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Background-—Slow conduction zone in a verapamil-sensitive reentrant atrial tachycardia originating from atrioventricular annulus
is composed of calcium channel–dependent tissue. We examined whether there was a slow potential (SP) at the entrance of the
slow conduction zone.

Methods and Results-—We first identified the pacing site from where manifest entrainment and orthodromic capture of the earliest
atrial activation site were demonstrated in 40 atrioventricular annulus patients with atrioventricular annulus. Radiofrequency
energy was then delivered 2 cm proximal to the earliest atrial activation site in the direction of entrainment pacing site and
gradually advanced toward the earliest atrial activation site until atrial tachycardia termination to localize the entrance of the slow
conduction zone. Electrogram characteristics were analyzed at successful and unsuccessful ablation sites. During sinus rhythm, SP
was observed at all 40 successful sites, but was observed at only 12 unsuccessful sites (P<0.0001). During sinus rhythm, there
was no significant difference in electrogram amplitude nor width of atrial electrogram between successful and unsuccessful sites
(0.407�0.281 versus 0.487�0.447 mV [P=0.1989] and 37.0�9.2 versus 38.9�8.0 ms [P=0.1773]); however, SP amplitude and
width at successful sites were significantly greater than those at unsuccessful sites (0.110�0.049 versus 0.025�0.046 mV
[P<0.0001] and 38.8�13.4 versus 8.1�13.2 ms [P<0.0001]). During atrial tachycardia, SP amplitude was significantly attenuated
(0.088�0.042 versus 0.110�0.049 mV, P<0.001) and SP width was significantly prolonged (47.8�14.1 versus 38.8�13.4 ms,
P<0.0001) at successful sites.

Conclusions-—SP was observed during sinus rhythm at the entrance of the slow conduction zone; however, SP amplitude was
attenuated and SP width was prolonged during atrial tachycardia, suggesting that SP reflects the characteristics of calcium
channel–dependent tissue involved in atrioventricular annulus reentry circuit. ( J Am Heart Assoc. 2018;7:e009223. DOI: 10.
1161/JAHA.118.009223.)
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S low potential (SP) has been found to be helpful in
identifying target sites for radiofrequency catheter abla-

tion of the slow pathway in patients with atrioventricular nodal
reentrant tachycardia.1–3 These SPs, which were observed in
the region along the septal tricuspid annulus close to the
coronary sinus (CS) ostium, can be a marker for successful

slow pathway ablation, suggesting that the SP reflects a
substrate of slow pathway composed of calcium channel–
dependent tissue. Meanwhile, it has also been shown that
calcium channel–dependent tissue is involved in the tachy-
cardia circuit of verapamil-sensitive atrial tachycardia (AT)
arising from the atrioventricular annulus.4,5 We have recently
shown that the underlying mechanism of the verapamil-
sensitive AT arising from the atrioventricular annulus is
caused by reentry with a slow conduction zone (SCZ) involved
in the circuit.6,7 We have also shown that radiofrequency
energy delivery at the entrance site of the SCZ, which is
comprised of calcium channel–dependent tissue, is effective
in eliminating the tachycardia.6,7 Since calcium channel–
dependent tissue is involved in the SCZ of the verapamil-
sensitive reentrant AT originating from the atrioventricular
annulus, we examined whether there was an SP at the
entrance of the SCZ, which specifically reflects calcium
channel–dependent tissue.
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Methods
Written informed consent was obtained from each patient.
The protocol was approved by the Hospital Human Research
Committee. The data, analytic methods, and study materials
will not be made available to other researchers for purposes
of reproducing the results or replicating the procedure.

Electrophysiological Study
Two 6-F quadripolar electrode catheters (St. Jude Medical)
were positioned in the His bundle (HB) region and at the right
ventricular apex. A 6-F 20-pole electrode catheter (St. Jude
Medical) was introduced into the CS. Two 7-F 4-mm tip,
deflectable quadripolar electrode catheters with a 2-mm
interelectrode distance (Biosense Webster, Inc, or Japan
Lifeline) were advanced into the right atrium (RA) for atrial
mapping, pacing, and ablation. Bipolar electrograms were
filtered between 50 and 600 Hz and recorded along with the
surface ECG using a polygraph (EP-workmate; EP Med.
Systems, Inc). Atrial and ventricular pacing were performed
using a cardiac stimulator (SEC-4103; Nihon Kohden). AT was
diagnosed using the standard criteria.5–8

Identification of the Entrance of the SCZ
After right atriography in a biplane view, the RA was mapped
during AT using a noncontact mapping system (EnSite 3000;
St. Jude Medical) or contact mapping system (EnSite NavX; St.
Jude Medical) to identify the earliest atrial activation site

(EAAS). The electrogram at the EAAS was validated by contact
bipolar and unipolar electrograms in all patients. The location
of the EAAS was expressed relative to the location of the HB
site in the verapamil-sensitive AT arising from the vicinity of
the atrioventricular node (AVN-AT),6,9 while the location of the
EAAS in the verapamil-sensitive AT arising from the atrioven-
tricular annulus other than the atrioventricular node vicinity
(AVA-AT) was expressed in a clockwise direction around the
atrioventricular annulus.7 During noncontact mapping, a 9-F
multielectrode array catheter was introduced from the right
femoral 10-F sheath into the RA, deployed over a 0.032-inch
guide wire, and its distal tip was fixed in the right ventricular
outflow. Details of the EnSite 3000 system have been
previously described.10 The proximity of the SCZ in the
reentry circuit was identified utilizing an entrainment
technique.11 While recording the contact atrial electrogram
at the EAAS, rapid atrial pacing at a rate 5 beats per minute
faster than the tachycardia rate was delivered to demonstrate
manifest entrainment and orthodromic capture of the EAAS12

(Figure 1). When manifest entrainment with orthodromic
capture of the EAAS was demonstrated, the pacing site was
considered to be proximal to the SCZ of the reentry circuit13

(entrainment pacing site; Figure 1). Rapid pacing was deliv-
ered from 8 sites on the RA: high anterolateral RA; high
posterolateral RA; high anteroseptal RA; high posteroseptal
RA; low anterolateral RA; low posterolateral RA; low pos-
teroseptal RA; and CS ostium. After identification of a site
proximal to the SCZ (entrainment pacing site; Figure 1),
radiofrequency energy was delivered to a site 2 cm away from
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Figure 1. Schematic drawing of the method for the identifica-
tion of the entrance of the slow conduction zone (SCZ) using
entrainment and ablation techniques. ABL indicates ablation
catheter; EAAS, earliest atrial activation site.

Clinical Perspective

What Is New?

• The underlying mechanism of verapamil-sensitive atrial
tachycardia (AT) arising from the atrioventricular annulus
is reentry.

• Calcium channel–dependent tissue is involved in the slow
conduction zone of the AT reentry circuit.

• This form of AT is distributed not only in the atrioventricular
node vicinity but also along the atrioventricular annulus with
common tachycardia features.

• Slow potential was observed at the entrance of the slow
conduction zone of the AT reentry circuit during sinus
rhythm.

What Are the Clinical Implications?

• Slow potential amplitude was attenuated and its electro-
gram width was prolonged during AT.

• Slow potential reflects the characteristics of calcium
channel–dependent tissue involved in the AT reentry circuit.
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the EAAS in the direction of the entrainment pacing site
(Figure 1), based on the size of the SCZ in the reentry circuit
of the atrioventricular nodal reentrant tachycardia, being 1 to
2 cm in length.14 A current of 15 to 20 W was delivered with
the temperature limit set at 55°C using a radiofrequency
energy generator (CABL-IT; Central Inc). When AT was not
terminated, the energy application site was advanced in a
stepwise fashion by 2 to 3 mm toward the EAAS until
tachycardia termination to define the entrance of the SCZ of
the reentry circuit (Figure 1).

Analysis of the Local Electrogram
The morphology and electrophysiologic characteristics of the
local electrograms at both the successful and unsuccessful
ablation sites were analyzed. The SP was defined as a discrete
and low amplitude deflection with a slow rate of rise
occupying the interval between the atrial and ventricular
potentials.1,3 The electrogram amplitude and width of the
atrial electrogram and the SP were measured during sinus
rhythm and compared between the successful and unsuc-
cessful ablation sites. The electrogram amplitude and width of
SP at the successful site during sinus rhythm in AVN-AT were
compared with those in AVA-AT. To define the change in the
electrogram morphology following the change in heart rate,
the electrogram amplitude and the width of the atrial
electrogram and the SP at the successful ablation sites
during sinus rhythm were compared with those during AT.

Statistical Analysis

Values are expressed as mean�SD. Differences between
clinical variables and electrophysiologic parameters were
analyzed using either a paired or an unpaired Student t test
for quantitative data or chi-square analysis for qualitative
data. A value of P<0.05 was considered significant.

Statement of Responsibility
The authors had full access to the data and take full
responsibility for its integrity. All authors have read and agree
with the article as written.

Results

Patients
Forty consecutive patients with verapamil-sensitive AT arising
from the atrioventricular annulus who were referred for
electrophysiologic study and radiofrequency catheter ablation
(17 men and 23 women; mean age 64 years, range
14–83 years) were included in this study. There were 18
patients with AVN-AT and 22 patients with AVA-AT.

In all patients, AT was induced and terminated by atrial
rapid and extrastimulus pacing and an inverse relationship
between A1A2 and A2Ae was observed during the induction
of AT by atrial extrastimulus pacing. AT was terminated by
intravenous verapamil (2.5 mg in 28 patients and 5 mg in 12
patients) before the electrophysiological study and by intra-
venous 5 mg adenosine triphosphate during the electrophys-
iological study in all patients. The mean tachycardia cycle
length was 433.5�82.1 ms. The EAAS was observed in the
vicinity of the EAAS in the AVN-AT group and along the
tricuspid annulus in the AVA-AT group in all patients.

Manifest Entrainment and Catheter Ablation
Manifest entrainment was demonstrated by the rapid atrial
pacing delivered from 1 specific site in each patient, being
associated with the orthodromic capture of the earliest atrial
electrogram. In all patients, AT was terminated by the applica-
tion of radiofrequency energy, which was delivered to the site
proximal to the EAAS in the direction of the rapid pacing site
from where the manifest entrainment was observed. The
distance between the EAAS and the successful energy appli-
cation site was 9.5�2.3 mm (7–17 mm). The onset of atrial
electrogram at the successful radiofrequency energy applica-
tion site occurred 12.9�5.7 ms later than that of the EAAS. AT
was terminated immediately after the onset of radiofrequency
energy delivery (3.0�1.0 seconds). The mean number of
radiofrequency applications required for successful ablation
was 4�2. Ablation was not associated with any complications.

There were no significant differences in the tachycardia cycle
length (437.5�92.1 versus 426.3�75.7 ms, P=0.6714), the
distance between the EAAS and the successful ablation site
(9.1�2.5 versus 9.8�2.1 mm, P=0.3372), the interval from the

Table. Local Electrogram Characteristics at the Successful
and Unsuccessful Sites

Successful
RF Site
During SR

Successful
RF Site
During AT

Unsuccessful
RF Site
During SR

Atrial electrogram

Amplitude, mV 0.407�0.281 0.430�0.304 0.487�0.447

Width, mm 37.0�9.2 39.2�8.0 38.9�8.0

Slow potential 40/40 Patients 40/40 Patients 12/40 Patients*

Amplitude, mV 0.110�0.049 0.088�0.042† 0.025�0.046*

Width, mm 38.8�13.4 47.8�14.1* 8.1�13.2*

Distance between
EAAS and
RF site, mm

9.5�2.3 15.1�3.4*

AT indicates atrial tachycardia; EAAS, earliest atrial activation site during AT; SR, sinus
rhythm.
*P<0.0001 vs successful radiofrequency energy (RF) ablation site during sinus rhythm.
†P<0.001 vs successful RF site during sinus rhythm.
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onset of atrial electrogram at the EAAS to that at the successful
ablation site (13.9�6.5 versus 12.1�5.0 ms, P=0.3382), or the
interval from the onset of radiofrequency energy delivery to the
tachycardia termination (2.9�1.1 versus 3.1�1.0 seconds,
P=0.522) between the AVN-AT and AVA-AT groups. In the AVN-
AT group, the distance between the HB site and the successful
ablation site was significantly longer than that between the HB
site and the EAAS (13.7�3.3 versus 6.8�1.8 mm, P<0.0001).
Therefore, the successful ablation site was located more
distantly from the HB site than the EAAS.

Characteristics of the Local Electrograms at the
Successful and Unsuccessful Sites During Sinus
Rhythm
The amplitude and width of the atrial electrograms during
sinus rhythm at the successful ablation site were not different
from those at the unsuccessful ablation site (0.407�0.281
versus 0.487�0.447 mV [P=0.1989] and 37.0�9.2 versus
38.9�8.0 ms [P=0.1773], respectively) (Table). The SP was

observed at the successful ablation site in all 40 patients
during sinus rhythm but was observed in only 12 patients at
the unsuccessful ablation site during sinus rhythm (P<0.0001)
(Table). The electrogram amplitude of the SP during sinus
rhythm at the successful ablation site was significantly higher
than that at the unsuccessful ablation site (0.110�0.049
versus 0.025�0.046 mV, P<0.0001) (Table). The electrogram
width of the SP during sinus rhythm at the successful ablation
site was significantly wider than that at the unsuccessful
ablation site (38.8�13.4 versus 8.1�13.2 ms, P<0.0001)
(Table). The distance between the EAAS and the unsuccessful
ablation site was significantly longer than that between the
EAAS and the successful ablation site (15.1�3.4 versus
9.5�2.3 mm, P<0.0001) (Table).

Comparison of the SP at the Successful Site
Between AVN-AT and AVA-AT
There were no significant differences in the electrogram
amplitude of the SP and the electrogram width of the SP
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Figure 2. Tracing during manifest entrainment by pacing from the high anterolateral right atrium in a patient with atrial tachycardia arising
from the vicinity of the atrioventricular node. The electrocardiographic leads I, II, and V1, and electrograms recorded at the high right atrium
(HRA), coronary sinus (CS), earliest atrial activation site (EAAS), and His bundle (HB) position are shown. AA indicates atrial electrogram interval;
AL-RAp, proximal site of anterolateral right atrium; AL-RAd, distal site of anterolateral right atrium; MAPd, distal site of mapping catheter; MAPp,
proximal site of mapping catheter; Stim, stimulation.
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between the AVN-AT and AVA-AT both during sinus rhythm
(0.094�0.047 versus 0.163�0.175 mV [P=0.1126] and
39.4�15.2 versus 35.9�16.1 ms [P=0.4913], respectively)
and during AT (0.086�0.037 versus 0.089�0.046 mV
[P=0.8519] and 45.7�14.2 versus 49.5�14.1 ms
[P=0.4038], respectively).

Changes in the Local Electrogram Morphology at
the Successful Site During AT
There were no significant differences between the atrial
electrogram amplitude and width during AT and those during
sinus rhythm (0.430�0.304 versus 0.407�0.281 mV
[P=0.5856] and 39.2�8.0 versus 37.0�9.2 ms [P=0.0953],
respectively) (Table). However, the electrogram amplitude of
the SP during AT was significantly lower than that during sinus
rhythm (0.088�0.042 versus 0.110�0.049 mV, P<0.001)
(Table). The electrogram width of the SP during AT was
significantly longer than that during sinus rhythm (47.8�14.1
versus 38.8�13.4 ms, P<0.0001) (Table).

Figure 2 shows the tracing during manifest entrainment in
a patient with AVN-AT. The EAAS was observed at the lateral
side of the HB site. The atrial electrogram of the EAAS was
observed 5 ms earlier than that at the HB site. During pacing
from the high anterolateral RA, the EAAS, CS, and HB
recording sites were orthodromically captured via the long
conduction interval (solid arrows). On the other hand, the
atrial electrograms at the high RA 9-10 were captured
antidromically during pacing (dashed arrows). The atrial
electrograms at the high RA 9-10 occurred 40 ms earlier
than those at the CS 9-10 during pacing, but they were
observed 10 ms later during AT. Furthermore, the electro-
gram morphologies at high RA 9-10 during pacing were
different from those during AT, indicating the antidromic
capture of the high RA 9-10. In addition, fusion of the surface
P wave was observed in lead V1 during pacing (open arrows).

Figure 3A shows the locations of the EAAS, ablation sites,
and the entrainment pacing site in the same patient as in
Figure 2. The EAAS was observed at the lateral side of the HB
site. AT was not terminated by energy application delivered to
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Figure 3. 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 during sinus rhythm (B) in the same patient as in Figure 2. Slow potential (SP) was recorded at the
successful ABL site (B, right tracing) but not at the unsuccessful site (B, left tracing). The electrocardiographic leads I, II, and V1, and
electrograms recorded at the high right atrium (HRA), coronary sinus (CS), ablation catheter (ABL), and His bundle (HB) position are shown.
Asterisk: entrainment pacing site at the high anterolateral right atrium (AL-RA). MAPd indicates distal site of mapping catheter; MAPp, proximal
site of mapping catheter; Stim, stimulation; TA, tricuspid annulus; uni, unipolar electrogram.
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the site 15 mm proximal to the EAAS in the direction of the
entrainment pacing site (unsuccessful ablation site), but it
was terminated at the site 11 mm proximal to the EAAS
(successful ablation site) (Figure 3A). The distance between
the HB site and the successful ablation site (15 mm) was
longer than that between the HB site and the EAAS (5 mm)
(Figure 3A). Figure 3B shows the tracings during sinus
rhythm. The SP was not observed at the unsuccessful ablation
site (Figure 3B, left tracing), but it was observed at the
successful ablation site followed by the atrial electrogram
(Figure 3B, right tracing).

Figure 4 shows the tracing during radiofrequency energy
application delivered at a site 11 mm proximal to the EAAS in
the same patient as in Figure 2. The SP was observed at the
successful ablation site during AT (Figure 4A). The atrial

electrogram of the successful ablation site appeared 15 ms
later than that of the HB site during AT (Figure 4A); however,
the AT was terminated immediately after the onset of
radiofrequency energy delivery (3.1 seconds) (Figure 4B),
suggesting that the energy application site is located at the
entrance of the SCZ.

Figure 5 shows the electrogram at the successful ablation
site (ie, entrance site of the SCZ) during sinus rhythm
(Figure 5A) and during AT (Figure 5B) in the same patient as
in Figure 2. The SP was observed both during sinus rhythm
(Figure 5A) and during AT (Figure 5B), but the electrogram
amplitude of the SP was attenuated and the electrogram
width of the SP was prolonged during AT (Figure 5B)
compared with the SP observed during sinus rhythm
(Figure 5A).
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Figure 4. Tracing during atrial tachycardia (A) and during radiofrequency energy (RF) application (B) in the same patient as in Figure 2. The
electrocardiographic leads I, II, and V1, and electrograms recorded at the high right atrium (HRA), coronary sinus (CS), ablation catheter (ABL),
and His bundle (HB) position are shown. ABLd indicates distal site of ablation catheter; ABLp, proximal site of ablation catheter; AL-RAd, distal
site of anterolateral right atrium; AL-RAp, proximal site of anterolateral right atrium; SP, slow potential; Stim, stimulation.
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Figure 6 shows the tracing during manifest entrainment in
a patient with AVA-AT. The EAAS was observed at the
8-o’clock position of the tricuspid annulus. During pacing from
the high anterolateral RA, the EAAS and CS recording sites
were orthodromically captured via the long conduction
interval (solid arrows). On the other hand, the atrial electro-
grams at the high RA 3-4 were captured antidromically during
pacing (dashed arrows). The atrial electrograms at the high RA
3-4 occurred 50 ms earlier than those at the CS 9-10 during
pacing, but they were observed 40 ms later during AT.
Furthermore, the electrogram morphologies at high RA 3-4
during pacing were different from those during AT, indicating
the antidromic capture of the high RA 3-4. In addition, fusion
of the surface P wave was observed in lead V1 during pacing
(open arrows).

Figure 7A shows the locations of the EAAS, ablation sites,
and the entrainment pacing site in the same patient as in

Figure 6. The EAAS was observed at the 8-o’clock position of
the tricuspid annulus. AT was not terminated by the energy
application delivered to the site 16 mm proximal to the EAAS
in the direction of the entrainment pacing site (unsuccessful
ablation site), but it was terminated at the site 12 mm
proximal to the EAAS (successful ablation site; entrance of
SCZ). Figure 7B shows the tracings during sinus rhythm. The
SP was not observed at the unsuccessful site (Figure 7B, left
tracing), but it was observed at the successful ablation site
followed by the atrial electrogram (Figure 7B, right tracing).

Figure 8 shows the tracing during sinus rhythm (Figure 8A)
and during AT (Figure 8B) at the successful ablation site in the
same patient as in Figure 6. The SP was clearly observed at
the successful ablation site during sinus rhythm (Figure 8A),
but the electrogram amplitude of the SP was attenuated and
the electrogram width of the SP was prolonged during AT
(Figure 8B).
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Figure 5. Tracing during sinus rhythm (A) and during atrial tachycardia (B) at the successful ablation site in the same patient as in Figure 2.
The amplitude of the slow potential (SP) was attenuated and the electrogram width of the SP was prolonged during atrial tachycardia (B)
compared with the SP during sinus rhythm (A). The electrocardiographic leads I, II, and V1, and electrograms recorded at the high right atrium
(HRA), coronary sinus (CS), ablation catheter (ABL), and His bundle (HB) position are shown. ABLd indicates distal site of ablation catheter; ABLp,
proximal site of ablation catheter; MAPd, distal site of mapping catheter; MAPp, proximal site of mapping catheter; Stim, stimulation; uni,
unipolar electrogram.
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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

A

40 ms50 ms

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-

Successful ABL site

EAAS
TA8:00

*

Entrainment 
Pacing site (High

AL-RA)

Successful ABL site

Unsuccessful ABL site

Unsuccessful ABL site

HB

A

B

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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A B

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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