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1 | INTRODUCTION

A patient with Wolff-Parkinson-White syndrome underwent
catheter ablation with ultra-high-resolution mapping, which
suggested the presence of an accessory pathway in the pos-
terior mitral annulus. We could not treat it from the endocar-
dial side. However, angiography identified a coronary sinus
diverticulum, and the pathway was successfully ablated at its
neck.

The Rhythmia system™ (Boston Scientific), which vi-
sualizes cardiac excitation propagation with extremely high
resolution, is a useful mapping tool for accessory pathway
ablation.” In this study, we report the case of a patient
who underwent catheter ablation for symptomatic Wolff-
Parkinson-White (WPW) syndrome using the Rhythmia

Ultra-high-resolution mapping is useful in the ablation of accessory pathways.
However, in patients with accessory pathways in the coronary sinus (CS) diverticu-
lum, treatment with endocardial ablation may be challenging. Patients suspected of
having subepicardial accessory pathways may require the examination of the venous
anomaly using CS angiography.

accessory pathway, catheter ablation, coronary sinus diverticulum, high-density mapping, Wolff-
Parkinson-White syndrome

system, but was difficult to treat owing to the presence of a
diverticulum in the coronary sinus (CS).

2 | CASE HISTORY

The patient, a 29-year-old woman, was diagnosed with WPW
syndrome at the age of 10. She had occasional palpitations
and underwent a follow-up with no treatment because of in-
frequent symptoms. Recently, she was admitted to our hos-
pital for catheter ablation owing to increased palpitations.
There were no abnormal physical findings on admission
(chest X-ray or cardiac ultrasound showed no findings sug-
gestive of organic heart disease). The 12-lead electrocardio-
gram (ECG) showed the following results: The delta wave
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polarity was positive in lead I and negative in leads II and
aVF, and the amplitude of the R wave was greater than that
of the S wave in lead V1 (Figure 1).

3 | ELECTROPHYSIOLOGICAL
STUDY AND CATHETER ABLATION

A 6-Fr 10-pole catheter (Abbott Technologies) was placed in
the coronary sinus. A 6-Fr 12-pole catheter (Japan Lifeline)
was placed in a region extending from the bundle of His to the
right ventricular apex. Regarding the intracardiac potentials
during sinus rhythm, the site of the earliest ventricular activa-
tion was the CS (7-8) in the posterior mitral annulus, match-
ing the sequence of the earliest atrial activation during right
ventricular apex pacing (Figure 2A,B). Tachycardia, with a
cycle length of 336 msec, was induced by stimulation with a
basic cycle of 600 msec and an S1-S2 interval of 320 msec.
The site of the earliest atrial activation during tachycardia
matched the sequence during right ventricular apex pacing.
These results led to the conclusion that her tachycardia was
orthodromic atrioventricular reciprocating tachycardia, and
the accessory pathway in the posterior mitral annulus was
part of its circuit (Figure 2C).

To perform mitral valve annulus mapping, an Orion cath-
eter (Boston Scientific) was placed in the left atrium using
a steerable sheath (Agilis, Abbott Medical) and an intrac-
ardiac echo catheter was used for transseptal puncture. The
ultra-high-resolution map of the atrial wall next to the poste-
rior mitral annulus during right ventricular pacing, presented
in Figure 3A, shows the propagation from the ventricle to
the atrium at the marker in the figure (6 o'clock direction in
the mitral valve annulus). Figure 3B shows the propagation

during sinus rhythm. The marker in the figure shows that
propagation from the atrium to the ventricle and yellow
marker occurred at the site of the earliest atrial activation
during right ventricular apex pacing. Thus, detailed mapping
of the accessory pathway was performed.

When the ablation catheter was placed at the site of the
earliest activation in the atrial wall next to the posterior mi-
tral annulus detected by the Rhythmia system, the local po-
tential of the catheter detected a preceding A wave during
right ventricular apex pacing. Hence, the site was ablated
(Figure 4). However, additional ablation of the surrounding
tissue did not lead to the ablation of the accessory path-
way. The treatment strategy was reviewed since lead II of
the 12-lead ECG showed a negative delta wave. Therefore,
the patient was suspected of having a subepicardial acces-
sory pathway and underwent CS angiography via a catheter
placed in the CS. The angiography identified a diverticulum
with a neck extending downward at the site of CS 7-8 (about
I cm from the CS ostium) (Figure 5). The neck of the CS
diverticulum was attached to the main trunk. During angi-
ography, contraction of the diverticulum before ventricular
systole was also observed. When an ablation catheter was
placed at the neck of the diverticulum (Figure 5), a poten-
tial preceding the endocardial local potential was observed
during right ventricular apex pacing (Figure 6A). The acces-
sory pathway was blocked in about 6 seconds after ablation
of this site with 20w (Figure 6B). The ablation was com-
pleted by additional electrical stimulation of the surround-
ing tissue. Figure 7 shows all the ablated sites. The neck of
the diverticulum in accessory pathway ablation matched the
sequence shown by the Rhythmia system. During the post-
operative 6-month follow-up, the accessory pathway did not
recur.

FIGURE 1 The 12-lead
electrocardiogram during sinus rhythm.
Delta wave polarity was positive in lead I
and negative in leads II and aVF, and the
amplitudes of the R wave was greater than
that of the S wave in lead V1
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FIGURE 2 A, Intracardiac
electrocardiogram (ECG) during sinus
rhythm. B, Intracardiac ECG during right
ventricular apex pacing. An accessory
conduction pathway was detected at
coronary sinus 7-8 (the posterior mitral
annulus). C, Intracardiac ECG during
tachycardia. The site of the earliest atrial
activation during tachycardia matched the
sequence during right ventricular apex
pacing. Therefore, her tachycardia was
concluded to be orthodromic atrioventricular
reciprocating tachycardia, and the accessory
pathway in the posterior mitral annulus was
part of its circuit

4 | DISCUSSION

Based on the algorithm for identifying accessory pathways
using the 12-lead ECG by Arruda et al,* the accessory

.. 1317
Clinical Case Reports errn— W LEYJ_

(A)

- ) )
) ) 3 .
= - - ;
e — M\@“ hﬂ”‘w 3‘”&
X ! [

RV3-4)

SR ¥, RN ¥ GOURINENR 1 RN ¢, SO ¥,
B AR AP S R

RV1-2|

(C)

RAT2

s A e ¥ - A - e A A—
# 'I'A F ll'n ll‘A g ﬁn ‘.'.« A
cs3af—— BN A g e A A g A —
es 12—yt ) S A A~y + Ay A e
i NN NN W /N
S e A - PN ]

pathway in the patient in this study was expected to be iden-
tified in the posterior mitral annulus. Therefore, ultra-high-
resolution mapping was used to map the accessory pathway.
Mapping using the Rhythmia system clearly visualized the
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FIGURE 3 A, Ultra-high-resolution map of the atrial wall next to the posterior mitral annulus during right ventricular pacing. The marker in

the figure shows propagation from the ventricle to the atrium in the posterior mitral annulus near the ostium of the coronary sinus. B, Ultra-high-

resolution map of the atrial wall next to the posterior mitral annulus during sinus rhythm. The marker in the figure shows propagation from the

atrium to the ventricle. The yellow tag indicates the site of the earliest atrial activation during right ventricular apex pacing
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FIGURE 4 Intracardiac ECG of the
site of ablation of the atrial wall next to the
posterior mitral annulus. When the ablation
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atrial and ventricular attachments to the accessory pathway
and the continuous potential between the atrium and ventri-
cle at these sites. However, electrical ablation of the acces-
sory pathway was not possible in this site. According to the
ECG algorithm,2
the presence of subepicardial accessory pathways. In our pa-
tient, the presence of the accessory pathway in the posterior
mitral annulus was first suspected. However, unsuccessful
endocardial ablation led to the consideration of the presence
of an epicardial collateral pathway. This led to the identifi-
cation of the CS diverticulum using angiography and rapid
and successful ablation at the neck of the CS diverticulum.
The results suggest the importance of the examination of ve-
nous anomalies using CS angiography in patients suspected
of having an accessory pathway in the posterior septum or the
posterior mitral annulus.

the delta wave (negative in lead II) shows

In many cases, epicardial pathways are observed in the
posterior septum or the region of the left posterior wall (eg,

the middle cardiac vein [MCV] and the CS diverticulum
[venous anomaly]). According to previous studies, an ac-
cessory pathway is usually observed in the MCV, but rarely
in the CS diverticulum.’ In a study of surgical treatment
of WPW syndrome, patients with an accessory pathway in
the posterior septum, a CS diverticulum was observed in
six of 65 patients. The study suggested the presence of an
accessory pathway was at the neck of diverticulum in all
patients.6

These diverticula contain myocardial fibers that connect
both the ventricle and CS myocardial coats. The CS myo-
cardial coat, present in all individuals, is anatomically and
electrically connected to both atria at the site of the acces-
sory connection.’ Moreover, there is a report of a success-
ful ablation of an accessory pathway in the neck of a CS
diverticulum.’

In this study, the diverticulum was contracted prior to ven-
tricular systole. Therefore, activation may have propagated
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FIGURE 5 Coronary sinus (CS)
angiography. CS angiography identified

a diverticulum with its neck extending
downward at the site of CS 7-8 (about 1 cm
from the CS ostium)
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FIGURE 6 A, Intracardiac
echocardiogram (ECG) during ablation of
the neck of a CS diverticulum from within
the CS. When an ablation catheter was

placed at the neck of the diverticulum, an

A wave preceding the wave detected at the

endocardial site of ablation was observed

during right ventricular apex pacing. B,

Ablation at the neck of the CS diverticulum.
The accessory pathway was blocked in
about 6 seconds after the ablation of this site

et A NS VN N A
N /b M N\ i
B s U U— U
‘W Ablation start . VWKENT block
1
w[\]
. — . .
. e e i i —1
) NN I /AN A N S, W W SO, SN O W B
S| O o Y SO WO MY SRS WO SO g
I ' (— h—7 ' 1
1 + T S T T + Y
— J—y S S
nst-zr—‘\/-—r—‘ y M__.
el U U | R R m— . —

from the atrium, via the CS myocardial coat, to the neck of
a diverticulum, then to the muscle around the diverticulum,
and finally to the ventricle.

5 | CONCLUSION

In this study, a patient with WPW syndrome underwent
catheter ablation with ultra-high-resolution mapping. The

mapping accurately detected the propagation. However,
endocardial ablation did not lead to the block of the acces-
sory pathway. Retrograde CS angiography confirmed the
presence of a CS diverticulum. The ablation of the neck of
the diverticulum led to the blocking of the accessory path-
way. In patients with an accessory pathway in CS divertic-
ula, it may be challenging to block the accessory pathway
using endocardial ablation. Patients with subepicardial ac-
cessory pathways, as suggested by the preoperative ECG,
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FIGURE 7 The ablation sites in this study.

The yellow tag indicates the site of the earliest atrial activation and the site of the first

endocardial ablation during right ventricular apex pacing, as shown by the Rhythmia system. @ The red tag indicates the site of additional ablation

in the endocardium. @ The blue tag indicates the site of ablation in the neck of the diverticulum (successful ablation of the accessory pathway). ®

The pink tag indicates the site of additional ablation from within the CS

may require examination of the venous anomaly using CS
angiography.
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