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Abstract

Purpose: A stable contact force (CF) is correlated with more effective radiofrequency ablation (RFA) lesions and long-term

procedural outcomes. Efforts to improve catheter stability include jet ventilation, pacing, steerable sheaths, and CF sensing

ablation catheters. This study compares CF stability and effective RF lesions between two commercially available steerable

sheaths. Methods: Thirty patients underwent first time RFA at a single center using the Agilis NxT or SureFlex Steerable

Sheath. High power short duration RFA was utilized targeting a 10Ω drop. Sheath performance was assessed for the entire

procedure and around each pulmonary vein (PV) in terms of mean CF, CF variability, RF time per lesion, and inefficient

contact lesions (defined as lesions with CF < 5g for at least 10% of the RF delivery time). Results: Operator-targeted mean

CF was achieved using both sheaths; however, overall CF variability was 12.8% lower using the SureFlex sheath (p = 0.08).

CF variability was generally 16% greater in the right PVs than the left PVs (p = 0.001), but trended lower with the SureFlex

sheath. There were 8% more inefficient contact lesions using Agilis as compared to SureFlex (p = 0.035), especially in the

right inferior PV (p = 0.009). RF time per lesion was on average 12% (1.4s) shorter using SureFlex than Agilis (p < 0.05).

Conclusion: Choice of steerable sheath may affect catheter stability and potential lesion quality, especially in the right PVs.
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. Purpose: A stable contact force (CF) is correlated with more effective radiofrequency ablation (RFA) lesions
and long-term procedural outcomes. Efforts to improve catheter stability include jet ventilation, pacing,
steerable sheaths, and CF sensing ablation catheters. This study compares CF stability and effective RF
lesions between two commercially available steerable sheaths.

Methods: Thirty patients underwent first time RFA at a single center using the Agilis NxT or SureFlex
Steerable Sheath. High power short duration RFA was utilized targeting a 10Ω drop. Sheath performance
was assessed for the entire procedure and around each pulmonary vein (PV) in terms of mean CF, CF
variability, RF time per lesion, and inefficient contact lesions (defined as lesions with CF < 5g for at least
10% of the RF delivery time).

Results: Operator-targeted mean CF was achieved using both sheaths; however, overall CF variability was
12.8% lower using the SureFlex sheath (p = 0.08). CF variability was generally 16% greater in the right PVs
than the left PVs (p = 0.001), but trended lower with the SureFlex sheath. There were 8% more inefficient
contact lesions using Agilis as compared to SureFlex (p = 0.035), especially in the right inferior PV (p =
0.009). RF time per lesion was on average 12% (1.4s) shorter using SureFlex than Agilis (p < 0.05).

Conclusion: Choice of steerable sheath may affect catheter stability and potential lesion quality, especially
in the right PVs.

Keywords: pulmonary vein isolation, ablation, atrial fibrillation, contact force, catheter stability, steerable
sheath

Introduction

While radiofrequency (RF) catheter ablation for atrial fibrillation (AF) is associated with acute pulmonary
vein isolation (PVI) in over 90% of cases, long-term success of a single ablation for paroxysmal AF has been
reported to be 69% at one year 1 and only 54% beyond three years 2. Long-term PVI success, defined by the
reduced rate of AF recurrence, is largely driven by the durability, as well as continuity and transmurality of
formed lesions3. Acute lesion assessment is based on impedance drop from baseline, change in electrogram
amplitude or morphology, change in pacing threshold and/or real-time MRI, while overall procedural success
is confirmed in terms of PVI. Durability of RF lesions has been associated with the amount of RF energy
delivered. Insufficient RF delivery leads to PV reconnection and prolonged procedure times, while excessive
RF application may lead to complications such as esophageal injury, atrial perforation, steam pops and
coagulum formation4-6. The relative RF energy received by the tissue and, consequently, lesion quality, are
dependent on consistent coupling between the ablation catheter tip and the target tissue4,7, which can be
compromised by small inadvertent movements during the procedure 8. Efforts to improve catheter-tissue
contact and stability include the use of high-frequency jet ventilation to minimize respiratory excursion, high
rate pacing to regulate cardiac contractions, electroanatomic mapping to monitor catheter proximity and tis-
sue contact, as well as sheath and catheter selection 9-14. Introduction of contact force (CF)-sensing ablation
catheters has allowed real-time measurement of catheter-tissue contact to guide RF delivery and formation
of more effective lesions 7. The use of CF-sensing catheters has reduced procedure time and fluoroscopy
usage, and improved the 1-year AF recurrence rate by up to 12% compared to non-CF sensing catheters
15-17. The adoption of steerable sheaths in PVI procedures has not only improved catheter manipulation and
access to target sites 14,18,19 but, also, improved procedural CF. In randomized studies, steerable sheaths
significantly enhanced CF stability, facilitated mapping and ablation, reduced procedure times and improved
procedural efficiency when compared to standard fixed curve sheaths 20. Improvements in CF using steerable
sheaths were further noted in different locations in the left atrium (LA). While accessing the left superior
and inferior pulmonary veins requires a relatively straight sheath trajectory, the right superior and inferior
pulmonary veins require greater sheath manipulation with tight angles of curvature and stabilization to
maintain catheter tip position at the desired location 14. Steerable sheaths have also been shown to have
fewer lesions with insufficient tissue CF15,21; the reduction of these poor CF lesions has been associated
with improved freedom from recurrence at one year21. In an effort to optimize catheter stability during PVI
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. procedures, the present study compares whether CF and procedural efficiency can be further improved using
different commercially-available steerable sheaths.

Materials and Methods

Study design

A retrospective analysis was performed on thirty consecutive RFA procedures conducted at a single center
by a single operator (DPS) between February and June 2019. Patients with history of previous ablation
or cardiac surgery, as well as cardiac implants, were excluded from the series. Fifteen consecutive patients
undergoing PVI procedures using the Agilis NxT Steerable Introducer (Abbott, WS, USA) were compared
to 15 consecutive patients using the SureFlex Steerable Guiding Sheath (Baylis Medical, Montreal, CA).
Standard informed consent was obtained prior to each procedure. Institutional approval was obtained for
retrospective chart review.

RF Ablation Procedure

Procedures were performed under general anesthesia and as per usual protocol. Percutaneous access was
obtained from the right femoral vein for all catheters. Intravenous heparin was administered to maintain
an activated clotting time of approx. 350s. Transseptal puncture was performed under ICE and fluoroscopy
guidance using the NRG Transseptal Needle (Baylis Medical, Montreal, Canada) with the TorFlex Transsep-
tal Guiding Sheath (Baylis Medical) or SL-1 Transseptal Guiding Introducer (Abbott, ). 3D electroanatomic
mapping (EnSite Precision Mapping System, Abbott) was used for catheter guidance and CF measurement.
Attempts to stabilize the ablation catheter were limited to the choice of steerable sheath. The Agilis NxT
(Abbott, Chicago, IL) or SureFlex steerable sheath (Baylis Medical) were used to position the ablation
catheter (TactiCath Contact Force Ablation Catheter, Abbott) for point-by-point ablation using approx.
50W RF energy and a target contact force of 10-15g until an impedance drop of approx. 10 was achieved.
The left superior and inferior PVs (LSPV and LIPV, respectively) were isolated before attempting to isolate
the right superior and inferior PVs (RSPV and RIPV, respectively). Esophageal temperature was monitored
during the ablation to remain below approx. 38oC. Acute PV reconnection was assessed by monitoring elec-
trocardiograms (ECG) and voltage maps for re-appearance of PV potentials within an approx. 10-minute
wait time. ECG was performed during follow up of at least 6 months to assess recurrence of symptoms and
long-term procedural outcomes.

Data analysis

CF was recorded by the EnSite mapping system at approx. 10ms intervals during each episode of RF
application and were exported from the mapping system for further analysis. RF time per lesion and
mean CF per lesion were used to assess procedural efficiency. Stability in CF was evaluated in terms of
CF variability within an individual lesion; standard deviation was calculated for the mean CF within each
lesion (Figure 1). Inefficient contact lesions were defined as those whereby CF dropped below the minimum
threshold of 5g for at least 10% of the total RF application time for the lesion 15,21. Analyses were performed
for the overall procedure, as well as by correlating each lesion to individual PVs on the electroanatomic map.

Statistical Analysis

Baseline patient characteristics were compared using a T-test between the two steerable sheath groups. A
hierarchical regression analysis was performed for the procedural parameters (mean CF, RF time per lesion,
CF variability) using a linear-mixed effect model by adjusting for individual lesions and each patient on R
software (version 1.1, RStudio Inc, Boston, MA). Time-sequence data to determine inefficient contact lesions
was analysed using MATLAB (version 9.4, MathWorks, Natick, MA); significance was evaluated using a
F-test on R.

Results

Contact force analysis by location

3
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. A total of 3157 lesions were analyzed with a mean of 105.2 ± 33.1 lesions per patient. Overall, mean CF
achieved during ablation of right-sided pulmonary veins was 17% higher (p = 0.001; Figure 2A) than for left-
sided pulmonary veins. CF variability within each lesion was 19% higher in right-sided veins than left-sided
veins (p = 0.001; Figure 2B).

Contact force analysis by steerable sheath

Baseline patient characteristics were similar in both sheath groups except for significantly higher BMI (p
= 0.01) and females (p = 0.03) in the SureFlex group than Agilis (Table 1). A total of 1354 lesions were
analyzed in the Agilis group and 1803 lesions in the SureFlex group. There was no significant difference
in the mean CF between the Agilis sheath and SureFlex sheath at the overall procedure level, as well as
around each PV (Table 2). However, CF variability was 13% lower with the SureFlex sheath over the entire
procedure compared to Agilis sheath (p = 0.043; Figure 3A). Further analysis showed a trend of 13-14%
lower CF variability in the left and right superior pulmonary veins with the SureFlex sheath than Agilis
sheath (significant at the α = 0.1 level; Figure 3B).

Inefficient contact lesions

The SureFlex sheath maintained better catheter-tissue contact than the Agilis sheath, as demonstrated by
a 20% overall fewer inefficient contact lesions (i.e. lesions with CF < 5 g for more than 10% of the ablation
time; p < 0.001, Figure 4A). The odds ratio (OR) for inefficient contact lesions was 0.605 for SureFlex versus
Agilis (95% CI: 0.371-0.976, p = 0.035), revealing a 39% lower chance of inefficient contact lesions with the
SureFlex sheath than Agilis. While this reduction was consistent among all pulmonary veins, the difference
between SureFlex and Agilis was significant in the right PVs, with 17% and 45% fewer inefficient contact
lesions in the right inferior and right superior PVs, respectively (p < 0.01; Figure 4B). OR for SureFlex
sheath versus Agilis for RIPV was 0.607 (95% CI: 0.35-1.03; p = 0.009) and RSPV was 0.583 (95% CI:
0.27-1.24; p = 0.15).

RF time per lesion

Overall RF ablation time per lesion was 12% (1.4s per lesion) shorter with SureFlex sheath when compared
to Agilis sheath (p = 0.002; Figure 5A). A 9-21% reduction in RF ablation time was observed in the left
superior, right inferior and right superior pulmonary veins when using the SureFlex sheath compared to
Agilis (p < 0.05; Figure 5B).

Procedural outcomes

PVI was successfully achieved in all 30 patients with paroxysmal (57%) and persistent (37%) AF. No major
procedure-related adverse events, such as cardiac tamponade, stroke or esophageal injury, occurred. Patients
seen in follow-up up to 6 months post-ablation remained in sinus rhythm. Anti-arrhythmic drug use at 6
months post-ablation was continued in 53% of patients in the Agilis group and only 27% of patients in the
SureFlex group; however, this did not reach statistical significance.

Discussion

Permanent PVI and freedom from AF recurrence are contingent upon efficient and durable RF lesion for-
mation 22,23. The amount of RF energy delivered to the tissue during ablation plays a central role in
lesion durability 24. Good energy coupling from the ablation catheter to the cardiac tissue requires stable
catheter-tissue contact with sufficient CF during RF application25. Catheter stability, adequate CF and
maximum time spent in the desired contact force range have been correlated with reduced PV reconnection
and improved RF ablation outcomes11,21,26. Use of steerable sheaths has improved procedural outcomes in
comparison to conventional sheaths due to the ease of manipulation, access and contact with target sites14,19.
The rigid make up of steerable sheaths, also, reduces the effects of cardiac and respiratory excursions and
provide better catheter control 23. Several steerable sheaths are commercially available but their relative
influence on CF and catheter stability remains unknown. In this study, retrospective evaluation of data from
30 cases performed using two different steerable sheaths indicated that procedural efficiency measures such
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. as CF stability and RF time per lesion may be impacted by the choice of sheath. A consistent ablation
strategy was used whereby pulmonary veins were ablated in sequence, with the left veins before the right
veins, suggesting that any observed trends are attributed to both anatomy and/or sheath fatigue over time.

Both steerable sheaths in this study achieved similar mean CF, ruling out potential procedural bias. However,
it has become evident that catheter and CF stability may play more important roles in forming effective
lesions with lower reconnection rates than CF magnitude alone4. In this case series, the SureFlex sheath
maintained an overall 13% greater CF stability than the Agilis sheath, with similar trends in each pulmonary
vein.

In studies targeting a CF of approx. 20g, it was found that maintaining a minimum CF of 10g for at least 80%
of the individual RF application time was necessary for effective lesions and significantly improved overall
ablation outcomes 15,21. In contrast, RF application with insufficient tissue CF has been correlated with
inadequate lesion formation 26-28 and higher rate of AF recurrence 21,22,29. Since a higher power ablation
protocol was used in the present study, a lower target CF (10-15g) and minimum threshold for catheter
tissue contact (5g) were defined27. The SureFlex sheath led to significantly fewer lesions with poor contact
(<5g for more than 80% of the ablation time). This trend was further pronounced in the right inferior and
superior PVs, which are typically more difficult to navigate.

Reduced CF stability may necessitate longer RF application time in order to reach the desired lesion endpoint
and acute success4,24. This not only reduces overall efficiency and prolongs procedure time but, also, increases
the risk of coagulum formation and steam pops due to excessive RF application28,30. In this study, RF
time per lesion was 12% shorter in the SureFlex group than Agilis, suggesting improved RF delivery and
procedural efficiency. To our knowledge, this is the first study that compares the procedural performance of
two commercially available sheaths with the goal of improving CF stability for more effective RF ablations.
Preliminary data from follow-up visits suggests fewer patients in the SureFlex group remained on anti-
arrhythmic drugs at 6 months post-ablation than in the Agilis group; however, this did not reach significance.

Limitations:

This single-operator non-randomized study retrospectively evaluated procedural parameters from a small
patient population, which limited the statistical power of the analyses. While a consecutive series of patients
undergoing first-time ablation was selected, BMI and female population were higher in the SureFlex group,
which may have introduced procedural complexity and technical challenges. The operator was not blinded
to the sheath being used; however, similar mean CF achieved using both sheaths is indicative of a lack of
operator bias. Furthermore, limited follow-up information was available due to the small patient cohort.
Larger randomized studies involving multiple operators and longer patient follow-up are needed to validate
these findings and understand the effects of CF stability on procedural outcomes. Other commercially
available sheaths, as well as the contribution of different ablation catheters, can also be explored to optimize
CF stability.

Conclusions

CF variability can produce suboptimal lesions that lead to pulmonary vein reconnection. This study demon-
strates that the choice of steerable sheath may improve CF stability and consistency over time.
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Tables

Table 1: Baseline patient demographics

Characteristic SureFlex (n = 15) Agilis (n = 15) p-value

Age (avg, years) 60.2 ± 11.9 64.7 ± 11.0 0.30
Gender (male sex) (%) 40 80 0.025
BMI (avg) 35.9 ± 8.8 28.8 ± 3.6 0.01
Hypertension (%) 80 67 0.43
Diabetes (%) 0 13 0.16
ASCVD (%) 40 67 0.15
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. Characteristic SureFlex (n = 15) Agilis (n = 15) p-value

Heart failure (%) 20 40 0.25
Pacemaker (%) 13 0 0.16
Paroxysmal/Persistent
AF (%)

60/27 53/47 0.72/0.27

Ejection fraction
[?]50% (%)

21 25 0.84

LVH (%) 33 47 0.47
LA size - Volume/BSA
(avg, cm2)

38.7 ± 18.7 39.8 ± 17.9 0.89

LA dilation (%) 53 60 0.72
Mitral Regurgitation
(%)

73 67 0.70

Oral anti-coagulant use
(%)

100 100 -

Anti-arrhythmic drug
use (%)

53 60 0.72

Table 2: Mean contact force per lesion achieved using the Agilis or SureFlex sheath

Agilis SureFlex p-value

Overall 13.7 ± 1.3 14.6 ± 1.8 0.32
LSPV 13.05 ± 2.9 13.41 ± 4.1 0.53
LIPV 14.04 ± 3.2 14.38 ± 4.4 0.57
RSPV 13.09 ± 3.5 14.07 ± 4.9 0.43
RIPV 14.73 ± 3.3 16.78 ± 4.5 0.43

Figures

Figure 1. Analysis of contact force (CF) parameters. Small inadvertent movements contribute to
catheter instability and fluctuations in contact force (CF). Measurements obtained from the EAM system
were used to assess mean CF and CF variability for each lesion. Poor contact was considered when CF
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. dropped below 5g; lesions with poor contact for more than 10% of the RF application time were defined as
“inefficient contact lesions.”

Figure 2. Comparison of contact force in left vs. right pulmonary veins. A) Higher mean contact
force per lesion was achieved among right-sided pulmonary veins (i.e. right inferior and superior) than left-
sided veins (i.e. left inferior and superior). B) A higher level of CF variability was observed among individual
lesions in right-sided veins than left sided veins. (*p = 0.001).

Figure 3. Analysis of CF variability within individual ablation lesions. A) Significantly lower CF
variability was found using the SureFlex sheath than Agilis. B) Similar trends were observed in each of the
pulmonary veins with lower CF variability using the SureFlex sheath; however, this did not reach statistical
significance. (*p = 0.043).
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.

Figure 4. Inefficient contact lesions with greater than 10% of the ablation time below the
minimum acceptable CF (CF < 5g).A) Fewer inefficient contact lesions were found in the SureFlex
group than Agilis. B) Difficult-to-access right-sided (i.e. RI and RS) pulmonary veins had the greatest
difference in inefficient contact lesions between the SureFlex and Agilis groups. (*p < 0.001, **p = 0.009).

Figure 5. RF time per lesion. A) RF ablation time to reach the acute lesion endpoint (i.e. impedance
drop of approx. 10) was 12% shorter in the SureFlex group than the Agilis group. B) RF time per lesion
was 9-21% lower in the LS, RI and RS pulmonary veins when using the SureFlex sheath. (*p = 0.002, **p
= 0.022, ***p = 0.003,++p = 0.048).
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