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ABSTRACT
Purpose.Catheter-tissue contact is critical for effectigsibn creation in radiofrequency catheter
ablation (RFCA). In a multicenter prospective studg assessed the relationship between catheter
contact force (CF) during RFCA for paroxysmal dffilarillation (AF) and clinical recurrences
over a mid-term follow-up.
Methods. All patients underwent RFCA for paroxysmal AF byrahpulmonary vein (PV)
isolation, aiming at entry and exit conduction lddat all PVs. A new open-irrigated tip catheter
with CF sensing (SmartTouth Biosense Webster Inc. CA) was used. All patiergse followed
for at least 12 months and the relationship betw&emand clinical outcomes assessed.
Results.One year follow-up was available in 92/95 of tla¢ignts enrolled. Acute PVI was
achieved in 100% of the veins. Mean CF during RF@A 12.2+3.9 g. Mean Force Time Integral
(FTI) was 733£505 gs. Following the 3-month blamkperiod, 17 (18%) patients experienced at
least 1 atrial tachyarrhythmia relapse. There veastatistical difference in mean CF (13+3.4 g vs
12+4 g, p=0.32) and mean FTI (713+487 gs vs 8229®=0.42) between patients with and
without arrhythmias recurrences. Recurrences wasmrerded in 22% of patients achieving a mean
FTI value below the median of 544 gs and in 15%atfents with a mean FTI value above the
median (p=0.64).
Conclusions.RFCA with CF data during PV isolation for paroxysm& improves physician’s
knowledge on catheter-tissue contact. In the ptedaaset, however, higher CF values did not
impact mid-term clinical RFCA outcome.
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INTRODUCTION
The creation of a durable radiofrequency (RF) lesiepends on several parameters, including
catheter tip electrode size, temperature, oriemtalRF pulse duration, power, blood flow, and
catheter to tissue contact (1-4). The wide diffasab open irrigated catheters (5-8) has reduced the
role of temperature in monitoring RF lesion forroatiRecently development of new contact force
(CF) sensor catheters has alowed measurement tip tteetissue CF during the RF ablation
procedure. Optimization of electrode-tissue contiacing RF catheter ablation for pulmonary veins
(PV) isolation impacts on procedure parametergadpyifscantly reducing procedure and
fluoroscopy times, without increasing acute congilans (9-11). Preliminary data suggest a
potential benefit of real-time CF sensing technglogreducing atrial fibrillation (AF) recurrence
during the first year after PV isolation (11,12heTaim of this multicenter prospective study was to
assess the relationship between catheter CF dRfingatheter ablation for paroxysmal AF and

clinical recurrences during a mid-term follow-up.

METHODS
Patients’ selection As previously described (10) this multicenter pexgjve study enrolled 95
patients in 9 Italian centres (see the Appendixpaf@-month period. Patients aged between 18 and
90 years with documented symptomatic AF episodfaatory to drug therapy (Class | or li
drugs) and self-terminating within 7 days werduded.
This study followed the principles outlined in Istt@pdate of the Declaration of Helsinki and all
patients signed informed consents.
Ablation procedure and contact force measuringDetailed ablation procedure and CF measuring
has been previously described (10). Briefly, aftansseptal catheterization, 3D electroanatomic
maps of the left atrium and PVs were reconstruatadg a nonfluoroscopic navigation system
(CARTO 2, version 2, Biosense Webster Inc., Diamond Balif@aia, USA) (7,13). Maps were

acquired during AF or sinus rhythm using respinatgaiting. Fast anatomic mapping or imaging



integration with a pre-acquired computed tomogramhgagnetic resonance scan was used,
according to operators’ preference. RF pulses @deligered using the 3.5-mm Thermocool
SmartTouch™ (Biosense Webster, Inc., Diamond Bar, CA, USApdver control mode. RF

power was set between 30 and 35 W depending cerelif left atrial sites and the catheter tip was
irrigated by saline at a flow rate of 2 mL/min digimapping and of 30 mL/min during ablation.
RF was delivered up to 60 seconds or until locattebgram amplitude was reduced > 80% to
produce a circumferential lesion around the proxXipaat of each PV’s ostium or around ipsilateral
PVs according to anatomy. The lesion around th@&Wim was created by sequential point-by-
point application of RF energy or by continuoustgghing the catheter, according to operators’
preference. A circular decapolar or duodecapokgpping catheter (LASSOBIiosense Webster
Inc, Diamond Bar, CA, USA) was used to confirm R¥&cé&ical isolation with demonstration of
entry and exit block. Resumption of left atriumRd conduction was evaluated for 30 minutes after
ablation. In case of reconnection, PVs were nesdjated targeting the residual electrical
breakthroughs.

Operators involved in this study had previous eigmee in the use of Thermocool SmartTollth
catheter in a 6-month period prior to study comneement, and they were encouraged to navigate
the catheter with a limited use of fluoroscopy.

The real time visualization of the CF values, dgioth the mapping and ablation phase, was
available. During RF delivery, it was recommendediake every effort to reach and maintain a
displayed CF value between 10 and 40 g.

For all ablation sites, CF data were recorded aiported after the procedure for off-line analysis.
During each RF application maximum, minimum, anchm€T values, obtained by averaging
values sampled every 50 ms, were stored and subisiganalysed. Force Time Integral (FTI)
expressed in g*s and defined as the integral oCkdime curve during the ablation period in

which the catheter was located in the segmenttefest was also calculated and analysed.



Follow-up. After discharge patients were followed for 12 manthith a clinical visit and a 12-lead
electrocardiogram scheduled at 1, 3, 6, and 12 Insoirt addition, a 24-hour Holter monitoring was
obtained at 3 and 12 months. Moreover, patiente westructed to obtain an ECG in the event of
palpitations. No antiarrhythmic medication was pridsed following ablation.

If there was documented recurrence of symptomati@id the patient required antiarrhythmic
drug therapy, a previously ineffective but toledatdass 1 or class 3 (sotalol) drug was the preferr
option.

Ablation was deemed successful in the absencengbt®ymatic or asymptomatic atrial
tachyarrhythmias lasting more than 30 secondsiitkzhon surface ECG or on Holter monitoring,
off antiarrhythmic drug therapy. As early relap$atial tachyarrhythmias within the first 3
months after RF ablation may be a transient phenomehis transition period was excluded from
the final analysis (14).

Statistical analysis.Normally distributed continuous variables were egged as mean (£SD) and
compared by unpaired Studenttest. Skewed variables were expressed as medarb(guartiles)
and compared by the runk-sum test. Normality wasssed by the Shapiro-Wilk test. Categorical
variables were presented as counts and percentagkespmpared by Chi square test (Pearson,
Yates or Fisher's exact test as appropriate). Theaaal probability of freedom from AF after
ablation was calculated using the Kaplan-Meiermwoeét. Differences between the curves were
tested for significance by the log-rank statisi@ value <0.05 was considered statistically

significant.

RESULTS
Procedural data. Complete one year follow-up was available in 94®B%) patients; three
patients were lost after 6 months of follow-up.| pdtients underwent successful ablation achieving
acute PV isolation in 100% of the veins. Overatigadure time, fluoroscopy time, and ablation

time were 13867, 14.311.2 and 3#20 min, respectively. Mean CF during ablation was



12.2+3.9 g. Mean FTIl was 733+£505gs. Three groimteema were observed. No stroke/TIA,
pericardial effusion, or cardiac tamponade werentep within 30 days from the procedure.
Clinical outcome. Following the 3-month blanking period, 17 (18%jigats experienced at least 1
episode of atrial tachyarrhythmia. In Table | avensnarized the clinical characteristics of the study
population, there was no statistical differencéween patients with and without arrhythmias
recurrences with the exception of an higher prexadef recurrences among females. Comparing
radiofrequency energy applications between themuaodypatients with and the one without
recurrences, there was no statistical differencaean CF (13+3.4 g vs 12+4 g, respectively;
p=0.32) and mean FTI (7131487 gs vs 822+590 gpewvely; p=0.42). In Table Il are reported
the percentages of CF values 5-10g, 11-20g, ar#Dg1in patients with and without AF
recurrences percentage. There was no differeniteipercentage of CF values among patients
with and without AF recurrence when the suggesteuihnum value of 10 g was achieved.
Similarly, there was no statistically significantference in the median value of mean CF [12 (9.8-
22)gvs 11.1 (6.7-23.7) g, p=0.64] and FTI [52612065) gs vs 561 (143-2724) gs, p=0.51]
values in patients with vs those without recurrenéerhythmias recurrences were recorded in 22%
of patients achieving a mean FTI value below thdiareof 544 gs against 15% of patients with a
mean FTI value above the median (p=0.64). Figwskdlvs the Kaplan—Meier survival curve of
patients free arrhythmia recurrences during thendath follow-up according to FTI quartiles. No

statistically significant difference was observedoag the four groups (p=0.43).

DISCUSSION
Main findings. In this multicenter study on the use of a new tebdbgy which allows visualization
of CF values and CF direction, performed with opmsanot blinded to CF values, higher catheter-
tissue CF values, achieved during PV isolatiorpmoxysmal AF, did not significantly impact

mid-term clinical outcome.



Previous studies Preliminary experience of RF catheter ablatiopatients with AF by means of
catheters able to assess catheter-tissue conyatiedns of optical fibers, impedance measurement,
and magnetic sensors, have shoved how higher Kiliresan CF values during ablation allow
reduction of both procedural and fluoroscopy ti®€ 1), without increasing complications.
Moreover, CF data allowed the identification ofylezeas where CF was poor, related to higher
probability of acute and sub-acute reconnectionl@5 Availability of real time CF information
during PVI has been associated with a significalotlyer acute and 3-month PV reconnection rate.
In the TOCCATA study (12) 32 patients with paroxydmF underwent PV isolation by using a
RF ablation catheter with a CF sensor integratés &p, and they were followed for 12 months.
All patients treated with an average CF of < 16 gf(5 patients) experienced recurrences, whereas
80% of the patients treated with an average CF20 g (8 of 10 patients) were free from AF
recurrence at 12 months. The analysis of the aed@ge-time integral showed that 75% of the
patients treated with < 500 gs were recurrent waseonly 31% of the patients treated with > 1000
gs had recurrences at 12 months. The authors, basiis small population, concluded that CF
during catheter ablation for AF related to RFCAdidal outcome. Marijon et al (11) first
demonstrated the benefit of CF technology usedncieg AF recurrence during the year following
PVI, when compared to a non-CF catheter. Sixtyepéti with symptomatic paroxysmal AF were
enrolled in this prospective trial, comparing clesuantral catheter ablation using either the CF
catheter used in the present study (CF group)nanaCF open-irrigated catheter (control group).
The incidence rates of AF recurrence were 10.5%0(@%, 1.38-22.4) in the CF group, and 35.9%
(95% ClI, 12.4-59.4) in the control group (p= 0.0Xffer adjustment of potential confounders, the
use of CF catheter was found to be associatedanltiver AF recurrence (OR 0.18, 95% CI 0.04—
0.94, p=0.04).

Present study.For the first time in a multicenter experience, data demonstrates that CF

improves physician’s knowledge on Catheter-tissareart reducing procedure and fluoroscopy



times, but not significantly impact on mid-termnigal outcome. Only a trend towards a better
outcome in patients with mean FTI values abovaribdian value was observed.

Many factors might explain the discrepancy of agults compared to previous published data. 1)
Although there is a growing evidence that cath¢igsue CF is a major determinant for RF ablation
lesion size and quality, Olson et al.(4) demonstta&quivalent ablation lesion size with RF energy
delivered with intermittent tissue contact oveoagder period of time when compared to lesions
created with constant catheter contabis hypothesis seems to be confirmed by the fosl(®,11)
that CF guided ablation decreased RF time as cadpeaith ablation performed with standard
catheters. Also in our experience (10) optimizatbelectrode-tissue contact during RF catheter
ablation for PV isolation significantly reduced pealure and fluoroscopy times. In fact, increasing
RF energy duration in case of low or unknown camntaay lead to similar clinical results. 2) In our
study operators were not blinded to the CF valug daring RF delivery, it was recommended to
make the maximum effort to reach and maintain playgd CF value between 10 and 40 g. In fact,
mean CF during ablation was 12.2+3.9 g, higher thah(< 10 g) predicting poor outcome in
previous studies (Reddy et al (12)). 3) One ofatieantages of CF technology is the possibility to
visualize real time direction and orientation of ttatheter’s tip enabling immediate recognition of
catheter dislodgement/sliding (11). This featurmaependent from CF value and unmeasurable in
a routine clinical setting.

Limitations.

The number of patients enrolled in each centrelinased and this might increase the range of data
variability, and the bias of operators’ dependaritome. However, this observational prospective
study is the largest to date available and provédespresentative picture of the real-life scenafio
the use of CF sensing for AF ablation. Larger ctshare needed to confirm or exclude the trends
observed in the present study.

Another potential limitation of the study was th#etent techniques used to perform PVI. Infact

the lesions around the PV ostium were created yesdial point-by-point application of RF



energy or by continuously dragging the cathetezpating to operators’ preference. We did not
evaluated the interlesion distance with both apghres. Recently, Park et al (17) demonstrated that
acutely durable PV isolation can be achieved whEeRions are delivered with a mean CF > 10 g
and an interlesion distance <5 mm.

Conclusions.RFCA with CF data during PV isolation for paroxysA& improves physician’s
knowledge on Catheter-tissue contact. In the ptetaaset, however, higher CF values did not
impact mid-term clinical RFCA outcome. Further sascdrandomly comparing implementation or

not of CF data on RFCA outcome are therefore needed
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Appendix

Participating centers (listed in alphabetical oyder

Ospedale Sant’Anna, Ferrara (Matteo Bertini, Linaré&ntoni, Claudio Pratola); Ospedale
Morgagni, Forli (Alberto Bandini, Paolo Golia); Gadi Cura Montevergine, Mercogliano
(Francesco Solimene, Giovanni Donnici); Casa deQyvediterranea, Napoli (Assunta luliano,
Giuseppe Stabile); Policlinico Casilino, Roma (Laato Cald, Ermenegildo De Ruvo, Luigi
Sciarra); Ospedale Sandro Pertini, Roma (Antor@#ietro, Marialuisa Loricchio); Azienda
Ospedaliera Santa Maria Nuova, Reggio Emilia (Niddbttoni, M lori, F Quatrtieri); Citta della
Salute e della Scienza, Department of Medical $eignUniversity of Turin (Matteo Anselmino,
Federico Ferraris, Fiorenzo Gaita); Ospedale didlire Fondazione Macchi, University of

Insubria, Varese (Roberto De Ponti, Raffaella Mairdzorenzo A Doni).



Table I. Clinical characteristics of study populaton

Study Population Recurences No recurences P
(92 pts) Group (17 pts) Group (75 pts)
Mean age (years) 58+11 (range 24-82) 58+13 58£10 0.83
Male sex 84% 65% 88% 0.0p
Left atium diameterl 40+5 (range33-55) 39+7 41+5 0.39
(mm)
Left ventricle ejectionl 58+8 (range 40-65) 60+2 589 0.34
fraction (%)
Body mass index > 30 5% 0% 6% 0.83
Previous stroke/TIA 4% 0% 5% 0.33
Heart disease 51% 47% 52% 0.71
Hypertensive 46% 41% 47% 0.68
Ischemic 7% 0% 8% 0.23
Valvular 4% 6% 4% 0.73
Dilated 4% 0% 5% 0.33
cardiomyopathy
Diabetes 7% 0% 8% 0.23
Table Il. Percentage of mean CF values in patientsith and without AF recurrence.
A B C
5g<CF10g 11g < CK 209 21g<CK30g
No AF recurrence (75 38.7 %(29) 54.7% (41) 6.6% (5)
pts)
AF recurrence (17 pts 6 % (1) 88% (15) 6% (1)

Pts= patients; CF= contact force; A vs B p=0.024sE_ p=1; A vs C p=0.31.



FIGURE LEG ENDS
Figure 1. Kaplan—Meiersurvival curve of patients free of AF during therh®nth follow-up (3-

month blanking period), according to the FTI quidi.



