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Ultra-high-density mapping for safe and effective typical
atrioventricular nodal reentrant tachycardia ablation
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ABSTRACT

Ultra-high-density mapping was used for potential-guided radiofrequency ablation for typical atrioven-
tricular nodal reentrant tachycardia. The mapping detailed the spread of activation in the Koch’s triangle
and identified target potentials and tachycardia circuits. This mapping provides additional information to
the slow pathway conventionally used for safe and effective ablation.
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AVNRT: atrioventricular nodal reentrant tachycardia
CS: coronary sinus

FP: fast pathway

JP: Jackman potential
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UHD: ultra-high-density
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INTRODUCTION

Catheter ablation for typical atrioventricular nodal reentrant tachycardia (AVNRT) is an
established effective treatment.! Conventional target sites for ablation include the slow potential
of the slow pathway (SP)*>* or a specific anatomical site.* Recently, a detailed analysis of
the excitatory propagation of the Koch’s triangle in typical AVNRT was conducted using the
Rhythmia electroanatomic mapping system,’ with successful outcomes of ablation performed at
the recording site of Jackman potentials (JPs), characterized by dull and spiky potentials on
detailed mapping of the Koch’s triangle using the same system.® Herein, we report our use of
ultra-high-density (UHD) mapping to identify the ablation optimal site for the treatment of typical
slow-fast AVNRT, diagnosed by electrophysiological study and established criteria.’
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UHD mapping for typical AVNRT ablation

Written informed consent was obtained from all patients for the ablation procedure and enroll-
ment in our study. This study was conducted following the approval of the hospital’s Institutional
Review Board. Ethics clearance was obtained from the Research Ethics Committee of the Tosei
General Hospital. The study was conducted in accordance with the ethical standards laid down
in the 1964 Declaration of Helsinki and its later amendments.

Briefly, our approach using UHD is as follows. Automated mapping of atrial activation during
both sinus rhythm (SR) and tachycardia is performed using a basket catheter (64 electrodes;
area, 0.4 mm?; spacing, 2.5 mm; Orion, Boston Scientific, Natick, MA, USA) and the Rhythmia
system (Rhythmia HDx SW, version 4.0, Boston Scientific). Bipolar electrograms are filtered
(30-300 Hz), with unipolar electrograms set at a default value of 1-300 Hz. The coronary
sinus (CS) electrogram is then used as a timing reference to map the SR and AVNRT. Ablation
is performed using a 4-mm open-irrigated catheter (INTELLANAV STABLEPOINT, Boston
Scientific), with a radiofrequency (RF) current (20-35 W; temperature-control mode, 45°C),
delivered to a maximum of 30 s.

CASE REPORT

Case 1

The patient was a 50-year-old woman whose UHD map during SR is shown in Figure 1A.
Annotations were automatically attached to the absolute peak, and automatic adjustments were
conducted using the intelligent annotation function. When the His potential was visible, an an-
notation was readded to the His potential manually. Activation from the sinus node spreads to
the fast pathway (FP) and then to the Koch’s triangle. Subsequently, the activation was conducted
to the SP, bypassing near the CS, and to the His bundle. Based on the local potentials recorded
using the Orion system, the His potentials and JPs were marked to examine their distribution
(His potentials are tagged in yellow and JPs in green; Figure 1B). The JPs, characterized by
fragmented dull and spiky potentials, were distributed in the posterior septum, highlighted by
the complex activation observed using the LUMIPOINT algorithm. During right ventricular
pacing, antidromic conduction from the anterior septum was observed (Figure 1C). The site for
RF ablation was selected based on an analysis of the spread of activation in the Koch’s triangle
and the distribution of local potentials. As this was our first case using UHD mapping to guide
RF ablation and prioritizing patient safety, RF ablation was performed at a site closer to the
ventricle than to the site JPs. This first site of ablation was ineffective and thus, we gradually
moved the site of RF towards the atrial side. A junctional rhythm appeared with RF application
at the site of the JP (red circle), with successful dissection of the SP achieved (Figure 1D).
This site matched the highlighted site on the LUMIPOINT algorithm. A total of nine ablations
were conducted.
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Fig. 1 Activation during sinus rhythm and slow pathway potentials in Case 1

Fig. 1A: Activation during SR, showing the spread of activation from the FP and the SP up to the His bundle.

Fig. 1B: Distribution of slow pathway potentials during SR. The JP is shown with a green tag and the His
potential with a yellow tag. The JP is also shown on the LUMIPOINT algorithm.

Fig. 1C: Activation during RV pacing, showing ventriculoatrial conduction during RV pacing observed at the
same site as the orthodromic conduction.

Fig. 1D: Ablation site and local potential observed with RF application at a recording site of the JP. A junctional
rhythm appeared, with successful dissection of the SP achieved.

FP: fast pathway

SP: slow pathway

CS: coronary sinus

JP: Jackman potential

RF: radiofrequency

RV: right ventricle

SR: sinus rhythm

Case 2

The patient was a 65-year-old man whose UHD mapping and orthodromic conduction record-
ing of the FP and SP during SR is shown in Figure 2A. Antidromic conduction from the anterior
septum during right ventricular pacing was also observed (Figure 2B). Tachycardia was then
induced and mapping during tachycardia was performed (Figure 2C). The V-overlap function was
removed, and the point was obtained in an open window. The activation spread from the anterior
septum to the atrium, matching the antidromic conduction observed during right ventricular
pacing, then proceeding around a functional block line, with orthodromic conduction of the SP,
as observed during the SR. In this case, JPs were observed at the site of SP conduction in the
posterior septum. A junctional rhythm appeared with RF application at this site, with successful
dissection of the SP achieved with a total of four ablations. Therefore, in this case, as a useful
aid for ablation using JPs during sinus rhythm as an index, the optimal site for ablation was
accurately identified as the tachycardia circuit determined by mapping during tachycardia.
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Fig. 2 Tachycardia mapping in Case 2

Fig. 2A, 2B: Activation during SR (A) and RV (B) pacing. Ventriculoatrial conduction during RV pacing is

observed at the same site as the orthodromic conduction.

Fig. 2C: Tachycardia mapping, showing that the tachycardia circuit matched the orthodromic conduction and
antidromic conduction visualized during SR and RV pacing. Identification of the optimal site for ablation
allowed successful dissection of the SP to be achieved.

FP: fast pathway

CS: coronary sinus

SP: slow pathway

RV: right ventricle

SR: sinus rhythm

Case 3

The patient was a 57-year-old woman whose UHD mapping is shown in Figure 3A. Mapping
included activation spread during SR, with a strongly evident SP observed. On subsequent burst
pacing of the CS ostium, orthodromic conduction of the SP was observed, allowing mapping of
SP conduction (Figure 3B). No FP conduction was observed during the refractory period, which
allowed observation of the SP alone. This matched the SP conduction observed during SR. RF
ablation was performed at the site of the JPs, with a junctional rthythm observed. A total of seven
ablations were conducted. The JP site matched the SP visualized during CS pacing (Figure 3C).
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Fig. 3 Analysis of the activation spread of the slow pathway for Case 3

Fig. 3A: Activation during SR, with the JP observed in the posterior septum; this site was also highlighted by
the LUMIPOINT algorithm. SP conduction is also visualized at this site.

Fig. 3B: Activation during CS ostium pacing, with only the SP conduction visualized. The conduction matched
the conduction visualized during SR.

Fig. 3C: Ablation site matched the SP site visualized during CS ostium pacing.

FP: fast pathway

SR: sinus rhythm

JP: Jackman potential

SP: slow pathway

CS: coronary sinus

Case 4

The patient was an 81-year-old man, in whom JPs were not observed, with no fragmented po-
tentials observed in the Koch’s triangle (Figure 4A) and no highlighted area on the LUMIPOINT
algorithm (red circle). RF was first applied to the posterior septum, which was ineffective. The
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Fig. 4 The absence of slow pathway potentials in Case 4
Fig. 4A: Search for potentials during SR with no JP visualized after careful search using the Orion system.
Fig. 4B: Ablation site located inside the roof of the CS.
SR: sinus rhythm
JP: Jackman potential
CS: coronary sinus
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site of RF was then gradually moved to the upper site, which was also ineffective. A junctional
rhythm appeared with RF application to the roof of the CS, with successful dissection of the SP
achieved (Figure 4B). No fragmented potentials were observed at the first site of RF application
or the successful ablation site.

DISCUSSION

Previous studies have reported an association between the rightward and leftward inferior
extensions of the compact AV node, the SP, and JPs.® The characteristics of the local potentials
in Case 1 are shown in Figure 5A. The conduction from the FP (blue line) shows a normal
potential in the atrium. At the sites of recording of JPs (green lines), the height of the spiky
potential was greater at sites closer to the His bundle and where His potentials were recorded
(yellow lines). The presence of spiky potentials may, therefore, indicate the local potentials in
the rightward inferior extension of the AV node, while the fragmented potentials observed at the
site of recording of JPs may be indicative of the presence of transitional tissue.

In the absence of spiky potentials, even in the presence of fragmented potentials, a junctional
rhythm was not observed with RF application when SP was unsuccessful (Figure 5B). Based
on this finding, spiky potentials might reflect potentials of the right inferior extension of the
AV node. Therefore, unless RF heat reaches spiky potentials, dissection of the SP will likely be
unsuccessful. The LUMIPOINT algorithm is useful as an aid in determining the ablation site;
however, given their importance, JPs need to be duly confirmed.

The isochronal late activation map in Case 1 (Figure 5C) shows that conduction at a site
close to the FP and the bundle of His is fast, with a delay in the conduction from transitional
tissue in the right inferior extension. This delay is reflected in the recorded JPs, with ablation
at this site being successful.

The findings in Case 2 confirm the importance of UHD mapping to visualize the tachycardia
circuit and, thus, identifying the optimal site for safe and effective RF ablation. The UHD mapping
would be particularly useful when an RF site is difficult to determine using a perspective image
alone, such as in the presence of anatomical rotation. Of note, tachycardia mapping was performed
within 7 min in Case 2, which did not significantly increase the duration of the procedure.

In Case 3, it was possible to visualize the SP conduction alone. The highlighted site on
the LUMIPOINT algorithm and the site of successful RF ablation matched the visualized SP
conduction on UHD. Visualization of the course of SP conduction alone up to the His bundle
is an effective method of depicting the route of SP alone, which was not clear on 3D mapping,
until now.

In Case 4, JPs were not observed and the site of successful ablation was on the CS roof.
Of the 10 cases of RF ablation guided by UHD, the absence of JPs was only observed in Case
4; in all other cases, a junctional rhythm appeared at a site with the JP and dissection of the
SP was successful. A previous study reported that dissection of the SP was not successful in
approximately 5% of cases of slow/fast AVNRT, despite ablation being performed at a site at
which the JP was recorded. It was suggested that in these patients, the leftward inferior exten-
sion of the AV node may form the antegrade SP in the entrant circuit.® In Case 4, successful
dissection of the SP was achieved on the roof of the CS ostium, indicative of the possibility
that the leftward inferior extension formed the antegrade SP.

In summary, UHD mapping provided a high-resolution three-dimensional map of local
potentials and tachycardia circuits to identify safe and effective RF ablation sites for AVNRT.
The complementary use of the LUMIPOINT allowed for analysis of fragmented potentials. Using
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Fig. 5 Characteristics and analysis of local potentials in Case 1

Fig. SA: Characteristics of local potentials, showing the spread of activation from the FP (blue line), the JP
(green lines), and the His potential (yellow lines). The height of the spiky JP increased as the site was
in a higher position and the potentials split into the His potentials.

Fig. 5B: Visualization of local potentials and junctional rhythm. The junctional rhythm appeared with ablation
at the recording site of spiky potentials, with successful dissection of the SP achieved.

Fig. 5C: Isochronal late activation map showing the speed of activation spread and slow conduction of the SP.
At the site where activation entered the SP, the path of conduction turned in the vicinity of the CS
and a functional block line was observed.

FP: fast pathway

SP: slow pathway

A: atrium

V: ventricle

JP: Jackman potential

CS: coronary sinus
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this method, in our case series, there was no incidence of ablation-induced atrioventricular blocks
and the SP was successfully transected in all cases.
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