Atrial tachycardia in congenital heart disease

In July 2010, a 38 years old male with congenital heart disease has been evaluated in our
institution because of four months history of recurrent episodes of palpitation associated
to severe weakness and shortness of breath.

He was born with a complex congenital heart disease characterized by complete AV
channel defect, functionally single ventricle because of large interventricular septal defect
and underdevelopment of the left ventricle, severe pulmonary stenosis, persistent left
superior vena Cava directly connected into a single atrium, absence of inferior vena Cava
with Azygos continuation to the right superior vena Cava and anomalous dextroposition of
aorta.

When he was 2 years old underwent to Waterstone anastomosis (surgical aorto-
pulmonary connection) because of severe oxygen desaturation and when he was 15 to a
modified Fontan approach. A direct atriopulmonary connection was realized reconstructing
the right atrium with Dacron grafts while the left persistent vena Cava was connected
directly to the left pulmonary artery. This palliative surgery included also AV valve repair
and connection to the functionally single ventricle. This palliative surgery allowed almost
normal physical development and normal social life.

In 1996, he was admitted in cardiology department because of sustained supraventricular
arrhythmia with 2:1 A:V relationship. At that time verapamil administration was associated
to resolution of symptoms and subsequently to tachycardia interruption. Since then he was
on twice a day verapamil oral regimen (up to 320 mg per day) that was never
discontinued. Potassium supplements, diuretics and proton pump inhibitors were
prescribed as well. The first symptomatic recurrence was documented only in April 2010
and it was managed with i.v. amiodarone followed by an oral regimen of 200 mg per day.
Arrhythmia recurrences were documented thereafter despite amiodarone and verapamil
combination and reported to last up to hours.

On physical examination was present cyphoscoliosis and pectus carinatum. A loud
crescendo-decrescendo systolic murmur was audible on both sides of sternum while a
milder olosystolic murmur was audible on apical and axillary site. Mild jugular
engorgement was present at rest in sitting position.

Baseline EKG recording showed alternance of sinus rhythm and a slightly faster ectopic
rhythm, extreme deviation of QRS axis, inverted R/S transition on precordial leads and
prominent U waves (figure 1).

A complete transthoracic and transesophageal echographic evaluation was performed on
admission. A functionally single ventricle was present because of a wide septal defect. Bi-
leaflet prolapse of the single AV valve with mild incontinence, mild aortic incontinence and
enlarged aortic root were described. The superior vena Cava was connected to an
enlarged and isolated right atrium, four epatic vein were also connected directly with the
right atrium (figure 2). A small interatrial defect was also observed.
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Figure 1: baseline EKG recordings showing competition between sinus rhythm and a slightly faster ectopic
rhythm, extreme deviation of QRS axis, inverted R/S transition on precordial leads and prominent U waves.
Slightly changes of sinus P wave morphology are noted during sinus rhythm (1st to 4th beat), the fifth beat
shows a narrow P wave possible expression of fusion between sinus and the first beat of the incoming
ectopic rhythm.
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Figure 2: on the right, four chamber projection is showing a large interventricular defect with hypoplastic left
ventricle, sigle AV valve connecting the left atrium to the functionally single ventricle and a reconstructed
right atrium separated from the right ventricle. On the left, epatic veins directly draining into the right atrium.
Of note a large one is evident in this subcostal projection, location and caliber are consistent with incomplete
development of inferior vena Cava.

An informed consent was obtained for electrophysiological study and ablation procedure.
In non-sedated, fasting state an EP study was performed.

Because of absence of inferior vena Cava, direct atriopulmonary anastomosis and left
persistent vena Cava directly connected to the left pulmonary artery, the only access to the
right atrium was through the right superior vena Cava. Due to specific anatomical
consideration and catheter manipulation issues we decided to approach the right atrium



placing 4 vascular sheets in the right subclavian vein. Unfractionated heparin was
administered after vascular sheets were placed, ACT was continuously monitored and
maintained above 200 sec.

A small multipurpose angiographic catheter was first introduced to perform an atriography
to better define chamber limits, venous drainage and atriopulmonary connection. Of note
presence of Coronary Sinus and a posterior cardiac vein drainage into the right atrium was
supposed because of angiographic appearance.

The insertion of a quadripolar catheter inside the presumed coronary sinus allowed to
record electrograms (EGMs) from both atria and ventricle thus confirming it's anatomical
location close and behind the common AV valve. Another two quadripolar catheters were
inserted respectively inside the functionally single ventricle through a small interatrial
defect and in the high right atrium region.

Programmed atrial stimulation during low dose isoproterenol infusion was associated to
induction of supraventricular tachycardia (TCL 445 msec.) with variable AV relationship
(figure 3). Surface EKG analysis did not allow to identify a clear “P” wave morphology so
endocavitary recording were utilized as reference for atrial activity.

During ongoing tachycardia a detailed mapping of the right atrium was performed utilizing
a 4 mm irrigated tip ablation catheter (Therapy Cool Path™ Duo). A large area of absent
electrical activity was found on the infero-medial region of the reconstructed right atrium
consistent with the location of Dacron grafts. Areas of fragmented, low amplitude electrical
activity were found along the supero-medial edge of this region and, consistent with the
atriotomic scar location, on the lateral aspect of the right atrium.

Very early local activity was found close to this area where well preserved atrial potentials
were found to anticipate all others electrograms. Radiofrequency delivery (max. 40 W, 45
T, 60 sec.) in this location determined sudden int erruption of the tachycardia.
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Figure 3. Panel a: Programmed atrial stimulation during low dose isoproterenol infusion is followed by
tachycardia initiation. From top to bottom are leads DI, DII, DIll, aVL, Vi, Vs and electrograms from the
high-right atrium (RA 1-2), proximal and distal coronary sinus (CS 3-4 and CS 1-2) and ventricular apex (RV
1-2). Panel b: surface EKG during ongoing tachycardia. QRS widening is present during pacing and
tachycardia, aberrancy limits the ability to recognize P wave morphology. Panel c: AP fluoro view of catheter
location.

Figure 4. Very early electrical activity is recorded on both mapping catheter tracings, endocavitary recordings
are utilized as reference for early or late activation. Of note, small changes in ST profiles are present and
synchronous with the EGMs recorded on mapping catheter, these changes are consistent with P waves
buried inside the ventricular repolarization. From top to bottom are lead V6 and electrograms from the high-
right atrium (RA 1-2), proximal and distal coronary sinus (CS 3-4 and CS 1-2) proximal and distal mapping
catheter (Abl p and Abl d) and ventricular apex (RV 1-2).



Figure 5. Top: RF delivery at the same site recorded in figure 4 was associated to tachycardia interruption.
From top to bottom are lead Vg and electrograms from the high-right atrium (RA 1-2), proximal and distal
coronary sinus (CS 3-4 and CS 1-2) proximal and distal mapping catheter (Abl p and Abl d) and ventricular
apex (RV 1-2). Bottom: RAO and LAO view of ablation catheter position.

Subsequent programmed atrial stimulation during isoproterenol infusion induced another
supraventricular tachycardia with similar cycle length (TCL 465 msec.) but different pattern
of atrial activation. Detailed atrial mapping was performed once again . Early atrial activity
was found along the superior aspect of the presumed Dacron graft location where multiple
fractionated local EGMs covering up to 100 msec in duration were recorded and targeted
for ablation. Tachycardia acceleration and then interruption was observed during RF
delivery, sequential ablation was continued until complete abating of local fractionated
electrical activity was obtained.

Subsequent atrial stimulation did not induce any arrhythmia while preserved AV
conduction was observed.



Figure 6: programmed atrial stimulation induction of a second slightly slower atrial tachycardia with different
pattern of activation. From top to bottom are leads DII, DIIl, aVl, V1 and V6 and electrograms from the high-
right atrium (RA 1-2), proximal and distal coronary sinus (CS 3-4 and CS 1-2) proximal and distal mapping
catheter (Abl p and Abl d) and ventricular apex (RV 1-2).

Figure 7. Multiple fractionated local EGMs spanning up to 100 msec were recorded along the superior
borders of the presumed Dacron graft location. From top to bottom are leads DI, DIl, DIll, aVvl, V1 and V6
and electrograms from the high-right atrium (RA 1-2), proximal and distal coronary sinus (CS 3-4 and CS 1-

2) proximal and distal mapping catheter (Abl p and Abl d) and ventricular apex (RV 1-2).



Figure 8: RF delivery at the same site recorded in figure 7 was associated to tachycardia interruption. From
top to bottom are leads DII, DIIl, aVl, V1 and Vg and electrograms from the high-right atrium (RA 1-2),
proximal and distal coronary sinus (CS 3-4 and CS 1-2) proximal and distal mapping catheter (Abl p and Abl
d) and ventricular apex (RV 1-2).

Discussion

Although considered palliative surgery, the Fontan circuit restored the in-series pulmonary-
to-systemic circulation, removing the chronic volume overload of pulmonary circulation
obtained with Waterstone anasthomosis and redirecting physiologically the oxygenated
blood to systemic circulations. Because of the long-term problems of atrial dilation and
arrhythmia related to the “atriopulmonary” connection, this approach has been abandoned
in favor of the total cavopulmonary anastomosis in the 1990’s. The latter encompasses a
direct cavopulmonary anastomosis, the inferior vena cava being connected to the
pulmonary arteries via an extracardiac conduit, completely excluding the atrium from the
circuit.

Sinus node dysfunction and appearance of subsidiary focuses are common issues in the
settings of complex reconstructive surgery. Due to multiple possible reentry circuits,
organized atrial arrhythmias and atrial fibrillation are common as well.

As expected, the appearance of multiple arrhythmias closely connected to the associated
reconstructive surgery scar were observed in this case. Catheter based ablation therapy is
limited by the complex anatomy but is still a valuable option when the drugs fail. The
ablative strategy requires detailed knowledge of the surgical repair and must be tailored on
the single patient. In this report we described the occurrence of drug refractory atrial
tachycardia that has been successfully treated with trans-catheter ablation because of the
presence of atrio-pulmonary instead of cavopulmonary connection.



