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Introduction
Catheter ablation is a well-recognized treatment option for 

paroxysmal atrial fibrillation (PAF) 1, and complete electrical 
isolation of the pulmonary veins (PVI) from the left atrium (LA) 
is recommended for all atrial fibrillation (AF) ablation procedures 2. 
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Abstract
Background: A novel QDOT MICRO (Biosense Webster, Inc., Irvine, CA) catheter with optimized temperature control and microelectrodes 

was designed to incorporate real-time temperature sensing with contact force detection and microelectrodes to streamline ablation workflow. 
The QDOT-MICRO feasibility study evaluated the workflow, performance, and safety of temperature-controlled catheter ablation in patients 
with symptomatic paroxysmal atrial fibrillation with conventional ablation setting.

Methods: This was a non-randomized, single-arm, first-in-human study. The primary outcome was pulmonary vein isolation (PVI), confirmed 
by entrance block after adenosine and/or isoproterenol challenge. Safety outcomes included incidences of early-onset primary adverse 
events (AEs) and serious adverse device effects (SADEs). Device performance was evaluated via physician survey.

Results: All evaluated patients (n = 42) displayed 100% PVI. Two primary AEs (4.8%) were reported: 1 pericarditis and 1 vascular 
pseudoaneurysm. An additional SADE of localized infection was reported in 1 patient. No stroke, patient deaths, or other unanticipated AEs 
were reported. Average power delivered was 32.1±4.1 W, with a mean temperature of 40.8°C±1.6°C. Mean procedure (including 20-minute 
wait), fluoroscopy, and radiofrequency application times were 129.8, 6.7, and 34.0 minutes, respectively. On device performance, physicians 
reported overall satisfactory performance with the new catheter, with highest scores for satisfaction and usefulness of the temperature 
indicator.

Conclusions: Initial clinical experience with the novel catheter showed 100% acute PVI success and acceptable safety and device 
performance in temperature-controlled ablation mode. There were no deaths, stroke, or unanticipated AEs. Fluoroscopy and procedural 
times were short and similar or better than reported for prior generation catheters.
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Open-irrigated radiofrequency (RF) catheters are the most widely used 
for PAF ablation. More recently, RF catheters with real-time, contact 
force (CF)–sensing capability have become available, and studies have 
shown that these CF-sensing catheters improve procedural efficiencies 
and long-term success 3,4. A newer iteration of the CF-sensing catheter 
that includes a 56-hole porous tip (versus 6 larger holes), permitting 
PVI while delivering a reduced volume of fluid 5. However, it has 
been reported that uniform cooling from the porous tip resulted in 
attenuation of temperature change within the catheter tip, even with 
increasing power levels 6. Furthermore, the temperature feedback, 
detected by a single thermocouple in the middle of the tip, is very poor.

A novel catheter with optimized temperature control and 
microelectrodes [Figure 1A] was designed to potentially enhance 
the safety and effectiveness of the currently available, porous tip, CF-
sensing catheter by incorporating real-time temperature sensing with 
CF and microelectrodes to both adequately cool the catheter tip and 
retain optimal sensing of tissue temperature. The addition of a multi-
channel RF generator and novel algorithm allows for temperature-
controlled ablation by adjusting the irrigation rate and power based 
on temperature feedback ([Figure 1B - Figure 1E]). Microelectrodes 
were incorporated to enhance the quality of the near-field electrogram 
signals ([Figure 1A] and [Figure 1B]). Higher signal resolution gives 
the operator the ability to monitor signal attenuation during mapping 
and ablation while aiding in the identification of non-ablated tissue. The 
real-time temperatures recorded by the thermocouples are displayed 
graphically [Figure 1C]. A proprietary add-on software module was 
designed for the study to display and record electrocardiogram (ECG) 
results, temperature, location, and CF information.

The initial clinical experience with this catheter for PVI using a very 
high power, short duration (vHPSD) workflow (90 W, 4 seconds) has 
been described previously 7. The current QDOT-MICRO (Biosense 

Webster, Inc., Irvine, CA) workflow feasibility study was designed 
primarily to evaluate the workflow, acute success, device performance, 
and safety of the new catheter during standard electrophysiology 
mapping and PAF ablation 3 months post-procedure using a standard 
ablation power setting (1 W-45 W) in a temperature-controlled mode.

Methods
Study design

This was a prospective, non-randomized, multi-center, clinical 
investigation performed in 6 clinics in Europe to evaluate the workflow 
and acute performance of the QDOT MICRO catheter in PAF 
ablation with temperature-controlled mode in the standard power 
setting. This temperature-controlled mode, known as the QMODE 
algorithm, automatically adjusts the irrigation flow rate between low 
flow (4 mL/min) to high flow (15 mL/min) to reach and maintain the 
set maximum power without exceeding the set target temperature. 
The maximum allowed power at the LA roof, LA ridge, and locations 
anterior and inferior to the pulmonary veins (PVs) were directed 
not to exceed 45 W. For the LA posterior wall and areas close to the 
esophagus, ablation was directed to begin at ≤25 W. The utilization of 
an appropriate strategy (i.e., esophageal temperature probe, esophageal 
visualization, and/or esophageal displacement) to reduce esophageal 
injury was also required. Outcomes were assessed at baseline, at the 
time of the ablation procedure, at discharge, and at 7 days and 3 months 
post-procedure.

The study was conducted in accordance with the Declaration of 
Helsinki with E6 of the International Conference on Harmonisation 
Good Clinical Practices, ISO 14155-2011, and all applicable local 
and federal regulations. The study was also approved by the ethics 
committees in all participating countries. All study patients provided 
written informed consent.

Figure 1:

(A) The QDOT MICRO catheter with 3 distal microelectrodes and 
6 thermocouples; (B) visual display of the enhanced ECG signal 
attenuation obtained by Microelectrodes (Mic1, Mic2, and Mic3) in 
comparison to the traditional M1-M2 electrodes and the catheter’s 
associated location, as shown with CARTO3 integration; (C) real-
time visual display of the temperatures recorded by the catheter; 
(D) temperature-control QMODE module algorithm with RF power 
≤35 W; and (E) temperature-control QMODE module algorithm with 
RF power >35 W.

Table 1: Baseline Patient Characteristics

Characteristics Enrolled population (N = 43)*

Age, years, mean ± SD 60.3 ± 12.6

Sex, male, n (%) 27 (62.8%)

Patient history -

  AF duration, months, median (Q1, Q3) 24 (10.0, 59.0)

  Atrial flutter, n (%) 6 (14.0%)

  Systemic hypertension, n (%) 24 (55.8%)

  Diabetes, n (%) 2 (4.7%)

  Coronary disease, n (%) 7 (16.3%)

  Prior thromboembolic events/TIA, n (%) 4 (9.3%)/1 (2.3%)

  Hyperthyroidism, n (%) 2 (4.7%)

  CHA2DS2-VASc score, mean ± SD 1.8 ± 1.31

  Congestive heart failure, n (%) 1 (2.3%)

Failed anti-arrhythmic drug class, n (%) 38 (88.4%)

  LVEF (%), mean ± SD (min, max) 60.6 ± 5.38 (50.0, 73.0)

  LA dimension, mm, mean ± SD (min, max) 38.5 ± 6.43 (24.0, 50.0)

AF, atrial fibrillation; LA, left atrium; LVEF, left ventricular ejection fraction; Q, quartile; SD, standard 
deviation; TIA, transient ischemic attack.
*Enrolled population including 1 patient who did not receive any treatment and excluding 8 patients 
who were treated with a previous version of the study device.

ECG, electrocardiogram; RF, radiofrequency.



www.jafib.com Apr - May 2021 Volume 13 - Issue 6

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation3 Original Research

Patients
Eligible patients were required to be ≥18 years of age and candidates 

for catheter ablation of symptomatic PAF. Patients were excluded if 
they had AF secondary to electrolyte imbalance, thyroid disease, or 
reversible or non-cardiac cause; previous ablation for AF; persistent 
AF; left atrial thrombus; carotid stenting or endarterectomy; LA size 
>50 mm; left ventricular ejection fraction <40%; uncontrolled heart 
failure or New York Heart Association function class III and IV; 
unstable angina; history of blood clotting or bleeding abnormalities 
or contraindication to anticoagulation; a thromboembolic event in the 
past 12 months; percutaneous coronary intervention for myocardial 
infarction in the past 3 months; cardiac surgery in conjunction with 
valve surgery or any valvular cardiac surgical/percutaneous procedure in 
the past 6 months; or expected cardiac transplantation or other cardiac 
surgery in the next 6 months.

In phase 1 of the study, 8 patients were enrolled. A lower electrode 
temperature response than anticipated, which may potentially result in 
less effective ablation lesions in certain ablation locations, was identified. 
Consequently, enrollment in the study was temporarily suspended 
while the design of the catheter was modified and the generator 
software was updated. Additional preclinical work was performed prior 
to subsequent enrollment to ensure that the anticipated temperature 
response was recorded by the electrodes. The modified device was 
used to perform the ablation procedure for 43 patients in phase 2 of 
the study.

Ablation procedure
Treatment with uninterrupted systemic anticoagulation therapy 

was required for at least 3 weeks prior to study treatment. During the 
ablation procedure, heparin was administered to achieve an activated 
clotting time of ≥325 seconds. Ablation was performed with the 
novel catheter under the temperature-controlled mode. Irrigation was 
automatically increased to a high flow rate up to 2 seconds before the 
onset through 5 seconds after termination of RF energy delivery.

Recommended temperature ranges and RF power settings were as 
follows: RF power range, 15 W to 45 W; target temperature setting, 
47°C (range, 45°C-50°C) for ≤35 W or 42°C (range, 40°C-45°C) for 

Table 2: Procedural Characteristics

Variable, mean ± SD (Q1, Q3) Safety population (N = 42)

Total procedure time, minutes* 129.8 ± 27.2 (106.0, 153.0)

Total mapping time, minutes 9.5 ± 7.6 (3.0, 13.0)

Total ablation time, minutes† 67.2 ± 22.4 (47.0, 81.0)

Total RF application duration, minutes‡ 34.0 ± 10.8 (27.3, 36.5)

Total fluoroscopy time, minutes 6.7 ± 9.1 (2.4, 6.1)

Fluid delivered via study catheter(s), mL 572.5 ± 296.1 (400.0, 750.0)

Number of RF applications§ 62.5 ± 19.9 (49.0, 73.0)

Total RF duration per application, seconds§ 31.5 ± 14.3 (21.4, 40.0)

Maximum temperature, °C§ 51.4 ± 1.93 (50.4, 52.5)

Average power, W§ 32.1 ± 4.13 (29.6, 33.3)

Q, quartile; RF, radiofrequency; SD, standard deviation.
*Time from first puncture until the time the catheter was removed (includes 20-minute wait time).
†Time between the first and last RF applications.
‡Total RF application duration measured by the operator.
§Measured by the generator.

>35 W; default temperature cut off for the generator, 55°C; and default 
ablation time, up to 60 seconds. If the temperature increased rapidly, the 
RF application was stopped immediately. Esophageal monitoring was 
required to minimize the risk of esophageal injury and was conducted 
for 50 patients (temperature probe for 36, barium contrast for 9, and 
intracardiac echocardiography for 5).

A circumferential anatomical and endocardial signals approach 
was used to isolate all PVs. To minimize the risk of PV stenosis, RF 
applications were recommended to be ≥1 cm to 2 cm outside the PV 
ostia to isolate the left and right PVs. In the event of spontaneous 
or induced AF and/or atrial flutter, additional RF lesions outside of 
the PV ostia were placed at the discretion of the investigator. PVI via 
entrance block was assessed by Lasso or PentaRay catheters (Biosense 
Webster, Inc., Irvine, CA).

After a required 20-minute waiting period, adenosine or isoproterenol 
was used to confirm PVI and rule out dormant conduction. Oral 
anticoagulation therapy was strongly recommended for 2 months 
following ablation. Thereafter, patients were advised to receive 
anticoagulation therapy in accordance with the 2017 Heart Rhythm 
Society consensus statement8. The administration of antiarrhythmic 
drugs after ablation was based on the treating physician’s discretion.

Outcomes
The primary effectiveness outcome was acute success, defined as 

confirmed entrance block in all targeted PVs via adenosine and/or 
isoproterenol challenge.

The main secondary endpoint was safety assessment, as defined by 
the number of early-onset primary adverse events (PAEs) within 7 
days of catheter ablation. In this study, PAEs were defined as death, 
atrioesophageal fistula (including events >7 days post-procedure), 
cardiac tamponade/perforation, myocardial infarction, stroke/
cerebrovascular accident, thromboembolism, transient ischemic 
attack, diaphragmatic paralysis, pneumothorax, heart block, PV 
stenosis (including events >7 days post-procedure), pulmonary edema 
(respiratory insufficiency), vagal nerve injury, pericarditis, major vascular 

Figure 2: Mean ± SD responses (possible score, 1-5) to the 
physician’s device performance survey.

SD, standard deviation.
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Procedural characteristics
Across 42 treated patients, the mean ± SD total procedure time, 

defined as the time from first puncture until the time the catheter was 
removed and including 20-minute wait times, was 129.8 minutes ± 
27.2 minutes ([Figure 4]; [Table 2]). Average mapping, fluoroscopy, 
total ablation, and RF application times are summarized in Table 2.

On average, 62 RF applications were performed per procedure (from 
generator data), with an average 32-second RF duration per application 
Table 2. The number of applications to the left and right PVs was 
similar.

Average power delivered during the workflow, maximum temperature 
measured by the catheter, and fluid delivered via the catheter are 
summarized in [Table 2]. The most commonly selected CF working 
ranges were 3 g to 40 g (35.7% [15/42]) and 5 g to 30 g (35.7% [15/42]), 
and the average CF applied was 15.3 g ± 4.0 g.

Acute success
Of the 40 patients in the effectiveness population, 39 were evaluated 

via adenosine and/or isoproterenol challenge after entrance block 
confirmation; 1 patient did not have the adenosine challenge and was 
removed from the primary performance analysis. Entrance block in 
all targeted PVs was achieved in all 39 (100%) treated and evaluated 
patients per the endpoint definition. Entrance block was confirmed at 
the end of the procedure for all PV targets independently of adenosine 
and/or isoproterenol challenge (n = 40). At the 3-month follow-up visit, 
92.7% (38/41) of patients with an ECG were in sinus rhythm and did 
not report any arrhythmia recurrence.

Safety results
Adverse events (AEs) are summarized in Table 3. Of the 42 patients 

in the safety population, 2 (4.8%) experienced PAEs: 1 pericarditis and 
1 vascular pseudoaneurysm. Both events resolved without sequelae and 
were considered to be related to the procedure but not the device. There 
was an additional SADE of localized infection that was considered to 
be probably related to the procedure but not the device and resolved 
without sequelae. No SADEs were reported beyond 7 days after the 
investigational procedure. There were no strokes, device-related deaths, 
or unanticipated serious AEs.

Rate of touch-up RF application and repeat ablation
Eight patients required touch-up application after adenosine 

challenge, the majority (n = 6) of which were at the right PV. PV 
touch-up ablation sites included 1 site in the posterior left PV, 1 in the 
anterior right PV (RPV), 6 in the posterior RPV, and 1 in the ridge 

access, and complication/bleeding. Additional serious adverse device 
effects (SADEs) over up to 3 months follow-up were also recorded.

Procedural endpoints included a mandatory ECG assessment at each 
clinical follow-up visit; rate of touch-up RF application, defined as RF 
applications for re-isolation of targeted PVs post adenosine and/or 
isoproterenol; and procedural characteristics. Device performance was 
assessed by a physician survey with a ranking system scoring from 1 to 5 
(see table in [Figure 2]) on questions on maneuverability, visualization, 
workflow, temperature satisfaction, temperature indicator usefulness, 
and algorithm modality satisfaction.

Statistical Analysis
As this was a feasibility study, no hypothesis was tested, and all 

data are presented as descriptive statistics, including the number 
and percentage of patients who reached acute success. A total of 50 
evaluable patients were deemed sufficient to characterize the workflow 
and acute outcomes of the study.

The effectiveness population included all enrolled patients who met 
all eligibility criteria and underwent ablation with the study catheter. 
The safety population included all enrolled patients who had the 
investigational device inserted, regardless of whether RF energy was 
delivered.

Results
Demographics and baseline characteristics

Patients were enrolled between September 28, 2016 and April 26, 
2018. A total of 51 patients were originally enrolled; however, after 
8 patients were treated, the device was modified and those patients 
were excluded from analyses of efficacy and safety. Therefore, a total 
of 43 patients were enrolled in the study using the updated version of 
the device. The safety population included 42 patients who had the 
investigational device inserted (1 patient did not check in for their 
scheduled ablation procedure). Two patients who underwent ablation 
were later excluded from the effectiveness population (n = 40) based 
on failing eligibility criteria [Figure 3].

The majority of patients were male (62.8% [27/43]) and relatively 
young (mean ± standard deviation [SD] age = 60.3 ± 12.6 years; 
[Table 1]). The most common medical comorbidities were systemic 
hypertension (55.8%) and coronary disease (16.3%; [Table 2]).

Table 3: Summary of Safety

Event Classification Severity Causality Outcome 

Vascular 
pseudoaneurysm 

PAE/SADE Mild Definitely procedure 
related 

Resolved without 
sequelae 

Pericarditis PAE/SADE Moderate Definitely procedure 
related 

Resolved without 
sequelae 

Localized 
infection

SADE Moderate Probably procedure 
related

Resolved without 
sequelae

PAE, primary adverse event; SADE, serious adverse device effect. 

Figure 3: Patient disposition
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−31%). Of note, the fluoroscopy time achieved in the current study was 
minimal. The study protocol did not stipulate a specific workflow to 
target lowering the fluoroscopy time, and all operators had extensive 
prior experience in RF ablation. The quality of the endocavitary signals 
were improved by the microelectrodes [Figure 1], likely contributing 
to the efficiency of the procedure. Specifically, the microelectrodes, 
which selectively record local potentials, allow for a reduction in RF 
time by displaying the disappearance of the potential in real time, 
thus avoiding unnecessary RF delivery to far-field potentials. Taken 
together, the differences in procedural efficiencies between the current 
and prior studies are therefore likely attributable, at least in part, to the 
new catheter design and algorithm. For example, while the operators 
may have to vary CF and adjust power using existing catheters, the 
novel algorithm automatically titrates power and/or adjusts irrigation 
based on a predefined target temperature (47°C for ≤35 W or 42°C 
for >35 W), thereby simplifying the ablation workflow and leading to 
the gain in efficiencies.

Ultimately, the temperature-sensing capability reintroduces 
verification of the end goal of RF ablation - tissue heating - by 
measuring the temperature at the tip-tissue interface, a capability long 
held by conventional RF catheters that was lost with the introduction 
of irrigated tip catheters. In addition, the incorporation of the 6 
thermocouple temperature sensors to the electrode tip of this catheter 
was associated with lower flow rates than previous catheter designs 
and led to a reduction in total fluid volume delivered. This temperature 
indication may therefore help improve long-term effectiveness. As 
previously shown, catheter stability is important in optimizing the 
long-term success rate 12. The ability to consistently reach the target 
temperature and to maintain desired power levels at a safe temperature 
could be key to creating effective and durable lesions. The effectiveness 
is also increased by the ability of this catheter to create deep lesions 
when needed, such as on the anterior wall of the left and right PVs. 
New and emerging technologies, such as bipolar RF, high-power RF, 

RPV. No patients had a repeat ablation procedure during the 3-month 
follow-up period.

Physician surveys on device performance
Results of the physician survey indicated that the catheter performed 

adequately and met expectations in all aspects of device performance, 
including catheter maneuverability, visualization, interaction with 
other devices in the current ablation workflow, usefulness of/
satisfaction with the temperature indicator, and satisfaction with the 
novel algorithm [Figure 2]. The usefulness of and satisfaction with the 
temperature indicator each received the highest mean score of 4.5 out 
of 5. Specifically, operators provided feedback that the temperature 
indicator was useful in confirming heating (mean, 4.4/5) and providing 
confidence in catheter stability (mean, 4.5/5). The operators also 
indicated a satisfactory learning curve for the catheter in terms of 
maneuverability (mean, 4.4/5).

Discussion
The results of our study demonstrate that the new catheter with 

automatic irrigation modulation allows for temperature-controlled 
ablation in the standard power setting and achieved acute success in all 
treated patients. The low rates of PAEs (4.8%) suggested an acceptable 
initial safety profile, with similar or better procedural efficiency than 
reported in previous studies [Figure 4] 3,5,9.

The complication rate reported in this initial study is consistent 
with rates from standard power-controlled ablation 8. In addition, all 
complications (vascular access complication, pericarditis, infection) 
reported were related to the procedure and unrelated to the device. The 
previous porous tip catheter was designed to provide more uniform 
cooling of the electrode tip for more efficient RF delivery and reduced 
fluid delivery 10. However, it has been suggested that the catheter tip 
maintains a constant temperature throughout the RF application and 
lacks the usual temperature feedback commonly used to monitor safe 
and efficient RF delivery 11. The novel catheter investigated in this study 
incorporates a number of surface thermocouples (6) with proximity to 
the cardiac tissues, which enables enhanced and localized temperature 
measurement. This feature allows a marked reduction in the risk of char 
formation; indeed, even when the tip pushes on the tissue, closing some 
of the irrigation holes, very accurate temperature feedback protects 
against blood and tissue overheating. In addition, the ability of the novel 
proprietary algorithm, which allows for modulation of the irrigation 
and power to maintain target temperatures, may have contributed to the 
observed low PAE rate in the temperature-controlled ablation mode. 
Other than the 3 reported PAEs/SADEs, there were no reports of 
serious AEs of stroke, thromboembolism, or other unanticipated AEs.

In addition to safety, the combination of improved temperature 
sensitivity and availability of the temperature graphic indicator may 
reduce the number of RF applications, as well as ablation and procedure 
times. The physicians’ survey suggested that the temperature indicator 
[Figure 1B] provides useful feedback in confirming heating and 
catheter stability, potentially facilitating workflow efficiencies. In fact, 
procedure, fluoroscopy, ablation, and RF times reported in this study 
were short, generally shorter than in a previous study (SMART SF) 
using the previous porous tip catheter 5 ([Figure 4]; procedure time, 
−28%; fluoroscopy time, −64%; ablation time, −36%; RF ablation time, 

Figure 4:
(A) Mean procedure,* fluoroscopy, ablation,† and RF application 
duration times; and (B) fluid delivery via the study catheter in the 
QDOT-MICRO and SMART SF studies.5

PV, pulmonary vein; RF, radiofrequency.
*Including a 20-minute wait time in QDOT-MICRO.
†Including a 30-minute wait time for PV entrance block confirmation in SMART SF.
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study using this catheter for vHPSD (90 W, 4 seconds) ablation showed 
a similarly low fluoroscopy time of 6.6 minutes and an even lower 
procedure time of 105.2 minutes ± 24.7 minutes in PVI procedures7. 
However, unlike the QDOT-FAST study 7, the current study used 
standard power ablation settings, with a mean power of 32.1 W± 4.1W 
and mean RF duration of 31.5 seconds ± 14.3 seconds. In addition, the 
target temperature for the current study was lower compared to the 
QDOT-FAST study (40°C-50°C versus 60°C).

The PAE rate associated with the vHPSD ablation mode (3.8%) 
was similar to that with the standard power ablation mode in the 
current study. The ability to choose between vHPSD ablation for PVI 
or standard temperature-controlled ablation for PVI or extra PVI 
ablation, as needed, is an added clinical benefit of the new catheter/
algorithm that allows for versatility in adapting to different ablation 
workflows. Other temperature-sensing irrigated catheters that are 
currently under clinical investigation only allow a maximum power of 
up to 50 W but have shown similar short, average RF application times 
of 26.3 minutes ± 5.2 minutes 13.

There are several limitations to this study. The single-arm, non-
randomized design precluded direct comparisons to other devices. 
Additionally, the study results and conclusion are based on descriptive 
analyses for a relatively small sample size of patients, and follow-up was 
performed only up to 3 months. Larger studies with a formal hypothesis 
and statistical power calculations are needed to confirm the safety and 
long-term effectiveness of the new catheter.

Conclusions
The novel catheter with a microelectrode system and enhanced 

temperature sensing reintroduced temperature-controlled ablation to 
a porous-tip irrigated catheter, with an acceptable safety profile. Initial 
clinical experience showed high acute success, with efficient workflow 
and low fluoroscopy exposure time.

Acknowledgments
The authors wish to express their appreciation to all of the QDOT-

MICRO trial investigators. The QDOT-MICRO study (ClinicalTrials.
gov Identifier: NCT02944968) was sponsored by Biosense Webster, 
Inc. The authors wish to thank the following individuals for their 
efforts in execution of the trial, statistical analysis, medical writing, 
and providing valuable input/contribution to the development of the 
manuscript: Carmen Rousseeuw, Lee Ming Boo, Shelley Wells, Bharat 
Kumar Janapala, and Baohui Zhang. Medical writing support was 
provided by Megan Knagge, of MedErgy, and was funded by Biosense 
Webster, Inc. The authors retained full control of the manuscript 
content development, including revisions, as well as the decision to 
submit the manuscript. The authors had full access to sponsor-provided 
data that were collected during execution of the study protocol.



www.jafib.com Apr - May 2021 Volume 13 - Issue 6

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation7 Original Research
Curtis Anne B, Davies D Wyn, Day John D, d’Avila André, de Groot N M S Natasja, 
Di Biase Luigi, Duytschaever Mattias, Edgerton James R, Ellenbogen Kenneth 
A, Ellinor Patrick T, Ernst Sabine, Fenelon Guilherme, Gerstenfeld Edward P, 
Haines David E, Haissaguerre Michel, Helm Robert H, Hylek Elaine, Jackman 
Warren M, Jalife Jose, Kalman Jonathan M, Kautzner Josef, Kottkamp Hans, Kuck 
Karl Heinz, Kumagai Koichiro, Lee Richard, Lewalter Thorsten, Lindsay Bruce 
D, Macle Laurent, Mansour Moussa, Marchlinski Francis E, Michaud Gregory F, 
Nakagawa Hiroshi, Natale Andrea, Nattel Stanley, Okumura Ken, Packer Douglas, 
Pokushalov Evgeny, Reynolds Matthew R, Sanders Prashanthan, Scanavacca 
Mauricio, Schilling Richard, Tondo Claudio, Tsao Hsuan-Ming, Verma Atul, Wilber 
David J, Yamane Teiichi. 2017 HRS/EHRA/ECAS/APHRS/SOLAECE expert 
consensus statement on catheter and surgical ablation of atrial fibrillation: executive 
summary. J Interv Card Electrophysiol. 2017;50:1-55. 

9.	 Wilber David J, Pappone Carlo, Neuzil Petr, De Paola Angelo, Marchlinski Frank, 
Natale Andrea, Macle Laurent, Daoud Emile G, Calkins Hugh, Hall Burr, Reddy 
Vivek, Augello Giuseppe, Reynolds Matthew R, Vinekar Chandan, Liu Christine Y, 
Berry Scott M, Berry Donald A, Thermo Cool AF Trial Investigators Comparison 
of antiarrhythmic drug therapy and radiofrequency catheter ablation in patients 
with paroxysmal atrial fibrillation: a randomized controlled trial. JAMA. 2010;303 
(4):333–40. 

10.	 Oza Saumil R, Hunter Tina D, Biviano Angelo B, Dandamudi Gopi, Herweg Bengt, 
Patel Anshul M, Pollak Scott J, Wang Huijian, Fishel Robert S. Acute safety of an 
open-irrigated ablation catheter with 56-hole porous tip for radiofrequency ablation 
of paroxysmal atrial fibrillation: analysis from 2 observational registry studies. J 
Cardiovasc Electrophysiol. 2014;25 (8):852–858. 

11.	 Theis Cathrin, Rostock Thomas, Mollnau Hanke, Sonnenschein Sebastian, 
Himmrich Ewald, Kämpfner Denise, Ocete Blanca Quesada, Bock Karsten, Münzel 
Thomas, Konrad Torsten. The incidence of audible steam pops is increased and 
unpredictable with the ThermoCool® surround flow catheter during left atrial 
catheter ablation: a prospective observational study. J Cardiovasc Electrophysiol. 
2015;26 (9):956–962. 

12.	 Reddy Vivek Y, Pollak Scott, Lindsay Bruce D, Mc Elderry H Thomas, Natale 
Andrea, Kantipudi Charan, Mansour Moussa, Melby Daniel P, Lakkireddy 
Dhanunjaya, Levy Tzachi, Izraeli David, Sangli Chithra, Wilber David. Relationship 
between catheter stability and 12-month success after pulmonary vein isolation: a 
subanalysis of the SMART-AF trial. JACC Clin Electrophysiol. 2016;2 (6):691–699. 

13.	 Iwasawa Jin, Koruth Jacob S, Petru Jan, Dujka Libor, Kralovec Stepan, Mzourkova 
Katerina, Dukkipati Srinivas R, Neuzil Petr, Reddy Vivek Y. Temperature-
controlled radiofrequency ablation for pulmonary vein isolation in patients with 
atrial fibrillation. J Am Coll Cardiol. 2017;70 (5):542–553. 


