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Abstract

Purpose Contact with cardiac tissue is an important determi-
nant of lesion efficacy during atrial fibrillation (AF) ablation.
The Sensei X™ robotic navigation system (RNS) (Hansen
Medical, Mountain View, CA, USA) has been validated for
contact force (CF) sensing expressed in grams (g). The
Thermocool® SmartTouch™ catheter enables the measure-
ment of catheter tip CF and direction inside the heart. We

P4 Sergio Conti
sergioconti.md@gmail.com

Cardiac Arrhythmia Research Center, Centro Cardiologico Monzino
IRCCS, Via Carlo Parea 4, 20138 Milan, Italy

Catholic University of Sacred Heart, Rome, Italy
Casa di Cura Montevergine, Mercogliano, Italy

Texas Cardiac Arrhythmia Institute at St David’s Medical Centre,
Austin, TX, USA

Albert Einstein College of Medicine at Montefiore Hospital, New
York, NY, USA

Cardiology Department, University of Foggia, Foggia, Italy

Department of Biomedical Engineering, University of Texas,
Austin, TX, USA

Division of Cardiology, Stanford University, Stanford, CA, USA
Case Western Reserve University, Cleveland, OH, USA

EP Services, California Pacific Medical Center, San Francisco, CA,
USA

Interventional Electrophysiology, Scripps Clinic, San Diego, CA,
USA

aimed to investigate the catheter CF with and without RNS
during pulmonary vein isolation (PVI) procedures.

Methods Eighty patients with symptomatic AF (56 males, age
63+ 18) were enrolled in this study. Fifty-seven patients had
paroxysmal AF and 23 early persistent AF. All procedures
were performed with the Thermocool® SmartTouch™ abla-
tion catheter. Forty patients were randomized to perform PVI
with the Sensei X™ RNS (group 1), while in the other 40
patients (group 2), PVI was performed without the RNS.
Results AF ablation was performed successfully in all patients
without complications, while contact force was kept in the
established 1040 g range. A significantly higher CF was
documented on the PVs in group 1 compared to group 2.
The 1-year freedom from AF recurrence was higher in group
1 compared to group 2 (90 vs. 65 %, p=0.04). Moreover, a
significant reduction of fluoroscopy time was noted in the
RNS group (13+10 vs. 20+ 10 min, respectively, p=0.05).
Conclusions The Sensei X™ RNS permits a significantly
higher CF during transcatheter AF ablation with a low rate
of AF recurrence at clinical follow-up.

Keywords Atrial fibrillation - Catheter ablation - Pulmonary
vein isolation - Contact force - Robotic navigation system

1 Introduction

Atrial fibrillation (AF) is the most common sustained cardiac
arrhythmia, occurring in 1-2 % of the general population.
Current international guidelines recommend catheter ablation
of symptomatic AF refractory or intolerant to antiarrhythmic
drugs [1, 2]. The pathogenesis of AF is complex, and several
studies reported that pulmonary vein (PV) potentials play a
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critical role in both initiation and perpetuation of this arrhyth-
mia; thus, pulmonary vein isolation (PVI) became the corner-
stone of AF ablation [1, 2]. Transmural lesion is the hallmark
of an effective and long-lasting radiofrequency (RF) lesion.
Multiple studies demonstrated that one of the most important
determinants in the creation of transmural lesion is the con-
stant contact between the tip of the ablation catheter and the
tissue [3—5]. A combination of qualitative measures, such as
tactile feedback, fluoroscopic visualization, and electrogram
amplitude assessment, are usually evaluated to estimate the
quality of catheter tip-tissue contact. Insufficient contact could
lead to ineffective lesions, and excess contact may increase the
risk of complications such as perforation. To provide to oper-
ators with this information, new technologies have been de-
veloped to measure the contact force (CF) between the cathe-
ter tip and the target myocardium via a unique sensor located
at the distal tip of an irrigated RF catheter (ThermoCool®
SmartTouch™, Biosense Webster, Diamond Bar, CA, USA)
[6, 7]. Furthermore, the Sensei X™ robotic navigation system
(RNS) (Hansen Medical, Mountain View, CA, USA) has de-
veloped a contact sensor system called Intellisense ™. Using
force sensors and catheter ablation resistance measurement of
the moving catheter, this system calculates the amount of per-
pendicular force in grams that the catheter is placing on the
endocardium and displays it on the screen. Intellisense’ ™ has
been validated for CF sensing expressed in grams; in particu-
lar, it has been shown that the optimal CF range, in terms of
efficacy and safety, is between 10 and 40 g and a power setting
of 40 W [8-15].

The aim of this study was to investigate the effect of RNS
on CF using information provided by ThermoCool
SmartTouch ablation catheter and to assess if CF values are
increased when compared to manual approach. We sought
also to determine if increased CF values could affect clinical
follow-up.

2 Methods
2.1 Patient population

We prospectively enrolled 80 patients (mean age 61 + 10 years;
56 male) from January 2013 to September 2013 for PVI pro-
cedures. All patients had symptomatic and drug-resistant AF
according to the latest European Society of Cardiology guide-
lines [1]. Clinical data were accurately collected for each pa-
tient, such as cardiovascular risk factors, pharmacological
therapy, clinical presentation, and left atrial size. After
obtaining informed consent, the patients were randomized to
perform PVI procedure using the ThermoCool SmartTouch
ablation catheter with the RNS (group 1) or conventional man-
ual ablation (group 2). A data manager, who was not involved
in the analysis of the data and enrolment of the patients,
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generated the randomization sequence using a centralized
web-based program. The sequence was integrated into a data-
base created before the enrolment of the first patient. All PVI
procedures were performed with the CARTO 3
electroanatomical mapping system (Biosense Webster,
Diamond Bar, CA, USA). In the two study groups, we col-
lected procedural details and CF data for all ablation sites
targeted to achieve PVIL.

The study was approved by the institutional review board.

2.2 ThermoCool SmartTouch and contact force
technology

The SmartTouch catheter used in this study has the distal tip
characterized by the presence of a tiny spring that connects the
3.5-mm irrigated tip dome to the proximal ring electrode.
Before the mapping phase of the procedure, a calibration pro-
cess was performed with the catheter in a “non-contact” posi-
tion to set the baseline value. The force applied to the tissue
results in the spring compression and/or stretching, and its
magnitude and direction are monitored every 50 ms by the
tracking of a magnetic signal between a transmitter located
in the tip and three receiving sensors at the base of the spring.
The real-time force is measured in grams and can be displayed
as a chronological curve in the independent “real-time graph”
window on the CARTO 3 screen. The direction of the force
can be displayed as a color-coded arrow vector on the tip of
catheter image on the main view of the CARTO 3 system.

2.3 Robotic navigation system

The RNS consists of a physician workstation located in the
control room where there is a keyboard and a 3D joystick
(InstinctiveMotion Controller; Hansen Medical) that allows
the physician to control the robotic catheter manipulation
arm attached to the EP lab table. The remote catheter manip-
ulator controls two steerable sheaths (Artisan Extend Catheter,
Hansen Medical), an outer (14F catheter) and inner one (10.5F
catheter), through which any conventional ablation catheter
can be inserted. The physician can navigate the catheter tip
remotely, either in fluoroscopy, intracardiac echocardiogra-
phy, or integrated with the 3D electroanatomic mapping sys-
tems. RNS provides through Intellisense (Hansen Medical) a
continuous visual feedback on tissue-catheter contact consid-
ering an upper acceptable limit set of 40 g/cm?.

2.4 Pulmonary vein isolation

All PVI procedures were performed by experienced oper-
ators (>50 AF ablation/year, BHRS) [16] at Cardiac
Arrhythmia Research Centre at Centro Cardiologico
Monzino, Milan, Italy. All patients underwent pre-
procedural transesophageal echocardiography to exclude
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left atrial thrombosis and a pre-procedure computed to-
mography with segmentation of the left atrium.

PVIs were carried out in conscious sedation using propofol
infusion. An esophageal temperature probe was used in all
patients (Esotherm Plus, FIAB) to monitor intracsophageal
temperature increase. The probe was adjusted during the pro-
cedure to stay as close as possible to the ablation catheter. RF
was interrupted when the endoluminal esophageal tempera-
ture increased above 39 °C, considered as cutoff limit. A
decapolar catheter was placed into the coronary sinus. In all
patients, intracardiac echocardiography probe was inserted in
the left femoral vein through an 11F sheath in order to guide
transseptal catheterization, assist placement of mapping and
ablation catheters, and identify procedural complications
(AcuNav Catheter, Siemens Acuson, Mountain View, CA,
USA). Transseptal access to the left atrium (LA) was achieved
using a standard 8.5F transseptal sheath (SLO 8.5F inner di-
ameter, St. Jude Medical, St. Paul, MN, USA) and needle
system (BRK, St. Jude Medical, St. Paul, MN, USA).
Before transseptal puncture, heparin was administered intra-
venously as bolus (10,000 U) followed by a continuous infu-
sion (1000 U/h) reaching ACT level >350 s. The transseptal
sheath was continuously irrigated with heparinized saline
(2 ml/h).

In the group 1, the ThermoCool SmartTouch catheter was
introduced into the LA using the RNS. The Artisan sheath was
inserted into a 14F sheath and manually advanced into the
right atrium under fluoroscopic guidance and then attached
to the robotic navigation arm. After manual transseptal punc-
ture, the transseptal sheath was withdrawn back into the right
atrium leaving a guide wire in the LA to mark the puncture
site. The RNS was advanced across the interatrial septum
following the guide wire. ICE imaging was useful to confirm
the RNS position in the LA.

In the group 2, the catheter was manually introduced into
the LA through a non-deflectable sheath (8.5F, SLO) posi-
tioned and kept in LA. In both groups, a circular multipolar
diagnostic catheter (Lasso, Biosense Webster, Diamond Bar,
CA, USA) was introduced through a second transseptal sheath
into the LA and used to create the LA anatomy.

We performed circumferential PVI with RF application by
dragging the catheter around the PVs and delivering energy at
each point for 20-30 s until the PV potentials disappear. In
both groups, RF settings was up to 25 W and 43 °C at the
posterior wall of the LA and up to 35 W in other locations with
the irrigation flow rate of 30 ml/min. Power was not adjusted
according to CF values. In patients with early persistent AF,
the ablation strategy was PVI and no additional linear abla-
tions were created.

After ablation, effective PVI was confirmed by mapping
with Lasso catheter, and the high-output PV pacing (12 V at
2.9 ms) was performed to confirm isolation. “Far field” cap-
ture and sensing were ruled out using differential pacing

maneuvers. In all patients, early PV reconnection was tested
during isoproterenol or adenosine infusion 30 min after PVI
for each PV using the Lasso catheter. Procedures were per-
formed either with continued oral anticoagulation using war-
farin and therapeutic INR (2.0 to 2.5) or using low-molecular
weight heparin bridging.

In the two study groups, CF data for all ablation sites
targeted to achieve PVI were recorded and analyzed. In par-
ticular, each ipsilateral pair of PVs antra was divided into
seven segments using CARTO 3 software (superior, antero-
superior, postero-superior, carina, antero-inferior, postero-in-
ferior, and inferior). Fluoroscopy time and procedural time,
meant as skin-to-skin time, were collected.

2.5 Follow-up

After blanking period, patients were followed up in the out-
patient clinic every 3 months. At each visit, a standard 12-lead
ECG was obtained in all patients. Clinical events occurring
during the follow-up and documentation of the events were
carefully checked. All patients were followed up with 48-h
Holter monitoring at 6 and 12 months after the PVI procedure.
According to the latest HRS/EHRA/ECAS guidelines of atrial
fibrillation ablation, arrhythmia recurrences were defined as
episodes of AF/AFL/AT lasting >30 s documented by an ECG
or Holter recording [2]. Since in the study population there
were patients referred from different hospitals, they were
followed up by the referring physician.

2.6 Endpoints

The primary endpoint of the study was the CF analysis during
AF ablation. The secondary endpoints were comparisons of
CF and the 1-year success rate, defined as freedom from AF,
atrial flutter, and atrial tachycardia off antiarrhythmic drug
therapy.

2.7 Statistical analysis

According to the literature, the CF during manual AF
ablation is about 20 g [17, 18]. In our clinical experience,
we noticed an increase on CF values using the RNS; for
instance, we hypothesized an average of 30 g.
Considering a standard deviation of 9 [17, 18], the sample
size required to provide 0.90 statistical power and 0.01
significance level is at least 25 patients for each group.
The number of enrolled patients of the present study en-
sures the maintenance of statistical power also in case of
dropouts. All variables showing a distribution not signif-
icantly different from normal according to Kolmogorov—
Smirnov were compared using the unpaired ¢ test, whereas
proportions were compared using the Fisher exact test.
Variables showing a distribution significantly different
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from normal were compared using the Mann—Whitney U
test. Data are reported as mean=+standard deviation or as
median (range) or proportions. A two-tailed p value <0.05
was considered as statistically significant. SPSS 20.0 sta-
tistical software (SPSS Italia, Inc., Florence, Italy) was
used for statistical analysis.

3 Results

After randomization, 40 patients were included in group
1 and 40 patients in group 2. Baseline clinical charac-
teristics of patients are reported in Table 1. There were
no significant differences between the two study groups
regarding age, gender, cardiovascular risk factors, med-
ical therapy, and form of AF. No patients had evidence
of left atrial thrombosis during transesophageal
echocardiography.

PVI with bidirectional block was achieved in all patients.
The CF values in all PV segments were significantly higher in

the RNS group; median CF values on each PV segments are
reported in Fig. 1.

Acute PV reconnection was similar between the two study
groups. Although a statistically significant difference was not
observed, a trend has been observed in two specific PV seg-
ments: the ridge between left atrial appendage and left supe-
rior pulmonary vein (5 %, n=2, in the robotic group vs.
17.5 %, n="7 in the manual group, p=0.07) and in the carina
between the right PVs (2.5 %, n=1, in the robotic group vs.
10 %, n=5, in the manual group, p=0.09).

A significant reduction in the fluoroscopy time was
found in group 1 compared to group 2 (13+10 vs. 20
+10 min, respectively, p=0.05). Furthermore, in group
1, we found a significant increase in the procedure time
compared to group 2 (184435 vs. 155+52 min, respec-
tively, p=0.03). RNS setup and manipulation before the
first RF delivery (i.e., setting of Artisan, hooking Artisan
to the robotic arm, remote crossing of the interatrial sep-
tum) had significantly impacted the procedural time. RF
time was similar in the two groups (1954+654 vs. 1857

Table 1 Baseline patient
characteristics

Group 1 (n=40) Group 2 (n=40) P
Male sex, n (%) 32 (80) 24 (60) 0.12
Mean age (years) 61£10 62+9 0.51
Paroxysmal atrial fibrillation, n (%) 29 (72.5) 28 (70) 0.63
Persistent atrial fibrillation, n (%) 11 (27.5) 12 (30) 0.54
Left atrial diameter (mm) 43+8 41+7 0.33
Diabetes mellitus, n (%) 1(2.5) 2(5) 0.53
Hypertension, n (%) 17 (42.5) 15 (37.5) 0.77
Hypercholesterolemia, n (%) 8 (20) 10 (25) 0.60
Hypertriglyceridemia, n (%) - - -
Active smoking, n (%) 12 (30) 12 (30) 0.56
Body mass index (kg/m?) 26+2 26+3 0.59
Coronary artery disease, n (%) - - -
Previous ischemic stroke, 7 (%) - 1(2.5) 0.53
Chronic renal failure, 7 (%) 6 (15) 8 (20) 0.33
Left ventricular ejection fraction (mean + SD) 62+6 61+7 0.72
CHA,DS,-VASc 15+1.3 1.6+1.1 0.86
Medical therapy, n (%)
Angiotensin converting enzyme inhibitors, n (%) 15 (37.5) 13 (32.5) 0.56
Beta blockers, n (%) 11 (27.5) 13 (32.5) 0.76
Antiplatelet, n (%) - - -
Calcium blockers, n (%) - - -
Statins, n (%) 6 (15) 8(20) 0.70
Flecainide, n (%) 26 (65) 25(62.5) 0.56
Propafenon, n (%) 5(12.5) 4 (10) 0.60
Amiodaron, n (%) 7(17.5) 6 (15) 0.57
Sotalol, n (%) 9(22.5) 10 (25) 0.61
Warfarin, 7 (%) 40 (100) 40 (100) 1
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Fig. 1 Comparison of median values (range) of contact force (g) on the
pulmonary vein segments between group 1 (robotic) and group 2
(manual) during pulmonary vein isolation

+912 s, p=ns). Cumulative time, from first to last abla-
tion, although not statistically significant, was longer in
the manual group (55+21 vs. 65+19 min, p= ns).

No patients had serious adverse events defined as
phrenic nerve injury, pericardial effusion or tamponade,
symptomatic cerebral ischemia, or esophageal injury.
The Kaplan—Meier survival analysis confirmed a signifi-
cant difference in freedom from AF between patients who
underwent AF ablation using the RNS compared to man-
ual procedures (Fig. 2). At 1-year follow-up, AF recur-
rence was documented in 4 patients (10 %) of group 1
and in 13 patients (32.5 %) of group 2 (p=0.04). No
further clinical adverse events were documented in other
patients during clinical follow-up.

4 Discussion

The main finding of this randomized study is that the use of
RNS associated with the ThermoCool SmartTouch ablation

catheter increases CF values compared to manual approach.
RNS allowed a significant reduction in the fluoroscopy time.
Finally, patients who underwent AF ablation with the RNS
showed lower AF recurrence rate at 1-year clinical follow-up.

AF is the most prevalent cardiac arrhythmia affecting 1 to
2 % of the general population. AF is known to increase the
mortality risk 1.5- to 2-fold and the risk for stroke 5-fold.
Current international guidelines recommend catheter ablation
in patients with symptomatic AF after failure of antiarrhyth-
mic drugs [1, 2]. Expert consensus acknowledges the impor-
tance of PV targets in the strategy of AF ablation and recom-
mends that when PVs are targeted, complete electrical isola-
tion should be achieved [1, 2]. PV isolation is reported to
achieve durable sinus rhythm without the need for antiarrhyth-
mic drugs in 59 to 93 % of patients with paroxysmal AF and in
20 to 61 % of patients with persistent AF [1, 2]. Arrthythmia
recurrences after PV isolation are mostly due to resumption of
conduction at the PV-left atrium junction [3—5]. Theoretically,
the single procedure efficacy of AF ablation would be im-
proved by creating effective transmural ablation lesions that
result in more durable PVI. In addition to power and time,
which are the conventional parameters adjusted during RF
ablation, CF is equally important and only recently have been
developed ablation catheters that have the capability to mea-
sure CF. Several studies reported that higher CF values (be-
tween 10 and 20 g) are associated with an increased ablative
lesion size [6, 7, 19, 20]. Haldar et al. [6] reported a signifi-
cantly lower acute PV reconnection rate (4 %) when CF infor-
mation was used in real-time during PVI compared to a con-
trol group (21 %), which was blinded to the CF information.
This suggests that the difference may be due to improved
initial lesion formation resulting in permanent myocyte injury,
particularly in regions prone to reconnection. Nakagawa et al.
tested the ability of atrial potential amplitude and impedance
to predict CF between three blinded operators. They found not
only that these parameters are poor predictors of CF but also a
wide range of CF values (1-144 g) with low median CF
(8.2 g) for all operators. High CF values were transiently
found, mostly during inspiration, at the rightward roof of the
left atrium [21].

Regarding RNS in catheter ablation of AF, in 2012, Bai and
colleagues published the worldwide experience [9]. In this
study, the authors reported data of 1728 procedures performed
at 12 centers with an overall complication rate of 4.7 % and a
success rate of 67.1 % after 18 months of follow-up, suggest-
ing that the RNS was effective and safe to increase catheter-
tissue CF during PVI and to reduce AF recurrence rate [8—14].
In terms of fluoroscopy time, Steven et al. showed that the
combination of RNS and 3D mapping significantly reduced
the overall fluoroscopy time and also the operator’s fluoros-
copy exposure. However, this study did not focus on the fea-
sibility of performing PVI using the RNS, neither did it aim
for long-term follow-up data [22].
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Fig. 2 The Kaplan—Meier 100
survival analysis shows a
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In a recent large randomized trial, no significant differences
were noted in 1-year single-procedure success rate of AF ab-
lation as well as the procedural time between the manual and
the robotic approach [23]. In both arms, a traditional irrigated
ablation catheter without CF was used. However, the authors
found a significant advantage in the fluoroscopy time and in
terms of stability of the catheter evaluated in a semi-
quantitative manner. This study also suggested a significant
reduction in the subjectively assessed operator fatigue. This
aligns with a recent publication showing that operators who
ablated with real-time CF data available had lower acute PV
reconnection rates than operators blinded to the CF
information.

This is the first randomized study showing that position
stability of the ablation catheter with RNS allows operators
to reach higher values of CF compared to manual approach.
Moreover, RNS with real-time CF data given by ThermoCool
SmartTouch ablation catheter helps operators to stay within
their selected CF range during most of the RF application.
These data strongly support the notion that real-time CF sens-
ing is important in affecting long-term ablation outcomes. In
fact, the 1-year freedom from AF recurrence appears to be
higher than shown in previous studies with similar patient
populations and study protocols using the traditional irrigated
ablation catheter without CF monitoring [23]. Recently, Ullah
et al. reported a significant increase of 1-year success rate in
patients undergoing persistent AF ablation with RNS and
catheter with CF technology compared to manual ablation
(64 vs. 36 %, p 0.01) [24]. It is conceivable that real-time
visualization of CF during RF applications reduces PV recon-
nection by creating durable lesions, leading to fewer repeat
procedures and improved success rates, without compromis-
ing the safety profile or prolonging the procedure time.
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An additional finding of this study is the increase in proce-
dure time associated with using the RNS. The increased pro-
cedure time is due to RNS setup and manipulation before the
first RF delivery. Indeed, RF time is similar in the two groups.
Cumulative time, from first to last ablation, although not sta-
tistically significant, is longer in the manual group. This could
be explained because the operators tried to achieve the best
possible CF value in the manual group avoiding RF delivery
in case of unsatisfactory CF (<7 g). Despite longer procedural
time, RNS is not associated to an increased complication rate.
Moreover, the reduction in fluoroscopy time found in our
population using the RNS plays an important role in reducing
the risk of malignancy due to radiation exposure [25, 26].

4.1 Limitations

This study has several limitations. Firstly, due to the design of
the study, the operators are not blinded to the ablation tech-
nique and this could have impact the study findings. In this
study, the operators did not use deflectable sheaths for manual
navigation, which may have affected the CF in the manual
group. We also recognize that follow-up performed with
ECG and Holter monitoring could underestimate asymptom-
atic arrhythmia episodes. Finally, we did not perform a cost-
effective analysis of RNS for AF procedures, but the use of
RNS can be justified by the significant reduction in fluoros-
copy time and the lower AF recurrence rate.

5 Conclusions

The use of ThermoCool SmartTouch ablation catheter with
the RNS is associated with increased contact between the
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ablation catheter and myocardial tissue and to a lower AF
recurrence rate at medium clinical follow-up. Further studies
with longer follow-up are needed to assess the long-term
efficacy.
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