Catheter ablation of aftrial fibrillation:
an update for 2011

Catheter ablation of atrial fibrillation has undergone significant refinements since its first description
more than a decade ago. Recently, several centers have published 5-year follow-up data on the outcome
of circumferential pulmonary vein isolation, demonstrating an acceptable long-term benefit. New
technologies such as contact force assessment or in-tissue temperature measurement thrive to improve
lesion formation, since inadequate lesion transmurality results in arrhythmia recurrence. Clinical research
is currently underway to assess their role in clinical practice. Owing to the complex nature of point-by-
point ablation, balloon-based techniques and specially designed catheters have been developed, promising
a simplified approach to catheter ablation of atrial fibrillation. Randomized controlled trials comparing
these new technologies to conventional radiofrequency current ablation are underway. Remote-controlled
ablation is another area of development that allows completion of ablation from the control room,
minimizing radiation exposure to the operator. This article discusses the most recent developments in
catheter ablation of atrial fibrillation.
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Since the first report on the pivotal role of
the pulmonary veins (PVs) in the initiation
of atrial fibrillation (AF), catheter ablation
for the treatment of AF has undergone
major refinements [1]. If the PVs are targeted
for ablation, PV isolation (PVI) marks the
cornerstone of an ablative strategy as set forth
by the international consensus document on
catheter ablation for AF [2]. Although long-
term results in patients with paroxysmal AF
are encouraging, outcome data in patients
with persistent or longstanding persistent AF
highlight the need for improvement. Alternative
energy sources and new technologies under
development may overcome current limitations
in transmural lesion formation, heralding a
new era in catheter ablation of AF. This article
will focus on recent developments and new
technologies currently under investigation.

Current status of catheter ablation
for atrial fibrillation

Several smaller trials suggest superiority of
catheter ablation over drug-based therapy in
maintaining freedom from AF, while a meta-ana-
lysis on antiarrhythmic drug use versus catheter
ablation concluded that an interventional
approach demonstrated higher efficacy
and lower rates of complications [3-6]. The
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ongoing RAAFT 2 (First Line Radiofrequency
Ablation versus Antiarrhythmic Drugs
for Atrial Fibrillation Treatment [101]) trial
compares catheter ablation with antiarrhythmic
medication as first-line treatment, enrolling
400 patients in a randomized fashion. To date it
is unknown whether catheter ablation decreases
mortality. An observational study comparing
patients with AF with a case-matched cohort
of patients without AF demonstrated that
mortality was similar between the catheter
ablation group and those without AF (7].
However, mortality was significantly increased
in patients with AF not undergoing catheter
ablation at 1- and 3-year follow-up. The
randomized, multicenter CABANA (Catheter
Ablation versus Antiarrhythmic Drug
Therapy for Atrial Fibrillation [102]) trial will
prospectively test the hypothesis of whether
PV is superior to pharmacological therapy in
lowering mortality. The CABANA trial will
enroll 3000 patients followed 22 years. First
results are expected in 2015.

B Paroxysmal atrial fibrillation

Recently, data on 5-year follow-up results
became available reporting on the outcome of
patients undergoing ablation for paroxysmal
and persistent or longstanding persistent
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AF [8-10]. Analyzing the publication by
Ouyang ¢t al. three critical messages need to
be appreciated. First, a median of one (range
1-3) procedure was necessary to achieve stable
sinus thythm (SR) in 79.5% of patients, while
an additional 13% reported improvement
in clinical symptoms. Second, contrary to
previous reports on the short- and mid-term
results of PVI, demonstrating plateauing in
the incidence of AF recurrence over time, the
follow-up results reported by Ouyang ez al.
demonstrate a continuous rate of recurrence
up to 60 months following the procedure
(8]. Third, analyzing the natural course of
AF, there is a steady rate of transition from
paroxysmal to persistent AF of approximately
15% per year [11]. Ouyang ez al. reported only
four out of 161 (1.2%) patients progressing
to chronic AF over a 5-year follow-up period
(8]. Haissaguerre et al. published their 5-year
follow-up data on patients undergoing catheter
ablation of AF [10]. More than a third of
enrolled patients suffered from persistent or
longstanding persistent AF. The fairly high
number of patients with advanced AF may
explain the low single-procedure success rate.
After 1, 2 and 5 years of follow-up, only 40, 37
and 29% of patients were free from recurrent
arrhythmias, respectively. After a median of
two procedures per patient, the arrhythmia-
free survival rate increased to 87, 81 and 63%
at 1, 2 and 5 years. Subgroup analysis revealed
that patients with longstanding persistent
AF were almost twice as likely to experience
arrhythmia recurrence than patients with
paroxysmal or persistent AF. Hence, in view
of the sobering data on the results of catheter
ablation in patients in the advanced stages of
the disease, a preferred strategy may be an
early ablative approach to prevent transition
into chronic forms of AF. Furthermore,
continuation of proper anticoagulation in
patients with a higher CHADS2-VASc score is
of particular importance, owing to the steady
rate of late AF recurrences noted during long-
term follow-up.

B Longstanding persistent

atrial fibrillation

To date, it is unclear which strategy serves
best the patient with longstanding persistent
AF defined as continuous AF lasting more
than 12 months. Complex fractionated atrial
electrograms (CFAE) are thought to play an
important role in the maintenance of AF.
Nademanee et a/. reported high procedural
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success rate when solely targeting CFAE for
the treatment of AF, while a similar study by
Oral et al. could not corroborate these findings
(12,13]. Three meta-analyses concluded that
CFAE ablation provided additional benefit to
PV ablation alone in patients with persistent
AF [14-16]. However, interpretation of results
should be carefully weighed owing to: various
definitions being used to characterize CFAE;
different end points of procedural success;
and differences in performing PV ablation.
Furthermore, targeting CFAE will result in
longer procedure and fluoroscopy times, as well
as a higher number of energy applications with
the potential for significant collateral damage.

Tilz et al. reported on the outcome of an
individualized ablative strategy in this patient
cohort, including PVI and, if SR could not be
achieved with electrical cardioversion, ablation
of complex fractionated atrial electrograms [17].
If PVI was the sole ablative strategy, stable SR
during follow-up was noted in merely 43% of
patients. Overall, 63% of patients were in SR
after a mean of 1.7 + 0.8 procedures including
a combination of PV, linear lesions and CFAE
ablation. The role of additional CFAE ablation
in patients with longstanding persistent AF
is currently under investigation. The Alster-
Lost-AF (Ablation at St. Georg Hospital for
Long-Standing Persistent Atrial Fibrillation [103])
study nears completion of enrollment comparing
PVIand PVI plus CFAE ablation within the left
atrium (LA), coronary sinus and right atrium.
Primary end point is freedom from AF over a
1-year follow-up period.

W Recent update of the international
guidelines for the treatment of

atrial fibrillation

The 2011 American College of Cardiology
Foundation/American Heart Association/
Heart Rhythm Society focused update on the
management of AF considers catheter ablation
as a Class IA indication in patients without
significant structural heart disease refractory to
antiarthythmic drug therapy [18]. By contrast,
the 2011 update on the guidelines for the
management of AF by the European Society
of Cardiology lists catheter ablation as a class
ITa recommendation in patients refractory to
antiarrhythmic drug therapy [19]. Catheter
ablation may be considered first-line therapy
in a select group of patients with paroxysmal AF
and no significant underlying structural heart
disease if an experienced operator performs the
procedure (class IIb indication).
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Simplified approach to pulmonary
vein isolation

B Cryoballoon ablation

The randomized, multicenter STOP AF
(Sustained Treatment of Paroxysmal Atrial
Fibrillation) [104] trial, presented at the 2010
American College of Cardiology scientific
sessions and the 2010 Heart Rhythm meeting,
was designed to compare the efficacy of PVI
using cryoballoon ablation with antiarrhythmic
drug therapy. Following 245 patients for 1 year,
nearly 70% in the ablation arm were free from
recurrent AF without the use of antiarrhythmic
medication. This compared favorably to the
medication-only group with 7.3% of patients
still in SR. Commercially available in Europe
since 2005, the results of the STOP AF study
led to US FDA approval of the cryoballoon
catheter in the USA in late 2010. Of note, in
the STOP AF trial, acute procedural success was
defined as isolation of 2three PVs, a definition
not previously used in other trials. In addition,
during the 3-month blanking period, 19% of
patients in the intervention arm underwent
a redo procedure using cryoenergy. Several
European trials have shown that cryoballoon
ablation is a viable option for patients with
paroxysmal or short-lasting persistent AF [20,21].
Right phrenic nerve palsy was the most common
complication in these trials, while the STOP AF
study reported a higher rate of 11.2%. Using
the smaller 23-mm balloon may result in distal
positioning of the balloon catheter within the
right superior PV ostium, thereby increasing
the risk for inadvertent phrenic nerve palsy.
This complication is minimized with the bigger
28-mm balloon allowing for a more antral
position along the right superior PV ostium.

B Laser balloon ablation

An alternative technology based on the use
of laser energy, the Endoscopic Ablation
System (Cardiofocus, MA, USA) combines
balloon technology with direct visualization of
intracardiac tissue through use of an endoscopic
camera. A laser beam allows point-by-point
lesion creation after a compliant balloon is
wedged into the PV facilitating direct balloon-
to-tissue contact. As opposed to currently
available ablation systems, the novel catheter
design permits direct visualization of LA
tissue, enabling the operator for the first time
to apply lesions in plain sight. Initial results in
patients with paroxysmal AF are encouraging,
demonstrating successful acute isolation in 99%
of PVs and a 1-year success rate of 60% after a
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single procedure off antiarrthythmic medication
(22]. The incidence of esophageal thermal lesions
was similar (18 vs 16%), however, the severity
of thermal lesions (ulcerations) was more
pronounced in the laser balloon group [23].

B Multielectrode ablation catheter

In order to simplify PVI, new catheters have
been developed combining the characteristics
of a spiral mapping and ablation catheter.
Without aid of an electroanatomical mapping
system, the decapolar Pulmonary Vein Ablation
Catheter (PVAC, Medtronic Ablation Frontiers,
CA, USA) facilitates duty-cycled unipolar and
bipolar radiofrequency current delivery at
the individual PV ostium. Unipolar energy is
applied between the individual electrodes and
the dispersive electrode located at the patient’s
back, while bipolar duty-cycled energy is
delivered between individual electrodes.
The combination of unipolar and bipolar
radiofrequency current facilitates deployment
of complete circular lesions. In paroxysmal AF,
results have been promising with 83% of treated
patients free of recurrent AF over a 6-month
follow-up period [24]. Scharf ez al. reported
on the use of PVAC as well as two additional
duty-cycled catheters specifically developed for
ablation along the interatrial septum (MASC;
Medtronic Ablation Frontiers) and left atrium
(MAAC; Medtronic Ablation Frontiers) in
patients with longstanding persistent AF [25].
Freedom from AF off antiarrthythmic drugs
after 20 + 4 months of follow-up was 45%.
Randomized studies with longer follow-up
are needed to define the place of this new
technology amongst established ablation
tools. The European randomized, multicenter
CLARITY AF (CARTO 3 System-guided
RF Ablation Using the Thermocool Catheter
versus Fluoroscopy-guided RF Using the
Pulmonary Vein Ablation Catheter in Subjects
with Paroxysmal Atrial Fibrillation [105]) trial
is comparing use of the electroanatomical
mapping system CARTO 3 (Biosense Webster
Inc.) and the Navistar ThermoCool catheter
(Biosense Webster Inc.) with fluoroscopically
guided PV using the PVAC ablation catheter.
First results are expected in 2012.

Two separate studies investigated the impact
of AF ablation using irrigated radiofrequency
energy, the cryoballoon catheter and the
multielectrode catheter on the incidence of silent
cerebral embolizations. Both studies indepen-
dently found a significantly higher rate of silent
embolization on postprocedural MRI in those

www.futuremedicine.com

495



496

Wissner & Kuck

patients treated with the multielectrode cath-
eter (37.5 and 38.9%, respectively). The clinical

ramifications at this point are unknown [26,27].

The quest for permanent

lesion formation

In patients with paroxysmal AF, recurrence after
PVIis common and typically due to reconduction
of previously isolated PVs [28]. Hence, achieving
permanent lesion transmurality without need
for repeat ablation procedures poses a great
challenge. Importantly, improvement in lesion
formation needs to be accomplished without
an increase in periprocedural complications.
Specifically, avoidance of esophageal damage is
warranted. In the past, alternative technologies
such as high intensity focused ultrasound
seemed promising; however, during vigorous
clinical evaluation an unacceptably high rate of
collateral damage was noted [29]. In summary,
there is an urgent need for improvement in the
electrophysiologist’s ablative armamentarium.

B Contact force sensing technology
Using radiofrequency current, lesion formation
will depend on several factors currently
measured in the electrophysiology laboratory,
such as catheter tip-to-tissue temperature, power
and duration of energy application. While these
parameters can be directly measured during
radiofrequency current delivery, assessment
of wall contact, that is, contact force between
catheter tip and tissue, is not as straightforward.
It has been shown previously that changes in
impedance and electrogram amplitude correlate
poorly with tissue—electrode contact [30]. The
importance of proper contact force becomes
obvious when considering that insufficient
contact will result in suboptimal lesion
formation. In turn, excessive contact force may
result in collateral tissue damage, for example,
cardiac perforation or esophageal injury [31].

A novel contact force sensor embedded
into the distal tip of a standard 7 F steerable,
radiofrequency ablation catheter (TactiCath,
Endosense SA, Geneva, Switzerland) allows
real-time assessment of contact force during
energy delivery. The tri-axial force sensor has
a resolution and sensitivity of 1 g, offering
real-time information on lateral and axial
forces applied during radiofrequency energy
delivery. To compensate for cardiac cycle-
dependent variations in tissue-to-electrode
tip contact force, the concept of force-time
integral measurement has been introduced [32].
Ultimately, the correct force-power combination
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will aid the electrophysiologist in lesion creation,
preventing complications such as steam pops
and perforation. In order to assess the impact of
contact force measurement in clinical practice,
the international, multicenter EFFICAS studies
will evaluate use of contact force assessment
during ablation of paroxysmal AF. Unique to
the protocol is a second-look procedure. A total
of 3 months following wide-area circumferential
PVI, all patients undergo redo trans-septal
puncture and assessment for potential gaps along
previously placed circular lesion sets irrespective
of symptom status or documented recurrence.
Results of EFFICAS I and II will be available
later in 2011. Concurrently, the TOCCASTAR
(TactiCath Contact Force Ablation Catheter
Study for Atrial Fibrillation [106]) trial will assess
use of contact force during AF ablation with an
estimated enrolment of 400 patients in the USA
and Europe.

The SmartTouch contact force catheter by
Biosense Webster, Inc. uses electromechanical
deformation of a spring situated at the distal tip
of the catheter for assessment of local contact
force. The catheter integrates seamlessly with the
CARTO 3 electroanatomical mapping system.
It received CE mark status and is undergoing
clinical assessment in several centers throughout
Europe. To date, no clinical research studies
have been performed.

An alternative method of contact force
assessment analyzes local catheter tip-to-tissue
impedance. Utilizing a three-terminal model,
the electrical coupling index provides feedback
about local electrical catheter tip-to-tissue
contact. The system (EnSite Contact, St. Jude
Medical, MN, USA) interfaces with the EnSite
NavX (St. Jude Medical) electroanatomical
mapping system. First animal and human
studies have demonstrated its clinical utility
during mapping and ablation [33,34].

B Novel in-tissue temperature
assessment

Factors that influence lesion formation include
resistive and conductive heating, as well as
convective cooling by blood and irrigation flow.
Current catheter designs provide information
about temperature rise at the tissue—electrode
interface. However, the extent of conductive
heating within the deeper layers of myocardial
tissue, which is commonly higher than at the
surface level, is not reflected using current
technology. Hence, the operator lacks important
information about the true rise of in-tissue
temperature, thereby increasing the risk of
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tissue overheating and steam pop formation
once temperature reaches 100°C. Moreover,
despite an adequate rise in catheter tip-to-
tissue temperature above 50°C, true in-tissue
temperature may still be suboptimal resulting
in poor quality lesions.

Real-time in-tissue temperature
measurement using microwave radiometry
(Tempasure, Advanced Cardiac Therapeutics,
CA, USA) is a novel concept that may
overcome these limitations (Ficure 1). Embedded
in a standard ablation catheter, the integrated
catheter tip design incorporates circuitry that
allows temperature assessment at a depth of
3 mm. In addition, the Tempasure catheter
provides information on quality of continuous
contact during ablation, the approximate lesion
volume, and thickness of the targeted tissue.
Tested in an animal model, the first human
trial (ACT Catheter System in Atrial Flutter)
is underway assessing its feasibility in patients
with atrial flutter.

Remote-controlled catheter ablation
of atrial fibrillation

B Remote magnetic navigation

& ablation

It has previously been shown that AF ablation
using magnetic navigation (Stereotaxis,
MO, USA) is feasible [10,35-37]. Compared to
conventional manual radiofrequency ablation,
remote-controlled magnetic PVI reduces
operator radiation exposure by one third. This
is achieved by limiting the operator’s time spent
alongside the patient, since mapping and ablation
is performed from the control room. However,
total procedure times are still longer when
compared with conventional manual PVI. In
order to analyze the time needed for individual
procedural steps during magnetic ablation,
patients were prospectively enrolled to manual or
remote magnetic ablation. Preliminary findings
confirm previous data in that isolation of the
right inferior PV is particularly challenging and
time consuming [36]. In part, this is explained by
the close anatomical relationship between site of
trans-septal puncture and inferior margin of the
right inferior PV ostium. The magnetic ablation
catheter embeds three magnets at its distal end
and in order to allow free range of movement
all three magnets need to extend beyond the
distal end of the trans-septal sheath. If shorter
distance to the target PV prohibits full catheter
extension outside the trans-septal sheath,
remote-controlled ablation becomes challenging
and time consuming.
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Figure 1. Cavotricuspid isthmus ablation using the Tempasure catheter by
Advanced Cardiac Therapeutics. The blue line indicates the temperature
recorded by a conventional thermocouple embedded within the distal tip of the
catheter. The red line indicates the true in-tissue temperature measured at a depth
of 3 mm by microwave radiometry. Note transient block during energy application
1 and 2 at temperatures below 50°C, and permanent isthmus block during energy
application 3 once in-tissue temperature has reached 50°C.

The Catheter Guidance, Control and Imaging
(CGCI; Magnetecs, CA, USA) system is an
alternative system for remote magnetic mapping
and ablation (Ficure 2). Currently only installed
at La Paz Hospital in Madrid, Spain, it promises
precise, real-time catheter maneuverability
within a magnetic field of 1.5 Tesla. Compared
to Stereotaxis, it does not require magnetic
shielding of the examination room, however,
due to its significant weight, reinforcement of
the floor structure is necessary. The system allows
for real-time catheter movement and integrates
with EnSite NavX. Human clinical studies are
currently underway to assess the system’s mapping
ability [107]. To date, there are only animal studies
reporting on catheter ablation using CGCI.

B Remote robotic navigation

& ablation

There has been reasonable experience using
the Sensei robotic navigation system (Hansen
Medical, CA, USA) for AF ablation [38-40]. A
14 F steerable outer and 10.5 F inner sheath,
facilitating advancement of virtually any
conventional catheter, permit remote catheter
manipulation by a pull-wire mechanism.
Catheter navigation from the control room is
accomplished via a 3D joystick. The system
is portable and requires no special requisites
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Figure 2. The Catheter Guidance, Control and Imaging magnetic navigation system by
Magnetecs installed at La Paz Hospital, Madrid, Spain.
Figure provided courtesy of Jose Merino Llorens, La Paz Hospital, Madrid, Spain.

for installment. Nonrandomized trials
demonstrated that fluoroscopy times are lower
when using the robotic system, while success
rates for AF ablation were comparable to manual
ablation. Three prospective studies are currently
underway enrolling patients to compare robotic

Figure 3. The portable Amigo robotic arm by Catheter Robotics.

with manually guided AF ablation. It will be
important to prove that robotic navigation does
not increase procedural complication rates.

The portable Amigo (Catheter Robotics
Inc., NJ, USA) robotic arm, mounted alongside
the examination center, facilitates remote
manipulation and positioning of catheters within
the heart (Ficure 3). The operator uses a cabled
remote control to perform catheter movements.
The catheter can be easily disengaged from the
robotic arm to permit quick manual control. The
system received CE mark status in Europe in 2010.
It can be integrated with any electroanatomical
mapping system. Clinical experience is limited to
one animal study. The ‘Clinical Study to Evaluate
the Catheter Robotics Amigo for Performing
Right-Sided Electrophysiology Mapping Studies’
(108] is currently recruiting patients to test the
system’s ability to navigate and map within the
right atrium.

MRI in atrial fibrillation

Since AF results in fibrosis of the left atrium and
in turn atrial fibrosis facilitates development of
persistent AF, assessment of the extent of left atrial
fibrosis by MRI is currently under investigation.
Preprocedural analysis of the degree of atrial
fibrosis may serve as a predictor for successful AF
ablation. The Utah classification quantifies the
extent of left atrial fibrosis (class I less than 5% and
class IV greater than 35% fibrosis of the LA), while
its use was predictive of subsequent AF ablation
outcome [41]. Greater extent of fibrosis correlated
with a higher rate of arthythmia recurrence.
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Following AF ablation, MRI allows
distinct visualization of ablative lesion sets,
information that may aid the ablative strategy
during redo procedures [42]. The DECAAF
(Delayed-Enhancement MRI Determinant
of Successful Radiofrequency Catheter
Ablation of Atrial Fibrillation [109]) trial, a
multicenter, observational, prospective cohort

study is currently enrolling patients to test
the hypothesis whether MRI can accurately
predict successful outcome of catheter ablation

of AF.

Future perspective
In pursuit of a world free of AF, recent
data has demonstrated the need to prevent

Current status of catheter ablation for atrial fibrillation

Smaller studies as well as a meta-analysis have demonstrated superiority of catheter ablation over drug therapy for the treatment of
atrial fibrillation (AF).
Observational data suggests that catheter ablation of AF offers a mortality benefit. The ongoing CABANA trial is testing the hypothesis
whether an ablative approach will lower mortality and first results are expected in 2015.
Paroxysmal AF

Several studies have reported on the long-term outcome (~5-year follow-up) of catheter ablation of AF and concluded that:

— Multiple procedures are needed to achieve an acceptable success rate
— Success rate decreases in patients with persistent or longstanding persistent AF
— There is a steady rate of recurrence even after 60 months of follow-up, highlighting the continued need for proper
anticoagulation following ablation in patients with higher Chads2 Vasc scores
Ablation of AF may halt the natural progression from paroxysmal to persistent AF

Longstandmg persistent AF

- Targeting complex fractionated atrial electrograms (CFAE) as the sole strategy during AF ablation has demonstrated varying results.

- Targeting CFAE in addition to pulmonary vein isolation for the treatment of persistent AF appears to be of incremental value
according to several meta-analyses.

Simplified approach to pulmonary vein isolation

Cryoballoon ablation

- The STOP AF trial demonstrated an acceptable success rate of nearly 70% in patients with paroxysmal AF, however, right phrenic
nerve palsy as the most common complication was somewhat higher than in previous European studies. To date, no direct head-to-
head comparison of conventional radiofrequency current ablation versus cryoballoon-based ablation has been performed.

- Laser balloon ablation appears to have similar efficacy than conventional ablation but offers the advantage of direct visualization of
intracardiac tissue.

The quest for permanent lesion formation

Contact force sensing technology and in-tissue temperature assessment

- Insufficient contact may cause edema, decreasing the chance for proper lesion formation on subsequent ablation attempts.

- Assessment of contact force during ablation may improve durability of lesion formation and improve outcome of AF ablation.

- Information on true in-tissue temperature during ablation may translate into improved procedural outcomes.

Remote-controlled catheter ablation of AF

Remote magnetic navigation and ablation

- Use of the Stereotaxis system for catheter ablation of AF significantly decreases the operator’s radiation exposure and is exceptionally
safe with similar success rates compared with conventional ablation. However, procedure times are considerably longer.

- Currently under clinical investigation, the CGGI system by Magnetecs promises reproducible, automated, real-time catheter
movement within cardiac chambers.

Remote robotic navigation and ablation

- The Hansen robotic system allows remote ablation of AF with a decrease in fluoroscopy exposure to the operator. Randomized-
controlled trials are currently underway to compare its performance to conventional AF ablation.

- The Amigo robotic arm by Catheter Robotics Inc. is under clinical investigation for use as a mapping and navigating tool during
electrophysiology studies.

Future outlook

Prospective, randomized multicenter studies are needed to confirm that an early ablative approach will result in superior outcome and a
reduction in progression to persistent or longstanding persistent AF.

A simplified approach to AF ablation, for example, use of the cryo- or laser balloon or the multielectrode catheter, will need to be
vigorously studied to prove its equivalence or superiority to conventional ablation.

Contact force assessment and in-tissue temperature measurement are amongst promising new tools that may prove essential for
adequate permanent transmural lesion formation.

The use of remote-controlled systems will need to result in a reduction of procedure duration while a higher degree of automatization is
needed to allow a greater degree of user-independence.

Cardiac MRI may become an invaluable tool for staging the disease process and predicting outcome of catheter ablation of AF.
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progression from paroxysmal to persistent AF
(8]. Paroxysmal AF is amenable to catheter
ablation with a high success rate, since PV
triggers play a dominant role in the initiation of
AF. Electrical and structural remodeling is at its
minimum during the early stages of the disease.
This in turn explains the limited success rates
of catheter ablation in later stages of the disease
process when dominant triggers of AF have
shifted from PV triggers towards structural
changes, for example, fibrosis of the LA wall.
Prospective, randomized multicenter studies are
urgently needed to attest that an early ablative
strategy in patients with paroxysmal AF will
result in significant increase in freedom from
AF recurrence and a reduction in progression
towards chronic stages of AF.

While balloon-based

demonstrate comparable success rates to

technologies

manual ablation in nonrandomized studies of
patients with paroxysmal AF, only prospective,
randomized studies will be able to prove their
equivalent or superior value.

New technologies are currently under
investigation to assure advancement in the search
for permanent lesion transmurality. Assessment
of contact force, as well as real-time data of true
in-tissue temperature during catheter ablation
may prove essential for adequate transmural
lesion formation. Trials currently underway
testing these new technologies will strive
to demonstrate that compared with current

ablative strategies, follow-up results in patients
undergoing AF ablation will improve.

A higher degree of automatization using
remote-controlled navigation will be needed, in
that even the novice electrophysiologist is capable
of performing complex ablative procedures such
as AF ablation. In particular, automatic mapping
and ablation modes are required to allow user-
independent creation of 3D LA geometry and
placement of linear lesion sets. In addition,
automatization will have to result in significant
reduction of total procedure duration while
demonstrating superior outcome.

Finally, cardiac MRI may become an
important tool to properly stage the extent of
atrial fibrosis and aid the operator in defining
the best, individualized ablation strategy for the
treatment of AF.
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