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Abstract

AIM: To investigate the impact of using computed
tomography (CT) and contact force (CF) technology on
recurrence of atrial tachyarrhythmia after atrial fibrillation
(AF) ablation.

METHODS: This non-randomized study included 2
groups of patients. All patients had symptomatic recur-
rent paroxysmal or persistent AF and were treated with
at least 1 anti arrhythmic medication or intolerant to
medication. The first group included 33 patients who
underwent circumferential pulmonary veins isolation
(PVI) for AF during 2012 and 2013 guided by CT image
integration (Cartomerge, Biosense Webster, Diamond
Bar, CA, United States) of left atrium and pulmonary
veins into an electroanatomic mapping (EAM) system (CT
group) using standard irrigated radiofrequency catheter
(ThermoCool, Carto, Biosense Webster, Diamond Bar,
CA, United States) or irrigated catheter with integrated
CF sensor (Smart Touch, Carto, Biosense Webster,
Diamond Bar, CA, United States). The second group
included immediately preceding 32 patients who had
circumferential PVI by standard irrigated catheter
(ThermoCool) using only EAM (Carto) system (EAM
group). Linear lesions were performed according to the
discretion of operator.

RESULTS: Sex, age, and persistent AF were not
different between groups. PVI was achieved in all
patients in both groups. Linear ablations including
cavo-tricuspid isthmus and or roof line ablation were
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not different between groups. Free of atrial tachyarrhy-
thmia during follow-up of 24 mo was significantly higher
among CT group compared to EAM group (81% vs 55%;
respectively; P = 0.027). When 11 patients from CT
group who had ablation using Smart Touch catheter
were excluded, the difference between CT group and
EAM became non significant (73% vs 55%; respectively;
P = 0.16). Sub analysis of CT group showed that
patients who had ablation using Smart Touch catheter
tend to be more free of atrial tachyarrhythmia compared
to patients who had ablation using standard irrigated
catheter during follow-up (100% vs 73%; respectively;
P = 0.07). Major complications (pericardial effusion,
cerebrovascular accident/transient ischemic attack,
vascular access injury requiring intervention) did not
occurred in both groups.

CONCLUSION: These preliminary results suggest that
CT image integration and CF technology may reduce
the recurrence of atrial tachyarrhythmia after catheter
ablation for AF.

Key words: Atrial fibrillation; Catheter ablation; Image
integration; Contact force

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The aim of this nonrandomized study was to
determine the impact of integrating computed tomo-
graphy (CT) image of left atrium into electroanatomical
mapping (EAM) system and using of contact force (CF)
technology on recurrence of atrial tachyarrhythmia after
atrial fibrillation (AF) ablation. We found that combination
of CT image integration into EAM and CF technology
might reduce the recurrence of atrial tachyarrhythmia
after catheter ablation for AF during follow-up period of
24 mo.

Marai I, Suleiman M, Blich M, Lessick J, Abadi S, Boulos
M. Impact of computed tomography image and contact force
technology on catheter ablation for atrial fibrillation. World J
Cardiol 2016; 8(4): 317-322 Available from: URL: http://www.
wjgnet.com/1949-8462/full/v8/i4/317.htm DOI: http://dx.doi.
org/10.4330/wjc.v8.14.317

INTRODUCTION

In treatment of symptomatic and drug refractory atrial
fibrillation (AF), catheter-based pulmonary veins isolation
(PVI) has been established as a standard procedure by
using a single-tip ablation catheter for creating linear lesion
surround ipsilateral pulmonary veins (PVs)!!. Nevertheless,
repeat procedures are required in a significant number of
cases and recurrent PV conduction is responsible for most
ablation failures in paroxysmal AF,

The durability of PVI and clinical outcome after radio-
frequency (RF) ablation is affected by the contact force
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(CF) between the catheter tip and the tissue. Insufficient
CF may result in an ineffective lesion, where as excessive
CF may result in complications™. Catheter ablation using
real-time CF technology was reported to be safe for the
treatment of supraventricular tachycardia and AF. In
addition, understanding the anatomy of left atrium (LA)
and PVs is essential for the safety and effectiveness of
Procedure. Pre-procedural cardiac computed tomography
(CT) helps to evaluate the three dimension (3D) and
complex anatomy of LA and PVs!",

We assume that integrating CT Image of LA/PVs into
electroanatomical mapping (EAM) system and using CF
technology may reduce the clinical recurrence of atrial
tachyarrhythmia after ablation of AF.

MATERIALS AND METHODS

We summarized all patients who underwent circum-
ferential PVI for AF during 2012 and 2013 guided by CT
image integration into an EAM (Cartomerge, Biosense
Webster, Diamond Bar, CA, United States) system (CT
group). This group was compared to immediately pre-
ceding patients who had PVI using only EAM (Carto,
Biosense Webster, Diamond Bar, CA, United States)
system (EAM group).

All patients had symptomatic recurrent paroxysmal
AF or persistent AF (less than 3 mo duration) who were
treated with at least 1 anti arrhythmic drug (AAD) or
intolerant to medication. All patients with paroxysmal AF
were treated with IC AADs, and all patients with persistent
AF were treated with amiodarone.

Ablation procedure

The procedure was performed during deep sedation with
fentanyl and midazolam. Double trans-septal punctures
were done with guidance of intra-cardiac echo (ICE): One
for circular mapping catheter (Lasso, Biosense Webster,
Diamond Bar, CA, United States) and one for ablation
catheter.

The ablation catheter used was 3.5-mm standard
externally - irrigated (ThermoCool, Carto, Biosense
Webster, Diamond Bar, CA, United States) for all patients
in EAM group and part of patients of CT group. Externally-
irrigated Smart Touch catheter (ST, Carto, Biosense
Webster, Diamond Bar, CA, United States) was used in
the remaining patients of CT group (Figure 1). The Smart
Touch catheter is capable of directly assessing CF and
showing its absolute value and orientation by means of a
3D vector in real time during the procedure™.

In the EAM group, wide circumferential ablation of
ipsilateral veins pair at the antrum about 1 cm of veno-
atrial junction was performed (Figure 1). The ostium
and veno-atrial junction of each PV was identified by
intra cardiac electrogram, dragging the ablation or Lasso
catheter back under fluoroscopic guidance, and ICE.
Isolation of each vein was confirmed by lasso catheter. In
the CT group, the EAM was merged with 3D-anatomical
chamber reconstructions of LA and PVs derived from pre
procedure (up to 24 h) cardiac CT. Image integration
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Figure 1 Carto screenshot during pulmonary veins isolation. A: Anterior-posterior view showing CT image of left atrium integrated into the electroanatomic map
(CT group). The ablation in this case was performed using the Smart Touch catheter. The tip of the Smart Touch catheter is shown with 3D vector; B: Posterior-anterior
view showing electroanatomic mapping (EAM group) of left atrium with ablation points around pulmonary veins. EAM: Electroanatomic mapping; CT: Computed

tomography; 3D: Three dimension.

Table 1 Baseline characteristics

EAM group (7 = 32) CT group (n = 33) P
Sex (male) 19 24 0.3
Age (yr) 55+8.8 56.7 £11.6 0.6
Persistent AF 5 4 0.7
CTI Ablation 7 7 0.76
Roof line ablation 8 8 0.77
Major complications 0 0

EAM: Elecroantomic mapping; AF: Atrial fibrillation; CTI: Cavotricuspid
isthmus; CT: Computed tomography.

is based on registration involving landmark points and
surface alignment using the Cartomerge software as
described previously'™ (Figure 1). The ablation was
performed in similar way as in the EAM group by standard
irrigated catheter or Smart Touch catheter. When Smart
Touch catheter was used, ablation was done only when
the force was at least 10 g (optimal range for ablation
was considered as 10-40 g). We tried to deliver RF
energy when the CF is > 10 g and is stable for at least
20s.

RF energy was delivered at a maximum power of
25 W at a flow rate of 17 mL/min along the posterior
wall, and at a maximum power of 35 W at a flow rate
of 30 mL/min along the anterior wall and elsewhere in
the atria. The maximum temperature was set at 43 °C.
RF ablation was continued at each site until local elec-
trograms were abolished or for 30 s. Linear lesions
including roof line and or cavo-tricuspid isthmus line were
performed in some patients according to discretion of
the operator. All the procedures in both groups were
performed by 2 experienced operators.

All patients were followed in the outpatient clinic every
3 mo for 24 mo. Recurrence was defined as any clinical
or documented atrial tachyarrhythmia lasts more 30 s
after a blanking period of 3 mo. All patients were treated
with anticoagulation for at least 3 mo. Anticoagulation
was continued after 3 mo in high risk patients. AADs
were stopped after 3 mo.
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Statistical analysis

Variables are expressed as mean £ SD. Comparisons
between groups were performed with Student’s t test.
Categorical variables expressed as numbers and per-
centages were compared with a »* test. Kaplan - Meier
survival curve was used for estimation of recurrence of
atrial tachyarrhythmia during 24 mo follow-up. A P value
< 0.05 was considered statistically significant. The stati-
stical methods of the study were reviewed by biomedical
statistician.

RESULTS

The EAM group included 32 patients, and the CT group
included 33 patients. Baseline characteristics are similar
(Table 1). The AF duration before ablation in both groups
was 1-3 years.

Circumferential PVI with confirmation of isolation was
performed in all patients in both groups. Cavotricuspid
isthmus ablation was performed in the index procedure
in 7 patients in the EAM group and in 7 patients in the CT
group (P = 0.76). Roof line was performed in the index
procedure in 8 patients in the EAM and in 8 patients in
the CT group (P = 0.77) (Table 1).

All patients completed the 24 mo follow-up. Free of
atrial tachyarrhythmia during 24 mo was significantly
higher among CT group compared to EAM group (81%
vs 55%; respectively; P = 0.027) (Figures 2-4). When
11 patients from CT group who had ablation using Smart
Touch catheter were excluded, the difference became
non significant (73% vs 55%; respectively; P = 0.16)
(Figures 2 and 3).

Sub analysis of CT group showed that patients who
had ablation using Smart Touch catheter tended to be
more free of atrial tachyarrhythmia compared to patients
who had ablation using standard irrigated catheter (100%
vs 73%; respectively; P = 0.07) (Figure 3). Of note, all
patients who had recurrence of atrial tachyarrhythmia
had AF except 1 patient from CT group and 2 patients
from EAM group who had atypical atrial flutter.

Major complications (pericardial effusion/tamponade,
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Total patients (7 = 65)

T

CT group (7 = 33) EAM group (7 = 32)

l

Free of AT
n =27 (81%)

Free of AT
n =17 (55%)

With ST Without ST
(n=11) ST (n = 22)
Free of AT Free of AT

n=11(100%) 7 =16 (73%)

Figure 2 Flowchart reporting the different patient groups and the results.
ST: Smart touch; AT: Atrial tachyarrhythmia; EAM: Electroanatomic mapping;
CT: Computed tomography.

cerebrovascular accident/transient ischemic attack, and
or vascular access injury requiring intervention) did not
occur in both groups.

DISCUSSION

The main finding of this study was that ablation of AF
guided by of CT image integration of LA/PVs into an EAM
and the use of CF technology was associated with reduced
recurrence of atrial tachyarrhythmia. CT image integration
without CF technology was associated with non-signi-
ficant reduced recurrence of atrial tachyarrhythmia.
CF technology tended to reduce recurrence of atrial
tachyarrhythmia among patients who underwent ablation
of AF guided by of CT image integration.

Kistler et al”’ reported in a nonrandomized study that
catheter ablation for AF guided by CT image integration
(Cartomerge) was associated with reduced fluoroscopy
times, arrhythmia recurrence, and increased restoration
of sinus rhythm compared to a similar ablation strategy
guided by a 3D mapping. Successful PV electrical isolation
did not differ between the two groups. However, Kistler
et af’® reported in another study which was randomized
study that CT image integration (Cartomerge) to guide
catheter ablation for AF did not significantly improve the
procedural and clinical outcome compared to EAM.

As we showed in our non-randomized study, CT
image integration without CF technology was associated
with non-significant reduced recurrence of atrial tachyarr-
hythmia compared to EAM. This result is in agreement
with the randomized study of Kistler et af®. In addition,
CF technology tended to reduce recurrence of atrial
tachyarrhythmia among patients who underwent ablation
of AF guided by CT image integration. Thus, it seems
that the contribution of CF technology is significant.

In the TOCCATA study™, patients with paroxysmal
AF underwent PVI by using a RF ablation catheter with
a different integrated CF sensor (TactiCath; Endosense,
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Geneva, Switzerland). The CF during catheter ablation
for AF correlated with dlinical outcome after 12 mo. Arrhy-
thmia control is best achieved when ablation lesions were
placed with an average CF of > 20 g, and clinical failure
is universally noted with an average CF of < 10 g.

In the EFFICAS I multicenter study!®, a RF abla-
tion catheter with integrated CF sensor (TactiCath;
Endosense, Geneva, Switzerland) was used to perform
PVI in patients with paroxysmal AF. At follow-up, an
interventional diagnostic procedure was performed to
assess gap location as correlated to index procedure
ablation parameters. Minimum CF and minimum Force-
Time Integral (FTI) values were strong predictors of
gap formation. According to this study, optimal CF para-
meter recommendations are a target CF of 20 g and
a minimum FTI of 400 g for each new lesion. In our study,
we tried to keep the force at least 10 g at each site for at
least 20 s until electrogram abolition or at least for 30 s.

Recently, Sciarra et af*”! studied 3 types of irrigated-
tip ablation catheters. Sixty-three patients with paroxy-
smal AF underwent ablation by standard ThermoCool
catheter, Smart Touch catheter, or Surround Flow catheter
(Biosense Webster, Diamond Bar, CA, United States). The
percentage of isolated PVs was comparable between
groups. Both the Smart Touch catheter and the Surround
Flow catheter significantly reduced radiofrequency and
fluoroscopy times, as well as PVs reconnection rate at 30
min. Moreover, the Smart Touch catheter reduced overall
duration of the procedure. However, the long term clinical
significance of these results is not known.

We do not know the exact mechanism why combina-
tion of technologies is more useful. Image integration could
improve clinical outcome because it helps to understand
the 3D complex anatomy of LA/PV and appreciate the
variant anatomy of PVs including common trunks or more
than 4 veins. In addition, it could help to make the lesion
set more precise. CF technology could lead to durable
lesions. We think that the results of our study emphasized
the fact that AF is a complex arrhythmia. The AF ablation
is also a complex procedure with relatively high rate of
recurrence due to PV reconnection. Many technologies
were introduced to overcome this issue like steerable
sheath!!. Recently, a novel irrigated multi electrode
mapping and ablation catheter (nMARQ catheter, Biosense
Webster, Diamond Bar, CA, United States) was introduced
for PVI with promising results'*?, However, there is no
specific technology that is significantly more useful than
others. We think, that combination of technologies rather
than single one can lead to the best results as in this
study. In addition centers and operators should choose the
technologies according to their experience and according
to the 3D anatomy of LA/PVs as detected by pre-
procedure echocardiography, CT and or other modalities.

Limitations

This is a small non-randomized study comparing AF
ablation using integrated CT/EAM with AF ablation using
EAM only. We used two types of ablation catheters
in the CT group, the standard irrigated catheter as in
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17/32 17/32
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60
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With CT (CT group) vs
without CT (EAM group)

With CT (CT group)
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without CT (EAM)

CT group with
vs without ST

Figure 3 Free of atrial tachyarrhythmia during 24 mo. A: Among CT group vs among electroanatomic group; B: Free of atrial tachyarrhythmia among CT
group (excluding Smart Touch) vs among electroanatomic group; C: Free of atrial tachyarrhythmia among CT group with or without ST. ST Smart touch; EAM:

Electroanatomic mapping; CT: Computed tomography.
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Figure 4 Kaplan-Meier estimate of recurrence atrial tachyarrhythmia during
3-24 mo after ablation for atrial fibrillation. Free of atrial tachyarrhythmia was
significantly higher among CT group compared to electroanatomic mapping
group. AT: Atrial tachyarrhythmia; EAM: Electroanatomic mapping; CT: Computed
tomography.

EAM group and CF catheter. Only the combination of
CT and CF technology was associated with significant
reduction of atrial tachyarrhythmia. Thus, we could not
determine the relative contribution of these technologies.
Future randomized studies are needed to determine the
optimal combination of technologies that gives the best
procedural and clinical results of AF ablation.

In summary, these preliminary results suggest that
CT image integration into EAM in combination with CF
technology may reduce the recurrence of atrial tachyar-
rhythmia after catheter ablation for AF.

COMMENTS

Background

Recurrence of atrial arrhythmia after pulmonary vein isolation (PVI) is mainly
due to recurrent pulmonary veins conduction. The durability of PVI and clinical
outcome after radiofrequency ablation is affected by the contact force (CF)
between the catheter tip and the tissue. In addition, understanding the anatomy of
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left atrium (LA) and PVs is essential for the safety and effectiveness of procedure.
Pre-procedural cardiac computed tomography (CT) helps to evaluate the three
dimension (3D) and complex anatomy of LA and PVs. In this study, the authors
evaluated the impact of integrating CT image of LA/PVs into electroanatomical
mapping system and using CF technology on clinical recurrence of atrial
tachyarrhythmia after ablation for atrial fibrillation (AF).

Research frontiers

CT image integration of cardiac chamber into electroanatomic mapping (EAM)
is widely used to guide catheter ablation for AF and related arrhythmias. Some
studies showed that it improved the procedural and clinical outcome compared
to EAM but others did not. In addition CF technology was found recently to
associated with better clinical outcomes. Research is focused now in defining
the parameters of CF that are universally associated with better clinical
outcomes.

Innovations and breakthroughs

The authors found that combination of CT image integration into EAM and CF
technology may reduce the recurrence of atrial tachyarrhythmia after catheter
ablation for AF during follow-up period of 24 mo.

Applications

The authors think, that combination of technologies rather than single one
can lead to the best results as in this study. Centers and operators should
choose the technologies according to their experience and according to the 3D
anatomy of LA/PVs as detected by pre-procedure echocardiography, CT and or
other modalities.

Terminology

EAM: Electroanatomic mapping enables reconstruction of 3D anatomy of LA
and PVs. Image integration: A technique to integrate a CT image of LA/PVs into
EAM. CF technology: Enables assessing contact between tip of catheter and
tissue and showing its absolute value and orientation by means of a 3D vector
in real time during the procedure.

Peer-review
This is an interesting article analysing the influence of novel technologies (image
integration and CF evaluation) on the outcome of catheter ablation of AF.
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