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a)
b)

Ablation of Chronic paroxysmal atrial fibrillation using cryoablation technique:
Sources, results, complications and future perspectives"
Introduction  AF patients require frequent clinical visits for adjustment of their medication and
monitoring of anticoagulation treatment.This type of arrhythmia is also associated with increased
numbers of emergency room visits, hospitalizations, and numerous procedures. Even in comparison
with patients matched for age and the presence of cardiovascular disease. Due to symptoms and the
risk of ischemic stroke in elderly patients, this type of arrhythmia is a source of considerable
concern.AF patients have medical costs. The economic repercussions on national health systems

around the world are considerable.

The aim of our study was to: 1) Compare the outcome of these two new devices in AF ablation,
2) Evaluation and analysis of both intra-procedural as well as post-procedural complications and 3)

Follow up of recurrence of AF in those patients after (3, 6 and 12 months)

Patient & methods Our study included 200 patients presented with either paroxysmal or persistent

AF who were divided into 2 groups according to the device used for ablation.

Gruop 1 patients: Cryoablation was used for ablation, it included 130 patients (65% ).

Group 2 patients: Ablation Frontiers using novel decapolar ablation catheter (PVAC) was used for

ablation it included 70 patients (35%).

Results: By Comparing the two study groups, The Overall success rate was nearly similar being 84.6%
for Cryoablation technique versus 84.3% for Ablation Frontiers using novel decapolar ablation
catheter (PVAC). As regards the procedural time: PVAC had less procedural time 142 + 27 versus 172
+ 33 for cryoablation and also less fluoro time 25.6 + 6 for PVAC versus 32.5 + 7 for cryoablation ( P
value <0.001) . This may be related to the more time consuming preparation of the cryoballoon
catheter. The higher fluoroscopy exposure observed for the cryoablation is a clear disadvantage and
may be explained by the many repositioning and the need for fluoroscopy during the ablation to
ensure catheter stability. Procedural complication: There were few adverse events in our study 2
groups. This study demonstrated comparable outcomes with respect to immediate success
(pulmonary veins isolation) and procedural complications (atrial tachycardias, phrenic nerve palsy,
pericardial effusion and/ or tamponade) as compared to other studies regardless of the atrial

fibrillation classification.
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Figures:

1-1

Overview of the electrophysiological substrate in the posterior left
atrial wall, amenable to catheter ablation using an extensive approach.
LOM, ligament of Marshall; PV, pulmonary vein. Data from Sueda et al.
[59], Haissaguerre et al. [2], Hwang et al. [60], Mandapati et al. [61], and
Pappone et al. .

1-2

Magnetic resonance imaging-based anatomical reconstruction of the
left atrium with tributary pulmonary veins. The branching system of
the pulmonary veins is reconstructed with a high degree of fidelity
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1-3&
14

Using magnetic resonance imaging-based techniques, the pulmonary
vein-left atrial junction can be reconstructed to determine the size and
orientation of the pulmonary veins. As can be seen in these two images
from the same patient, there is considerable variability in the size and
pattern of entry in the left atrium
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Comparison between three-dimensional pulmonary vein-left atrial
junction reconstruction obtained using the Carto system (Biosense
Webster, Diamond Bar, California, USA) (A), contrast magnetic
resonance angiography (B), and EnSite (Endocardial Solutions/St. Jude
Medical, St. Paul, Minnesota, USA) (C). There is a high degree of
correlation between the morphology and size of the left atrial chamber
and pulmonary veins as assessed by the two three-dimensional
imaging techniques. LAA, left atrial appendage; LIPV, left inferior
pulmonary vein; LSPV, left superior pulmonary vein.
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1-6

Electroanatomical left atrial maps (posteroanterior view). A.
Preablation voltage map. B. Postablation voltage map. The lesion set
should be noted. Circular radiofrequency lesions are deployed around
each pulmonary vein (PV) ostium, constituting the standard ablation
set. Additional linear lesions connect the right inferior PV and the
mitral annulus (mitral isthmus line) and the contralateral superior and
inferior PVs (posterior lines) to prevent LA incisional tachycardia. The
blue spheres represent hot spots for eliciting vagal reflexes. LIPV, left
inferior pulmonary vein; LSPV, left superior pulmonary vein; MV,
mitral valve; RIPV, right inferior pulmonary vein; RSPV, right superior
pulmonary vein. additional lines
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1-7

Solid gray map of the left atrium, in a posteroanterior view. The red
spheres represent radiofrequency lesions and color tubes depict the
pulmonary veins (PVs). A. Standard circumferential pulmonary vein
ablation (CPVA). B. After 2001, the standard approach was modified,
with additional lines connecting the left inferior PV to the mitral
annulus and the superior and inferior contralateral PVs. LAA, left atrial
appendage; LIPV, left inferior pulmonary vein; LSPV, left superior
pulmonary vein; MV, mitral valve; RIPV, right inferior pulmonary
vein; RSPV, right superior pulmonary vein.
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A frame from a propagation map in a patient suffering from incessant
palpitations after circumferential pulmonary vein ablation due to
incisional left atrial flutter. One should note the circular movement of
the activation front around the mitral annulus. The arrhythmia was
terminated by radiofrequency delivery at the mitral isthmus. LA, left
atrial; LIPV, left inferior pulmonary vein; LSPV, left superior
pulmonary vein; RIPV, right inferior pulmonary vein; RSPV, right
superior pulmonary vein.
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1-9

Anatomical remodeling in a patient in whom a repeat procedure was
performed to abolish left atrial flutter. A. After ablation. LIPV, left
inferior pulmonary vein; LSPV, left superior pulmonary vein; MV,
mitral valve; RIPV, right inferior pulmonary vein; RSPV, right superior
pulmonary vein. B. The follow-up findings after 5 months. There is
shrinkage of the left atrial body due to reduction in the extent of the left
atrial posterior wall.

22

1-10

Summary of the limitations of current technologies. Abl, ablation
catheter; TSP, “tran septal puncture” sheath; LI, left inferior; LS, left
superior; PV, pulmonary vein; RI, right inferior; RS, right superior
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1-11

A simultaneous noncontact high-density activation mapping
technology, the EnSite Array system, is being investigated (Endocardial
Solutions/St. Jude Medical, St. Paul, Minnesota, USA). LIPV,
leftinferior pulmonary vein; LSPV, left superior pulmonary vein; RIPV,
rightinferior pulmonary vein; RSPV, right superior pulmonary vein.

25

1-12

A map obtained with the EnSite system (Endocardial Solutions/St.
Jude Medical, St. Paul, Minnesota, USA). The anatomical reconstruction
of the left atrial surface is improved.
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1-13

A novel and promising approach to transcatheter ablation of atrial
fibrillation is remote magnetic technology (RMT) control of the catheter
using an electrical-field guidance system (Carto-RMT, Biosense
Webster, Diamond Bar, California, USA).
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1-14

Atrioventricular tachycardia in an 8-year-old girl with shortest VA-
interval (arrow) and earliest retrograde A (arrow) at the parahisain
region, see inset: RAO projection of catheter position: quadripolar
catheter in high rate atriumand hexapolar catheter at the His and
ablation catheter (Freezor Xtra, CryoCath, Montreal, QC, Canada) at
the earliest retrograde A above His; B) signals during sinus rhythm and
reveals prominent His-Signal on the ablation catheter (arrow); C)
temperature curve for the Freezor Xtra Catheter, capable of cryo safety-
and efficacy mapping. During the first 30 s the catheter achieves a
temperature of only -30 °C for reversible cryolesion. When target can be
successfully ablated and AV-conduction is preserved the ablation
catheter is cooled down to -80°C to perform an irreversible cryolesion;
D) termination of atrioventricular tachycardia 5s after starting
cryomapping, AV-conduction is preserved.

30

1-15

PV-angiography via inflated cryoballoon catheter is shown with total
occlusion of the left inferior pulmonary vein. Quadripolar catheter
already in position at the superior vena cava to perform phrenic nerve

31




stimulation for cryoablation of right superior pulmonary vein.
Hexapolar catheter is positioned in the coronary sinus; B) Dark blue:
flexable transseptal sheath, light blue: cryoballoon with optimum
occlusion of the left inferior pulmonary vein (red).
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PV angiography in a.p. projection of the 4 pulmonary veins via
transseptal sheath cryo-balloon. A: left superior PV; B: left inferior PV;
C: right superior PV; D: right inferior PV.
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1-17

Tracings show surface ECG in sinus rhythm and 10 intracardiac
tracings from the dodecapolar Lasso-catheter (B) which is positioned
inside the right superior pulmonary vein. Pulmonary vein potentials
are marked with an arrow. The pulmonary vein potentials disappeared
after successful cryoballoon ablation (C)
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1-18

Angiography (AP view) of the left atrium and the left sided pulmonary
veins. In this representative example, the PVAC catheter is positioned
in the LSPV. AP, anteroposterior; LA, left atrium; CS, coronary sinus;
LIPV, left inferior pulmonary vein; LSPV, left superior pulmonary vein;
PVAC, pulmonary vein ablation catheter. See text for details.
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1-19

Tracings are surface ECG leads I, III, and V1 and intra-cardiac signals
recorded from the proximal pair of a quadripolar catheter positioned in
the coronary sinus and the pulmonary vein ablation catheter positioned
in the left superior pulmonary vein. (A) The pre-ablation signals during
sinus rhythm; (B) the pre-ablation signals during coronary sinus
pacing; and (C and D) the signals post-ablation during sinus rhythm
and coronary sinus pacing, respectively.
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Measuring left atrial anteroposterior diameter in the parasternal long

axis veiw.
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2-2

Measuring left atrial area and volume in apical 4 chamber veiw.

52

2.3

Inflated balloon catheter

56

2.4

A: Pulmonary vein ablation catheter (PVAC) loaded with a 0.032-inch
guidewire and dual-control knobs on catheter handle. B: Distal array
portion of the PVAC showing ten 3-mm electrodes with 3-mm spacing.
C: Example of generator display during ablation with PVAC, with
temperature and power for each electrode and number of seconds each
electrode was within +5°C of target temperature during the ablation.

64

2.5

A: Biplane fluoroscopic view of the pulmonary vein ablation catheter
(PVAC) with electrode array extended in the left superior pulmonary
vein. B: Biplane fluoroscopic view of the PVAC in the left superior
pulmonary vein demonstrating reduced diameter. This configuration
was attained by engaging the antrum and then rotating the catheter
shaft clockwise.

65




2.6

Example of in vivo lesion showing a contiguous lesion approximately
80 mm x 3 mm x 3 mm created using a 4:1 ratio of bipolar/unipolar RF
energy.
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2-7

Biplane fluoroscopy of pulmonary vein ablation catheter in antrum of
right inferior pulmonary vein.
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31

X-rays at 24 hours (A), 3 months (B) and 6 months(C) after cryoablation
with right phrenic nerve palsy. After 6 months phrenic nerve palsy
recovered

69

3.3

A) Atrioventricular tachycardia in an 58-year-old women with shortest
VA-interval (arrow) and earliest retrograde A (arrow) at the parahisain
region, see inset: RAO projection of catheter position: quadripolar
catheter in high rate atrium and hexapolar catheter at the His and
ablation catheter (Freezor Xtra, CryoCath, Montreal, QC, Canada) at
the earliest retrograde A above His; B) signals during sinus rhythm and
reveals prominent His-Signal on the ablation catheter (arrow); C)
temperature curve for the Freezor Xtra Catheter, capable of cryo safety-
and efficacy mapping. During the first 30 s the catheter achieves a
temperature of only -30 °C for reversible cryolesion. When target can be
successfully ablated and AV-conduction is preserved the ablation
catheter is cooled down to -80°C to perform an irreversible cryolesion;
D) termination of atrioventricular tachycardia 5s after starting
cryomapping, AV-conduction is preserved.

71

3.4

A) PV-angiography via inflated cryoballoon catheter is shown with
total occlusion of the left inferior pulmonary vein. Quadripolar catheter
already in position at the superior vena cava to perform phrenic nerve
stimulation for cryoa- blation of right superior pulmonary vein.
Hexapolar catheter is positioned in the coronary sinus; B) Dark blue:
flexable transseptal sheath, light blue: cryoballoon with optimum
occlusion of the left inferior pulmonary vein (red).
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3.5

PV angiography in a.p. projection of the 4 pulmonary veins via
transseptal sheath cryo-balloon. A: left superior PV; B: left inferior PV;
C: right superior PV; D: right inferior PV.
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3_6

A) Tracings show surface ECG in sinus rhythm and 10 intracardiac
tracings from the dodecapolar Lasso-catheter (B) which is positioned
inside the right superior pulmonary vein. Pulmonary vein potentials
are marked with an arrow. The pulmonary vein potentials disappeared
after successful cryoballoon ablation (C).
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3_7

A) The left common PV trunk as viewed from an LAO 45 projection
with vein outlined for clarity (right), (B) common anatomical variations
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3_8

By “unwinding” the catheter slightly, the proximal electrodes were
brought into position for RF application along the posterior wall of the
vein.

76

3.9

The PVAC catheter situated in the ceiling of the trunk. Positioning the
guidewire in an inferior branch allowed for variations in electrode-
tissue contact. This facilitated lesion creation around anterior and

77




superior portions of the vein.

310

PVAC in the floor of the common ostium. The quidewire was placed in
a sub-branch to position the distal array inferiorly, the shaft was
advanced to engage proximal poles against the antrum; RF was not
applied to the distal electrodes.
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(A) By extending the slide slightly and applying clockwise torque the
PVAC was “unwound” into the vein. (B) RAO shows the proximal
electrodes in contact with the postero-inferior segments of the vein.
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312

(A) Electrogram at fi rst RF application. Ectopy and AF is induced
following application of RF seen on CS. Artifact on the PVAC channels
is due to RF duty-cycle. (B) After 60 seconds of RF, PV potentials are
signifi cantly diminished.
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3_13

A) Mapping of RSPV prior to ablation, and (B) following RF
applications.

80




Introduction

Introduction:

Pulmonary vein (PV) isolation with radiofrequency (RF) has been widely used for the

interventional treatment of atrial fibrillation (AF)™.

Ablation of atrial fibrillation (AF) is one of the most time consuming procedures in
interventional electrophysiology. Currently, the selection of catheters and ablation techniques is
still a matter of debate. Due to the rapidly increasing demand of ablation procedures, technical

advances would be helpful to reduce complexity and procedure time in AF ablation.

The success rates of these procedures vary between 65% and 85% in patients with

paroxysmal AF depending on technique used, patient selection, and experience of the center®”.

These results lead to a change in the guidelines on AF (2006), which recommend AF
ablation as a class lla indication for patients with paroyxsmal AF without structural heart

disease and refractory to medical antiarrhythmic treatment’.

However, the complication rate of RF AF ablation is still high, and complications include PV
stenosis, thromboembolic events, pericardial effusion, left atrial flutter, and atrioesophageal

fistulae®.

Cryoenergy has potential advantages compared with RF with regard to safety aspects. It
has been shown that cryoenergy does not lead to PV stenosis, has never been associated with

atrioesophageal fistula, and has a lower thrombogenicity7'9.

However, cryoablation of PVs by standard steerable catheters would be very time-

consuming considering that one single ablation point takes about 4 minutes®.



Introduction

A cryoballoon device now enables us to circumferentially isolate one single vein, which
makes cryoablation of PVs faster and feasible. Thus, this new device raises expectations that
cryoablation of PVs might be achieved with the same speed as with RF energy but that

cryoablation is potentially associated with a better risk profile®.

The feasibility of a novel decapolar ablation catheter (PVAC) combined with a duty-cycled,
low-power RF generator for pulmonary vein (PV) isolation. The system does not require 3D
mapping and is the first to enable mapping, pacing and circular as well as segmental ablation

with a single catheter™.



Aim of the work

Aim of the work

The aim of this work was to study:

1. The outcome of the new devices for ablation of paroxysmal and persistent AF.
a) Cryoablation.

b)  Ablation Frontiers using novel decapolar ablation catheter (PVAC).

2. Evaluation and analysis of both intra-procedural as well as post-procedural

complications.

3. Follow up of patients after ablation at 3, 6 and 12 montbhs.
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> Chapter 1:

Atrial fibrillation ablation

Catheter ablation strategies for the treatment of atrial fibrillation (AF) have been in a
process of continuous development since 1996, and catheter ablation is now regarded as
an established therapeutic approach to this frequent form of arrhythmia **™** According
to a recent study in the USA, AF affects one in 25 adults aged 60 or over and nearly one
in 10 adults aged 80 or over. Due to symptoms and the risk of ischemic stroke in elderly
patients, this type of arrhythmia is a source of considerable concern, and its impact is
likely to increase as the number of individuals affected by AF rises nearly 2.5-fold during

the next 50 years(ls'”).

The economic repercussions on national health systems around the world will be
considerable. AF patients require frequent clinical visits for adjustment of their
medication and monitoring of anticoagulation treatment*®. This type of arrhythmia is
also associated with increased numbers of emergency room visits, hospitalizations, and
numerous procedures. Even in comparison with patients matched for age and the
presence of cardiovascular disease, AF patients have medical costs that are

approximately $2500 higher per patient year*>?%.

These observations show that it is imperative to promote coordinated efforts on behalf
of cardiologists, electro physiologists, neurologists, and primary-care providers to meet
the increasing challenge of stroke prevention and rhythm management in the growing

population of patients with atrial fibrillation'?Y).
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The AFFIRM issue:

The Atrial Fibrillation Follow-Up Investigation of Rhythm Management (AFFIRM) study
demonstrated that a rhythm control strategy conferred no survival advantage over rate
control in patients with AF who had risk factors for stroke (22-23) However, drug inefficacy
or adverse drug effects, or both, could easily account for theabsence of a survival benefit
with rhythm control.

In 2003, it was reported that circumferential pulmonary vein ablation (CPVA) is associated
with advantages with regard to mortality and morbidity rates in comparison with medical
therapy alone **. They found that in both the ablation and antiarrhythmic groups, sinus
rhythm (SR) maintenance was associated with significantly lower mortality and adverse
event rates.

This called into question the results of three recent AF trials the Pharmacological
Intervention in AF (PIAF), AFFIRM, and Rate Control versus Electrical Cardioversion
(RACE) studies that demonstrated, contrary to prevailing practice, that rhythm control

conferred no advantage over heart rate control by drugs (25-26),

On the one hand, these conflicting results could be explained by the fact that it is difficult
to compare the study directly with others, as the patient populations were inevitably
different®”. The RACE and AFFIRM studies only enrolled older patients with one or more

(25), Younger patients with

risk factors for stroke, most of whom had persistent AF
structurally normal hearts and paroxysmal arrhythmia were disproportionately poorly
represented in these trials, and the results cannot be generalized to a broader AF
population(27'28). Curing AF and maintaining SR may therefore still be the goal, at least in
some groups of patients.

On the other hand, it is intrinsically unlikely that SR is per se harmful to the patient’s life,

and one could argue that the warning trend toward a higher risk of death in the rhythm



