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Abstract

Background/Objectives: Very high-power and short-duration (vHPSD) ablation with
QDOT MICRO™ facilitates speedy and safe ablation for pulmonary vein isolation. A
brief time interval between ablating two neighboring sites with vHPSD may potentially
influence the size and geometry of the lesions. This study evaluates lesion formation
when delivering adjacent applications using vHPSD at various inter-lesion times (ILTs).
Methods: Radiofrequency applications were conducted by QDOT MICRO™ catheter
with 90 W of strength and 4 s duration. Fresh swine heart tissue on the epicardium was
ablated with 10 g of the contact force. Lesions were created using a single application
(SA) and double applications (DA) of adjacent lesions with a 6mm distance between
them as measured on the 3D mapping system. The DA was performed with various
ILTs, 60s (DA-60s), 10s (DA-10s), 5s (DA-55s), and Os (DA-Os).

Results: Out of 90 lesions, 79 were analyzed. Eleven lesions were excluded for one
steam pop event, seven out of the target distance, and three divided lesions of
two applications. There were no significant differences in surface diameter, cross-
sectional diameter, and maximal lesion depth in each application among the groups.
The intermediate lesion depth was significantly more profound in groups with shorter
and immediate ILT (DA-10, 5, and Os) compared to the group with a prolonged ILT
between two applications (DA-60s) (2.99, 3.03, 3.16 mm vs. 2.42mm, respectively;
p<.001).

Conclusions: Two adjacent radiofrequency applications with vHPSD in short ILT may

result in deeper lesions in the middle of combined double lesions.
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1 | INTRODUCTION

The recurrence of atrial tachyarrhythmias often occurs due to
reconnection after pulmonary vein isolation (PVI),12 emphasiz-
ing the need to establish a durable isolation line without gaps in
the lesions. The QDOT MICRO™ and nGEN™ generator system
(CARTO®3, Biosense Webster, Irvine, CA) has enabled very high-
power short-duration (vHPSD: Q mode plus, 90 W of power for 45s)
radiofrequency applications, ensuring sufficient tip cooling for the
temperature-controlled ablation. However, it addresses concerns
regarding lesion gaps in the thickened portions of the atrial wall.®
Some studies about various inter-lesion distances (ILDs) using
vHPSD have been reported. The vHPSD protocol is comparable
to a 50W protocol in an ILD of 4mm,* whereas combining proto-
col with 90 and 50 W within an ILD of less than 6 mm was ineffi-
cient regarding procedure time and achieving first-pass isolation.®
Sequential applications with appropriate ILDs could be crucial for
successful PVI on the first pass without gaps between neighboring
lesions in various power and duration settings.”™®

However, excessive radiofrequency energy delivery can lead to
severe esophageal complications, a highly concerning adverse event
associated with PVI. In the experimental model, uninterrupted ra-
diofrequency energy led to a more significant increase in esopha-
geal temperatures compared to point-to-point applications.” Tissue
heat capacitance plays a role in the accumulation of radiofrequency-
induced heating from consecutive lesions. This is clinically observed
as luminal esophageal temperatures continue to rise after radiofre-
quency current, mainly when consecutive lesions are delivered in
proximity.*°

On the other hand, no reports have thoroughly investigated
the impact of inter-lesion time (ILT) between neighboring sites.
Repetitive applications at the same location with short ILT can
create deeper lesions in ex vivo models.'* A brief interval be-
tween ablating two neighboring sites with vHPSD may potentially
influence the lesion's geometry. Thus, this study aims to assess
lesion formation when delivering adjacent radiofrequency appli-
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cations using vHPSD at “immediate,” “short,” and “prolonged” time

intervals.

2 | METHODS

2.1 | Exvivo experimental model

The experimental procedure was conducted based on previously
established settings,">* 90W in strength with 4s duration with
60 degrees Celsius in catheter temperature limit, although catheter
types and radiofrequency application methods differed. The equip-
ment used in the present experiment included a 3D mapping system
(CARTO®3, Biosense Webster, Irvine, CA), an nGEN™ generator, an
nGEN™ pump, and a QDOT MICRO™ temperature-controlled cath-
eter. Fresh swine heart tissue was secured to a rubber plate affixed
to the bottom of the perfused normal saline pool, with temperature

control maintained at 37 degrees Celsius through a regulated sys-
tem, even after periodic replacement of the solution. The QDOT
MICRO™ catheter was inserted into a plastic pipe and positioned
perpendicular to the tissue with 10g of the contact force. The abla-
tion was conducted on the smooth surface of the epicardium. We
periodically replaced the saline to prevent any unexpected changes
in the fluid composition that could affect the study's outcome. The
general impedance in the saline pool was maintained between 80
and 100Q.

2.2 | Temperature feedback system

During radiofrequency ablation, real-time temperature feedback was
utilized with a QDOT MICRO™ catheter equipped with vHPSD.'®
The surface electrode temperature was continuously measured
from the thermocouples embedded within the ablation electrode.
To prevent surpassing the established temperature limit of 60°C,
automatic adjustments were made, involving either a reduction in

delivered power, an increase in irrigation flow rate, or both.

2.3 | Lesion creation protocol

Radiofrequency lesions were created using a single application (SA)
and double applications (DA) of adjacent lesions with a 6mm dis-
tance between them as measured on the 3D mapping system. The
DA was performed with ILTs of 60s (DA-60s), 10s (DA-10s), 5s
(DA-5s), and Os (DA-0s). The SA lesions and those with DA-60s,
DA-10s, DA-55s, and DA-Os were meticulously arranged in a row in
one flesh mass unless there were obstructions such as blood ves-
sels or fascia. The QDOT MICRO™ radiofrequency application has
specific attributes that require a 2s delay for irrigation flow before
application and a 4s delay after, which were eventually included in
the designated intervals. In the DA-Os group, some radiofrequency
applications were unsuitable for lesion evaluation due to delayed
catheter manipulation. They were distinguished into other groups

according to the actual ILT.

2.4 | Lesion formation measurement

Radiofrequency lesions were defined based on a distinct bound-
ary surrounding the lesion and observable changes in the tissue
color. We measured the lesion's maximum surface diameter, cross-
sectional diameter, and maximum depth in the SA group, drawing
upon previous reports.*®!” In the DA groups, as overlapping lesions
characterized the lesion geometries, we evaluated the maximum
surface diameter, the cross-sectional diameter encompassing double
applications, the maximum lesion depth in each application, and the
depth between double applications (as depicted in Figure 1). Lesions
that did not overlap in the first and second applications or steam
pops were excluded from the study's measurements.
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2.5 | Statistical analysis

The statistical analyses were performed using SPSS ver.24 software
(IBM, Armonk, NY, USA). Continuous variables were expressed as
mean+standard deviation. Categorical variables were presented
as numbers and proportions. A one-way ANOVA and ad hoc Tukey
multiple comparisons were used to detect the differences and inter-
actions between radiofrequency parameters, including the power,
CF, local impedance drop, and ILT of two adjacent lesions and lesion
formation characteristics. A probability value <.05 was considered
statistically significant.

3 | RESULTS

Of the initial 90 lesions, our investigation focused on 79. We excluded
one lesion due to steam-pop occurring during the initial RF applica-
tion in the DA-5s group. For lesions with inappropriate ILD, four
lesions (two in DA-10s group and two in DA-5s group) had an ILD
of less than 5.5mm, potentially resulting in deeper-than-expected
lesions in the intermediate region. An additional five lesions (one in
DA-10s, one in DA-5s, and three in DA-Os) had an ILD of more than
6.5mm, which could be associated with shallower-than-expected le-
sions in the same region. Among these five lesions, two (one in DA-5s
and one in DA-105s) were nonoverlapping lesions. The one remaining
isolated lesion, attributed to the relatively wide ILD (6.4mm) in the
DA-10s group, was also excluded. In total, eleven lesions were ex-

cluded from the analysis.

We considered the impact of power titration and increased ir-
rigation flow on suppressing catheter temperature rise exceeding
the limit on the lesion geometry. However, there were no significant
differences in mean ablation power, mean contact force, impedance
drop, and delivered total energy among DA groups, except for a de-
crease in the mean contact force and initial impedance only in the
second ablation of DA-5s compared with that of DA-60s (Data S1).
Furthermore, no increases in irrigation flow rate were observed
during the experiment. The distance between DA sites determined
by the CARTO system was also comparable in DA groups. The actual
mean ILT for each group was 66.9s for DA-60, 16.7s for DA-10s,
11.8s for DA-5s, and 8.4s for DA-Os, including the additional é6s
by the nGen system for irrigation waiting time as described in the
Method section.

3.1 | Characteristics of lesion formation

The actual cross-sectional lesion geometry and corresponding
measurement data are presented in Figures 1 and 2 and Table 1,
respectively. There were no significant differences in surface diam-
eter, cross-sectional diameter, and maximal lesion depth among the
DA groups in each application. However, it was noted that the inter-
mediate lesion depth was significantly deeper in groups with shorter
and immediate ILTs (DA-10s, 55, and Os) compared to the group with
a prolonged ILT between two applications (DA-60s). On the other
hand, there were no statistical differences in the intermediate depth

among groups of DA-10s, 5s, and Os.
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FIGURE 1 Actuallesion geometry and measurement method. (A) Actual lesion geometries resulting from single (SA) and double
applications (DA) are depicted within a continuous tissue mass. The time intervals between two radiofrequency applications in each group
were 60s (DA-60s), 10 (DA-10s), 5 (DA-55s), and 0 (DA-0s). (B) The measurement method used for assessing radiofrequency lesions is shown.
A combination of two adjacent applications characterizes overlapping lesions. The evaluation includes the maximum surface diameter (a), the
maximum cross-sectional diameter (b) of the lesion resulting from the combined applications, the maximum lesion depth for the first (c) and
second (d) radiofrequency applications, and the intermediate lesion depth between them (e). The inter-lesion distance between the first and

second radiofrequency applications was fixed at 6 mm.
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FIGURE 2 Intermediate lesion depth

mm * w in groups with double applications.
35 Significantly deeper inter-lesion depths
s were observed in the groups with inter-
lesion time (ILT) shorter than 10s (DA-10,
25 5, and Os) compared to the group with
a prolonged ILT (DA-60s). No statistical
2 significance was found among the DA-10,
5,and Os groups. (*p<.001) ILD, inter-
o lesion distance.
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4 | DISCUSSION

The present experiment demonstrates the size and geometry of
vHPSD radiofrequency lesions at varying ILTs between ablating two
neighboring sites. Shorter ILTs between the first and second abla-
tions (DA-10s, 55, and Os) yield deeper lesions at the intermediate
region, although there were no statistical significances among the
DA-10s, 5s, and Os groups. These lesion depths are comparable
with the maximum lesion depth in the SA group in the present study,
measuring approximately 3mm, and are compatible with a previous
report.” Except for intermediate depth, no significant differences
were observed among DA groups regarding lesion measurements.

The time-dependent conductive heating can extend lesions
deeper and potentially create transmural effects in conventional
radiofrequency applications. The formation of deeper lesions in
shorter ILTs suggests the occurrence of thermal latency affected
by the initial radiofrequency application in the myocardial tissue
between two adjacent application sites.® The impact of ther-
mal effects on surrounding tissue using VHPSD is considered
less significant than low-power and long-duration ablation.'?
Nevertheless, an in vivo experimental model reported thermal la-
tency exceeding 50°C at a depth of 3mm below the ablation cath-
eter for 14 s after ablation.!®

Our pursuit primarily involves establishing a durable isolation
line without lesion gaps. This goal has been discussed regarding
optimal power settings, application durations, ILD, and related
factors. Prior investigations have highlighted the significance of
consecutive applications employing a brief ILD to achieve PVI on
the first pass successfully.>® Notably, potential lesion gaps in ra-
diofrequency applications in the setting of 90 W were reported to
be larger than those of 50W.8 Nevertheless, appropriate ILTs be-
tween neighboring applications were not fully discussed. Drawing
insights on the present study, we propose that the prompt ILTs
between the initial and subsequent applications for catheter ma-
nipulation could potentially yield enduring radiofrequency lesions,

facilitate a concise procedure timeline, and prevent the need for
extra applications.

Previous studies have indicated that the myocardial thickness at
the left atrial posterior wall is estimated to be less than 3mm based
on the pathological measurement and computed tomographic im-
ages.?%"23 Additionally, repetitive radiofrequency applications to
the same site, with or without a 60s interval, resulted in a deep le-
sion of 3mm or greater in vHPSD.}! Barbhaiya et al. demonstrated
that when lesions were consecutively placed less than 20mm apart
within 60s, at a setting of 50W and és, an additive temperature
increase was observed in the esophageal lumen.'® These reports
emphasize that the residual heating effect on the esophagus is a
significant concern during PVI with vHPSD. Therefore, careful con-
sideration must be given to the tissue undergoing radiofrequency
application to prevent adverse events, particularly for the left atrial
posterior wall. Although there have been no reported incidents of
esophageal injury in endoscopic assessments in VHPSD protocol for
PVI,%* our experiment suggests that consecutive applications with
short ILD and immediate ILT may lead to unexpected lesion depth in
the overlapping region, possibly due to cumulative heating effects.

Our study had several limitations. The experiment used an ex vivo
model, specifically swine heart tissue, resulting in excessively stable
contact force due to the tissue's nonbeating and smooth surface na-
ture. All the tissues were ablated perpendicularly, which is not a prac-
tical scenario. Different catheter angles, such as oblique or parallel
orientations, can create wider superficial diameters on formations due
to the distribution of irrigation flow holes.2>2¢ Furthermore, an exam-
ination of the conditions under which steam-pop occurred (during the
first application in DA-5s) revealed no significant differences in saline
temperature, mean contact force, or impedance drop compared to
other applications. Therefore, we suspect that the swine heart tissue
may have influenced the outcome. For instance, despite our efforts to
avoid this, ablation may have been performed near blood vessels or fi-
brous tissue, leading to a rapid temperature increase even with the ir-
rigation flow. Additionally, our study aimed to identify the relationship
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between ILD and ILT of two adjacent applications rather than directly

w
2 implementing our experimental lesion depth in clinical situations.
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E = QDOT™ catheter, limited to 60°C, we did not measure the intra-tissue
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