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inversus cavo-tricuspid isthmus
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It has been demonstrated that the Biosense Carto™ system can improve the success rate of abla-
tion in case of an intra-atrial reentry tachycardia in patients submitted to the Mustard repair. This
system was used to map an intra-atrial reentry tachycardia in a young patient who had been submit-
ted to the Mustard procedure for atrial situs inversus. A line of block was created connecting the right
sided tricuspid valve to the left sided inferior vena cava. This terminated the arrhythmia and pre-
vented its re-initiation. This case confirmed the notion that the cavo-tricuspid isthmus is often criti-
cal to the maintenance of an intra-atrial reentry tachycardia after the Mustard procedure even if its

location is in the inversus side.
(Ttal Heart J 2002; 3 (6): 379-383)

Introduction

Intra-atrial reentry tachycardia is a se-
vere complication of the Mustard repair!.
Results of catheter ablative therapy,
though not extremely successful, are en-
couraging. Recent studies suggest that a
critical isthmus exists between the baffle
and the ostium of the coronary sinus or be-
tween the baffle and the tricuspid annu-
lus?3, practically in a location similar to
that of the isthmus found in normal heart
with atrial flutter.

Recently, some authors have demon-
strated that the Biosense Carto™ electro-
anatomic mapping system is very useful in
the mapping of an intra-atrial reentry tachy-
cardia and in guiding catheter ablation*>.

In 1990 a combined Mustard and
Rastelli operation was described as an al-
ternative approach to associated anomalies
in congenitally corrected transposition of
the great arteries with ventricular septal de-
fect and pulmonary stenosis®. More recent-
ly, the same combined procedure was re-
ported in 3 patients with the same complex
disease but in atrial situs inversus’.

We describe a case of an intra-atrial
reentry tachycardia which developed as a
late complication of this procedure. The
Carto™ system was the only system used
to map and ablate the circuit responsible for
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the tachyarrhythmia. In particular, the ex-
isting surgically created “inversus isthmus”
between the left sided inferior vena cava
and the right sided tricuspid annulus was
ablated by means of a linear lesion.

Case report

An atrial situs inversus, corrected trans-
position of the great arteries, an interven-
tricular septal defect and pulmonary valve
stenosis were diagnosed in a 15-day-old
child (C.F.). At the age of 9 years, he un-
derwent the Mustard and Rastelli proce-
dure (a patch of teflon used to close the in-
terventricular septal defect, a patch of
Gore-tex used for intra-atrial rerouting af-
ter the demolition of the atrial septum, a
patch-tunnel of filamentous Dacron fabric
used for atrial baffle and a 24 mm compos-
ite valved homograft employed to establish
continuity between the right ventricle and
the pulmonary artery) (Fig. 1). After a sev-
eral-month history of brief episodes of pal-
pitations, at the age of 13 years, the patient
was admitted to our hospital for palpita-
tions and asthenia. Standard electrocardio-
graphy showed an atrial tachycardia with
negative atrial deflections in leads II, III,
and aVF (Fig. 2). After a successful car-
dioversion by means of transesophageal
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Figure 1. The figure shows a schematic two-dimensional representation of the Mustard-Rastelli operation and the direction of the blood flow in the heart
chambers. A: Mustard operation performed through the left sided right atrium. B: Rastelli operation including patch closure of the ventricular septal
defect through the right sided ventricle and placement of a valved conduit between the right ventricle and the main pulmonary artery. AO = aorta; IVC
= inferior vena cava; LSVC = left superior vena cava; LV = left ventricle; MV = mitral valve; PA = pulmonary artery; RV = right ventricle; TV = tri-

cuspid valve. * = pulmonary veins.

Figure 2. Standard 12-lead electrocardiogram of the intra-atrial reentry tachycardia.

overdrive pacing, drug therapy with digoxin and amio-
darone was started and the patient had no recurrences
for about 5 years.

At the age of 18 years, he complained of sudden-on-
set palpitations. A recurrence of the same atrial tachy-
cardia was diagnosed and the patient was again submit-
ted to an electric cardioversion. Following complete
pharmacological wash-out, we decided to submit the
patient to hemodynamic evaluation and mapping and
ablation of the atrial tachycardia. Written informed
consent was obtained for the procedure. The patient
was evaluated during general anesthesia, induced with
sevofluorane and propofol and maintained with sevo-
fluorane or isofluorane.

Hemodynamic evaluation and angiography (Fig. 3)
revealed the following residual anomalies: a moderate
stenosis in the superior caval conduit of the Mustard re-
pair with a mean gradient of 15 mmHg, a mild stenosis
of the right ventricular-pulmonary artery conduit with a
gradient of 25 mmHg and, finally, two small residual
interventricular defects (patch detachment).
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A 5F quadripolar Josephson catheter and a 7F Nav-
istar mapping and ablation catheter (Biosense-Webster,
Haifa, Israel) were introduced through the right
femoral vein up to the systemic venous atrium. The in-
tra-atrial reentry tachycardia with an atrial cycle length
of 260 ms and a 2:1 atrioventricular conduction was in-
duced and then mapped using the Carto™ system. The
distal bipolar atrial signal from the quadripolar
catheter, placed laterally in the systemic atrium, was
used as timing reference for the activation mapping. A
window of interest equal to the cycle length of the
tachycardia was established around the timing refer-
ence signal. Before the procedure, the navigation
catheter was placed outside the patient’s chest and de-
flected in all directions within the magnetic fields in or-
der to coordinate the tip deflection color. Having estab-
lished the fundamental anatomical and electrophysio-
logical landmarks such as the two caval veins and tri-
cuspid annulus, a three-dimensional electro-anatomic
map of the atria was reconstructed from the multitude
of the endocardial sites that were sequentially mapped.
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The intra-atrial reentry tachycardia showed an anti- of 25 radiofrequency applications (preselected temper-
clockwise movement around the tricuspid valve annu- ature 70°C, duration 60 s) (Fig. 5), a linear lesion con-
Ius with an intact and homogeneous conduction be- necting these two structures was made and the tachy-
tween the left sided inferior vena cava and the tricuspid cardia was successfully interrupted (Fig. 6). Unfortu-
annulus via the isthmus (Fig. 4). Therefore, by means nately, the particular anatomy made the identification

Figure 3. The angiogram (antero-posterior view) of the new systemic atrium depicted by the Swan-Ganz catheter through the left sided inferior and su-
perior vena cava (SVC). TV = tricuspid valve.

Figure 4. Activation map (left anterior oblique and antero-posterior views) of the new systemic atrium during intra-atrial reentry tachycardia before
ablation. The red and purple areas respectively denote the sites of early and delayed activation. The map shows a new systemic atrial activation prop-
agating around the tricuspid valve annulus in an anticlockwise direction. Abbreviations as in figure 1.

Figure 5. Red tags represent the radiofrequency applications forming the linear lesion which interrupted the intra-atrial reentry tachycardia on the “in-
versus isthmus”.
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Figure 6. Tachycardia interruption during radiofrequency ablation. CL
= cycle length; IART = intra-atrial reentry tachycardia.

and evaluation of a bidirectional block along the linear
lesion difficult and for this reason it was not performed.

However, during the next hour, tachycardia was no
longer inducible neither in basal conditions nor during iso-
proterenol intravenous infusion (0.01-0.04 pg/kg/min).

The total time of the procedure was 435 min and the
total time of fluoroscopy was 60 min.

After 24 hours the patient was discharged in good
clinical conditions. No antiarrhythmic drugs were pre-
scribed. The intra-atrial reentry tachycardia never re-
curred during the 14-month follow-up.

Discussion

Congenitally corrected transposition of the great ar-
teries in situs inversus is the mirror image variant of the
more frequent type in situs solitus. It is almost uni-
formly associated with a ventricular septal defect and
pulmonary outflow tract obstruction. Physiologic re-
pair of this anomaly, leaving the right ventricle in sup-
port of the systemic circulation, has been accomplished
by means of different techniques of ventricular septal
defect closure combined with relief, or bypass, of the
pulmonary outflow tract obstruction. After the report
by Ilbawi et al.® of the successful cardiac redirection of
the venous and arterial flows in patients with congeni-
tally corrected transposition of the great arteries in situs
solitus, our group’ reported, in 1992, 3 cases of con-
genitally corrected transposition of the great arteries in
situs inversus in which the same principle of anatomic
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repair was adopted. In the discussion of that report the
following statement was made: “The true liability of
this technique, compared with those currently used for
physiologic repair, lies in the potential introduction of
the well known problems associated with extensive in-
tra-atrial baffle procedures (e.g., arrhythmias and pul-
monary venous obstruction)”. And, in fact, confirming
what was declared, after 10 years in this case report we
describe the clinical history, the evaluation and treat-
ment of an intra-atrial reentry tachycardia occurred in
one of these 3 cases during the postoperative follow-up.

Our case seems to confirm previous experiences of
other authors describing the importance of the Carto™
system in helping to understand and treat the substrate
of the intra-atrial reentry tachycardia after correction or
palliation of complex congenital heart diseases*>3.
Moreover, in this particular case, Carto™ was the only
system utilized to evaluate and to eliminate the tachy-
cardia.

It is well known that the Carto™ system also allows
an important reduction in radiological exposure and
this was confirmed even in our case in which the car-
diac anatomy was very complex. In fact, the fluo-
roscopy time, inclusive of cardiac catheterization, was
only 60 min which is about one seventh of the total pro-
cedure duration.

Recently the cavo-tricuspid isthmus has been iden-
tified as a critical area for the ablation of an intra-atrial
reentry tachycardia in patients who had previously
been submitted to the Mustard procedure?># and more
recently, Love et al.8, using the Carto™ system, have
demonstrated that the tricuspid annulus is the more fre-
quent “central obstacle” of the postoperative intra-atri-
al reentry tachycardia in case of biventricular correc-
tion of complex congenital heart diseases.

In our particular case the tricuspid annulus was
again the central obstacle of the mapped intra-atrial
reentry tachycardia, but interestingly the cavo-tricuspid
isthmus, surgically created by reconstructing the new
systemic venous atrium, was not in the usual location,
but on the inversus side. In fact, it was located between
the tricuspid valve, in the correct anatomical position,
and the orifice of the inferior vena cava, in a left posi-
tion.

The particular anatomy and surgical reconstruction
permitted complete mapping of the area even though
the access of the mapping catheter was possible only in
the new systemic atrium. A radiofrequency linear le-
sion transecting this “inversus cavo-tricuspid isthmus”
resulted in the interruption and disappearance of the in-
tra-atrial reentry tachycardia.

Acknowledgments
We are grateful to Dr. Roberto Di Donato and to

Prof. Bruno Marino for their description of the Mustard
and Rastelli operations.



F Drago et al - Ablation in atrial situs inversus

References

1.

Garson A Jr, Bink-Boelkens M, Hesslein PS. Atrial flutter
in the young: a collaborative study of 380 cases. J Am Coll
Cardiol 1985; 6: 871-8.

. Kanter RJ, Papagiannis J, Carboni MP, Ungerleider RM,

Sanders WE, Wharton JM. Radiofrequency catheter abla-
tion of supraventricular tachycardia substrates after Mus-
tard and Senning operations for d-transposition of the great
arteries. J Am Coll Cardiol 2000; 35: 428-41.

. Van Hare GF, Lesh MD, Ross BA, Perry JC, Dorostkar PC.

Mapping and radiofrequency ablation of intraatrial reen-
trant tachycardia after the Senning or Mustard procedure for
transposition of the great arteries. Am J Cardiol 1996; 77:
985-91.

. Sokoloski MC, Pennington JC III, Winton GJ, Marchlinski

FE. Use of multisite electroanatomic mapping to facilitate
ablation of intra-atrial reentry following the Mustard proce-
dure. J Cardiovasc Electrophysiol 2000; 11: 927-30.

. Dorostkar PC, Cheng J, Scheinman MM. Electroanatomical

mapping and ablation of the substrate supporting intraatrial
reentrant tachycardia after palliation for complex congeni-

383

tal heart disease. Pacing Clin Electrophysiol 1998; 21:
1810-9.

. Ilbawi MN, DeLeon SY, Baker CL, et al. An alternative ap-

proach to the surgical management of physiologically cor-
rected transposition with ventricular septal defect and pul-
monary stenosis or atresia. J Thorac Cardiovasc Surg 1990;
100: 410-5.

. Di Donato R, Troconis CJ, Marino B, et al. Combined Mus-

tard and Rastelli operations. An alternative approach for re-
pair of associated anomalies in congenitally corrected trans-
position in situs inversus (I,D,D). J Thorac Cardiovasc Surg
1992; 104: 1246-8.

. Love BA, Collins KK, Walsh EP, Triedman JK. Elec-

troanatomic characterization of conduction barriers in si-
nus/atrially paced rhythm and association with intra-atrial
reentrant tachycardia circuits following congenital heart dis-
ease surgery. J Cardiovasc Electrophysiol 2001; 12: 17-25.

. Nakagawa H, Shah N, Matsudaira K, et al. Characterization

of reentrant circuit in macroreentrant right atrial tachycar-
dia after surgical repair of congenital heart disease: isolated
channels between scars allow “focal” ablation. Circulation
2001; 103: 699-709.



