI 0.76% to 0.855, Fig. 2.) and 59% (95% CI
0.56% to 0.64%, Fig 3.) respectively. There was evidence of between-study heterogeneity
across these analyses (I>=86%, P<0.001 for 12-month success rate and 1>=94.5%, P<0.001 for

62-month success rate).

Stratified analysis by type of ablation procedure (radiofrequency ablation or cryoballoon

ablation) did not reveal any significant difference (Supplemental Figure 1, 2).

Further three studies could not be assessed to pool outcome data. In the prospective, randomized
study by Fiala et al. fifty-four patients had segmental (groupl) and fifty-six (group2) patients
had circumferential PVI. The 12-month arrhythmia free survival was 58% and 57.3%, while
the freedom from AF at the 48+8 month follow-up was 56% and 57% in groupl and group2.
[33] The study by Katritsis et al. reported 21.4% success rate after RFCA in 39 patients with 42
months follow-up. [35] The 2-year success rate after CBA in the study by Metzner et al was
73%. [43]

4.1.4 Impact of multiple procedures

Five studies reported outcome data taking into consideration the impact of multiple procedures
on PVI ablation success rate. In all these studies additional linear lesions were performed during
the repeat ablation procedures. In the study by Fiala et al. fifty-four patients underwent
segmental PVI (group 1) while fifty-six patients had circumferential PVI ablation. Following a
single procedure, at 48.8-months follow-up a 56% and 57% success rate could be achieved,
while after repeat ablation (second ablation: 18 pts in group 1, 19 pts in group 2, third ablation:
5 pts in group 1 and 5 pts in group 2) 80% of the patients were free of arrhythmia in each
group.[33] The long-term success rate was 21.4% for patients subjected to a single procedure,

52.6% for patients subjected to a second ablation and 66.7% for patients who underwent a third

ablation in the study by Katritsis et al. [35]
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This article showed a trend of lower long-term success rates among patients who received the
same ablation technique at repeated ablations compared to those in whom the second and the
third ablations differed from the initial procedure. [35] The same tendency could be appreciated
in the study by Sawhney et al., in which the 5-year single procedure success rate compared to
the multi-procedure success rate was 56% vs. 84%.[36] In the study by Ouyang et al. the single
and the multiple-procedure success rate after 4.8-year follow-up was 46.6% vs.79.5%.[37]Only
one study with cryoballoon ablation reported data after multiple procedures: the 2-year single
procedure success rate was 73% for PAF and 71% for persistent AF patients, while the overall
success rate reached 88% including repeat procedures in the study by Metzner et al.[43] The
higher success rate after multiple-procedures might be attributed to the additional linear lines

performed during the redo procedures.

4.1.5 Predictor of arrhythmia recurrence

Four individual studies reported about predictors of AF recurrence after PVI ablation. Sawhney
et al. detected that patients with hypertension at the time of index procedure had a significantly
higher risk of AF recurrence compared to normotensive patients. [36] Hypertension and
hyperlipidaemia as an independent predictor of late AF recurrence were identified by Shah et
al. [32] The size of the left atrium was the most consistent predictor of late AF recurrence in the
study by Neumann et al. [39] In the study by Boho et al. the only independent predictor of
arrhythmia recurrence was the type of AF. Patients with persistent AF had almost two-fold

increased risk for AF recurrence. [44]
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4.1.6 Time to atrial fibrillation recurrence

This systematic review demonstrates that many patients develop AF recurrence years after an
initially successful AF ablation procedure. In a majority of the studies we analysed, the rate of
decline in freedom from arrhythmia was the highest during the first 12 months. [33,37,39,41]
However, over time a constant decrease in arrhythmia free survival could be detected in the
included studies, with a surprisingly high rate of late AF recurrences. In the study by Sawhney
et al. sixteen patients (22.5%) had AF recurrence after 24 months following the ablation. It
represented a 7.6% per year recurrence rate of AF between 24 to 48 months. Furthermore, they
observed a 17% per year recurrence rate after 48 months following the index procedure.[36]
Karitris et al. showed that 56% of the recurrences occurred more than 12 months after the initial
procedure, while Ouyang et al. reported a recurrence rate of 14.9% after the same follow-up
period. [35,37] Shah et al. found a significant late recurrence rate of 8.7% at 34416 months,
and a 25.5% recurrence rate of patients with 5-year follow-up after an initially successful
ablation.[32] It was consistent with the results of Boho et al. who reported a relatively large
number of late recurrences. The 1-year success rate was 78% compared to the 34% success rate

of 5-years follow up.[44]

4.1.7 Publication Bias

Visual examination of Begg’s funnel plots for the analysis on the 12-month successful rate was
moderately symmetrical, therefore providing evidence for publication bias (Fig.2). This was
further supported by the results of Egger’s test which was significant (Supplemental Fig 3). No
evidence of publication bias was observed for the analysis on 24-month success rate

(Supplemental Fig 3).
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4.2 Prospective study conducting FIRM- guided ablation with PVI for atrial fibrillation

4.2.1 Patient characteristics

Baseline clinical and demographic data is summarized in Table 3. The majority of the patients
were male (63%) and had undergone a prior PVI (53%). The mean AF time since the diagnosis
before the combined AF ablation procedure was 4,5 + 3,2 years. The CHA>DS,-VaSc score
was 1,8 £ 1,2 and the mean left atrial size was 46 £ 7 mm in diameter. All patients had persistent
AF. There were 14 pts (37 % of the cohort) who arrived in SR for the ablation due to ECV prior
to procedure despite classified as persistent AF pts previously. None of the patients in this
patient cohort had long-standing AF. AAD medication was continued during the ablation
procedures. Based on the Singh-Vaughan Williams classification, 7 pts were on class I
medication, class II drugs were administered in 16 pts, while 19 pts were on class III drugs and
5 pts were treated with digoxin. Following the 3-month blanking period the class III drugs were
discontinued in 11 pts, while the class II drugs and/or digoxin were stopped in further 4 pts. At

the 6-month follow-up class III drugs in 7 pts and class II drugs in further 5 pts were withdrawn.
4.2.2 Procedural characteristics

Procedural data are summarized in Table 3. Sinus rhythm was presented in 37% of patients
(n=14) at the beginning of the procedure, requiring induction of AF. Preparation time for left
atrial access took 3-15 minutes after RA RoAc ablation and generally 3-10 minutes between
LA RoAC ablation and PVI. Electrical RoAc were seen in 30/38 (79%) patients, with a mean
of 0,7£0,8 in the left atrium and a mean of 1,4+1,7 in the right atrium per patient. Left atrial
RoAc were identified in 18 patients (47%) while in 27 patients (71%) right sided RoAc were
detected. PVI was not performed in 1 of 20 patients who previously underwent AF ablation
because PVs were still completely isolated. Pulmonary vein reconnections were revealed in
majority of patients (93%) who had undergone prior AF ablation with a mean of 2.4 reconnected
PVs, all of these were re-isolated. Cavo-tricuspidal isthmus ablation was performed in 5 (13%)
patients. The average procedure duration was 282+62 min with an average of 34+11 min
fluoroscopy time, and 218941188 seconds of radiofrequency application duration. The size of
the basket was selected based on the LA diameter measured by preprocedural TEE and/or ICE.
In 21pts (55,3%) the 50 mm, while in 17 pts (44,7%) the 60 mm basket size was used.
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The 70 mm basket size was not utilized in this patient cohort. In the right atrium the basket
coverage was generally complete, implied by identical spline spacing and balanced basket
deployment visualized with fluoroscopy. A segmental mapping and ablation if required was

implemented to adjust incomplete basket coverage.

4.2.3 Timing of AF termination

Two distinctive types of the AF termination were defined. The “abrupt termination” of AF
presented during PVI RF delivery. It was tended to be more present among patients without
RoAc (P=0.051) (Fig.4) The “late-onset termination” of AF occurring between 3 minutes and
24 hours following RoAc activity ablation was significantly more prevalent in patients with
right-sided RoAc. (P = 0.049). (Fig.5) The mean time of “late-onset termination” (excluding

the one with 24 hours termination) was 13.8 &+ 4 minutes after RoAc ablation.

4.2.4 Rate of AF termination

The overall termination of AF after combined RoAc ablation with PVI was observed in 22 out
of 38 patients (58%). (Fig.6) Atrial fibrillation terminated abruptly during PVI RF delivery in
10 out of 38 pts (26%). Late-onset termination was observed in 12 (32%) patients after RoAc

ablation (ranging between 3 minutes and 24 hours).

AF organization to atrial tachycardia during ablation was observed in further 4 patients (10%),
in whom SR was achieved with additional linear line ablation and ECV. These patients were
counted in the “none-terminating group” of patients. Electric cardioversion was attempted in
16 patients (42%) at the end of the ablation procedure. Fourteen of them were electrically
converted to SR, while 2 patients remained unconvertible. One patient out of them converted
to SR within 24 hours after ablation. Elimination of all RoAcs and isolation of all PVs was
reached in 37 of 38 patients (95%). In one patient the RoAc was not ablated due to its proximity
to the compact AV-node. Based on the statistical analysis no difference was observed in
termination rate among patients who had had prior PVI compared to those who underwent the
first PVI procedure combined with FIRM-mapping. Also, no differences were observed in
termination rate if AF was induced at the beginning of the procedure or if the patient arrived to

the lab in AF.
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4.2.5 Complication

Procedural complication occurred in 3 cases (9%) presenting with groin hematoma, in another
patient (3%) left atrial appendage thrombus formation was revealed by transoesophageal
echocardiography performed right after the ablation for guiding the planned appendage closure

procedure.[45]

4.2.6 Predictor of AF termination

In univariate analysis, no association between covariates including AF duration, AF type,

rhythm before ablation, location of the rotors was found with the type of AF termination.

4.2.7 Follow-up

Follow-up data with 3-month blanking period was available for all studied patients. At 3 months
of follow-up 26.3% (10/38) of the patients presented with early arrhythmia recurrence. At 6-
month follow-up 63.88% (23/36), while at 12-month follow-up 76.1% (16/21) of patients
remained free form AF/AT. The 1-year outcome data includes 3 patients with ECV and 3
patients who underwent re-ablation (1 with CTI, 2 with re-do PVI+FIRM-guided ablation)
between the 6-12-month FU visits, with 5 patients remaining on at least a reduced dose of a
previously ineffective antiarrhythmic medication. The one-year single-procedure success rate
was 69,1% (13/21). Figure 7 demonstrates the outcome flowchart at each time interval. At 1-
year follow-up freedom form AF/AT was detected in 4 out of 10 patients (25%) within the
“abruptly” terminated group, while in 7/12 (58.3%) patients in the “late-onset terminated”
group and in 5/16 (31.25%) patients in the “none terminating” group. Neither termination of

AF to SR itself nor the termination type predicted the arrhythmia free survival at 1-year follow-

up.
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Figure 4.: Abrupt termination of atrial fibrillation tended to be more present in patients

without identifiable rotational activity n=10 (p=0, 051)
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Figure 5.: Late-onset termination of atrial fibrillation was more prevalent in patients with

right-sided rotational activity n=12 (P= 0,049)
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Figure 6: Rate and timing of AF termination during FIRM-guided ablation combined with

PVI
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Figure 7.: Arrhythmia outcome flowchart showing arrhythmia-free survival at 3, 6, 12-month

time interval.
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3M: 3-month arrhythmia free survival FU — 73.68% (28/38)
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Table 3: Demographic, clinical and procedural data of the patient cohort

Age (years)

Sex (M)

AF duration (years)

Prior pulmonary vein isolation
Hypertension

Hyperlipidemia

Diabetes mellitus

Sleep apnea

COPD

Pulmonary hypertension

Left atrial appendage size (mm)
CHA>DS,VASC-score
Ischemic heart disease

Dilated cardiomyopathy

Body mass index

Type of AF (non-paroxysmal)

AF initiation required at the beginning of the
procedure

Rotational activity found

Number of left sided RoAc per patient
Number of right sided RoAc per patient
Patients with left sided RoAc

Patients with right sided RoAc

Abrupt termination of AF during PVI RF
delivery

Late-onset termination of AF
Restoration to sinus rhythm due to ablation

ECV required at the end of the procedure

63+11
24/38 (63%)
4,543
20/38 (53%)
21/38 (55%)
8/38 (21%)
6/38 (16%)
3/38 (8%)
2/38 (5.2%)
0/38

46+7

1,8+1,2

6/38 (16%)
4/38 (11%)
28,443,8
38/38 (100%)
14/38 (37%)

30/38 (79%)
0,7+0,8
1,4+1,7
18/38 (47%)
27/38 (71%)
10/38 (26%)

12/38 (32%)
22/38 (58%)
16/38 (42%)
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Fluoroscopy time (min)
Procedure time (min)
Radiofrequency application duration (sec)
Cavotricuspidal isthmus ablation
Organization to AT
Reconnected PVs after prior PVI (n)
Complications

Groin hematoma

Left atrial appendage thrombus
formation

34+11
282462
21891188
5/38 (13%)
4/38 (10%)
2.4

4/38 (11%)
3/38 (8%)
1/38 (3%)

*AF: atrial fibrillation, + CHA2DS>VASC-score: risk stratification for stroke of AF patients,
++ AT: atrial tachycardia, §f ECV: electric cardioversion, § SR: sinus rthythm, IT PVI:
pulmonary vein isolation, #: RoAc: rotational activity, **COPD: chronic obstructive

pulmonary disease
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5. Discussion

5.1 Systematic review and meta-analysis

Despite significant technological advances in atrial fibrillation ablation, while superior to
medical therapy, the success rate remains lower than for other arrhythmias.[1,46,47] Notably,
many patients have reconnected PVs after successful ablation and patients with recurrent AF
often have isolated PVs.[1,48] It is still debated what mechanism should be targeted during AF
ablation and how ablation works when it is successful.[47,49] There is substantial evidence that
apart from the PVs, other parts of the atria such as the PV-left atrial junction, the posterior left
atrial wall, the Marshall-vein etc. may contribute to triggering and maintaining AF through

various mechanisms. [34]
5.1.1 Comparison to previous systematic reviews

This is the first paper comparing the short-, mid- and long-term follow-up data of PVI-only
ablation procedures. The unique feature of this review is that we attempt to study a homogenous
patient population purely with PAF and without structural heart disease. The systematic review
and meta-analysis published by Ganesan et al. evaluating the long-term single and multi-
procedure efficacy of PVI ablation included a significant heterogeneity in the the type of AF
and the methodology of AF ablation (PVI-trigger, non-PVI-trigger, adjunctive stepwise
ablation). [50] They included nineteen studies enrolling 6167 patients with paroxysmal and
persistent atrial fibrillation. The exclusive use of pulmonary vein isolation ablation strategy was
performed only in seven of their included studies with wide heterogeneity of atrial fibrillation
type. They found that a single catheter ablation procedure may be sufficient to achieve freedom
from AF in ~50% of patients with a median follow-up of >3 years. However, with multiple-

procedures freedom of AF was achieved in around 80% of patients.[50]

In the present systematic review five overlapping studies, enrolling 661 patients can be found
compared with the meta-analysis by Ganesan et al. [50] We included further eight unique
citations with 1139 patients who underwent PVI-only ablation procedure for paroxysmal atrial
fibrillation. We found a low long-term success rate. Moreover, a decline between the short- and
long-term follow-up data was observed. Additionally, in this review only patients with PAF,

who underwent an exclusive PVI-only ablations were included.

37



5.1.2 Mechanism of late AF recurrences

The mechanism of AF recurrences in the reviewed studies was thought to be correlated to PV
reconnections. However, permanent isolation of PVs is not always necessary for the successful
outcome of a PVI procedure.[43,51-53] In the series of Metzner et al. a total of 10 out of 16
patients suffering from atrial tachyarrhythmia recurrence underwent a repeat RF-based redo
procedure, which revealed that in 2 out of 10 patients all PVs were completely isolated.[43]
Our current analysis may suggest, that the very late recurrence of AF should be related to several
other mechanisms, different from the ectopic activity of the PV sleeves. However, ablation may
still be effective through mechanisms other than isolation of PVI foci.[35] These possible
factors related to late AF recurrences might be: the presence of non-PVI triggers (focal sources
or stable rotors may contribute to trigger and maintain AF) and/or a variety of factors leading
to structural and electrical remodelling resulting in electrical instability of the atria and/or the

failure to target all PVs during initial PVIL.

5.1.3 Strengths and Limitations

To the best of our knowledge, this is the first systematic review attempted to pull together the
different existing studies that evaluated the short-, mid- and long-term outcome of pulmonary
vein isolation as a sole treatment strategy for paroxysmal atrial fibrillation which arose from
the same group of investigators. One of the reasons for this is that the available literature
fulfilling our inclusion criteria is limited and novel, with almost half of included studies
published in the past two years. Previous systematic-reviews focused on the short- and long-
term outcome of a mixed population with paroxysmal and non-paroxysmal atrial fibrillation,
not distinguishing the different ablation methodologies (PVI-only, non- PVI trigger, linear line

ablation).

Our searching methodology ensured that we included the most relevant articles in our review
enrolling more than 1700 participants. However, there are a number of limitations of this study.
Despite all efforts made to undertake a comprehensive search of the published literature, we
cannot exclude the possibility of publication bias stemming from under-reporting of negative
findings. Also, inclusion of data from potentially poorly conducted studies is undoubtedly a
limitation of the current review. Moreover, it is important that the assessment of the effect of
different methodologies (segmental, circumferential etc.) of PVI due to the considerable
heterogeneity from the original studies made it impossible for us to establish a relation between

the method of PVI and the clinical outcome.
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Furthermore, high-quality RCTs with adequate sample sizes and standardized long-term follow-
up are needed to assess the mid- and long-term outcome of PVI-only ablation for paroxysmal
atrial fibrillation. Nevertheless, it would be of a great interest to follow the effect of the ablation
therapy for atrial fibrillation over the life course rather than using short time horizon. Last, since
the number of available studies in each analysis was generally small, it precluded our ability to
investigate the sources of the observed heterogeneity by subgroup analyses involving various

study-level characteristics.

5.1.4 Clinical implications

The PVI-only ablation methodology is not enough to ensure long-term arrhythmia free survival
in majority of patients. After primary successful atrial fibrillation ablation, the arrhythmia
recurrence occurs most frequently within the first 12 months. Nevertheless, a decline in
arrhythmia free survival can be observed between the short- and long-term follow-up period,

which seems unlikely to be correlated to PV reconnections.

Data from published studies confirm that a high success rate at 12-month follow-up does not
necessarily mean a high chronic success rate. Further attempts should be made to establish a
certain classification method for identifying those, in whom PVI-only ablation is not enough to
maintain long-term AF-free survival. We should also emphasize that the late recurrence of atrial
fibrillation after primary successful ablation remains an important clinical phenomenon. It has
a serious impact on medical treatment after ablation especially in preventing cerebrovascular
thromboembolism. The high rate of recurrences after PVI may support the concept that PVI is
a “palliative” rather than a “curative” treatment option for atrial fibrillation. However, the

optimal adjunctive ablation methodology remains unknown.

In conclusion, the contradicting data concerning the efficacy of pulmonary vein
isolation for paroxysmal atrial fibrillation with short-, mid- and long-term follow-up requires
further investigation for a better understanding of the mechanism and location of atrial

fibrillation.
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5.2 Prospective study conducting FIRM- guided ablation with PV for atrial fibrillation

The major finding of our study is a moderate rate (58%) of persistent AF termination with two
distinctive timing pattern following FIRM-guided ablation combined with PVI. The “late-onset
termination” of AF is significantly more prevalent in patients during right-sided RoAc ablation.
The “abrupt termination” of AF is tended to be more present among patients during PVI.
Termination does not depend on whether AF is induced or ongoing at the beginning of the

procedure.
5.2.1 Drivers of atrial fibrillation

If we agree that elimination of AF drivers should result in termination of AF such as in other
arrhythmias, then if we could individually define the AF substrate(s) we should be able to reach

more promising long-term results even in persistent AF patients with catheter ablation.

Nowadays, identification of RoAc susceptive of sustaining human AF represents a novel option
for catheter ablation approach. Elimination of FIRM-detected RoAcs provides a patient-specific
ablation method, however a great debate is going on why AF does not acutely terminate after
RoAcs ablation. Schricker et al. reported different possible hypothesis on this topic. Firstly, due
to the limitation of the current FIRM- mapping system certain RoAc may remain hidden in the
unmapped area of the atria. Secondly, the time period while fibrillatory conduction can sustain
AF without driver is still questionable. It may last from seconds to hours. [30] It is still unclear
how localized ablation effects on RoAc and what mechanisms lead to the termination of AF.
The recent optical mapping studies by Fedorov et al. on human ex vivo heart demonstrated that
intramural microanatomic reentry circuits stabilized by micro-anatomic substrates can maintain
AF. Endocardial catheter ablation of these microanatomic re-entries stopped AF, suggesting the
human 3D atrial architecture may have a key role in the AF 40 maintenance. [54] Further studies

are necessary to address these mechanistic questions.

Our results suggest that the two distinctive timing pattern of AF elimination is derived from
individual location and mechanism of AF driver(s). The “late-onset termination” of AF
occurring between 3 minutes and 24 hours following RoAc activity ablation was significantly
more prevalent in patients with right-sided RoAc. Those who had abrupt AF termination during
PVI delivery was tended to be more present among patients without RoAc. Our results

emphasize that the PVs have role not only in triggering but also in driving AF.
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5.2.2 Termination of atrial fibrillation

All'in all, only 79% (30/38) of patients had identifiable RoAc in this study, with a lower number
of RoAc per patients but with a higher right-sided prevalence compared to previous FIRM-
guided AF ablation studies. [25,26,29] The slightly high number of patients without identifiable
RoAc (21%) might derive from the technical limitation of the mapping system. The higher
percentage of right atrial RoAc(s) in this study is in line with the findings published by Fedorov
et al. [55] They demonstrated first in ex vivo human atria with optical mapping experiments
that a near 3-fold greater right atria (RA)-to-left atria (LA) adenosine Al receptor protein
expression (specially in supero-lateral RA region) leads to significantly greater RA vs LA
repolazation sensitivity in response to adenosine. Sustained adenosine-induced AF was
maintained by localized re-entrant drivers in the superior/middle lateral RA, where the shortest

action potential duration and the highest A1 receptor expression were observed. [55]

The AF termination rate to SR in our study (58%) is comparable with the results of CONFIRM-

trial, in which 56 % (20/36 cases) AF termination rate was reported. [29] Narayan et al. reported
that procedural success was more prevalent in those patients who required AF initiation at the
beginning of the procedure. [29] In our study the investigated covariates including the rhythm
prior ablation was not associated with the type of AF termination. In the first multicenter, non-
randomized study the acute endpoint of AF termination was achieved in 67% (8/14 cases). [25]
Tilz et al. reported on twelve (48%) patients either with AF termination (24%= 6/25) or with
conversion to another rhythm, or cycle length (CL) prolongation >10% after rotor ablation.[56]
In contrary, lower spontaneous procedural termination rate was observed in 8,6% of patients
(5/58) reported by Spitzer et al. and only in 1 out of 20 pts terminated to SR during ablation in
the study by Sommer et.al. [57,58]

5.2.3 Clinical outcome

In the present study 38 pts with non-paroxysmal AF after FIRM-guided RoAc ablation
combined with PVI demonstrates 76.1% (16/21) freedom from AF/AT with 12-months follow-
up with 5 pts on AAD therapy, while our one-year single-procedure success rate was 69.1%
(13/21). This is consistent with several previously reported clinical outcome data. [26,56-59]
Miller et al. reported 80,5% 1-year freedom for AF in a 10-center independent registry. [26] In
addition, Spitzer et al. published a similar 73.1% arrhythmia free survival after a single FIRM-
guided procedure with 12-month follow-up, while Tilz et al. reported on 52% single procedure

success rate with 13 &= 1 months follow-up. [56,57]
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In the study published by Sommer et al. a single-procedure freedom from AF was 80% after a
follow-up of 6-months with 1 patient on dronedarone and with all remaining patients being on
beta-blocker. Our results are more promising than the 38% arrhythmia free survival reported by
Buch et al., which might be explained by different factors: their difficulties in basket placing,
application of the precommercial version of the Rhythm View software, challenging patient

cohort. [60]

Some studies demonstrated that the lower spontaneous procedural termination was not
predictive of long-term outcomes, on the contrary rotor elimination was associated with
favourable long-term clinical outcome. [57,58] Present study is in line with these findings as 5
out of 16 patients (31%) within the “none terminating” group presented with SR at 1-year
follow-up. The observation that the success rate of FIRM-guided ablation might increase over
time, may derive from the reverse remodelling. The FIRM-guided rotor ablation change not

only substrate but also may render the substrate to be less vulnerable to AF triggers.
5.2.4 Study limitation

This study has several limitations. Firstly, present study includes the relatively small sample
size and lack of control group who underwent exclusively PVI-only ablation alone. The ongoing
REAFFIRM study will help us to compare the outcome data of persistent AF patients after
conventional PVI versus conventional + FIRM- guided ablation. The small sample size
prohibits the identification for predictors of AF termination. Secondly, we cannot exclude that
previous procedures might have had impact on RoAcs. Additionally, there may be technical
limitations derived from computational approaches for rotor mapping. Further improvements
in the design and the resolution of FIRM-mapping system are required to provide better
outcome with FIRM-guided ablation. Present study was not powered to assess the potential

effect of AAD medication on the outcome of the ablation procedure.
5.2.5 Clinical implication

FIRM-mapping offers a novel and feasible technique for identification of RoAc sustaining
human AF. Furthermore, this technique provides a patient-tailored, mechanistically focused
method for catheter ablation of AF. Further prospective, randomized controlled studies are
needed to define the precise mechanism of AF termination during FIRM-guided ablation

combined with PVI.
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6. Summary of new findings

6.1 Systematic review and meta-analysis

1) We reviewed 13 articles (including 1774 patients), which assessed the short-mid and long-
term outcome of PVI as sole treatment strategy for a homogenous paroxysmal AF patient

population. We performed a meta-analysis by compiling the results of these studies.

2) Pooled analysis showed that 12-and 62-month success rates with a single catheter ablation

was 78% (95% CI1 0.76% to 0.88%) and 59% (95% CI 0.56% to 0.64%) respectively.
3) The results did not differ by the type of ablation method.

4) A progressive and significant decline in freedom from AF between 1,3 and 5-years after a

successful pulmonary vein isolation was detected.

5) While AF recurrence was most frequent within the first 12-months after catheter ablation, a
surprisingly high rate of late AF recurrence was observed, which seems unlikely to be correlated

to pulmonary vein reconnections.

6.2 Prospective study conducting FIRM- guided ablation with PVI for atrial fibrillation

1) FIRM-mapping offers a novel and feasible technique for identification of RoAc sustaining

human AF.

2) Furthermore, this technique provides a patient-tailored, mechanistically focused method for

catheter ablation of AF.

3) The major finding of our study is a moderate rate (58%) of persistent AF termination with

two distinctive timing pattern following FIRM-guided ablation combined with PVI.

4) The “late-onset termination” of AF is significantly more prevalent in patients during right-

sided RoAc ablation.

5) The “abrupt termination” of AF is tended to be more present among patients during PVIL.
Termination does not depend on whether AF is induced or ongoing at the beginning of the

procedure.
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9. Suppplements

Supplement 1: Quality of Included Studies Assessed by using Newcastle-Ottawa Quality Scale for Cohort Studies

Author, Selection Comparability of Outcome
Year Cohorts
(Reference)
Representativeness of | Representativeness | Ascertainment | Outcome not Assess | Was Adequacy
Exposed Cohort of the Non-exposed | of Exposure Present at the ment | follow-up | of Follow-
Cohort Beginning of of long up
Study Outco | enough?
me
Shah, k N A k k kek k k k
2007 (16)
Katritris, * NA * * ** * * *
2008 (18)
Katritris, * NA * * 0 * * *
2008 (19)
S awhney, k N A k k kek k k k
2009 (20)
Ouyang, * NA * * 0 * * *
2010 (21)
Neumann, * NA * * ** * * *
2008 (22)
Neumann, * NA * * ** * * *
2013 (23)
Wojczik, * NA * * 0 * * *
2013 (24)
Rao, * NA * * 0 * * *
2013 (25)
Metzner, * NA * * 0 * * *
2014 (26)
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Metzner, * NA * * 0 * * *
2015 (27)
Bohé, S NA k % skk k % k
2015 (28)

NA=not applicable, A study can recieve a maximum of 1 star for each numbered item within the selection and outcome categories, A maximum
of 2 star can be given for comparability, O:no star can be given
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Supplement 2: Quality of Included Studies Assessed by using the Newcastle-Ottawa Quality

Scale for Cohort Studies

Author, Year
(Reference)

Selection

Stars (n)

Comparability

Exposure

Shah, 2007 (16)
Katritris, 2008 (18)
Katritris, 2008 (19)
Sawhney, 2009 (20)

Ouyang, 2010 (21)
Neumann, 2008 (22)
Neumann, 2013 (23)
Wojczik, 2013 (24)
Rao, 2013 (25)
Metzner, 2014 (26)
Metzner, 2015 (27)
Boho, 2015 (28)

n=number

W W W W W W W W WWWW

N O ODOODONDNDO NDO N

W W W W W W WW WWWWw

Supplement 3: Quality assessment of the included randomized controlled study using the
Cochrane Collaboration’s tool

Author, Random | Allocation | Blinding Blinding | Incomple | Selectiv | Other
Year sequence | concealme | of of te e bias
(Referenc | generati | nt participan | outcome outcome | reporti
e) on ts and assessmen | data ng

personnel | ts
Fiala, Low Unclear Low Unclear Low Low Uncle
2008 (17) ar
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Supplemental Figure 1 S1.: 12-month success rate by type of ablation

Author

Radiofrequency Ablation
Shah 2007
Katritsis 2008
Sawhney 2009
Ouyang 2010
I-V Subtotal
D+L Subtotal

Crvoballoon ablation
Neumann 2008
Wojczik 2013

Rao 2013

Metzner 2014

Bohd 2015

I-V Subtotal

D+L Subtotal

I-V Overall
D+L Overall

Success
Rate (95% ClI)

0.75 (0.70, 0.79)
0.63 (0.54, 0.74)
0.86 (0.76, 0.92)
0.62 (0.54, 0.69)
0.74 (0.71, 0.78)
0.71 (0.62, 0.82)
0.74 (0.69, 0.78)
0.91 (0.84, 0.95)
0.63 (0.47, 0.76)
0.81 (0.65, 0.90)
0.78 (0.72, 0.83)
0.81 (0.78, 0.84)
0.78 (0.70, 0.87)

0.78 (0.76, 0.80)
0.75 (0.69, 0.82)
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Supplement Figure 2 S2: 62-months success rate by type of ablation

Author

Radiofrequency Ablation
Shah 2007

Sawhney 2009
Ouyang 2010

|-V Subtotal

D+L Subtotal

Cryoballoon ablation

Rao 2013 '
Metzner 2015

Success
Rate (95% Cl)

0.69 (0.61, 0.74)
0.79 (0.68, 0.87)
0.53 (0.45, 0.60)
0.68 (0.64, 0.73)
0.66 (0.54, 0.81)

0.60 (0.45, 0.74)
0.73(0.61, 0.83)
0.34 (0.28, 0.41)
0.55 (0.50, 0.61)
0.53(0.33, 0.87)

0.64 (0.61, 0.68)
0.60 (0.48, 0.74)

Boh62015  —oo- ;

|-V Subtotal <>t

D+L Subtotal =

I-V Overall &

D+L Overall <>
28

57

3.57



Supplemental Figure 3 S3.: FOREST PLOT

12- month success rate (Egger’s P=0.036) P=0.86)

Funnel plot with pseudo 95% confidence limits
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Author

Shah 2007

Sawhney 2009

Ouyang 2010

|-V Overall

D+L Overall

Supplemental Fig 4 S4.: 48-month success rate of pulmonary vein isolation

Rate (95% CI)

0.62 (0.57, 0.67)

0.56 (0.45, 0.67)

0.48 (0.41, 0.56)

0.59 (0.55, 0.63)

0.56 (0.48, 0.66)

Assessment of heterogeneity, X2=7.5, 12=73.3%,; P =0.024.
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10. Appendix

Appendix 1. PRISMA checklist

Reported on

Section/topic

page #

TITLE
Title 1 Identify the report as a systematic review and a meta-analysis 1
ABSTRACT
Structured 2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility 2
summary criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions

and implications of key findings; systematic review registration number.
INTRODUCTION
Rationale 3 Describe the rationale for the review in the context of what is already known. 4
Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, interventions, 4

comparisons, outcomes, and study design (PICOS).
METHODS
Protocol and 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide | NA
registration registration information including registration number.

60



Eligibility 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics used as criteria for 5

criteria eligibility, giving rationale.

Information 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 5

sources additional studies) in the search and date last searched.

Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be 5 and Appendix
repeated. 1

Study selection |9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review) 5

Data collection | 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any 6

process processes for obtaining and confirming data from investigators.

Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 6
simplifications made.

Risk of bias in 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this was | 6, Appendix 4,

individual done at the study or outcome level), and how this information is to be used in any data synthesis. Suppl. 1, 2,3

studies
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Section/topic

Checklist item

Reported on
page #

Summary 13 | State the principal summary measures

measures

Synthesis of 14 | Describe the methods of handling data and combining results of studies, if done, including measures of consistency 5,6

results (e.g., 1) for each meta-analysis.

Risk of bias 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 6,7

across studies reporting within studies).

Additional 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating Suppl. Fig. 1,2

analyses which were pre-specified.

RESULTS

Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at 7-8 and Figure
each stage, ideally with a flow diagram. 1

Study 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and Table 1,2

characteristics provide the citations.

Risk of bias 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). Suppl.1-3

within studies

Results of 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 11, Suppl. Fig 3

individual studies intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

Synthesis of 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency. 7-11

results

Risk of bias 22 | Present results of any assessment of risk of bias across studies (see Item 15). Suppll, 2,3

across studies
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Additional 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). Suppl. Fig. 1, 2
analysis
DISCUSSION
Summary of 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to | 11-14 Fig. 2, 3
evidence key groups (e.g., healthcare providers, users, and policy makers).
Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 13
identified research, reporting bias).
Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future research. | 15
FUNDING
Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for 1

the systematic review.
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Appendix 2.: MOOSE checklist

Criteria

Brief description of how the criteria were handled in
the meta-analysis

Reporting of background should
include

v | Problem definition

Pulmonary vein isolation(PVI) for paroxysmal atrial
fibrillation (PAF) is a worldwide method of catheter
ablation treatment. However, little work has been done to
systematically review the current literature on the long-
term outcome of paroxysmal atrial fibrillation patients
after only-pulmonary vein isolation procedure.

\ | Hypothesis statement

The exclusive usage of pulmonary vein isolation ablation
methodology provides a low long-term rate of freedom
from atrial fibrillation.

\ | Description of study outcomes

We included studies that estimated the short, mid-, and
long-term outcome data of paroxysmal atrial fibrillation
patients who underwent pulmonary vein isolation as a
sole ablation strategy.

\ | Type of exposure or
intervention used

Two type of catheter ablation techniques were assessed:
cryoballoon and radiofrequency ablation.

\ | Type of study designs used

Eligible study designs included randomized controlled
trials (RCTs), cohort, case-control studies.

\ | Study population

Only studies carried out in adults (>18 years old) were
included.

Reporting of search strategy
should include

v | Qualifications of searchers

The credentials of the investigators are indicated in the
authors list.

\ | Search strategy, including time
period included in the
synthesis and keywords

Search strategy and time periods are detailed in page 4 of
the manuscript and in Figure 1 and the full search strategy
is available in Appendix 1.

\ | Databases and registries
searched

Medline, Embase and Google Scholar, Web-of-Science,
Cochrane Central, PubMed

v | Search software used, name
and version, including special
features

We did not employ a search software. Endnote was used
to merge retrieved citations and eliminate duplications.
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Use of hand searching

We hand-searched bibliographies of retrieved systematic
reviews and meta-analysis for additional references.

\ | List of citations located and Details of the literature search process are outlined in the
those excluded, including flow chart. Citations for the included studies are included
justifications in the text and table 1. The citation list for excluded

studies is available upon request.

\ | Method of addressing articles | We placed restrictions to English language.
published in languages other
than English

\ | Method of handling abstracts Systematic reviews were used to identify further
and unpublished studies references.

\ | Description of any contact with | Authors of included studies were contacted to retrieve

authors

missing full texts and to identify any missing studies.

Reporting of methods should
include

\/

Description of relevance or
appropriateness of studies
assembled for assessing the
hypothesis to be tested

Detailed inclusion and exclusion criteria were described
in the methods section.

\ | Rationale for the selection and | A predesigned data collection form was prepared to
coding of data extract the relevant information from the included full

texts, including study design, type of atrial fibrillation,
type of catheter ablation, exclusive pulmonary vein
isolation methodology

\ | Assessment of confounding We performed qualitative analyses to evaluate differences
between studies.

\ | Assessment of study quality, We used the Newcastle- Ottawa Scale (NOS) to evaluate

including blinding of quality
assessors; stratification or
regression on possible
predictors of study results

the quality of cross-sectional, case-control and cohort
studies included in this review. The Cochrane
Collaboration's tool was used for randomized controlled
studies.

Assessment of heterogeneity

We were able to pool the data visually and statistically.

Description of statistical
methods in sufficient detail to
be replicated

We conducted qualitative analysis of the data. Due to
large heterogeneity between studies we solely performed
qualitative analyses of the data.
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Provision of appropriate tables
and graphics

We included 1 main figure, 4 main tables, and 4
appendices, 2 supplements

Reporting of results should
include

\/

Graph summarizing individual
study estimates and overall
estimate

Figure 2, 3

\ | Table giving descriptive Tables 1 and 2
information for each study
included
V' | Results of sensitivity testing Supplemental Fig. 1, 2
\ | Indication of statistical 95% confidence intervals or SD’s were presented if

uncertainty of findings

available

Reporting of discussion should

include

V| Quantitative assessment of bias | Not applicable

\ | Justification for exclusion We excluded studies that had no or unclear definition of
outcome, or data extraction was not feasible.

\ | Assessment of quality of We used the Newcastle- Ottawa Scale (NOS) to evaluate

included studies

the quality of cross-sectional, case-control and cohort
studies included in this review.

Reporting of conclusions should
include

\/

Consideration of alternative
explanations for observed
results

Due to the lack of standardisation of follow-up, it is
difficult to provide unifying statements within a larger
number of manuscripts hampered by large levels of
heterogeneity.

Generalization of the
conclusions

The generalizability of our findings has been enhanced by
the involvement of data, including region of the
Americas, Europe. However, there is a clear lack of
evidence from West Pacific Region, and the African and
Asian, Australian Region.
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Guidelines for future research

Further work is necessary to standardize the follow-up of
paroxysmal atrial fibrillation patients who underwent
pulmonary vein isolation.

Disclosure of funding source

Nothing to disclose.
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Appendix 3.: Data searching setting.

Embase.com 1700

('paroxysmal atrial fibrillation'/exp OR (((paroxysmal*) AND (atrial OR atrium OR auricular ) NEAR/3
fibrillation)):ab,ti) AND ('ablation therapy'/de OR 'catheter ablation'/de OR 'cryoablation'/de OR
'radiofrequency ablation'/de OR 'pulmonary vein isolation'/de OR 'radiofrequency'/de OR (ablation* OR
radiofrequenc* OR cryoablation* OR cryoblation* OR cryoballoon* OR (cryo NEXT/1 balloon*) OR
(pulmonar* NEAR/3 isolat*)):ab,ti) AND ('follow up'/exp OR 'longitudinal study'/de OR 'cohort
analysis'/de OR 'long term survival'/de OR 'retrospective study'/de OR 'prospective study'/de OR
((follow* NEXT/1 up*) OR followup* OR longitudinal* OR cohort* OR (long* NEXT/1 term*) OR
retrospectiv* OR prospectiv*):ab,ti) NOT ([Conference Abstract]/lim OR [Letter]/lim OR [Note]/lim OR
[Editorial]/lim) AND [english]/lim

Medline (ovid) 1313

(("atrial fibrillation"/ AND "Tachycardia, Paroxysmal"/) OR (((paroxysmal*) AND (atrial OR atrium OR
auricular ) ADJ3 fibrillation)).ab,ti.) AND ("Ablation Techniques"/ OR "Catheter Ablation"/ OR (ablation*
OR radiofrequenc* OR cryoablation* OR cryoblation* OR cryoballoon* OR (cryo ADJ balloon*) OR
(pulmonar* ADJ3 isolat*)).ab,ti.) AND (exp "Cohort Studies"/ OR ((follow* ADJ up*) OR followup* OR
longitudinal* OR cohort* OR (long* ADJ term*) OR retrospectiv* OR prospectiv*).ab,ti.) NOT (letter OR
news OR comment OR editorial OR congresses OR abstracts).pt. AND english.la.

Cochrane 286

((((paroxysmal*) AND (atrial OR atrium OR auricular ) NEAR/3 fibrillation)):ab,ti) AND ((ablation* OR
radiofrequenc* OR cryoablation* OR cryoblation* OR cryoballoon* OR (cryo NEXT/1 balloon*) OR
(pulmonar* NEAR/3 isolat*)):ab,ti) AND (((follow* NEXT/1 up*) OR followup* OR longitudinal* OR
cohort* OR (long* NEXT/1 term*) OR retrospectiv* OR prospectiv*):ab,ti)

Web-of-science 1520

TS=(((((paroxysmal*) AND (atrial OR atrium OR auricular ) NEAR/2 fibrillation))) AND ((ablation* OR
radiofrequenc* OR cryoablation* OR cryoblation* OR cryoballoon* OR (cryo NEAR/1 balloon*) OR
(pulmonar* NEAR/2 isolat*))) AND (((follow* NEAR/1 (up OR ups)) OR followup* OR longitudinal* OR
cohort* OR (long* NEAR/1 term*) OR retrospectiv¥ OR prospectiv¥)) ) AND DT=(article)

PubMed publisher 62

(("atrial fibrillation"[mh] AND "Tachycardia, Paroxysmal"[mh]) OR (((paroxysmal*[tiab]) AND (atrial OR
atrium OR auricular ) AND fibrillation))) AND ("Ablation Techniques"[mh] OR "Catheter Ablation"[mh] OR
(ablation*[tiab] OR radiofrequenc*[tiab] OR cryoablation*[tiab] OR cryoblation*[tiab] OR
cryoballoon*[tiab] OR (cryo balloon*[tiab]) OR (pulmonar*[tiab] AND isolat*[tiab]))) AND ("Cohort
Studies"[mh] OR ((follow up*[tiab]) OR followup*[tiab] OR longitudinal*[tiab] OR cohort*[tiab] OR (long
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Appendix 4.: Newcastle- Ottawa Quality Assessment Scale

Note: A study can be awarded a maximum of one star for each numbered item within the
Selection and Exposure categories. A maximum of two stars can be given for Comparability.
Selection
1) Is definition of NCDs adequate?

a) Yes, according to a clear and widely used definition *

b) Yes, e.g. record linkage or based on self-reports

c¢) No description
2) Representativeness of the cases

a) Consecutive or obviously representative series of cases *

b) Excluded cases are random *

c¢) No description of the excluded cases or potential for selection biases or not stated
3) Comparison with a reference group

a) The results are compared with a reference from community or with the status of the
cases prior to the disease *

b) The results are compared with the results from other patients

c¢) No description/no comparison available
4) Definition of reference

a) Individuals with no NCD or sample from general population or the same individuals
before NCD suffering*

b) Non community comparator is described

¢) No description of source
Comparability
1) Comparability of the results on the basis of the design or analysis

a) The results are described in age and sex sub groups (sex is not applicable for female

diseases) *

b) The results are additionally adjusted for/described in different socioeconomic factors or

disease related confounders*
Exposure (costs, productivity, households)
1)_Ascertainment of exposure

a) Secure record (e.g. surgical records, hospital records, and administrative records,
national...) *

b) Structured interview where blind to case/control status *

¢) Interview not blinded to case/control status

d) Written self-report or medical record only

e) No description
2) Same method of ascertainment for NCDs and comparators

a) Yes *

b) No

c¢) No comparator group exist
2) Non-Response rate

a) All participants included or same rate for both groups or respondents and non-
respondents have the same characteristics*

b) Non respondents described

c) Rate different and no designation

d) Response rate not descriptive
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