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KEY TEACHING POINTS

� A mechanism responsible for adenosine-sensitive
atrial tachycardias (ATs) originating from the
atrioventricular node vicinity has been considered
to be reentry, and they could be ablated safely at
the entrance of the slow conduction zone (SCZ).

� In adenosine-sensitive AT cases, noncoronary
aortic sinus (NCS) could be a target for ablation
even if the NCS is not activated the earliest because
there may be cases in which the NCS is located at
the entrance of the SCZ.
Introduction
Adenosine-sensitive atrial tachycardias (ATs) originating
from the atrioventricular (AV) node vicinity have been re-
ported, and the mechanism responsible is considered to be
reentry.1 Previous reports have demonstrated manifest
entrainment from the right atrium (RA)2–4 or mitral annulus
(MA)4,5 during these ATs, and most of them could be ablated
safely at the entrance of the slow conduction zone (SCZ),
indicated by a manifest entrainment-guided strategy.2,3 We
describe a case of adenosine-sensitive AT originating from
the para-Hisian region that could be ablated at the entrance
of the SCZ, indicated by the demonstration of manifest
entrainment from the noncoronary aortic sinus (NCS).
� Precise entrainment mapping, including the NCS,
may help to determine the optimal ablation site.
Case report

A 68-year-old man with no history of heart disease developed
symptoms of palpitations and was referred to our hospital. The
electrocardiogram revealed a long-RP, narrow QRS, regular
tachycardia with a heart rate of 153 beats per minute
(Figure 1A), which incessantly persisted after hospitalization.
After written informed consent was obtained from the patient,
an electrophysiological study was performed. Multielectrode
catheters were placed at the high right atrium (HRA), His
bundle, coronary sinus (CS), and right ventricular apex
(RVA). The supraventricular tachycardia (SVT) was easily
and reproducibly induced by burst atrial pacing. The earliest
atrial activation was recorded at the His-bundle electrodes
(HBE) during the SVT. Any premature ventricular stimulation
from RVA at various coupling intervals did not affect the
SVT. After cessation of ventricular entrainment pacing during
the SVT, the V-A-A-V sequence was observed (Figure 1B).
VA linking was not observed on differential atrial pacing
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(Figure 1C)6 and the SVT was reproducibly terminated
without an AV block by a 4-mg bolus injection of adenosine
50-triphosphate (Figure 1D). Based on these findings, the
SVT was diagnosed as an adenosine-sensitive AT.

The activation map in the RA during the AT revealed a
centrifugal pattern. The earliest activation site (EAS) was
located slightly posterior to the site where the His potentials
were recorded (Figure 2A). A local atrial electrogram of the
EAS preceded that of the HBE by 16 ms (Figure 2B). Radio-
frequency (RF) application at the EAS had a risk of injuring
the fast pathway or the AV node. Thus, to identify the
entrance of the SCZ, entrainment pacing during the AT
with a pacing cycle length of 15–20 ms shorter than the
tachycardia cycle length was performed at various sites in
the RA (RA appendage [RAA], high anterolateral RA, high
posteroseptal RA, and cavotricuspid isthmus [CTI]) and CS
electrodes (1 o’clock, 3 o’clock, 6 o’clock on the MA). How-
ever, manifest entrainment could not be observed.

Subsequently, the ablation catheterwas inserted to theNCS
via a retrograde transaortic approach and a local potential with
a 16-ms delay compared to that of the HBE was recorded at
site A. Entrainment pacing from site A revealed that the
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Figure 1 A: Twelve-lead electrocardiography revealed a long-RP, narrow QRS, regular tachycardia with a heart rate of 153 beats/min. The P-wave morphologies
were positive in leads I, aVL, andV1 and biphasic (positive/negative) in leads II, III, and aVF.B:After cessation of entrainment pacing from the right ventricular apex
(RVA), the V-A-A-V sequence was observed. C: The difference in the postpacing ventriculoatrial interval between the high right atrium (HRA) and coronary sinus
(CS) distal entrainment pacing was 69 ms. 14ms, indicating the absence of VA linking.6D:A 4-mg bolus injection of adenosine 50-triphosphate (ATP) terminated
the supraventricular tachycardia without atrioventricular block. d 5 distal; HBE 5 His-bundle electrode; p 5 proximal; S 5 stimulation.
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postpacing interval was 30 ms longer than the tachycardia
cycle length and demonstrated manifest entrainment
(Figure 2C). Atrial electrograms recorded at the HRA were
captured antidromically and those recorded at the CS and
HBE were captured orthodromically with a long conduction
interval. Ventricular electrograms recorded at the CS, HBE
and RVA, and the His potential recorded at HBEwere also or-
thodromically captured. Thus, this pacing site was considered
to be proximal to the SCZ, and the entrance of the SCZ was
presumed to be located between this pacing site and the
EAS (Figure 2D).

RF application (25–30 W, 40�C, 30 seconds) was
delivered at this site, following which the AT slowed
down and terminated, but was easily induced by rapid
atrial pacing after that. The RF application site was
then gradually advanced in the NCS toward EAS. The
last RF site (site B) was 14 mm away from the EAS
and its local potential had a delay of 8 ms compared to
that of the HBE. Entrainment pacing from site B termi-
nated the AT, but the number of pacing stimuli needed
to entrain was 3 (Figure 3A). After induction of the
AT, RF application (25–30 W, 40�C, 30 seconds) at
site B accelerated and terminated the AT in 4 seconds
(Figure 3B). PR prolongation was not observed after RF
application. Thereafter, the AT could no longer be
induced. The patient had no recurrence of tachycardia
during the 12-month follow-up period without any antiar-
rhythmic drug.

Discussion
Iesaka and colleagues1 first reported adenosine-sensitive AT
originating from the vicinity of the AV node that was
induced by premature atrial stimulation and was terminated
with a small amount of adenosine. In the method of this AT
ablation, RF application to the EAS close to the AV node
has a potential risk of causing an inadvertent AV block.
Yamabe and colleagues2 and Okumura and colleagues3

clearly demonstrated manifest entrainment and successfully
eliminated ATs by RF applications between the EAS and
entrainment pacing site of the RA (RAA, high anterolateral
RA, high posteroseptal RA, and CTI) without the occur-
rence of AV block. This indicates that the mechanism
responsible for these ATs was reentry, and the optimal RF
site was the entrance of the AT circuit. Recently, Inagaki
and colleagues5 reported regarding adenosine-sensitive
AT that originated from the anterior MA and demonstrated
manifest entrainment from the CS electrode located at
1 o’clock on the MA.



Figure 2 A:Activation maps during tachycardia. The blue tag (site A) shows the pacing site where manifest entrainment was observed. The white tags indicate
the catheter ablation sites, where the atrial tachycardia (AT) was terminated transiently, but was subsequently induced by rapid atrial pacing. The red tag (site B)
indicates the last successful catheter ablation site. The yellow tags indicate the sites where the His potentials were recorded. B: A local fragmented atrial electro-
gram of the earliest activation site (EAS) during the AT preceded that of the His-bundle electrode (HBE) by 16 ms. C: Entrainment pacing from site A. The red
arrows indicate the orthodromic atrial activation, and red asterisks indicate the last orthodromic captured electrograms. The blue arrows indicate the antidromic
atrial activation, and red asterisks indicate the last antidromic captured electrograms. Magnified surface P-wave morphologies in lead II shown in the square box
during pacing (red star) were different from those during tachycardia (blue star), indicating the fusion of surface P wave during pacing except for the last captured
beat.D: Schematic representation of manifest entrainment from the noncoronary aortic sinus (NCS). The antidromic wavefront (n) captures the high right atrium
(HRA), and the orthodromic wavefront of the previous beat (n2 1) exits from the slow conduction zone of the reentrant circuit, enters the coronary sinus (CS) and
the atrioventricular node (AVN), and proceeds to the ventricle. Ao5 aorta; AVN5 atrioventricular node; LAO5 left anterior oblique;MAP5mapping catheter;
MV 5 mitral valve; RA 5 right atrium; RAO 5 right anterior oblique; TV 5 tricuspid valve; TVA 5 tricuspid valve annulus. Other abbreviations are as in
Figure 1.
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Based on these reports, in the current case we performed
entrainment pacing at various sites of the RA and CS elec-
trodes; however, manifest entrainment could not be
observed, and only was demonstrated from the NCS.

Ouyang and colleagues7 reported 9 cases of AT origi-
nating from the para-Hisian region in which successful abla-
tion was achieved at the NCS, the majority of which had
failed prior attempts at RF application from the RA or the
left anteroseptal region. In this report and similar reports,8–10

the EASwas located at the NCS, which was recognized as the
exit of the AT circuit.

To the best of our knowledge, the current case is the first
report that demonstrates manifest entrainment from the NCS
in a case with an adenosine-sensitive AT. This observation
and successful ablation at the NCS (site B), which was not
activated the earliest, showed that this AT was due to reentry,
and the NCS was located at the entrance of the SCZ. The
number of pacing stimuli needed to entrain with the entrain-
ment pacing from site B was 3 (Figure 3A), which also sug-
gests involvement of the AT circuit near site B.11 The
reentrant circuit of this AT was presumed to be in the reverse
direction of that of previous cases with EAS at the NCS. The
reason why manifest entrainment could not be observed from
RA could be explained by the location of the entrance of the
SCZ. The high posteroseptal RA seemed to be located closest
to the NCS among the pacing sites in the RA; however, the
entrance of the SCZ at the NCS was located superior and
“anterior” to the EAS. Therefore, the paced antidromic wave-
front from a high posteroseptal RA might have captured EAS
before the orthodromic wavefront of the previous beat exited
from the SCZ.

Wang and colleagues12 reported 35 cases of AT sur-
rounding the anterior atrial septum that was successfully
ablated at the NCS, 6 of which had a later atrial activation
time of 5–10 ms at the NCS than that at the EAS. This
report showed that NCS could be a target for ablation
even if the NCS is not activated the earliest, and in
some of these cases, the entrance of the SCZ could have



Figure 3 A: Entrainment pacing from site B. The cycle length of atrial electrograms at the high right atrium (HRA) and coronary sinus (CS) electrodes accel-
erated to the pacing cycle length (red asterisks), and the number of pacing stimuli needed to entrain (NNE) at the site was 3. B: Successful catheter ablation at site
B. The atrial tachycardia accelerated just after delivery of radiofrequency (RF) energy and terminated. Other abbreviations are as in the previous figures.

Sakai et al ATP-Sensitive AT With the Entrance of a Slow Conduction Zone at the NCS 451
been at the NCS, similar to the findings in our current
case.

Bohora and colleagues13 showed the possible role of a ret-
roaortic node in the circuit of adenosine-sensitive AT origi-
nating from the AV node vicinity that could have been
ablated from the NCS, and in 3 patients thermal automaticity
during ablation was seen. In our case, termination of the AT
without an AV block by bolus injection of adenosine
(Figure 1D), and acceleration before termination of the AT
during RF application (Figure 3B), is supportive of our belief
that the retroaortic node, which consists of AV node–like tis-
sue, was involved in producing the AT.

In most previous reports,4,7–10 ablation at the NCS in case
of AT arising adjacent to the AV node was effective and safe.
However, Barkagan and colleagues14 reported the occurrence
of a complete AV block requiring permanent pacemaker
implantation by ablation at the NCS where the His potential
was not recorded, and NCS was also reported as the target
site of AV junction ablation.15 Thus, even with ablation at
NCS, there is a potential risk of AV block, and RF application
near the His bundle or fast pathway should be avoided asmuch
as possible. Precise entrainment mapping, including from the
NCS, may reveal the entrance of the SCZ and may help mini-
mize the potential risk of AV block.

There were some limitations in this case. First, we per-
formed entrainment pacing in the RA only from the RAA,
highanterolateralRA, highposteroseptalRA, andCTI; howev-
er, there would have been a possible demonstration of theman-
ifest entrainment if we had performed entrainment pacing from
the high anteroseptal RA. Second, we could not showmanifest
or concealed entrainment from site B owing to termination of
theATby entrainment pacing,which thereforemade it difficult
to accurately understand the relationship between site B and
AT circuit. The last successful ablation site might be not just
at the entrance of the SCZ, but the SCZ near the entrance.
Conclusion
We describe a case of adenosine-sensitive AT originating
from the para-Hisian region with the entrance of the SCZ at
the NCS. If manifest entrainment cannot be observed from
the RA or CS, and the NCS is not activated the earliest, pre-
cise entrainment mapping in the NCS may help to determine
the optimal RF site.
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