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Introduction
Pulmonary vein antral isolation (PVAI) is an effective strategy for 

catheter ablation of paroxysmal AF (PAF). 1–5 The cornerstone to 
short- and long-term PVAI is the creation of durable, transmural 
lesions. 5–8 Some key factors that influence the creation of effective RF 
lesions include catheter stability, which can be affected by cardiac and 
respiratory motion, contact force (CF), power, RF duration, thickness 
of cardiac tissue, lesion contiguity, and proximity of the esophagus to 
the posterior LA. 9 Catheter stability can be significantly affected by 
irregular and slower respiratory and cardiac cycles. 8–10 Strategies to 
improve catheter stability include decreasing cardiac and respiratory 
variation with high-frequency jet ventilation (HFJV) and rapid pacing.  
HFJV reduces lung movement to a near static condition, 10 while rapid 
atrial or ventricular pacing regularizes and minimizes cardiac motion.  
Procedural outcomes of high-power, short duration (HPSD) RF 

ablation in combination with HFJV and rapid pacing have not been 
reported.  We compared the outcomes of stability-optimized, HPSD to 
those of conventional-power, conventional-duration (CPCD) without 
stability intervention for RFA of NPAF.

Methods
Procedural outcomes of 222 patients with NPAF undergoing 

first-time RFA using a contact-force sensing (CFS) RFA catheter 
(SmartTouch; Biosense Webster Inc., Diamond Bar, CA, USA) at 
NYU Langone Medical center were analyzed.  Group 1 consisted 
of 111 consecutive patients who underwent RFA between October 
2015 and August 2016 with RF power set to 30-35W, conventional 
mechanical ventilation, and native rhythm.  Group 2 consisted of 111 
consecutive patients who underwent RFA between March 2018 and 
August 2018 using HPSD, HFJV (Monsoon 2 Universal Jet Ventilator; 
Acutronic Medical Systems, Hirzel, Switzerland), and rapid atrial or 
ventricular pacing.  Arrhythmia recurrence was assessed using 2-week 
event monitors at 3-month intervals following index ablation as well 
as any repeat ablation.

Index and repeat ablations were performed by the same five high-
volume (>150 AF ablations per year) operators in each cohort.  NPAF 
was defined as AF lasting more than seven days or a duration of 
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Abstract
Procedural outcomes of high-power, short duration (HPSD) radiofrequency ablation (RFA) in combination with high-frequency jet ventilation 

(HFJV) and rapid pacing have not been reported.  We sought to compare outcomes of patients undergoing RFA of non-paroxysmal atrial 
fibrillation (NPAF) by pulmonary vein isolation (PVI) and left atrial (LA) posterior wall isolation (PWI) utilizing HPSD and optimized catheter 
stability with HFJV and rapid pacing to those of conventional power, conventional duration (CPCD), standard mechanical ventilation, and 
intrinsic rhythm.  Procedural outcomes of patients with NPAF undergoing first-time RFA at NYU Langone Medical center were analyzed.  Group 
1 consisted of 111 consecutive patients who underwent RFA between October 2015 and August 2016 with a contact-force sensing (CFS) RFA 
catheter with power set to 30-35 W, conventional mechanical ventilation, and native rhythm.  Group 2 consisted of 111 consecutive patients 
who underwent RFA between March 2018 and August 2018 using HPSD, HFJV, and rapid pacing.  Arrhythmia recurrence was assessed using 
2-week event monitors at 3-month intervals following index ablation as well as any repeat ablation.  Baseline characteristics of the two 
groups were similar.  Relative to Group 1, Group 2 had a shorter procedure duration (190 vs 162 min, p<0.001), shorter fluoroscopy time 
(17 vs 12 min, p=0.014), and shorter radiofrequency ablation time (81 vs 55 min, p<0.001) with a similar incidence of major complications 
(0 vs 0%, p=1).  The rate of arrhythmia recurrence (atrial fibrillation or atrial tachycardia) was similar between the two groups (31% vs 32%, 
p=0.8).  Compared to conventional techniques, stability-optimized HPSD RFA of NPAF is similarly safe and effective with shorter procedure 
duration, less radiation exposure, and less radiofrequency ablation time.
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greater than 48 hours requiring cardioversion. 11 The incidence of atrial 
arrhythmia recurrence of >30 seconds in duration was evaluated in each 
cohort and stratified by AF or atrial tachycardia (AT) as well as by 
persistence of the arrhythmia.  Amiodarone was discontinued at least 
one month prior to ablation and any antiarrhythmics started after the 
ablation were discontinued within 4 to 8 weeks after the procedure.  
After the index ablation, patients were scheduled for follow up in-
office visits at 3, 6, 9, and 12 months, and every 6 months thereafter.  
At each visit, study assessments included a detailed medical history, 
physical exam, and 12-lead ECG. A 2-week mobile cardiac outpatient 
telemetry (MCOT) monitor was performed prior to each scheduled 
in-office visit in patients without implanted arrhythmia monitoring.  
Arrhythmia recurrence was defined as either (1) a sustained atrial 
arrhythmia within the 90-day blanking period that required a repeat 
ablation or (2) an atrial arrhythmia that occurred after the 90-day 
blanking period and was captured on a resting 12-lead ECG or lasted 
longer than 30 seconds on an ambulatory monitor.  Persistence of AF 
or AT after index ablation was defined by the need for direct current 
cardioversion after the blanking period or sustained AF or AT at 
the time of repeat ablation.  Patient follow-up was censored for the 
purposes of survival analyses at time of last follow up if less than 3 years 
after their first procedure.

Electrophysiology Study and Ablation
Data collection and analysis were performed according to protocols 

approved by the NYU Langone Health Institutional Review Board.  
Surface and intracardiac electrograms (ECGs) were digitally recorded 
and stored (EP-Workmate; Abbott Medical, Inc., Chicago, IL, USA).  
Non-fluoroscopic 3-dimensional mapping was performed using the 
Carto 3 (Biosense Webster Inc., Diamond Bar, CA, USA) mapping 
system.

 
All procedures were performed under general anesthesia with either 

standard mechanical ventilation using weight-based tidal volumes or 
HFJV.  For HFJV, an adaptor elbow (Vital Signs 4600L) was connected 
to the Monsoon pressure hose.  Initial HFJV settings were a driving 

pressure of 15 psi, respiratory rate of 120 breaths/min, FiO2 of 40%, 
inspiratory time (IT) 40%, peak inspiratory pressure (PIP) 28 cmH20.  
Settings were adjusted in 2 mmHg increments to maintain venous 
pCO2 values between 40 to 50 mmHg based on venous blood gas 
results obtained every 15 to 30 minutes.  A 7-French 20-pole catheter 
(Daig DuoDeca 2-10-2; Abbott Medical, Inc., Chicago, IL, USA) 
was used with the distal poles placed within the coronary sinus and the 
proximal electrodes located along the tricuspid annulus in the lateral 
and inferior right atrium.  For left atrial mapping and recording, a 10- or 
20-pole circumferential PV mapping catheter (Lasso, Biosense Webster 
Inc., Diamond Bar, CA, USA), or a five-spline mapping catheter 
(PentaRay Nav; Biosense Webster Inc., Diamond Bar, CA, USA) was 
utilized.  Left atrial three-dimensional anatomy and voltage mapping 
was created with manipulation of the multi-electrode mapping catheter.

Ablation was performed in each group with an open-irrigated, 3.5-
mm RFA catheter (ThermoCool SmartTouch; Biosense Webster 
Inc., Diamond Bar, CA, USA) during either native rhythm or while 
rapidly pacing the right atrium or right ventricle.  Pacing cycle lengths 
ranged from 500 to 600 msec with ventricular pacing used in patients 
that remained in AF or AT during the procedure and atrial pacing 
for all other patients.  Ablation lesions were generated in a power-
controlled mode applying either 30 to 35 W for 20 to 40 seconds 
(CPCD group) or 50 W for 5 to 15 seconds (HPSD group) per lesion 

Figure 1:

Central Illustration: Single Procedure Freedom from Atrial 
Fibrillation or Atrial Tachycardia
Kaplan–Meier estimates of three-year freedom from 
documented atrial fibrillation or atrial tachycardia more than 
30 seconds after a single procedure.  There were no significant 
differences between groups (p=0.9). 

Table 1: Characteristics of the Patients at Baseline: CPCD vs Stability-
Optimized HPSD

Characteristic CPCD (N=111) HPSD (N=111) p-value

Mean Age – years + SD 65.4 + 10.1 68.2 + 10.7 0.05

Male sex – no. (%) 86 (77) 78 (70) 0.2

Ejection fraction – % + SD 55.2 + 13.1 55.6 + 11.9 0.8

Left atrial diameter – no. + SD 4.4 + 0.6 4.4 + 0.7 0.6

Mean BSA (m2) – no. + SD 2.1 + 0.2 2.0 + 0.3 0.08

Mean NPAF Duration – days + SD 376 + 592 299 + 377 0.3

Medical history – no. (%)

     Hypertension 73 (66) 72 (65) 1

     Diabetes 17 (15) 18 (16) 0.8

     Coronary disease 30 (27) 25 (23) 0.5

     Stroke or transient ischemic attack 5 (5) 9 (8) 0.3

     Heart failure 26 (23) 22 (20) 0.5

Baseline Medications – no. (%)

Beta-blocker 90 (81) 88 (79) 0.7

     Calcium-channel blocker 35 (32) 11 (10) < 0.001

     Digoxin 14 (13) 6 (5) 0.06

     Propafenone 6 (5) 1 (1) 0.06

     Flecainide 5 (5) 1 (1) 0.1

     Sotalol 10 (9) 3 (3) 0.05

     Amiodarone 10 (9) 13 (12) 0.5

     Dofetilide 0 (0) 0 (0) 1

     Dronedarone 20 (18) 5 (5) 0.001

CHA2DS2-VASc - no. (%) 0.9

     0 13 (13) 14 (13)

     1 22 (20) 23 (21)

     2 19 (17) 20 (18)

     > 2 57 (51) 54 (49)
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during irrigation at a rate of 17 to 30-mL/min while maintaining a 
goal activated clotting time of > 350 seconds.  The duration of ablation 
was based on anatomic location with shorter energy delivery on the 
posterior wall and longer energy delivery anteriorly and along the roof.  
All electroanatomic map lesion markers were created using automated 
lesion annotation (VisiTag, Biosense Webster Inc., Diamond Bar, CA, 
USA) with settings at the discretion of each operator.

PVAI was performed as the initial step with wide area circumferential 
lesions created approximately 1 cm proximal to the ostium of each of 
the right and left pulmonary veins.  If the patient remained in sinus 
rhythm or when AF terminated during this step, entrance and exit 
block was assessed with the ablation catheter during sinus rhythm 
and confirmed with a multielectrode mapping catheter at the end of 
the procedure as described below.  The next step was isolation of the 
LA posterior wall by creating a line between the isolated left and right 
pulmonary veins at approximately the 12 o’clock (superior) position as 
well as a line along the posterior-inferior aspect of the posterior LA.  
If the patient remained in atrial fibrillation, electrical cardioversion 
was performed to restore sinus rhythm and assess for entrance and 
exit block.  

If the patient converted to an atrial tachycardia in either group, the 
arrhythmia was mapped and targeted with ablation.  Ablation of the 
CTI was performed at the discretion of the operator in both groups. A 
waiting period of 30 minutes, followed by administration of adenosine, 
was utilized to confirm entrance and exit block. If prior ablation sites 
were still excitable with bipolar pacing output of 10 mA at 2 msec after 
PVAI or LA PWI, additional ablation lesions were delivered until loss 
of pace capture was achieved at that location. 12, 13 All sites of adenosine 
elicited dormant PV or LA posterior wall conduction were also ablated.

The major complications included in analysis were pericardial 
effusion/tamponade, transient ischemic attack or stroke, AV fistula, 
retroperitoneal bleeding, phrenic nerve injury, and vascular access-
related hematoma.  

Table 2: Procedural Data: CPCD vs Stability-Optimized HPSD

Characteristic CPCD (N=111) HPSD (N=111) p-value

Procedure duration – min. + SD 190 + 46 162 + 38 <0.001

Fluoroscopy time – min. + SD 17 + 18 12 + 9 0.01

Fluoroscopy dose – mGy + SD 390 + 413 156 + 209 <0.001

Radiofrequency time – min + SD 81 + 22 55 + 16 <0.001

Additional RA Lesions – no. (%) 16 (15) 12 (11) 0.4

AF terminated with ablation – no. (%) 22 (20) 32 (29) 0.07

AF/AT terminated with DCCV – no. (%) 87 (78) 79 (72) 0.3

Complications – no. (%) 0 0 1

   Hematoma 0 0

   AV Fistula/Pseudoaneurysm 0 0

   Tamponade 0 0

   TIA/Stroke 0 0

   Other 0 0

Statistical Analysis
The statistical analysis was performed using Stata version 14.0 

(StataCorp LLC; College Station, TX, USA).  Descriptive statistics 
were used to summarize demographic characteristics. Continuous 
variables were assessed for normality with the Kolmogorov-Smirnov 
test.  All normally distributed data were analyzed using an unpaired 
Student t test. A 2-tailed P value < 0.05 was considered statistically 
significant.  Data found to be non-normally distributed were analyzed 
using Mann–Whitney U test. Comparisons of proportions between 
different groups of patients were carried out using a Chi square and 
Fisher’s exact test. Kaplan-Meier curves were utilized to compare 
time to primary outcomes (arrhythmia recurrence) between groups.  
Uni- and multivariable logistic regression models were used to assess 
relationships between variables of interest and arrhythmia recurrence. 

Results
Baseline characteristics of the two treatment groups are shown 

in Table 1.  Compared to Group 2, patients in Group 1 were more 
commonly on calcium channel blockers (32% vs 10%; p<0.001) and 
dronedarone (18% vs 5%; p=0.001) prior to their index ablation.  Data 
from the index ablation is shown in Table 2.  Group 2 had a significant 
reduction in procedure duration (190 vs 162 min; p<0.001), fluoroscopy 
time (17 vs 12; p=0.01), fluoroscopy dose (390 vs 156 mGy; p<0.001), 
and RF time (81 vs 55 min; p<0.001). 

Index Procedure Outcomes
AF was terminated with ablation at a similar rate between both 

groups (20% vs 29%; p=0.07).  There was similar recurrence of any 
atrial arrhythmia after index ablation for both the CPCD and stability-
optimized HPSD groups at 12 months (23% vs 21%, p=0.7), 24 months 
(29% vs 28%, p=0.9), and 36 months (31% vs 32%, p=0.8) (Central 
Illustration).  When separately analyzing for recurrence of either AF or 
AT alone there was no statistically significant difference in arrhythmia 
recurrence between groups.  The recurrence of AF alone between both 
groups was comparable at 12 months (14% vs 14%, p=1), 24 months 
(19% vs 17%, p=0.7), and 36 months (20% vs 21%, p=0.9), likewise the 
incidence of AT was comparable between both groups at 12 months 
(14% vs 8%, p=0.2), 24 months (15% vs 12%, p=0.4), and 36 months 
(16% vs 13%, p=0.4).  

After recurrence of AF or AT, shared decision making between the 
physician and patient was utilized to determine the need for a repeat 
ablation.  Patients considered for a repeat ablation within the 90-day 
blanking period were either highly symptomatic from recurrent AF/
AT and unable to maintain sinus rhythm despite cardioversion and an 
antiarrhythmic drug or had a recurrent arrhythmia that was felt to be 
best targeted by repeat ablation.  There was no significant difference 
in the number of repeat procedures performed at 3 years follow-up 
between the two groups (19% vs 18%; p=0.7). There were no major 
complications in either group. 

Discussion
The primary finding of this study is that HPSD with stability 

optimization for ablation of atrial fibrillation can achieve similar 
arrhythmia-free survival at three years while reducing procedure 
duration, fluoroscopy time, fluoroscopy dose, and radiofrequency 
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undergoing first time ablation for NPAF, thus reported results may be 
confounded by other changes in practice over time.  Patient cohorts 
were consecutive, so differences in technique were also separated by 
differences in times when procedures were performed.  Procedures 
for both cohorts of patients were completed over a 34-month period, 
and no other significant change in practice besides transition to the 
described catheter-stability related interventions were instituted.  The 
individual influence of HPSD versus stability optimization on the 
overall results remains unknown.  The recurrence of atrial arrhythmias 
could be underestimated in patients with asymptomatic episodes not 
captured on 2-week monitors or during their scheduled follow-up, 
although intensity of monitoring in the present cohort compares 
favorably to intensity of monitoring in recent clinical trials. 2, 4, 5, 7, 19–22 

Conclusion
Compared to conventional techniques, stability-optimized HPSD 

RFA of NPAF is similarly safe and effective with shorter procedure 
duration, less radiation exposure, and less radiofrequency ablation time.  
The individual effects of HPSD and stability optimization on overall 
outcomes remain unclear.
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ablation time when compared to CPCD with standard mechanical 
ventilation utilizing a lesion set that incorporates PVAI along with 
PWI.  

Strategies to improve outcomes of ablation of non-paroxysmal 
atrial fibrillation continue to evolve, but each approach relies on the 
creation of durable, transmural ablation lesions. The main factor in the 
creation of effective lesions is the maintenance of stable catheter contact 
throughout the duration of energy delivery.  

In this study, we compared ablation of NPAF using CPCD with 
standard mechanical ventilation to HPSD with stability optimization.  
The two methods used to optimize catheter stability included: HFJV 
to decrease respiratory motion and rapid atrial or ventricular pacing to 
decrease cardiac motion.  This is the first study looking at procedural 
outcomes of HPSD with stability optimization as it compares to more 
conventional ablation without stability optimization for ablation of 
NPAF.

HFJV has been used in a variety of minimally invasive procedures, 
including radiation therapy and more recently during ablation of atrial 
fibrillation. 10, 14, 15 This mode of ventilation is a subtype of high frequency 
ventilation that utilizes passive expiration with a high frequency of 
ventilation created by an air jet stream. 10, 14 Operators can adjust 
respiratory rate (RR), inspiratory time (IT), and driving pressure when 
using HFJV. 14 RR plays an important role in not only maintaining 
static respiratory motion but also the removal of CO2, which decreases 
as the rate increases. 14 The RR can range from 15-150/min, but in most 
studies it is generally reported between 120-130/min to optimize CO2 
removal while minimizing cardiac motion with respiratory cycles. 14, 15 
As inspiratory time increases, lung volumes increase, so IT is usually set 
at around 40%.14 Driving pressure determines the inspiratory pressure 
and is adjusted to maintain normal CO2 levels.  
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as a safe and effective method to achieve stable cardiac motion during 
ablation of atrial fibrillation. 17, 18

Simultaneous HFJV and rapid cardiac pacing results in greater 
catheter stability than either intervention alone. 17 By combining HFJV 
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we were able to further decrease procedure duration, fluoroscopy time, 
fluoroscopy dose, and radiofrequency ablation time.  The present study 
supports that the effects of this combination are additive without 
increasing procedural complications or reducing procedural efficacy 
as compared to CPCD with standard mechanical ventilation without 
stability optimization.  
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