














Discussion

Mechanism and Tachycardia Circuit of AT Arising
From the Atrioventricular Annulus
In the present study, manifest entrainment was demonstrated in
all patients both in the AVN-AT and AVA-AT, suggesting that the
underlying mechanism is reentry. Furthermore, the EAAS was
orthodromically captured during manifest entrainment. Ortho-
dromic capture of the EAAS during manifest entrainment implies
that there is an area of slow conduction within the reentry circuit
between the entrance and exit sites.11,12 Satoh et al15 clearly
demonstrated that orthodromic capture of the EAAS implies the
presence of an entrance and an exit to the atrium located at
distinct different locations. Indeed, AT was successfully termi-
nated by the energy delivery to the site proximal to the EAAS in
the direction of the pacing site from where the manifest
entrainment was demonstrated both in the patients with AVN-AT
and those with AVA-AT. This suggests the presence of an
entrance of the reentry circuit distinct from the exit of the circuit
(ie, EAAS) of AT. Interestingly, there were no significant

differences in the tachycardia cycle lengths, distances between
the EAASand the successful ablation sites or the activation times
between EAAS and the successful ablation sites between the
patients with AVN-AT and AVA-AT. This indicates that verapamil-
sensitive AT, which is organized as reentry, is distributed not only
at the vicinity of the atrioventricular node but also along the
atrioventricular annulus with similar anatomical and electrophys-
iological features.

Previously, catheter ablation was performed targeting the
EAAS, because this form of AT was regarded as focal origin.
However, catheter ablation targeting the EAAS has a potential
risk of atrioventricular block in the AVN-AT. Whereas we showed
that the entrance of SCZ was located more distantly from the HB
site than the EAAS, suggesting that entrance site ablation is a
safe therapeutic option than targeting the EAAS in the AVN-AT.

Substrate of SCZ of the AT Reentry Circuit
Since this form of AT was sensitive to adenosine and
verapamil, a calcium channel–dependent tissue has been
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Figure 6. Tracing during manifest entrainment by rapid atrial pacing delivered during tachycardia from the high anterolateral right atrium in a
patient with atrial tachycardia arising from the atrioventricular annulus other than the atrioventricular node vicinity. The electrocardiographic
leads I, II, and V1, and electrograms recorded at the high right atrium (HRA), the earliest atrial activation site (EAAS), coronary sinus (CS), and His
bundle (HB) position are shown. AA indicates atrial electrogram interval; AL-RAd, distal site of anterolateral right atrium; AL-RAp, proximal site of
anterolateral right atrium; HBd, distal site of His bundle; HBp, proximal site of His bundle; MAPd, distal site of mapping catheter; MAPp, proximal
site of mapping catheter; Stim, stimulation; uni, unipolar electrogram.
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suggested to be involved in the reentry circuit.4–9 Indeed,
cells with atrioventricular nodal or transitional-type action
potentials have been shown to be present in the atrioventric-
ular valve.16–18 Anderson et al19 also have demonstrated
atrioventricular node–like structures in normal adult hearts
and suggested that they were remnants of specialized
atrioventricular ring tissue. These remnants were identified
along the tricuspid annulus. McGuire et al20,21 noted that a
sleeve of atrioventricular nodal–type tissue, which responds
to adenosine, was present around the tricuspid annulus.
Recently, Yanni et al22 reported that atrioventricular special-
ized tissues take their origin from inferior extensions of the
atrioventricular node, passing rightward and leftward to
encircle the orifices the tricuspid and mitral valves and
reuniting to form an extensive retroaortic node. Bohora et al23

also showed that possible involvement of a retroaortic node in
the AT circuit arising from the atrioventricular node vicinity
and ablated from the noncoronary aortic sinus. They indicated

that a retroaortic node is in potential continuity with the
transitional cells of a regular atrioventricular node but that it
is separate from the compact node itself.23 These histologic
findings are consistent with the results of the present study
and suggest the preferential location of a calcium channel–
dependent SCZ of AT along the tricuspid annulus.

Origin and Significance of the SP
In the present study, the SP was recorded at the successful
ablation site (ie, entrance of the SCZ) in all 40 patients. These
SPs showed a low amplitude with a slow rate of rise morphology
and they were observed along the tricuspid annulus. McGuire
et al20,21 previously reported that high-frequency deflection
followed by a low-frequency deflection, which is similar to that
described by Haissaguerre et al,1 were found during sinus
rhythm along the tricuspid annulus. These potentials were
caused by asynchronous activation of 2 cell layers, a high-
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Figure 7. Isochronal map during atrial tachycardia showing the locations of the earliest atrial activation site (EAAS), ablation (ABL) sites,
and the entrainment pacing site (A) and tracing at the successful and unsuccessful ABL sites during sinus rhythm (B) in the same patient as in
Figure 6. The electrocardiographic leads I, II, and V1, and electrograms recorded at the high right atrium (HRA), ABL site, coronary sinus (CS),
and His bundle (HB) position are shown. Asterisk: entrainment pacing site at the high anterolateral right atrium (AL-RA). ABLd indicates distal
site of ablation catheter; ABLp, proximal site of ablation catheter; HBd, distal site of His bundle; HBp, proximal site of His bundle; RAA, right
atrial appendage; SP, slow potential; Stim, stimulation, SVC, superior vena cava; TA, tricuspid annulus; uni, unipolar electrogram.
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frequency component was caused by depolarization of atrial-
type cells in the deep subendocardial layer and the low-
frequency component was caused by depolarization of cells
with nodal characteristics close to the endocardium.20,21 They
also showed that pacing at increased rates leads to a marked
slowing of the action potential upstroke and a decreased size of
the action potential in the low-frequency component. They also
showed that these nodal-type cells observed along the
atrioventricular annulus responded to adenosine.21 In the
present study, as regards AT arising from the atrioventricular
annulus, AT is also sensitive to adenosine. In addition, the SP
amplitude was attenuated and the SP width was prolonged
during AT. These findings are consistent with the characteris-
tics of a low-frequency component consisting of nodal-type
cells observed along the tricuspid annulus as reported by
McGuire et al.20,21 All of these above findings serve to
corroborate that the SP can be observed at the entrance of
the SCZ and that it represents a calcium channel–dependent
tissue involved in the SCZ of the reentry circuit in verapamil-
sensitive AT arising from the atrioventricular annulus.

Conclusions
The underlying mechanism of the verapamil-sensitive AT
originating from the atrioventricular annulus is reentry, which
is observed not only in the vicinity of the atrioventricular node,
but also along the atrioventricular annulus with common
anatomical and electrophysiological characteristics. The SP is
observed during sinus rhythm at the entrance site of the SCZ of
the reentry circuit of verapamil-sensitive AT arising from the
atrioventricular annulus. The amplitude of SP was attenuated
and its width was prolonged during AT. These findings suggest
that this low amplitude, with a slow rate of rise potential,
reflects the characteristics of the calcium channel–dependent
tissue involved in the reentry circuit.
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Figure 8. Tracing during sinus rhythm (A) and during atrial tachycardia (B) at the successful ablation site in the same patient as in Figure 6. The
electrocardiographic leads I, II, and V1, and electrograms recorded at the high right atrium (HRA), ablation catheter (ABL), coronary sinus (CS), and
His bundle position are shown. AA indicates atrial electrogram interval; ABLd, distal site of ablation catheter; ABLp, proximal site of ablation catheter;
HBd, distal site of His bundle; HBp, proximal site of His bundle; SP, slow potential; Stim, stimulation; uni, unipolar electrogram.
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