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Abstract

We describe a 47-year-old woman who

underwent tetralogy of Fallot repair at the age

of 6 years and radiofrequency catheter ablation

of macro-reentrant right atrial tachycardia(rt-

AT)41 years after surgery.

A three-dimensional electroanatomical

mapping system helped to determine the macro-

reentrant circuit. Although the right atrium

was enlarged by the burden on the right side of

the heart,multiple samplings on contact bipolar

electrograms generated using a multipolar cath-

eter enabled the production of high-density acti-

vation and voltage maps(429 points)within 30

minutes.The activation map revealed a dual-

loop reentrant circuit surrounding the superior

and inferior vena cava,and clarified a critical

isthmus located in the low-voltage area on the

postero-lateral side of the right atrium.The rt-

AT was terminated by ablation of the isthmus

without damaging the nearby right phrenic

nerve.
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Introduction

Patients who undergo surgical repair of con-

genital heart disease occasionally develop atrial

or ventricular tachyarrhythmias long after sur-

gery.Surgical procedures can cause damage to

atrial or ventricular muscles and produce scars or

areas of slow conduction within normal cardiac

muscles. Several years or decades later,such

inhomogeneity in the repaired heart can manifest

as macro-reentrant tachyarrhythmias.

Macro-reentrant circuits have usually been

difficult to determine using conventional electro-

physiological procedures since they can comprise

single or multiple loops.However,three-dimen-

sional(3-D)mapping systems are now available

that can clarify complex circuits,even though the

sampling procedure is often lengthy because 3-D

activation or voltage maps are constructed by

extensive point-by-point mapping. The newer

NavX system(EnSite NavX,SJM Inc.,St.Paul,

MN,USA)with multipolar electroanatomical

mapping facilitates the simple and more rapid

completion of 3-D maps.

We describe a patient who underwent repair of

tetralogy of Fallot as a child and then developed

macro-reentrant right atrial tachycardia(rt-AT)

as an adult.The rt-AT was ablated under the

guidance of the 3-D NavX multipolar mapping

system.
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Case Report

 

A 47-year-old woman who had undergone
 

tetralogy of Fallot repair at the age of 6 years
 

consulted our hospital with palpitations and
 

faintness. Electrocardiography demonstrated
 

atrial tachycardia with a cycle length of 240 ms

(Figure 1).The QRS complex showed the RsR’

pattern with a duration of 160 ms.The heart rate
 

was 125 beats per minute with atrioventricular
 

conduction block,and controlled between 70-90
 

beats per minute with verapamil and digoxin.A
 

chest X-ray revealed an increased cardiothoracic
 

ratio(59.6%)with a prominent right atrial sil-

houette. Echocardiography demonstrated an
 

enlarged right ventricle,and atrium.The left
 

ventricular ejection fraction was 75% of the
 

normal range.

Conventional Electrophysiological Study

 

Conventional electrophysiological study was
 

performed during atrial tachycardia.The multi-

electrode catheters were positioned in the right
 

atrium,right ventricle,and coronary sinus.

Bipolar intracardiac electrocardiograms were
 

filtered between 30 and 500 Hz,displayed at 50-

200 mm/sec,and recorded at a sampling rate of
 

1,000/sec (CardioLab Electrophysiology
 

Recording Systems,GE Healthcare Co.,Barrin-

gton,IL,USA). A programmable stimulator

(Cardiac Stimulator,SEC-4103,Nihon Kohden
 

Corporation,Tokyo,Japan)was used for burst
 

pacing or extra stimuli with a pacing output of
 

twice the threshold and a pulse width of 2 ms.

Entrainment pacing proceeded from the
 

cavotricuspid isthmus(CTI)using an 8-mm-tip
 

ablation catheter(Fantasista,JLL Co.,Ltd.,

Tokyo,Japan)with a pacing cycle length of 210
 

ms.The post-pacing interval(PPI)of 250 ms
 

was close to the tachycardia cycle length(CL)of
 

243 ms(Figure 2A).Similarly,PPI was 263 and
 

306 ms on the lateral side of the tricuspid an-

nulus and at the distal coronary sinus,respective-

ly(Figure 2B,2C). These entrainment data

 

Fig.2 Entrainment mapping with PPI analysis
 

A;Entrainment pacing from the cavotricuspid isth-

mus with a 210-ms cycle length(S)was performed
 

through the distal ablation catheter(ABLd).The
 

post-pacing interval(PPI)was 250 ms and close to
 

the tachycardia cycle length(CL)of 243 ms.B,C:

Similarly,PPI was 263 and 306 ms on the lateral side
 

of the right atrial free wall(RA)near the tricuspid
 

annulus and at the distal coronary sinus(CSd),

respectively;the former was comparatively close to
 

CL,and the latter was much longer than CL.

ABLp,proximal ablation catheter;CSp,proximal
 

coronary sinus;RV,right ventricle

 

Fig.1 Surface twelve-lead electrogram during rt-AT
 

Right bundle branch block with right axis deviation,

240-ms atrial excitation cycles and greater than or
 

equal to two to one atrioventricular conductions.

The polarity of P waves was positive in leads I,II,

and aVL,and negative in III and V1.
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suggested that CTI was at least included in one
 

possible circuit of tachycardia.However,further
 

entrainment mapping with PPI analysis was not
 

performed because entrainment pacing could
 

terminate the tachycardia before ablation.

Three-Dimensional(3-D)Mapping

 

Re-entry circuits in the right atrium were
 

elucidated using an electroanatomical mapping
 

system(EnSite NavX,SJM Inc.).We initially
 

created 3-D“geometry”by gently dragging a 15-

mm circular deflectable catheter with 10 elec-

trodes at intervals of 3-3-3 mm (Libero,Japan
 

Life Line Co.,Tokyo,Japan)to collect and label
 

the anatomic locations within the right atrium.

Multiple contact bipolar signals were also sam-

pled using a decapolar catheter. This multi-

sampling method enabled the simple and rapid
 

construction of high-density activation and volt-

age maps(a maximum of 2,000 points can be
 

saved according to the manufacturer’s manual).

Briefly,each time the ten-electrode catheter was
 

moved to attach to the atrial wall,data(a
 

maximum of nine data points)from pairs of
 

adjacent electrodes with different local activa-

tion times and locations were instantly sampled.

Thus,429 sites in the right atrium were sampled
 

within 30 minutes.Figure 3A shows an activa-

tion map. Macro-reentrant tachycardia was
 

propagated through a narrow,14-mm-long chan-

nel on the map.A dual-loop,reentry“figure-of-

eight”circuit was detected in which one loop
 

each rotated clockwise around the superior and
 

inferior vena cava.Thus,two loops converged at
 

and broke through a narrow channel.

The voltage map in Figure 3B shows low-

voltage areas widespread on the posterolateral
 

side of the right atrium.These areas might have
 

been associated with a right atriotomy that the
 

patient had undergone at the age of 6 years.

Combining these two maps confirmed a narrow
 

channel in the center of the low-voltage area as
 

the target for ablation.

Catheter Ablation

 

A narrow channel of the circuit comprised the
 

critical isthmus targeted for radiofrequency abla-

tion. A quadripolar bidirectional deflectable
 

catheter with an 8-mm-tip electrode(Fantasista,

Japan Life Line Co.,Ltd.)was applied through
 

an 8.5-F steerable sheath(Agilis NxT SML Curl,

SJM Inc.)via the right femoral vein.Radiofre-

quency ablation was applied from the top of the
 

isthmus down towards the inferior vena cava to
 

create an electrical conduction block line(Fig-

ure 3C).A radiofrequency generator(Cable IT,

Japan Life Line Co.,Ltd.)delivered 25 Watts of
 

energy under controlled temperatures up to 50°C.
The ablation catheter was immobilized until the

 
potential recorded from the electrode at the tip

 
of the catheter diminished by 70-80%or until

 
impedance decreased by 3-5 Ohms.To avoid

 

Fig.3A Activation maps of the right atrium viewed in right

(left panel)and left(right panel)posterior oblique
 

views
 
An activation-graded color scale is shown on the left.

A window width of 240 ms matched the tachycardia
 

cycle length.The map shows the earliest activation

(red area)adjacent to the latest activation(purple
 

area)in the posterolateral right atrial free wall area.

The boundary area between purple and red areas

(yellow lines)shows the isthmus of the reentrant
 

circuit(white dotted arrows).

SVC,superior vena cava;IVC,inferior vena cava.

Fig.3B Voltage maps of the right atrium in right posterior

(left panel)and left anterior(right panel)oblique
 

views
 

The voltage-graded color scale shown on the left
 

ranges from 0.1(red)to 1.0 mV(purple).The
 

gray area(＜0.06 mV)indicates dense scarring in
 

SVC and the lower posterior atrium continuous with
 

IVC. Low-voltage areas(0.06-to 1.0 mV)were
 

widely distributed except in the middle of the septal
 

area and areas near the tricuspid annulus. Small
 

yellow dots indicate sampling points.

SVC,superior vena cava;IVC,inferior vena cava.
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phrenic nerve palsy,bipolar pacing with the
 

electrode at the tip of the catheter was applied at
 

10 volts of maximal output before delivering
 

radiofrequency energy. When the diaphragm
 

twitched with pacing on the targeted line,energy
 

delivery was abandoned and the site of energy
 

delivery was moved 2-3 mm away from the tar-

get,because the right phrenic nerve ran very
 

close to the isthmus.The tachycardia was ter-

minated during energy delivery at a point within
 

the isthmus where the potential was very small
 

and fractionated(Figure 4).Additional energy
 

was anatomically applied to complete the con-

duction block line,and then a conduction block
 

across the channel was confirmed by pacing
 

close to the ablation line and by recording the
 

activation delay on the opposite side of the line.

The first session was completed after creating
 

another bidirectional conduction block at the
 

CTI.

Tachycardia that recurred 10 weeks later was
 

similarly ablated.The CL of recurrent tachycar-

dia was 312 ms and almost the same length
 

before the termination of tachycardia in the last
 

session.The reentrant circuit in the right atrium

 

was again easily identified by 3-D mapping.The
 

upper loop of the circuit was the same as before,

but a lower loop like that in the previous circuit
 

was not evident due to the prior conduction
 

block across the CTI.The channel was located
 

in the same area of the right atrium.Ablation
 

proceeded cautiously to avoid phrenic nerve
 

damage. We allowed radiofrequency energy
 

delivery to points where twitching did not occur
 

by pacing with 4 instead of 10 volts.The ta-

chycardia was terminated within the isthmus and
 

no phrenic palsy occurred. An electro-

physiological study at the end of ablation was
 

performed with atrial burst pacing at drive cycles
 

of 500 ms with 10-to 20-ms decrements until
 

refractoriness was achieved or 200 ms was rea-

ched.Atrial tachycardia was not induced further
 

by atrial pacing from the lateral side of the
 

tricuspid annulus or from the coronary sinus
 

ostium with or without isoproterenol infusion.

No complications arose during or after these
 

sessions.The patient has remained free of recur-

rence for more than 4 years.

Discussion

 

Atrial reentrant tachycardia is a frequent com-

plication among patients in whom a congenital
 

heart anomaly has been repaired and has been
 

very difficult to treat.However,complex atrial
 

reentrant tachycardia can now be treated since a
 

3-D electroanatomical mapping system

(CARTO)has been introduced.However,anal-

Fig.3C Three-dimensional maps of the specific sites and the
 

intracardiac electrogram when the tachycardia was
 

terminated
 

The specific sites on the 3-D map were shown in right
 

posterior(left upper panel)and left anterior(right
 

upper panel)oblique views.Red circles represent
 

ablation sites.Green circles indicate the sites show-

ing fragmented potentials.Light blue circles indicate
 

the sites showing double potentials.Yellow circles
 

indicate the sites where the diaphragm twitched by
 

pacing with 10 volts.A white circle at the tip of the
 

ablation catheter indicates the site where the ta-

chycardia was terminated.Catheters were placed in
 

the coronary sinus(CS),and around the tricuspid
 

annulus(MAP).The intracardiac electrogram when
 

the tachycardia was terminated during radiofrequen-

cy ablation was shown(lower panel).

Fig.4 Intracardiac electrogram during the atrial tachycar-

dia
 
Ablation catheter positioned within the isthmus

 
where atrial tachycardia was terminated shows very

 
small potential(0.09 mV,arrow).

Abbreviations as Figure 2.
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yzing reentrant circuits with 3-D mapping
 

requires the sampling of anatomical and electro-

physiological data from hundreds of points.

Nakagawa et al.reported that laborious high-

density point-by-point mapping takes time.

However,a different system(EnSite NavX)that
 

uses a transthoracic electrical field enables simul-

taneous data sampling from several electrodes.

For example,a 20-electrode circular catheter
 

with all electrodes attached to the atrial wall can
 

instantaneously generate twenty pieces of bipolar
 

electrical data. Theoretically,only about 6
 

minutes is required to generate the same amount
 

of data collected in around an hour on a point-

by-point basis.

In fact,we used a ring catheter with ten elec-

trodes to construct a dense map.We generated a
 

dense 3-D map comprising data sampled from
 

429 points on a dilated right atrium within about
 

30 minutes,including time for data correction on
 

an individual basis.This identified a dual-loop
 

reentrant circuit,which clarified where to ablate.

The arrhythmia circuit developed over 40
 

years after surgical repair because of the enlarge-

ment of the right atrium.Measurement of the
 

right atrial volume and index using chest
 

computed tomography yielded 142 mL and 104
 

mL/m,respectively.As the images revealed two
 

portions indicating patches,we suggest that the
 

repair surgery included at least closure of the
 

interventricular shunt with a patch,infundibular
 

resection,and reconstruction of the outflow tract
 

with another patch.However,we cannot deter-

mine exactly where the opening was made during
 

the surgical repair at the age of 6 years because of
 

the lack of operative records.

The activation map demonstrated a large low-

voltage area but no dense scar in the right atrial
 

free wall. The channel in the middle of the
 

posterolateral free wall was not located between
 

scars but between the area with double potentials
 

below SVC and the posterior scar continuous
 

with IVC.We cannot confirm the location of
 

the incision line on the right atrium.However,

the activation map combined with the voltage
 

map might help predict it.We speculate that the
 

incision line could be located in the anterior
 

portion of the low-voltage area parallel to the
 

tricuspid annulus because a wave-front of activa-

tion apparently detoured around this low-volt-

age area in the activation map.Nakagawa et al.

reported four cases of tetralogy of Fallot repair.

All of them had a large scar and two exhibited a
 

circuit between anterior and posterior scars.One
 

case exhibited a circuit surrounding a long line
 

of double potentials.These findings were differ-

ent from our case without a dense scar in the mid
 

free wall where the incision could have been
 

made.This might be due to comparatively small
 

damage to the incised right atrium during opera-

tion in this case.However,not only the damage
 

to the right atrium during repair surgery but also
 

the enlargement due to the hemodynamic burden
 

could be important to produce arrhythmia cir-

cuits. Khairy et al.reported that intra-atrial
 

reentrant tachycardia in tetralogy of Fallot was
 

predominantly associated with right atrial dila-

tion(odds ratio,6.2).

In conclusion,we described a patient with
 

complex rt-AT who was rapidly diagnosed and
 

treated with an electroanatomical mapping sys-

tem accompanied by multiple-electrode sam-

pling.

Conflicts of Interest

 

All authors declare that they have no conflicts
 

of interests regarding the authorship or publica-

tion of this contribution.None of the authors
 

has received or will receive benefits in any form
 

from a commercial party related to this article.

References

 

1.Misaki T,et al.(1994)Surgical treatment of
 

ventricular tachycardia after surgical repair of tetralogy
 

of Fallot.Relation between intraoperative mapping
 

and histological findings.Circulation 90:264-271
 

2.Nakazawa M,et al.(2004)Study Group for Arrhyth-
mias Long-Term After Surgery for Congenital Heart

 
Disease:ALTAS-CHD study.Arrhythmias late after

 
repair of tetralogy of Fallot:A Japanese multicenter

 
study.Circ J 68:126-130

 
3.Gatzoulis MA,et al.(2000)Risk factors for arrhyth-
mia and sudden cardiac death late after repair of

 
tetralogy of Fallot:a multicentre study.Lancet 356:

975-981
 

4.Nakagawa H,et al.(2001)Characterization of
 

reentrant circuit in macroreentrant right atrial tachycar-

dia after surgical repair of congenital heart disease.

Circulation 103:699-709
 

5.Khairy P,et al.(2010)Arrhythmia burden in adults
 

with surgically repaired tetralogy of Fallot:a multi-

institutional study.Circulation 122:868-875

 

Catheter Ablation of Atrial Tachycardia

 

51


