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Abstract

Background: Pulmonary Vein Isolation (PVI) is evolving as an established treatment option in
atrial fibrillation (AF). Different fluoroscopy-guided ablation devices exist either on the basis
of expandable circumferential and mesh designs with mapping and ablation of pulmonary vein
potentials, or of a balloon technology, a “single shot” device with a purely anatomical ap-
proach. Systematic comparisons between procedure duration (PD), fluoroscopy time (FT)
and clinical outcome in using different ablation tools are lacking in the literature.

Methods: In a single center retrospective analysis, 119 PVI procedures were performed
between August 2008 and March 2011 in paroxysmal AF (PAF, 59.7%) and persistent AF
(persAF, 40.3%) patients with mean age of 59.4+10.3 years and history of AF since 8.1+9.7
months. The PVI procedures were evaluated by comparing PD and FT using 1) the High
Density Mesh Mapper (HDMM), Il) the High Density Mesh Ablator (HDMA), and lil) the
Arctic Front® Cryoballoon. The primary endpoints were FT and PD, the secondary endpoint
was procedural safety and efficacy in short- and longterm follow-up.

Results: The procedures performed for |19 patients (63.0 % male) included 42 PVIs with the
HDMM (35.3 %), 47 with the HDMA (39.5 %) and 30 with the cryoballoon (25.2 %). Com-
paring the 30 first procedures in groups of 10 in the HDMM and HDMA group, PD and FT fell
in the HDMM group (PD from 257.5 to 220.9 min and FT from 80.5 to 67.3 min, both p <
0.05) as well as in the HDMA group (PD from 182.9 to 147.2 min and FT from 41.02 to 29.1
min, both p < 0.05). In the cryoballoon group, there was a steep learning curve with a steady
state after the first 10 procedures (PD and FT decreased significantly from 189.5 to 138.1 min
and 36.9 to 27.3 min, p values 0.005 and 0.05 respectively). With respect to recurrence of AF
in a 24 months follow up, the HDMM and cryoballoon group showed comparable results with
~72% of patients free of arrhythmias. None of the patients died due to severe complications,
or suffered a hemodynamic relevant pericardial effusion and/or stroke. Impairment of the
phrenic nerve was observed in three patients.

Conclusion: Use of the cryoballoon technology was associated with a steep learning curve and
a reduced PD and FT; the long-term outcome was similar compared with the HDMM group.
The efficacy and safety of the devices but also PD and FT should be respected as the strongest
indicators of the quality of ablation. Further studies with long time follow-ups will show if the
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time for correct mapping of the PV potentials is a price we should be willing to pay or if we
should adopt a “wait-and-see” attitude referring the AF recurrence.

Key words: Atrial fibrillation; different ablation tools; procedure duration, fluoroscopy time, safe-

ty.

Introduction

In the past 10 years, catheter ablation for the
treatment of patients with symptomatic atrial fibrilla-
tion (AF) has evolved from a highly investigational
technique to its current role as a curative early treat-
ment of AF [1]. The generally accepted endpoint is the
complete electrical PV isolation with demonstration of
block between the left atrium (LA) and the PVs [2].
The procedure can be performed with reasonable ef-
ficacy and safety by experienced operators. The
fluoroscopy-guided ablation procedures involve ra-
diation burden, particularly in patients with subse-
quent ablation procedures in case of recurrences of
AF. Great interest exists in the development of new
tools that will improve the efficacy and safety of AF
ablation but also shorten the procedure duration (PD)
and fluoroscopy time (FT) [3]. Furthermore, the new
tools should allow ablation to be performed by oper-
ators with little prior experience. Studies reporting in
comparative manner learning curves, PD, FT and as-
sociated complications using different ablation tech-
niques are lacking. In our single center study, we aim
to compare three approaches (in the following I-III) to
perform PVI:

¢ The High density Mesh Mapper (HDMM, BARD
Electrophysiology, Lowell, MA, USA) as already
described by our group [4]: segmental ostial ab-
lation was performed by irrigated radiofre-
quency (RF) application around the HDMM re-
quiring transseptal puncture (TSP) twice, one for
the HDMM itself as the mapping catheter, the
second one for the ablation. Entry- and exit
conduction block, as well as decreased local
electrode amplitude, were endpoints for
short-term successful ablation.

e The High Density Mesh Ablator (HDMA, BARD
Electrophysiology, Lowell, MA, USA) as already
described by our group [5]: complete elimination
or disconnection of PV signals was performed
with a catheter combining direct RF energy de-
livery and high-density circumferential mapping
in a single unit.

e Arctic Front® (Medtronic Cryocath®, Chemin
Stemarie Kirkland, QC, Canada), an anatomi-
cally based approach without mapping capaci-
ties using a cryoballoon ablation system that al-

lows cooling the temperature for circumferential
ablation [6,7,8]. The endpoint was the PVI
checked by a circular mapping catheter.

Methods
Study design

In our single center, we designed a retrospective
analysis between 2008 and 2011 to compare the initial
experiences in fluoroscopy-guided approaches for
PVI regarding the PD and FT using I) the HDMM
with irrigated-tip RF for segmental ostial ablation, II)
the single device RF and mapping technique of the
HDMA, and IIl) the single device cryothermal energy
of the Arctic Front® cryoballoon. For PVI, we started
recording PD and FT with the transfemoral puncture
and stopped recording the time when disconnection
of all PVs was achieved. No intraprocedural imaging
except for fluoroscopy was used in this study. The
primary endpoints were FT and PD, the secondary
endpoint was procedural safety and efficacy in short-
and long-term follow-up.

In our centre, there were two operators working
with all three ablation systems. One of them had gone
through a learning curve prior to enrolling patients;
the second was early in his learning curve. Procedures
parameters (PD, FT, and acute procedure outcome)
were routinely recorded in the laboratory log.

Patients selected and procedure management

This retrospective analysis enrolled 119 patients
with symptomatic drug refractory paroxysmal AF
(PAF) and persistent AF (persAF) undergoing cir-
cumferential LA PVI. Table 1 shows the baseline
characteristics of the patients. All patients underwent
transthoracic echocardiography to determine the di-
ameter of the LA. To assess PV size and geometry,
magnetic resonance imaging (MRI) or computed to-
mography images were obtained before intervention.
All procedures were performed under conscious se-
dation and analgesia with appropriate doses of mid-
azolam and fentanyl. After TSP, heparin was main-
tained to achieve an activated clotting time > 300 s.
Measurements were performed every 30 min.
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Table I: Baseline patient characteristics.

HDMM HDMA Cryoballoon

Number 42 47 30
Male 29 (69.0%) 27 (57.4%) 19 (63.3%)
Age (years) 60.6x10.4 57.9+10.3 59.9+10.3
Length (cm) 1774493 170.2423.4 160.2+34.4
Weight (kg) 85.24¢13.9 96.3£30.5 106.1+41.3
BMI 26.9+4.3
AF type

paroxysmal 27 (64.3%) 23 (48.9%) 21 (70.0%)

persistent 15 (35.7%) 24 (51.1%) 9 (30.0%)
AF history (months) 7.7453 5.6£3.5 12.5¢17.3
Prior hospitalization 5.6+4.7 6.6£3.3 3.2+1.3
AADs? 42 (100.0%) 47 (100.0%) 30 (100%)
Prior PVI

without 38 (90.5%) 34 (72.3%) 18 (60.0%)

once 3(7.1%) 12 (25.5%) 11 (36.7%)

twice 1(24%) 1(21%) 1(3.3%)
CAD 7 (16.7%) 0(0%) 4 (13.3%)
DCM 1(2.4%) 2 (4.3%) 0 (0%)
HHD 4 (9.5%) 6 (12.8%) 6 (20.0%)
LA TTE (mm) 37.5£3.2 39.6+4.6 38.9+4.2
LVEF normal 41 (97.6%) 45 (95.6%) 24 (80.0%)

aincluding beta-blockers as the only antiarrhythmics before ablation procedure. AF Atrial Fibrillation, AADs Antiarrhythmic Drugs, CAD Coronary Artery
Disease, DCM Dilatative Cardiomyopathy, HHD Hypertensive Heart Disease, HDMM High Density Mesh Mapper, HDMA High Density Mesh Ablator, LA
Left Atrium, LVEF Left Ventricular Ejection Fraction, PV(I) Pulmonary Vein (Isolation), TTE Transthoracic Echocardiography.

Pulmonary Vein Isolation with High Density
Mesh Mapper (HDMM)

The HDMM electrode (Figure 1) and the ablation
procedure had been described by our group [4] and
Neumann et al [9]. Under fluoroscopy, the transseptal
puncture (TSP) was done twice, first for the HDMM,
the high-density mapping catheter, and second for the
RF ablation catheter. The pre ablation illustration of
all PVs by angiography, the carefully mapping and
the final position of the HDMM into each PV had also
to be completed under ongoing fluoroscopy. Control
of the ablation localization was done by fluoroscopy
as well as electrophysiologically by the interference of
the involved leads in the HDMM.

Pulmonary Vein Isolation with High Density
Mesh Ablator (HDMA)

The HDMA (Figure 2) and the ablation proce-
dure had been described in detail by our group and
Steinwender et al. [5,10,11]. Under fluoroscopy, a sin-
gle TSP and introduction of a long sheath in the LA
with selective venography of all PVs was performed.
Once, the LA-PV junction was identified, the HDMA
was pulled back at the fluoroscopic ostium (set as
anatomic ostium). After each circumferential or
quadrant RF application (twice, duration of 300 s),

control of the ablation localization was done by
fluoroscopy as well as the evaluation of the amplitude
of the PV potential.

Pulmonary Vein Isolation with the Cryobal-
loon catheter Arctic Front®, Cryocath®™

The cryoballoon catheter (Arctic Front®, Cry-
ocath®TM; Figure 3) and its positioning techniques
were described in details by Chun et al. [7]. The bal-
loon size was selected accordingly to computed to-
mography/MRI scan preferring the larger diameter of
28 mm. Under fluoroscopy, the confirmation of good
catheter position was done using contrast injection.
The position of the cryoballoon during the freeze was
documented for all applications. During ablation of
the right-sided PVs, the phrenic nerve was continu-
ously stimulated to assess for phrenic nerve palsy.
After two freezes (2 x 300 s) of each PV, a mapping
catheter was inserted into the PV. If this registration
showed persistence of the PV potentials, the cryobal-
loon was introduced again -up to three times - trying
to maximize wall contact.

Short- and long-term follow up

The evaluation of safety was defined from the
start of the procedure. Peri-procedural brain MRI to
prove embolism was not routinely arranged. AF re-
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currence was counted starting 3 months after the
procedure (blanking period). Patients were seen in
our clinic every 6 months up to 2 years after ablation.
A detailed evaluation of the current medication and
the patients’ symptoms suggestive for potential AF
recurrences was performed. For the evaluation of the
rhythm, all patients at intervals of 6 and 12 months
received a 7-day Holter recording to take home. Clin-
ical success of the ablation was defined as absence of
AF during the prearranged 7-day Holter recording.

la:

Follow-up data after 12 and 24 months were obtained
by direct telephone interview.

Statistical Analysis

Statistical analysis was performed using the
SPSS 15.0 (SPSS Inc., Illinois, USA) software package.
For the description of the metric variables, the results
are expressed as number, mean, standard deviation
and extreme (minimum and maximum). The un-
paired t test was used to compare mean PD and FT
(both in min).

Figure 1. la: The High Density Mesh Mapper (HDMM) - schematic on the left pannel - is constructed of 32 wires that can be used to
record 32 bi-polar electrograms in a clockwise, and/or counter clockwise orientation. Spanned to an umbrella (right pannel), it has a
variable range from 11-25 mm. Stimulation is possible from any bipole of the Mesh Mapper catheter yielding rapid confirmation of
electrical isolation of the pulmonary vein potentials. 1b: When fully deployed (a), the mesh disk can be easily positioned at the “true”
pulmonary vein ostium (right: right inferior pulmonary vein). The device was only used for high-density mapping. An additional catheter
was used for segmental ostial ablation (white arrow in b). Irrigated ablation of each PV was carried out closed but at the exterior part of
the HDMM with a target power output of 35/40 Watts and a target temperature of 40 to 45 maximum.
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Figure 2: The High Density Mesh Ablator (HDMA\) is a non-deflectable 8 F expandable mesh configured electrode catheter, consisting of
twice opposing |8 electrode pairs. In comparison to the High Density Mesh Mapper, the interwoven electrodes of the HDMA allow for
complete circumferential mapping and ablation around the pulmonary veins. Systematically, the catheter consists of four quadrants. Four
temperature sensors are placed at the edge of each quadrant, providing continuous temperature sensing during the ablation procedure. In
conjunction with the 3D mesh configuration of the catheter itself, the HDMA is tagged by three fluoro-markers to improve navigation
under fluoroscopy, allowing complete circumferential mapping and ablation around the pulmonary veins by staggered recording config-

uration.

Figure 3: Distal end of a 23 mm, 10.5 F, double lumen cryoballoon catheter (Cryocath®) after inflation.

Results

Study population

We studied 119 patients, 75 male (63.0 %) and 44
female (37.0 %), mean age 59.4 = 10.4 years). Out of
119 patients, 42 patients were treated with the HDMM
(35.3 %), 47 with the HDMA (39.5 %) and 30 with the
cryoballoon Arctic Front® (25.2 %). 8 patients were
found with a left common ostium (LCO). Table 1
shows the baseline characteristics of 119 patients in
the HDMM, HDMA and cryoballoon group.

Procedural data with the HDMM

Ablation was performed with a mean of 17.4
9.4 RF applications for each application. Concerning
the whole study group, the endpoint (the entry block
to the vein) could be achieved in 95.5% of the PVs
investigated. Acute success rate were: 98.6% for LSPV,
95.9% for LIPV, 98.6% for RSPV, and 88.9% for RIPV.

After ablation, five patients (11.9%) had a mild, he-
modynamic non relevant pericardial effusion.

Procedural data with the HDMA

Ablation was performed with a mean of 3.15
1.3 RF applications for a mean of 686.7 + 237.4 seconds
for each application. Complete PVI as entrance con-
duction block was obtained in 94.2% of all PV ablated.
Acute success rate were: 97.3% for LSPV, 97.3% for
LIPV, 97.3% for RSPV, and 88.1% for RIPV. After ab-
lation, two patients (4.3%) had a mild, hemodynamic
non relevant pericardial effusion. None of the patients
died due to severe complications, or suffered a he-
modynamic relevant pericardial effusion and/or
stroke.

Procedural data with Cryoballoon catheter
Arctic Front®, Cryocath®™

Ablation was performed in 9 patients with the
small (23 mm) and in 21 patients with the big (28 mm)
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balloon with a mean number of 2.3 £ 0.6 freezes per
PV in 565.7 £ 160.4 minutes. The mean temperatures
were -55.7 £ 9.4°C for the LSPV, -50.8 + 12.5°C for the
LIPV, -53.1 £ 8.5°C for the RSPV and -46.7 + 13.0°C for
the RIPV. More cryothermal energy applications (3.7 +
0.5), and longer total freezing time (800.0 + 374.2 min)
were required to isolate the LCOs, compared to the
LIPV (2.1 £ 0.5 applications and 685.4 + 232.1 min,
respectively, p < 0.01). Complete PVI was achieved in
29 of the 30 LSPVs (96.7%, including 2 of 3 LCOs), 26
of the 28 LIPVs (95.9%), 27 of the 30 RSPVs (90.0%)
and 26 of the 30 RIPVs (86.7%) of the PVs targeted. To
eliminate residual PV potentials, we shifted to con-
ventional catheter ablation in two patients. Tempo-
rary phrenic nerve palsies was observed in three pa-
tients of the cryoballoon group.

Procedure duration and fluoroscopy time

Figure 4 shows the box plots of the PD and FT in
all patients examined. The HDMM group showed
significant longer PD than the HDMA group (231.7 +
46.3 min versus 172.5 £ 42.6 min, p < 0.005), the
HDMA group longer PD than the cryoballoon group
(172.5 £ 42.6 min versus 159.5 + 36.7 min, without sta-
tistical significance). The HDMM group showed sig-
nificant longer FT than the HDMA group (70.6 £ 18.2
min versus 33.2 £ 10.2 min, p < 0.005), the HDMA
group shorter FT than the cryoballoon group (33.2 +
10.2 min versus 34.1 + 10.7 min, without statistical
significance).

p<0.005
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Learning curves

The learning curve consisted of three unique
phases: phase 1 (the initial 10 cases of each ablation
tool) represented the initial learning curve, phase 2
(the middle 10 cases), and phase 3 (the subsequent
cases). The phase 2 plateau represented increased
competence with the technology. When we compared
the 30 first procedures in groups of 10 in the HDMM
and HDMA group, PD and FT fell significantly (p <
0.005) in the HDMA group in comparison to the
HDMM group (Figure 5a and 5b). In the cryoballoon
group, there was a steep learning curve with a steady
state after the first 10 procedures. The PD and FT of
the first 10 to the following 20 patients decreased sig-
nificantly from 189.5 and 36.9 to 138.1 and 27.4 min
respectively (p values 0.005 and 0.05 respectively).

Follow-up at 6 to 24 months

Concerning all HDMM patients, 86.1% had im-
proved clinically, whereas 72.2% reported to be free of
arrhythmias in Holter recordings in a 6 months fol-
low-up. The catheter ablation of AF with HDMA at
12-month interval led to stable SR in not more than
42.9%. In both groups, MRI did not reveal PV stenosis
in any patient. Concerning the cryoballoon group,
four patients were lost to follow up; 73.1% had im-
proved and were free of arrhythmias in 6 and 12
month follow-up. After two years, 45% of these pa-
tients were without oral anticoagulants.

p<0.005

125+ )

p<0.005

r‘_Aﬁ
100+

50=

fluoroscopy time [min]

25=

T T T
1 2 3

ablation technique

Figure 4: Box plots of the procedure duration and the fluoroscopy time (both in min) | High Density Mesh Mapper, 2 High Density Mesh

Ablator, 3 Arctic Front® Cryoballoon.
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Figure 5. 5a: Procedure duration (minutes) averaged per group of 10 consecutive procedures (| Patients I-10, 2 Patients 11-20, 3
Patients 21-30). 5b: Fluoroscopy times (minutes) averaged per group of 10 consecutive procedures (| Patients 1-10, 2 Patients |1-20, 3

Patients 21-30).

Discussion

This study aimed to compare the procedural
characteristics of three fluoroscopy guided ablation
tools in AF and their efficacy in long-term follow up.
Despite a significant reduction of procedural and
fluoroscopy times in the HDMA compared with the
HDMM group, the study findings suggest that alt-
hough the HDMA facilitate the procedure, the efficacy
is insufficient in long-term follow up. The use of cry-
oballoon technique had the shortest learning curve,
resulted in the shortest procedure duration and in a

further reduction in fluoroscopy exposure compared
with HDMM and HDMA. Moreover, in this study, the
improvements in the fluoroscopy process were
achieved without reduction in long-term clinical out-
comes. The safety was acceptable in all devices.

Potential advantages and potential disad-
vantages of the different ablation tools

The HDMM and HDMA catheter

The safety and feasibility of the flexible, varia-
ble-sized device designed to accommodate diverse
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veno-atrial anatomy was assessed by Arruda [13]. Our
group described, that the majority of the PVs could be
examined despite the relatively stiff mapping tool [4].
The mesh offers beside excellent electrophysiological
control a very good 3d orientation because of the
basket configuration, which allows an easy anatomi-
cal understanding, even at the complex LA-PV junc-
tion. The radiation field during fluoroscopy can be
minimized to the mesh itself and the nearest sur-
rounding.

The PVI with the HDMM requires two TSPs in a
single procedure for the introduction of the mapping
catheter itself and an additional catheter for RF de-
livery. Ablating at the atrial border of the LA-PV
junction makes this approach not only to a pure ostial
ablation approach, but can be interpreted as a >su-
pra-ostial< ablation approach including major frac-
tions of the atrial tissue. Ablating deep in the atrium
with point by point ablation around the HDMM was
time consuming. The PD for patients treated with the
HDMM was therefore the longest in our study with
231.7+46.3 min, our FT the highest with 70.6+18.2 min.
In the literature, there are FTs of 42 + 20 min with an
average of 5 to 7 ablations [14].

The catheter design of the HDMA combining
high-density circumferential mapping and direct RF
energy delivery in a single unit has been developed
for a safer and notably faster procedure mainly due to
a single transseptal access. For that reason, the PD
with HDMA could significantly to be reduced in
comparison to the HDMM. The technology of the
HDMA provided also the possibility of energy deliv-
ery in a circular and quadrant mode of the HDMA
electrode. In comparison with the HDMM ablation
procedure, the ablation with the HDMA is a more
PV-ostium-related technique with all the well-known
disadvantages previously described [12]. In order to
overcome the limitations associated with RF energy
via small elements, RF was delivered in a pulsed,
temperature-control mode. This form of RF delivery
prevents tissue overheating, impedance rise, and char
formation. As discussed by our own group [14], the
advantages of the catheter may translate into a shorter
PD but maybe lead to poor long-term results due to
the fact that effective transmural lesions cannot be
achieved with the electrodes.

The potential risks of placement of basket cathe-
ters in the PVs should be emphasized. Although we
encountered no difficulties in the cases reported here,
we envision a potential risk of thromboembolism. To
minimize the risk, we maintained full anticoagulation
throughout deployment of the catheter, with regular
checks of the activating clotting time.

Cryoballoon catheter Arctic Front®, Cry-
ocath@™

Using a simple over-the-wire technique in con-
junction with a steerable sheath, the balloon can be
easily navigated to each PV ostium. With regard to
safety aspects, cryothermal energy may have ad-
vantages over other energy sources since both human
and experimental animal data have demonstrated that
the risk for PV stenosis [15], atrio-oesophageal fistulae
[16], and thrombus formation [17] is extremely low.
Cryothermal energy balloon-based ablation is de-
signed to achieve complete circular lesions around the
PVs with a single application of energy, independent
of the individual PV anatomy. This ablation technol-
ogy facilitates PVI and improves the safety of the
procedure. The study by Chun et al. [7] was achieved
by two investigators with no prior experience with the
cryoballoon technology. This underscores the fact that
cryoballoon ablation of PVs is a simple and straight-
forward procedure with a fast learning curve. In our
study, the cryoballoon technique yield to decreased
PD and FT (Figure 5a and b). The main disadvantage
was the fact that if a PV could not be completely iso-
lated with the first freeze, several freezes were neces-
sary with prolongation of PD and FT.

From a procedural point of view, the percentage
of PVs that could be isolated using the HDMM was
95.5 %, using the HDMA 94.2 % and the cryoballoon
92.3 % including 2 patients with touch up technique.
The latter result was equal compared to the study by
Van Belle et al., but lower than in the studies by Chun
et al. and Klein et al. who were able to isolate 98% and
95% of all PVs, respectively [6, 7, 18]. In our series, the
PD was smaller compared to what large centres have
published (168.6 + 37.8 min). Chun et al. reported a
median procedure time of 220 min using the “single
big cryoballoon” technique. They did not require a
shift to conventional ablation catheter in any of their
patients in order to achieve a very high PV isolation
rate of 98%. In order to achieve that, they used up to 9
applications of cryoenergy (45 min) on a single PV,
and up to 13 applications (65 min) in case of the
presence of a LCO. In contrast, we never exceeded
more than 4 applications of cryoenergy for treating a
single PV. Van Belle et al. reported similar PDs when
using only the balloon (211 + 108 min) and also had
somewhat longer PDs when switching to a conven-
tional catheter (261 £ 83 min). In the study by Neu-
mann et al., the PD was 170 min [8]. They were able to
isolate 97% of all PVs using one or two balloons, or a
balloon in combination with a conventional catheter.
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Paradigm shift or not

Our study reflects well the change in the per-
formance of PVI in patients with AF within the ruling
theory of Haissaguerre [19]. The foregoing decade
focussed on either time consuming electrophysiolog-
ical guided direct ablation of each PV potential
[20,21,22] or on a 3D electro-anatomical guided ap-
proach to electrically isolate the PVs by creating
hemispheric or circumferential lesions at the PV os-
tium [23,24,25,26]. Limitations of the approaches in-
cluded smooth learning curves, the need for more
than one transseptal catheter, prolonged PD, and high
risk of complications.

Nowadays, the main goal seems to be to inves-
tigate a higher number of patients. The attention is
turning towards a purely anatomical approach with
the intent to find an alternative method that should be
as effective but more easily with shorter PDs and re-
duced complexity. These intentions lead to ‘single
shot’ PVIs allowing ablations to be performed by op-
erators with little prior experience. The promising
results with the cryoballoon technique may offer a
perspective in the treatment of AF [27].

As an inevitable consequence, the question arises
if “efficacy” or “time” is everything. The possibility to
prevent AF recurrence is a strong indicator of quality
of ablation but PD and FT should also be included.

Conclusion

The study was designed to compare the safety
and efficacy of different fluoroscopy guided ablation
tools performing PVI in patients with PAF or persAF.
Our retrospective analysis of the PD and FT repre-
sents characteristic stages of the learning curve for
PVI procedures. In comparison to HDMM and
HDMA, the single big cryoballoon technology has an
acceptable learning curve and clearly has the potential
to make PVI simple, fast, and safe. The HDMM is
comparable in long-term outcome, but associated
with longer PD and FT.

Limitations of the present study

This study represents a retrospective analysis of
data on AF ablation at our single centre and was car-
ried out in a relatively small cohort, comprising of
patients with PAF and persAF. We did not compare
our fluoroscopy guided ablation tools with one of the
several nonfluoroscopic mapping systems, nowadays
used to guide catheter ablation of AF in creating 3D
electroanatomic maps of the left atrium, because these
ablation tools were not the primary focus of this
analysis. Using HDMM, HDMA and the cryoballoon
alone, the PD of the available ablation tools intended

for PVI is only partly comparable because of their
individual design with a need or not for additional
catheters. Observational studies like this can provide
additional information, since they are fully repre-
sentative of everyday clinical practice, in which sev-
eral factors underestimated in prospective trials, such
as the different experience of the involved centers,
may play a role. For this reason, observational studies
will be of particular importance in monitoring and
guiding the incorporation of this therapeutic proce-
dure into clinical practice.
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