An Experimental Study on Electrophysiological
Isolation of the Atrium
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Abbreviations: Ao, aorta; AS, atrial septum; A-V, atrioventricular ; AVN, atrioventri-
cular node; CS, coronary sinus; FO, fossa ovalis; HBE, His bundle electrogram ; IVC,
inferior vena cava; LA, left atrium ; LAFW, letf atrial free wall; LAW, left anterior wall;
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Fig.1. Drawing of the 3 internodal pathways.
The heart is viewed from ‘above and behind the
left atrium, A, anterior internodal tract; M,
middle internodal tract; P, posterior internodal
tract ; B, Bachmann’s bundle.
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Fig.2. Schematic representation of the arrange-
ment of electrodes.
Ref., the reference is the datum point to measure
arrival time of excitation in epicardial and septal
mapping.
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Fig.3. Atrial map for epicardial recordings.
In panel A, the measure points (dots) consist of 49 points.
In panel B, atrioventricular ring is divided into 9 sections.

LLW, left lateral wall; LPS, left posterior septum ; LPW, left posterior wall; LV, left
ventricle ; MS, membranous septum; MV, mitral valve; PA, pulmonary artery; PV,
pulmonary vein; RA, right atrium; RAFW, right atrial free wall; RAS, right anterior
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Fig. 4. Atrial map for septal recordings. The
measure points (dots) consist of 43 points.
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Fig. 5. Right atrial isolation method in Groups I
and II.
Afer the epicardial atrial mapping, the earliest
ecitation point was detected as sinus node. Ata
distance from this point, the atriotomy is made
along the dashed line as indicated.

septum ; RAW, right anterior wall; Ref., reference ; RLW, right lateral wall; RPS, right
posterior septum ; RPW, right posterior wall ; RV, right ventricle ; SN, sinus node ; SVC,
superior vena cava; TV, tricuspid valve; WPW, Wolff-Parkinson-White.
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Fig.6. Schematic representation of the isolated
right atrium in Groups I and II.
The anterior extension of the right atriotomy
was made to the level of the tricuspid valve
anulus just to the right of the right fibrous
trigone. The posterior extension was mede
through the endocardium across the tricuspid
valve anulus just to the right of the atrial septum.
This portion of the incision is transmural to the
level of the coronary artery.
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Fig. 7. Left atrial isolation method in Groups III
and IV.
After the septal aspect of the left atrium was
exposed, the left atriotomy is made along the
dashed line as indicated.

Fig. 8. Schematic representation of the isolated
left atrium in Groups Il and IV.
Following the standard left atriotomy incision,
the atriotomy was extended anteriorly across
Bachmann’s bundle to the level of the mitral
valve anulus to the left of the right fibrous
trigone. The remaining portion of the incision
was made through the endocardium transmurally
to the level of the coronary sinus and extended
across the mitral vale anulus posteriorly just to
the left of the atrial septum.
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Fig.9. Atriotomy in group V.
The anterior extension of the right atriotomy has
been completed. The remaining portion of the
incision is extended across the atrial septum
along the dashed line as indicated.

Fig.10. Schematic representation of the isolated
atrium in group V.
The incision across the atrial septum has been
extended to the tricuspid and mitral valve anulus.
The left atriotomy is extended anteriorly across
Bachmann’s bundle to the level of the mitral
valve anulus just to the left of the right fibrous
trigone along the dashed line as indicated.
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Fig.11. Schematic representation of the cryoabl-
ation in group VI
The incision across the atrial septum was extend-
ed to the juxtaposition of the coronary sinus.
The cryoablation was added around the coronary
sinus and atrioventricular node as indicated with
the closed circles.
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Table 1. Atrial isolation and complications

Isolated atrium Complications
No. of No. (%) No. (%)
Group : atrio- :
cases right left . . sinus node
. . ventricular bleeding isf .
atrium atrium block disfunction
I 5 4 (80) — 0 1 (20) 0
I 7 7(100) — 0 0 0
il 5 5(100) 0 0 3 (60) 0
*1
k2
v 8(100) 7(87.5) 0 0 0
') 3(100) 3(100) 3(100) 0 3(100)
Vi 2 0 0 - 0 0 1 (50)

No., number ; * right coronary arterial injury ;

** coronary sinus injury
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Fig.12. Changes of the electrograms after right atrial isolation in Group II.
In panel A, preoperative sinus rhythm.
In panel B, postoperative sinus rhythm. Electrical activity in the right atrium is independent to
the remainder of the heart.
A, atrial electrogram ; H, His bundle electrogram; V, ventricular electrogram.
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Fig.13. Postoperative electrical activity and changes of the electrograms under right atrial pacing
for inducing right atrial tachycardia in Group II.
In panel A, postoperative electrical activity in the right atrium is independent of the remainder of
the heart. )
In panel B, under right atrial pacing, electrical activity in the right atrium is not conducted to the
remainder of the heart. The right atrium is isolated electrophysiologically.
S, stimulus wave.
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Fig.14. Changes of the electrograms of the left atrium after left atrial isolation in Group IV.
In panel A, the right atrium was isolated electrophysiologically after the right atriotomy. But the
left atriotomy and cryoablation are not performed, so the left atrium is not isolated.
In panel B, electrical activity in the left atrium follows QRScomplex like 2:1 ventriculoatrial
conduction after the left atriotomy without cryoablation was performed.
In panel C, electrical activity in the left atrium was disappeared during the cryoablation around
coronary sinus after the left atriotomy.
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Fig.15. Postoperative electrogrames under left atrial pacing for inducing left atrial §
tachycardia after the left and right atriotomy with cryoablation in Group N.
Electrical activity in the left atrium is not conducted to the remainder of the heart.
S, the complex of stimulus artifact and electrical activity in the left atrium.
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Fig.16. Septal and epicardial maps under normal sinus rythm.

Panel A shows septal map. The activation is conducted to atrioventricular node
along the anterior and posterior internodal tract.

Panel B shows epicardial map. The earliest exciting point (%) is located at sinus
node. The activation is spread along the anterior and posterior internodal tract as
indicated with a black arrow in the right atrium. The activation is conducted from
right to left atrium along Bachmann’s bundie.

The numbers indicated in the maps are activation times (msec) measured from the

onset of the SN spike in the septal map.
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Fig.17. Septal and epicardial map under incomplete right atrial isolation in Group

I.

Panel A shows septal map. The activation is conducted to atrioventricular node
along the anterior internodal tract. The posterior internodal tract is divided.
Panel B shows epicardial map. The electrical activity from sinus node is not

conducted in the right atrium directly.

In the right atrium, the earliest exciting

point (%) is located near the right posterior septum and the activation is spread

upward in the right atrium.

The numbers indicated in the maps are activation times (msec) measured from the

onset of the SN spike in the septal map.

Fig.18. Postoperative epicardial map under com-
plete right atrial isolation in Group II.
The activation is not conducted to the right
atrium but is conducted to the left atrium along
the Bachmann’s bundle.
In the left atrium, the earliest exciting point (%)
is located at the left anterior wall and the
activation is spread downward to the left
posterior septum.
The numbers indicated in the maps are activation
times (msec).
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Fig.19. Postoperative epicardial map under
complete right atrial isolation and incomplete
left atrial isolation in Group III.

The activation is not conducted to the riht atrium
and not conducted along Bachmann’s bundle to
the left atrium.

In the left atrium, the earliest exciting point (%)
is located at the left posterior septum and the
activation is spread upward to the left anteriol
wall.

The numbers indicated in the maps are activation
times (msec).
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Fig.20. Septal map under isolation of atrial
septum in Group V.
The activation is conducted slowly along the side
of the atrial septal incision.
The numbers indicated in the maps are activation
times (msec) measured from the onset of the SN
spike.
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Fig.21. Septal map under incomplate isolation of the atrial septum in Group VI
Panel A shows septal map before cryoablation. The activation is conducted
downward to atrioventricular node in the anterior side of the atrial septum and then

conducted upward in posterior side.

Panel B shows septal map after cryoablation around coronary sinus and atrioventri-
cular node. The activation is conducted slowly at the cryoablated portion.
The numbers indicated in the maps are activation times (msec) measured from the

onset of the SN spike.
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Fig.22. Postoperative epicardial map under
incomplate isolation of the atrial septum in
Group VI.

The activation from sinus node is not conducted
to the left and right atrium directly. The
earliest exciting points (%) are located at the
lower and posterior portions in the right and left
atrium near the atrial septum.

The numbers indicated in the maps are activation
times (msec).
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Abstract

This study was designed to develop a technique to isolate the left and right atrium
electrophysiologically from the remainder of the heart, so that an artificial pacemaking system
would be unnecessary for the surgical management of refractory supraventricular tachycardia
arising in the atrium. Thirty adult dogs were subjected to cardiopulmonary bypass and six
procedures were tried. The right or left atrium was paced as a model of atrial tachyarrhythmia.
In Group I (n=5) with the right atriotomy of the right atrial free wall (RAFW) to the level of the
tricuspid valve anulus across the terminal groove, the RAFW could be isolated and the remainder
of the heart stayed in sinus rhythm (80%). But one failed with coronary arterial injury. In
Group II (n=7) with the right atriotomy of the RAFW like Group I and cryoablation on the
tricuspid valve anulus at —60°C for 2 min, the RAFW could be isolated in all subjects and no
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complications appeared. In Group [l (n=5) with the right atriotomy like Group I and left
atriotomy to the level of the mitoral valve anulus just to the left of the atrial septum, the left atrium
could not be isolated and two coronary sinus, one coronary artery were injured. In group IV (n=
8) with the right and left atriotomy like Group III and cryoablation added on the tricuspid valve
anulus and around coronary sinus, the left atrium could be isolated in seven, and no complications
appeared. In Groups V (n=3) and VI(n=2) with the right and left anterior atriotomy like
Group lll and an atrial septal incision, atrioventricular block and sinus node dysfunction
appeared, so that these procedures were not proper for the atrial isolation method. This author’
s right atrial isolation method with cryoablation is easy and not invasive for the coronary artery
and the tricuspid valve. These findings suggest that this new method with additional cryoablation
is certain, safe and applicable in patients with refractory supraventricular tachycardia arising in
the right atrium. If both this new method and left atrial isolation (William’s method) are
combined, this method may be applicable to patients with multi-reentrant and multi-focal atrial
tachyarrhythmias.



