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Abstract

A nonfluoroscopic electroanatomical cardiac mapping system (CARTO) integrates ana-
tomical and electrophysiological information to reconstruct a three-dimensional activation map.
Information from the CARTO system helps to reveal the mechanism and perform successful abla-
tion in scar re-entry ventricular tachycardia after cardiac surgery. Three-dimensional activation and
propagation mapping was performed in ¢ patient with ventricular tachycardia after surgical correc-
tion of a double outlet right ventricle. The ventricular tachycardia appeared in two morphologies and
were refractory to antiarrhythmic medication including amiodarone. Both ventricular tachycardias
were re-entered using the ventriculotomy scar but rotated in different directions. Successful radio-
frequency ablation was performed by creating a line of conduction block from the pulmonic valve
to the ventriculotomy scar using entrainment mapping and the ablation lesion tagging technique.
The CARTO system is useful in mapping and guiding the ablation of complex ventricular tachy-
cardia after surgical correction in congenital heart disease
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Ventricular tachycardia (VT) associated
with surgical repair of some congenital heart
diseases, such as tetralogy of Fallot and a double
outlet right ventricle are commonly due to re-entry
(1-7). Ablation performing with a standard fluoro-
scopic system would target at the slow conduction
isthmus zone of the re-entry circuit.(5) However,
some re-entry circuits may not have narrow isth-
mus zone and some isthmus zones could not be
identified on the endocardium(8). To create a line
of conduction block to a relatively broad endocar-
dial region of the circuit would be difficulty with
the fluoroscopic system. Three-dimensional map-
ping created from the CARTOTM system (Bio-
sense, Ltd., Israel) with the tagging ablation site
technique would be useful in ablating such re-entry
circuits. This report demonstrated the use of the
electroanatomical mapping system to perform elec-
trophysiologic study and radiofrequency catheter
ablation (RF ablation) in a patient with refractory
ventricular tachycardia after surgical correction of a
double outlet right ventricle.

The patient was a 15 year old male who
had corrective surgery for double outlet right ven-
tricle. Nine months after surgery he was admitted to
the hospital for sustained ventricular tachycardia
with the symptom of near syncope. The patient was
treated with electrical cardioversion after IV lido-
caine failed to convert his tachyarrhythmia. Oral
amiodarone 600 mg a day was used to control his
VT. However, he developed the same VT 3 months
after the initiation of amiodarone and again required
electrical cardioversion to restore the sinus rhythm.
The patient was then referred for RF ablation of
his VT.

MATERIALS AND METHOD
System Components

Detailed information of the system com-
ponent have been described(9:10). The mapping
and navigation system comprises a miniature pas-
sive magnetic field sensor, an external ultraflow
magnetic field emitter (location pad), and a pro-
cessing unit (CARTO, Biosense).

The location mapping and location re-
ference catheters (NAVI-STAR and REF-STAR,
Cordis-Webster, Baldwin Park, CA, USA) have
several electrodes that record unipolar and bipolar
signals.

In brief, the spatial information is obtained
by magnetic fields emitting from the location pad,
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received by a sensor on the mapping catheter with
the processing in the main unit. The electrical acti-
vation recording from the mapping catheter com-
pared to the reference electrogram is used to create
a color coded activation sequence map.

Electrophysiological studies, Catheter Mapping
and Catheter Ablation

A multi-electrode catheter was intro-
duced to the right ventricular apex via the right
femoral vein. This catheter was used to perform
programmed ventricular stimulation to induce ven-
tricular tachycardia and bipolar recording was used
as the electrical reference. A location reference
catheter was placed on the patient’s back at the
interscapular area. A mapping catheter was intro-
duced to the right ventricle via the right femoral
vein. The system gated the location of the mapping
catheter to a fiducial point in the cardiac cycle and
recorded it in relation to the location of the fixed
reference catheter. After ventricular tachycardia was
induced, the mapping catheter was moved with the
use of both fluoroscopic and nonfluoroscopic sys-
tem to create a three-dimensional geometrical color
coded map with electrophysiological information.

Radiofrequency energy was delivered
between the distal electrode of the mapping cathe-
ter and a large patch electrode placed on the
patient’s back, from an EPT generator.

Ventricular Tachycardia mapping

Mapping was performed in the bipolar and
unipolar recording modes. The timing reference
was an intracardiac electrogram from the catheter
placed at the right ventricular apex. Programmed
ventricular stimulation was performed and easily
induced ventricular tachycardia. The ventricular
tachycardia had two morphologies. One form was
LBBB and the inferior axis (Fig. 1) and the other
one was RBBB and the inferior axis (Fig. 2).

Activation sequence mapping was per-
formed for both forms of ventricular tachycardia.
Both ventricular tachycardias originated from the
ventriculostomy scar below the pulmonic valve.
However, the propagation maps showed that the
LBBB inferior axis VT was re-entered and rotated
clockwise around the scar (Fig. 1) but the RBBB
inferior axis had two loops with a common pathway
in the middle. One loop rotated clockwise but the
other rotated counterclockwise (Fig. 2).
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Fig. 1.  The EKG showed an LBBB inferior axis. The activation map showed the activation color coded map
with anatomical information. The propagation map showed the sequence of activation to be re-entry,
rotated clockwise around the scar.



S190 C. SRIRATANASATHAVORN et al. J Med Assoc Thai November 2000

Fig. 2. The EKG showed an RBBB inferior axis VT with the activation map. The propagation map showed
the sequence of activation which appeared to be two loops with the common pathway in the middle.
The loop on the right side of the scar rotated clockwise and the left loop rotated counterclockwise.
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Fig. 3.

RF Ablation

Radiofrequency ablation was performed
using the anatomical approach from the three-
dimensional activation sequence map and the con-
cealed entrainment technique(11). The CARTO
system allowed the ablation lesions to be tagged and
created a line of complete conduction block from a
series of ablation lesions. The line of conduction
block was created from the pulmonic valve to the
ventriculostomy scar in this patient. This required
29 RF ablation lesions. The RF ablation was per-
formed during the LBBB inferior axis VT. The VT
was terminated during RF ablation (Fig. 3). How-
ever, the ablation was continued to complete the
line of conduction block. At the end of the proce-
dure, VT was no longer induced using the aggres-
sive programmed ventricular stimulation with iso-
proterenol infusion. The patient has remained free

The termination of ventricular tachycardia with RF ablation.

from ventricular tachycardia without any anti-
arrhythmic medication since his RF ablation 16
months ago.

SUMMARY

This report demonstrated the use of the
CARTO electroanatomical mapping system to per-
form electrophysiological study and radiofrequency
ablation in complex ventricular tachycardia after car-
diac surgery in congenital heart disease. Both the
activation sequence and propagation map helped
to reveal the mechanism of ventricular tachycardia.
The tagging ablation lesion technique would faci-
litate the creation of a line of complete conduction
block, required for a successful procedure, from a
series of small RF ablation in some difficult ven-
tricular tachycardias.

(Received for publication on October 11, 2000)
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