MULTIPLE FORMS OF ATYPICAL ATRIOVENTRICULAR NODAL
REENTRANT TACHYCARDIA WITH DIFFERENT RIGHT- AND
LEFT-SIDED RETROGRADE SLOW PATHWAYS

SHORT TITLE: MULTIPLE DIFFERENT RETROGRADE SLOW PATH-
WAYS IN ATRIOVENTRICULAR NODAL REENTRANT TACHYCARDIA

Hiroshige Yamabe, M.D., Yasuaki Tanaka, M.D., Kenji Morihisa, M.D., Takashi Ue-
mura, M.D., *Junjiroh Koyama, M.D., Koji Enomoto, M.D., Hisao Ogawa, M.D.

Department of Cardiovascular Medicine, Graduate School of Medical Sciences, Ku-
mamoto University, Kumamoto and * Division of Cardiology, Saiseikai Kumamoto

Hospital, Cardiovascular Center, Kumamoto, Japan

Address correspondence to:

Hiroshige Yamabe, M.D.

Department of Cardiovascular Medicine,

Graduate School of Medical Sciences, Kumamoto University
1-1-1 Honjo Kumamoto, 860-8556 Japan

Phone: 81-96-373-5175; Fax: 81-96-362-3256

E-mail: yyamabe@kumamoto-u.ac.jp



ABSTRACT

A 56-year-old man was admitted for the treatment of supraventricular tachycar-
dia. After successful ablation of the left concealed accessory pathway, 4 forms of
fast-slow forms of atrioventricular nodal reentrant tachycardia associated with different
right- and left-sided retrograde slow pathways were induced. The locations of retro-
grade slow pathway were observed at the left inferior paraseptum, left mid-septum,
right inferior paraseptum and coronary sinus ostium, respectively. These retrograde
slow pathways formed the integral limb of each tachycardia because conduction block
of each slow pathway by catheter ablation was associated with the termination of ta-
chycardia or abrupt change in the atrial activation sequence.
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INTRODUCTION

Radiofrequency catheter ablation of the slow pathway is an established treatment
for atrioventricular nodal reentrant tachycardia (AVNRT) (1). Slow pathway conduction
can be eliminated by radiofrequency energy application to the right inferior paraseptum
in most slow-fast and fast-slow forms of AVNRT; however, it has been reported that
standard right-sided ablation was ineffective for ablation of the slow pathway and re-
quired left-sided catheter ablation in rare cases with the slow-fast and fast-slow forms of
AVNRT (2-4).We report a case of multiple fast-slow forms of AVNRT associated with
multiple different right- and left-sided retrograde slow pathways that were successfully

eliminated by right- and left-sided approaches.

CASE REPORT

A 56-year-old man was admitted to our hospital for catheter ablation for parox-

ysmal supraventricular tachycardia. No structural heart disease was detected on physical



examination or transthoracic echocardiography. A 12-lead surface electrocardiogram
during sinus rhythm showed no abnormal findings. Electrophysiological study demon-
strated AV reciprocating tachycardia (AVRT) using a left concealed accessory pathway
with a cycle length of 350 msec (Figure 1, AVRT) (Figure 2a). Tachycardia was reset
by single right ventricular extrastimulation delivered during the refractory period of His
bundle and showed a V-A-V pattern following entrainment by right ventricular stimula-
tion. Atrial mapping was then performed using a 7-Fr large tip deflectable quadripolar
electrode catheter, which was advanced into the left atrium by the transseptal approach.
The earliest atrial activation during AVRT was observed at the superolateral mitral an-
nulus (2:30 time position in the left anterior oblique view) (Figure 1, site K in the right
panel) (Figure 2a). Radiofrequency energy application to the earliest atrial activation
site successfully eliminated ventriculo-atrial conduction via the concealed left super-
olateral accessory pathway. Subsequently, the fast-slow form of AVNRT was induced

(Figure 1, AVNRT-1) (Figure 3, AVNRT-1). A diagnosis of AVNRT was made by pre

viously established criteria (5). Mapping of the right and left atrium revealed that the
earliest atrial activation was at the left inferior paraseptum (Figure 1, site 1 in the right
panel) (Figure 3, AVNRT-1). Application of radiofrequency energy to the left inferior
paraseptum terminated tachycardia immediately after the onset of energy application
(Figure 2b), suggesting that the retrograde slow pathway at this ablation site was an in-
tegral limb of the circuit. Although AVNRT-1 was rendered non-inducible after energy
application to the left inferior paraseptum, a different fast—slow form of AVNRT
(AVNRT-2) was then induced (Figure 1, AVNRT-2) (Figure 3, AVNRT-2). Intra-atrial
mapping revealed that the earliest retrograde atrial activation site during AVNRT-2 was
at the left mid-septum (Figure 1, site 2 in the right panel) (Figure 3, AVNRT-2). As
shown in Figures 1 and 3, the morphology of the P wave of the surface 12-lead electro-
cardiogram and the atrial activation sequence on intracardiac electrograms in AVNRT-2
differed from those in AVNRT-1 (Figures 1 and 3). The negative deflection of P wave
in leads 11, 1l and aVF during AVNRT-2 was slightly shallower than those in
AVNRT-1 and the positive deflection of the P wave in lead V1 during AVNRT-2 was



lower than that during AVNRT-1 (Figure 1). Also, the intra-atrial activation interval
between CS 9-10 and HRA 7-8 during AVNRT-2 was shorter than during AVNRT-1
(45 vs. 55 msec) (Figure 3). The atrial electrogram at CS 7-8 was observed earlier than
that at CS 9-10 during AVNRT-1. However, the atrial electrogram at CS 9-10 was ob-
served earlier than that at CS 7-8 during AVNRT-2. In addition, atrial activation time in
the CS during AVNRT-1 was shorter than that during AVNRT-2 (13 vs. 16 msec) (Fig-
ure 3). Radiofrequency energy application to the left mid-septum (site 2 in Figure 1)
during AVNRT-2 produced an abrupt change in the cycle length and intra-cardiac acti-
vation sequence (Figure 2c). The tachycardia cycle length was abruptly prolonged from
360 to 390 msec accompanied by delayed activation of the atrial electrogram at the ab-
lation site, suggesting a shift in the retrograde limb of tachycardia and transition of the
tachycardia circuit to a different form of tachycardia by ablation (Figure 2c). After eli-
mination of AVNRT-2, we remapped the left atrium during subsequent fast—slow
AVNRT (AVNRT-3); however, the earliest atrial electrogram was not in the left atrium,
but was observed at the right inferior paraseptum during AVNRT-3 (Figure 1, site 3 in
the right panel) (Figure 3, AVNRT-3). The morphology of the P wave on the surface
12-lead electrocardiogram and the atrial activation sequence on intracardiac electro-
grams in AVNRT-3 were different from those in AVNRT-1 and -2 (Figures 1 and 3).
Although the atrial electrograms at CS 9-10 during AVNRT-1 and -2 were observed 55
and 45 msec earlier than those at HRA 7-8, the atrial electrogram at CS 9-10 was ob-
served 70 msec earlier than that at HRA 7-8 during AVNRT-3 (Figure 3). In addition,
atrial activation time in the CS during AVNRT-3 was longer than those during
AVNRT-1 and -2 (32 vs. 13 and 16 msec, respectively) (Figure 3). Furthermore, atrial
activation sequence from HRA 1-2 to 9-10 during AVNRT-3 was different from that
during AVNRT-1 and -2 (Figure 3). Subsequent application of radiofrequency energy to
site 3 terminated AVNRT-3 and eliminated retrograde slow pathway conduction at site
3; however, another different fast-slow AVNRT (AVNRT-4) was induced (Figures 1
and 3). The earliest atrial electrogram was observed at the coronary sinus ostium during

AVNRT-4 (Figure 1, site 4 in the right panel). P wave morphology on the surface



12-lead electrocardiogram and intracardiac activation sequence during AVNRT-4 dif-
fered from those during AVNRT-1, -2 and -3 (Figures 1 and 3). Also, the atrial ac-
tivetion time in the CS during AVNRT 4 differed from those during AVNRT-1, -2 and
-3 (Figure 3). Radiofrequency energy application to the coronary sinus ostium (site 4 in
Figure 1) terminated AVNRT-4 and eliminated retrograde slow pathway conduction.

After this energy application, tachycardia was rendered non-inducible.



DISCUSSION

Our case presented multiple forms of fast-slow AVNRT using different multiple
right- and left-sided retrograde slow pathways. Indeed, change in the retrograde slow
pathway conduction via the retrograde right- and left-sided slow pathways was associ-
ated with the change in the intracardiac activation sequence. These different retrograde
slow pathways formed the integral limb of each tachycardia. This was confirmed by the
finding that the conduction block of each slow pathway by radiofrequency energy ap-
plication was associated with the termination of tachycardia or shift in the atrial activa-
tion sequence accompanied by a change in the tachycardia cycle length. Of interest, the
difference in the tachycardia cycle length among tachycardias was mainly due to the
difference in the HA interval. This may reflect the different retrograde conduction time
among different retrograde slow pathways or it might be caused by the change in the
autonomic tone.

Our observations confirmed the previous case of the common form of AVNRT, in
which the successful ablation site was in the left mitral annulus (2). Left-sided ablation
of the retrograde slow pathway in the fast-slow form of AVNRT has also been reported
previously (3, 4). However, the successful ablation site of the eccentric atypical
AVNRT was in the coronary sinus ostium and, to our knowledge, it has never been
shown in the left atrial mitral annulus. Previously, Inoue and Becker provided histologic
evidence of both rightward and leftward inferior extensions and they speculated that
these extensions may form the substrate of the slow pathway in AVNRT (6). Katritsis et
al. demonstrated the presence of the left inferior extensions electrophysiologically (7).
Based on these findings, they suggested that a right or left circuit may occur in AVNRT
(7). Thus, these multiple extensions might be the substrate of the right- and left-sided

retrograde slow pathways observed in our case.



REFERENCES

1. Jackman WM, Beckman KJ, McClelland JH, Wang X, Friday KJ, Roman CA, Moul-
ton KP, Twidale N, Hazlitt HA, Prior MI. Treatment of supraventricular tachycardia due
to atrioventricular nodal reentry, by radiofrequency catheter ablation of slow-pathway
conduction. N Engl J Med. 1992;327:313-8.

2. Jais P, Haissaguerre M, Shah DC, Coste P, Takahashi A, Barold SS, Clémenty J. Suc-
cessful radiofrequency ablation of a slow atrioventricular nodal pathway on the left
posterior atrial septum. Pacing Clin Electrophysiol. 1999;22:525-7.

3. Nam GB, Rhee KS, Kim J, Choi KJ, Kim YH. Left atrionodal connections in typical
and atypical atrioventricular nodal reentrant tachycardias: activation sequence in the
coronary sinus and results of radiofrequency catheter ablation. J Cardiovasc Electro-
physiol. 2006;17:171-7.

4. Otomo K, Nagata Y, Uno K, Fujiwara H, lesaka Y. Atypical atrioventricular nodal
reentrant tachycardia with eccentric coronary sinus activation: electrophysiological
characteristics and essential effects of left-sided ablation inside the coronary sinus.
Heart Rhythm. 2007;4:421-32.

5. Yamabe H, Shimasaki Y, Honda O, Kimura Y, Hokamura Y. Demonstration of the
exact anatomic tachycardia circuit in the fast-slow form of atrioventricular nodal reen-
trant tachycardia. Circulation. 2001;104:1268-73.

6. Inoue S, Becker AE. Posterior extensions of the human compact atrioventricular
node: a neglected anatomic feature of potential clinical significance. Circulation.
1998;97:188-93.

7. Katritsis DG, Becker AE, Ellenbogen KA, Karabinos I, Giazitzoglou E, Korovesis S,
Camm AJ. Right and left inferior extensions of the atrioventricular node may represent

the anatomic substrate of the slow pathway in humans. Heart Rhythm. 2004;1:582-6.



FIGURE LEGENDS

Figure 1. Left panel: Surface 12-lead electrocardiograms of each tachycardia. Right
panel: Location of the earliest atrial activation site (EAAS) in each tachycardia on bi-
plane fluoroscopic images. AVNRT, atrioventricular nodal reentrant tachycardia;
AVRT, atrioventricular reciprocating tachycardia; CS, coronary sinus; HB, His bundle;
HRA, high right atrium; LAO, left anterior oblique view; MV, mitral valve; RAO, right
anterior oblique view; RV, right ventricle; TV, tricuspid valve.

Figure 2. Panel a: Surface electrocardiogram I, Il and V1 and intracardiac electrograms
during atrioventricular reciprocating tachycardia. The ablation catheter (ABL) is located
at the earliest atrial activation site (2:30 time position in the left anterior oblique view;
MYV 2:30). Panel b: recording during AVNRT-1 at the onset of radiofrequency energy
application. The ablation catheter (ABL) is located at the left inferior paraseptum,
where the earliest atrial electrogram was recorded during AVNRT-1. Panel c: Re-
cording during radiofrequency energy application to the mid-septum of the left atrium,
where the earliest retrograde electrogram was observed during AVNRT-2. Abbrevia-
tions are the same as in Figure 1.

Figure 3. Surface electrocardiograms I, 1l and V1 and intracardiac electrograms during
AVNRT-1, -2, -3 and -4 are shown. The ablation catheter (ABL) is located at the earli-
est atrial activation site (EAAS) in each tachycardia. See text for discussion. Abbrevia-

tions are the same as in Figure 1.
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Figure 2
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