
A trial tachycardias are a common
and potentially dangerous prob-
lem following the surgical repair

of congenital heart defects (CHD).1 Even
patients with simple CHD, such as an atri-
al septal defect, can exhibit atrial tachy-
cardias postoperatively, especially if the
surgical repair is performed at an ad-

vanced age.2,3 However, the conditions
that mostly give rise to atrial tachycardias
are the complex defects, mainly tetralogy
of Fallot,4,5 transposition of the great ar-
teries after atrial surgery of the Mustard
or Senning type,6,7 and a single ventricle,
with or without the Fontan operation.8,9

The appearance of these tachycardias is
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Introduction: Atrial tachycardias are a common problem following the surgical repair of complex congenital
heart defects (CHD) and have a poor response to medication. The aim of this study was to describe the re-
sults of the treatment of such tachycardias with radiofrequency ablation in our hospital.
Methods: A retrospective study was performed of the medical records and electronically stored data from
electrophysiological studies (EPS) and ablation procedures in patients with atrial tachycardias following the
surgical repair of CHD. Established electrophysiological techniques were used in all patients, while newer
three-dimensional imaging methods were also employed in some cases. Ablation was carried out using a ra-
diofrequency generator and catheters with a 4-10 mm terminal electrode.
Results: Twenty-two patients aged 11-45 years (30.6 ± 10.8), including 9 women, underwent an EPS and
ablation of atrial tachycardias after the surgical repair of CHD. All had recurrent tachycardias refractory to an-
tiarrhythmic medication. The anatomical diagnoses were tetralogy of Fallot (8), transposition of the great ar-
teries (6), single ventricle (3), and other (5). Most patients had typical atrial flutter and/or incisional atrial re-
entrant tachycardia. The initial success rate of ablation for all arrhythmias was 88% in patients with tetralogy
of Fallot, 83% for transposition of the great arteries, 66% for single ventricle, and 80% for the other diag-
noses. Three-dimensional imaging was of significant assistance in mapping and ablation and in reducing the
duration of fluoroscopy. Two vascular complications (femoral arteriovenous fistulae) were observed. The
tachycardia recurrence rate was 54%. After repeated procedures, 59% of patients were free of arrhythmias
and antiarrhythmic medications. No patient with a single ventricle remained free of arrhythmias during follow
up, while in the other groups the arrhythmia/drug-free rate was 66-75%. Two patients with unsuccessful ab-
lation died, one from heart failure and the other because of the tachycardia.
Conclusions: Atrial tachycardias in patients with surgically treated CHD are associated with increased mor-
bidity and mortality. Radiofrequency ablation has satisfactory results. In spite of the high relapse rate, a sig-
nificant number of patients can become free of arrhythmias after repeat procedures.
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associated with a deterioration of cardiac function,9

the occurrence of thromboembolic complications,10

and sometimes sudden death.1,8 Management with
medication is problematic, firstly because many pa-
tients have an unsatisfactory response to therapy, and
secondly because of the frequent side effects of an-
tiarrhythmic drugs. In addition, apart from the tachy-
cardias, many patients also exhibit severe dysfunction
of the sinus or atrioventricular node that can be exac-
erbated by pharmaceutical treatment, necessitating
the implantation of a permanent pacemaker.

The successful treatment of other forms of tachy-
cardia with radiofrequency (RF) current has led to
the application of the same method in patients with
postoperative atrial tachycardias. The results in many
cases have been very encouraging, although a number
of problems still remain to be solved. This study pre-
sents a retrospective analysis of the treatment of atri-
al tachycardias in postoperative CHD patients using
RF ablation in our hospital.

Material and methods

The study included 22 patients aged 11-45 years (mean
30.6 ± 10.8 years) who underwent an electrophysio-
logical study (EPS) and ablation of atrial tachycardias
following surgery for CHD in our hospital between
1998 and 2005. The procedures complied with ethical
guidelines and the Declaration of Helsinki as revised
in 2000. Demographic data, diagnoses and the surgi-
cal procedures the patients underwent are shown in
Table 1. Most patients were operated on for either
tetralogy of Fallot (8) or transposition of the great ar-
teries (6), while the remainder had various other con-
genital anomalies. Two patients were children aged
11 and 14 years but the majority were adults. All pa-
tients were symptomatic and had been taking antiar-
rhythmic medication with one or more drugs, which
were unsuccessful in treating their arrhythmias. After
a detailed explanation of the invasive procedure, pos-
sible complications and success rates, the patients or
their guardians gave written consent. Antiarrhythmic
medication was discontinued 48 hours prior to the
EPS. Sixteen patients were sedated with intravenous
midazolam and pethidine or morphine, while 6 re-
ceived general anaesthesia with tracheal intubation
and administration of propofol and inhaled anaes-
thetic. General anaesthesia was used because of
young age in two patients (11 and 14 years), because
of Williams syndrome in one patient, and by patient
choice in three adult patients.

Multipolar catheters were initially introduced to
various endocardial sites, depending on the patient’s
anatomy. Quadripolar catheters were usually placed
on the lateral wall of the right atrium, in the His bun-
dle region and at the right ventricular apex. When
possible, a catheter was also placed within the coro-
nary sinus. In some patients decapolar or duo-decap-
olar catheters were used for simultaneous recording
from multiple sites in the right atrium in order to de-
pict the atrial activation sequence. If the patient was
in sinus rhythm an EPS was performed to check the
function of the sinus and atrioventricular nodes and
programmed atrial stimulation was used to induce
tachycardia. After the induction of stable tachycardia,
or if there was spontaneous tachycardia at the start of
the procedure, placement of the diagnostic catheters
was followed by the introduction of a mapping-abla-
tion catheter with a terminal electrode 4-10 mm in
length. This catheter was used to record endocardial
electrograms. An attempt was made to record frag-
mented or early electrograms (Figure 1a), or double
potentials indicating the existence of a central ana-
tomic obstacle and recording of potentials on either
side of it (Figure 1b). An attempt was also made to
demonstrate concealed entrainment during the tachy-
cardia using rapid pacing from the catheter tip. Abla-
tion was attempted at points where early or double
potentials were recorded or where there was con-
cealed entrainment (Figure 2). If the flutter was typi-
cal—i.e. arising from the cavotricuspid isthmus—
anatomical ablation was performed under fluoroscop-
ic guidance. Ablation was achieved by creating a con-
tinuous linear lesion in order to isolate the isthmus,
either cavotricuspid or between other anatomical or
surgical obstructions. In cases where the typical flut-
ter had been documented on the ECG but could not
be induced during the procedure, isthmus ablation
was performed in an attempt to create a bidirectional
block. In patients who had transposition of the great
arteries and had undergone a Mustard or Senning op-
eration, the approach to the isthmus or other points
in the anatomically right atrium was retrograde via
the aorta and the right ventricle (Figure 3). The RF
current delivery was between the terminal electrode
of the catheter and a plate electrode applied to the
patient’s back or thigh. The generator supplied up to
50 W if the lead tip was 4 mm long and up to 150 W if
the tip was 8 or 10 mm long. 

After 2002 three-dimensional imaging with a non-
contact mapping system was used (Ensite®, Endocar-
dial Solutions Inc., St Paul, MN, USA). This system
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Table 1. Demographic and clinical data.

Patient Age Sex Diagnosis Previous surgery Symptoms Medication

1 44 F Tetralogy of Fallot Complete repair Palpitations Verapamil
Homograft Presyncope

2 33 F Tetralogy of Fallot Complete repair Palpitations Digoxin
Homograft Sotalol

3 25 F Tetralogy of Fallot Complete repair Palpitations Digoxin
Homograft Heart failure

4 39 F Tetralogy of Fallot Repair Palpitations Digoxin
Single pulmonary artery Heart failure Amiodarone

5 25 F Tetralogy of Fallot Complete repair Palpitations No

6 35 F Tetralogy of Fallot Complete repair Palpitations No

7 45 M Tetralogy of Fallot Complete repair Palpitations Sotalol
Homograft

8 40 M Tetralogy of Fallot Complete repair Palpitations Atenolol
Sotalol

9 14 M D-transposition Senning Palpitations Digoxin
Presyncope Sotalol
Heart failure

10 11 F D-transposition Mustard Palpitations Digoxin
Sotalol

11 18 F D-transposition Senning Palpitations Digoxin
Pacemaker Sotalol

12 33 M D-transposition Mustard Palpitations Digoxin
Heart failure Amiodarone

13 35 M D-transposition Mustard Palpitations Digoxin
Heart failure Amiodarone

14 23 M D-transposition Senning Palpitations Amiodarone
Syncope

15 39 M L-transposition Closure of atrial and Palpitations Verapamil
ventricular septal defects
Excision of subvalvular
stenosis

16 54 M L-transposition Palpitations Amiodarone

17 45 F Atrial septal defect Closure with pericardium Palpitations Digoxin
Propranolol

18 22 M Supravalvular aortic Replacement of aortic Palpitations Digoxin
stenosis valve and ascending aorta Amiodarone

Sotalol

19 24 M Common Closure of atrial septal Palpitations, Digoxin
atrioventricular canal defect  Heart failure Amiodarone
Atrial septal defect Tricuspid valve Thrombosis Sotalol

replacement

20 28 M Double-inlet left Waterston shunt Palpitations Digoxin
ventricle Heart failure Amiodarone
Pulmonary stenosis Sotalol

21 24 F Single ventricle Atrial septectomy Palpitations Amiodarone
Atresia of left Pulmonary ligation Heart failure
atrioventricular valve

22 30 M Tricuspid atresia Atriopulmonary Palpitations Amiodarone
anastomosis (Fontan) Presyncope



uses a metallic mesh with multiple electrodes that is
applied to a balloon on the tip of a catheter. After be-
ing introduced to the right atrium, the mesh is ope-
ned and the balloon is filled with a radiopaque solu-
tion. The mapping catheter is then moved so as to
come into contact with as many points as possible on
the right atrium. In this way a three-dimensional geo-
metric model is created on which the depolarisation
sequence is projected with the aid of virtual electro-
grams recorded from the electrode mesh. Using this
three-dimensional model, the ablation catheter can
be guided to the isthmus of the circuit, where a con-
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Figure 1. a) Patient with trans-
position of the great arteries
after a Senning operation.
Recording of fragmented early
electrograms from the ablation
catheter, which is placed in the
region of the isthmus between
the tricuspid valve and the sur-
gical baffle separating the sys-
temic from the pulmonary ve-
nous channel. b) A patient with
transposition of the great ar-
teries after a Mustard opera-
tion. Recording of double po-
tentials from the ablation
catheter, which is placed on the
lateral wall of the right atrium
in the region of the atrial inci-
sion.

tinuous linear lesion is created to block conduction
and stop the tachycardia (Figure 4).

After completion of the ablation, a 30-minute
waiting period followed, before a re-examination for
inducible tachycardia or the existence of a two-way
block.

Heparin was administered throughout the proce-
dure to maintain an activated clotting time >200 s.
Preventive antibiotics were also given.

The patients were monitored for 24 hours in hos-
pital; on the day after the intervention they under-
went an ECG, echocardiographic examination and



24-hour Holter monitoring. Aspirin in an antiplatelet
dosage was given for two months, after which time the
patient was re-examined in the outpatients’ depart-
ment. The subsequent follow up depended on the
clinical picture and included clinical examination,
ECG, ultrasound, and occasionally 24-hour Holter. In
cases with recurrence of the tachycardia most patients
underwent a repeat EPS.
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Figure 3. Patient with transposition of the great arteries after a
Mustard operation. The ablation catheter has been placed at the
isthmus between the tricuspid valve and the surgical baffle, having
passed through the aortic valve and the right ventricle.

Figure 2. Patient with tetralogy of Fal-
lot after surgical repair and implanta-
tion of a homograft from the right
ventricle to the pulmonary artery. The
patient had three forms of tachycar-
dia. The figure shows cessation of the
tachycardia during ablation of the lat-
eral wall of the right atrium, between
the atrial incision and the tricuspid
valve.

Results

The EPS findings are given in Table 2. Most patients
had typical flutter arising from the cavotricuspid isth-
mus, while the second most common form of tachy-
cardia was a right atrial incisional re-entrant type.
Two patients also had typical AV nodal re-entrant
tachycardia that was ablated during the procedure to-
gether with the atrial tachycardia. Eighteen patients
had one form of tachycardia, three had two forms and
one had three forms of tachycardia. In 15 patients
three-dimensional imaging was used, mainly with the
Ensite system. The duration of the procedures was
150-495 (303 ± 99) minutes and the fluoroscopy time
was 15-110 (36 ± 26) minutes. The latter duration
was significantly shorter when three-dimensional
imaging was used (26 ± 17 versus 51 ± 32 minutes).
The initial ablation was successful in 18 of 22 patients
(81%). In one patient the typical flutter was ablated,
but the re-entrant tachycardia in the right atrial free
wall remained. In three patients (one with complete
transposition, one with congenitally repaired transpo-
sition and one with tricuspid atresia after a Fontan
operation) ablation was unsuccessful. Complications
were observed in two patients and involved femoral
arteriovenous fistula. Surgical repair was carried out
in both cases with no further problems.

Follow-up duration was 1-9 years (3.8 ± 2.8). Re-
sults from follow up, relapses and repeat procedures are
detailed in Table 4. As the table shows, recurrence of
the tachycardia was frequent, occurring in 12/22 patients



(54%). The ablated tachycardia reappeared in six pa-
tients, whereas in four a new tachycardia was observed
(atrial fibrillation in three and AV nodal reentrant
tachycardia in one). The remaining two patients did not
undergo a second EPS and so the precise nature of the
tachycardia could not be determined. Of the nine pa-
tients who underwent a second EPS, ablation of the

tachycardia was attempted in those without atrial fibril-
lation. The ablation was successful in five of the seven
(one with AV nodal tachycardia and four with atrial
flutter or atrial re-entry tachycardia). The results of the
re-ablation procedures and the long-term outcomes in
relation to the type of CHD are given in Table 5. Pa-
tients with tetralogy of Fallot had the best outcomes, fol-
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Table 2. Findings from electrophysiological study.

Patient Diagnosis Induced tachycardias Cycle length of main Other findings
tachycardia (ms)

1 TOF AFL, IART lat RA wall 250 AVNRT
2 TOF AFL, IART lat RA wall 310
3 TOF AFL 240 SND
4 TOF AFL 320
5 TOF IART lat RA wall 230
6 TOF AFL 330 SND
7 TOF IART lat RA wall 370
8 TOF AFL, IART lat RA wall 320
9 D-TGA AFL, IART SVC 250

10 D-TGA IART lat RA wall 250
11 D-TGA AFL 260 AVNRT
12 D-TGA IART lat RA wall 288
13 D-TGA AFL 410
14 D-TGA AFL 280
15 L-TGA AFL, IART lat wall 310
16 L-TGA IART (LA) 360 Monomorphic VT
17 ASD AFL 280
18 Supravalvular AS AFL 240
19 CAVC, SV ASD IART lat RA wall 280
20 DILV, PS AFL 330
21 DILV, PHT AFL 480
22 Tricuspid atresia IART lat RA wall 250

AFL – atrial flutter; ASD – atrial septal defect; AVNRT – AV nodal re-entrant tachycardia; CAVC – common atrioventricular canal; D-
TGA – dextro-transposition of the great arteries; DILV – double-inlet left ventricle; IART – incisional atrial re-entrant tachycardia; LA –
left atrium; lat – lateral; L-TGA – levo-transposition of the great arteries; PHT – pulmonary hypertension; PS – pulmonary stenosis; RA –
right atrial; Supravalvular AS – supravalvular aortic stenosis; SND – sinus node disease; SV ASD – sinus venosus ASD; SVC – superior ve-
na cava; VT – ventricular tachycardia.

Figure 4. Patient with tetralogy of Fallot after surgical repair. Ablation of typical atrial flutter by creation of a linear lesion at the isthmus
with the aid of the Ensite system. Interruption of the flutter can be seen, followed by a long pause due to sinus node disease.
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Table 4. Follow up, relapse rate, and final results.

Patient Relapse Repeat Findings of Results of Other procedures Final result
procedure new EPS, clinical new ablation

arrhythmia

1 No - - - No Free
2 No - - - VVI pacemaker Drugs
3 No - - - No Free
4 Yes No - - No Drugs
5 No - - - No Drugs
6 No - - - DDD pacemaker Free
7 Yes Yes IART Successful No Free
8 No - - - No Free
9 Yes Yes AVNRT Successful No Drugs

10 No - - - DDD pacemaker Free
11 Yes Yes AFL Successful DDD pacemaker Free
12 Yes No - - No Death (CHF)
13 No - - - SVC stent Free
14 No - - - No Free
15 Yes Yes AFL Successful No Free
16 Yes Yes Left IART Failed No Drugs
17 No - - - No Free
18 Yes Yes AFL Successful Maze procedure Drugs
19 Yes No A.Fib - No Drugs
20 Yes No A.Fib - No Drugs
21 Yes Yes IART, A.Fib Failed No Drugs
22 Yes No IART - No Death (CHF)

A.Fib – atrial fibrillation; CHF – congestive heart failure; Drugs – antiarrhythmic drugs; Free – free of arrhythmia; Other abbreviations as
in Table 2.

Table 3. Ablation.

Patient 3-D imaging Lesions Fluoroscopy Procedure Success Complications
time (min) duration (min)

1 No 50 71 420 Yes No
2 No 106 110 420 Partial1 No
3 No 15 23 150 Yes No
4 Yes 38 30 300 Yes Yes2

5 Yes 6 16 150 Yes No
6 Yes 22 19 180 Yes No
7 Yes 22 20 300 Yes Yes2

8 Yes 81 27 300 Yes No
9 No 60 53 495 Yes No

10 No 4 35 240 Yes No
11 No 10 14 300 Yes No
12 No 105 53 420 No No
13 Yes 58 71 300 Yes No
14 Yes 15 13 180 Yes No
15 Yes 81 60 480 Yes No
16 Yes 18 30 300 No No
17 Yes 50 22 300 Yes No
18 Yes 15 15 210 Yes No
19 Yes 27 19 210 Yes No
20 Yes 53 23 270 Yes No
21 Yes 29 25 290 Yes No
22 Yes 57 20 360 No No

1Successful ablation of typical flutter, unsuccessful ablation of incisional atrial re-entrant tachycardia.
2Arteriovenous femoral fistula.



lowed by those with transposition of the great arteries or
other simpler forms of CHD. No patient with a single
ventricle was free of arrhythmias on long-term follow
up, mainly because of the appearance of atrial fibrilla-
tion in two patients. One patient with a single ventricle
who had undergone a Fontan operation died as a result
of the arrhythmia. This patient was admitted to a
provincial hospital with cardiogenic shock, following a
prolonged episode of atrial tachycardia with rapid ven-
tricular response, and could not be resuscitated.
Another patient with transposition of the great arteries
who had undergone a Mustard operation died of heart
failure due to severe dysfunction of the systemic right
ventricle.

Four patients underwent permanent pacemaker
implantation (three dual site, one single site) for sick
sinus syndrome, while one patient had a Cox-Maze
III operation and mitral valvuloplasty.

Discussion

In this study we present our long-term results from a
series of surgical patients with CHD who underwent
RF ablation for atrial arrhythmias. As far as we know,
this is the first such series to be reported from a
Greek centre.

The type of CHD followed the distributions re-
ported in other similar series in the international lit-
erature, with the exception of patients with a single
ventricle, who made up a rather small part of our pa-
tient population.11-19 The three categories of CHD
patient who most frequently exhibit postoperative
atrial tachycardias are those with a single ventricle
(usually after a Fontan operation), those with tetralo-
gy of Fallot, and patients with transposition of the
great arteries (after atrial switch procedures).

The three patients with a single ventricle were not
representative of the general population of such pa-

tients, since only one had undergone a Fontan opera-
tion. The other two had undergone only palliative
procedures and had pulmonary hypertension and ex-
treme enlargement of the right atrium. The ablation
attempt was a palliative measure, since there was no
possibility of surgical improvement, and was under-
taken with the knowledge that the chance of success-
fully treating all the arrhythmias was very small. In-
deed, although both cases of atrial flutter were ablat-
ed successfully, atrial fibrillation subsequently ap-
peared. The patient with a Fontan operation in whom
ablation was unsuccessful was a candidate for surgical
treatment and was referred to a cardiac surgery cen-
tre with experience of such procedures; unfortunate-
ly, he died suddenly because of a tachycardia episode
that could not be treated in time. This case provides
further confirmation of the severe morbidity associat-
ed with postoperative atrial tachycardias in patients
with CHD and the need for their prompt and effec-
tive treatment. In general, patients with a single ven-
tricle and atrial tachycardias, with or without a Fon-
tan operation, have the lowest success rate of ablation
following surgery. A significant number of those pa-
tients may benefit more from surgical treatment in-
cluding a combination of the extra-cardiac Fontan
and Maze operations.20

In patients with tetralogy of Fallot atrial tachycar-
dias are more common than ventricular.4,5 Although
the latter have been correlated with sudden death and
are a source of more anxiety, it appears that atrial ar-
rhythmias cause greater morbidity. It is significant
that patients with tetralogy of Fallot and atrial tachy-
cardias have usually undergone surgical repair at an
older age, while some of them have been reoperated
because of severe pulmonary valve insufficiency. The
long-term increase in right atrial pressures and the
scar on the free wall from the atrial incision often cre-
ate multiple substrates for tachycardia. Despite the
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Table 5. Summary of results in relation to type of congenital heart disease.

Disease Success Relapse of same New arrhythmia Successful Patients free
tachycardia repeat procedure of arrhythmia

TOF 7/8 (88%) 2/7 (27%) 0 1/1 6/8 (75%)
D-TGA 5/6 (83%) 1/5 (20%) 1 2/2 4/6 (66%)
L-TGA 1/2 (50%) 1/1 (100%) 0 1/2 1/2 (50%)
Single ventricle 2/3 (66%) 1/2 (50%) 2 0/1 0/3 (0%)
Other conditions 3/3 (100%) 1/3 (33%) 0 1/1 2/3 (66%)
Total 18/22 (82%) 6/18 (33%) 3 5/7 13/22 (59%)

Abbreviations as in Table 2.



difficulty of the procedures, as evidenced by the long
fluoroscopy time and overall duration, the final suc-
cess rate (around 80%) is significant, if one takes into
account that the success rate of medication is <50%.
A large number of patients remain free of tachycardia
and the need for drug treatment. There are, of course,
patients who require long-term medication, either for
ventricular arrhythmias or for atrial tachycardias re-
fractory to ablation, such as atrial fibrillation or atypi-
cal atrial flutter. Finally, a percentage of patients
need permanent pacing, usually because of sinus
node disease.

Patients with transposition of the great arteries in
the modern era are usually treated surgically with
anatomical correction (arterial switch) and rarely ex-
hibit rhythm disturbances. Patients who have under-
gone older types of procedure (Mustard or Senning)
have a significant incidence of atrial tachycardias.
These patients usually have good atrioventricular node
function and may show a rapid ventricular response
(even 1:1 conduction) during tachycardia. In conse-
quence, tachycardia may quickly lead to destabilisation
of the patient’s clinical condition, with deterioration of
the already borderline function of the systemic right
ventricle, or even to sudden death. Thus, atrial tachy-
cardias should be treated promptly and effectively in
these patients. Given the moderate efficacy of antiar-
rhythmic drugs and their possible complications, espe-
cially in patients with borderline cardiac function or si-
nus node disease, catheter ablation is clearly superior
to medication. In these cases, the main arrhythmia is a
typical flutter arising from the cavotricuspid isthmus,
or a re-entrant tachycardia in the right atrial free wall.
Since, however, the isthmus is divided by the baffle
that is placed to divert the venous blood into the left
atrium, ablation cannot be achieved via the venous
route. Our own experience, as well as that of most oth-
er authors, has shown that ablation via arterial access is
almost always essential in order to successfully block
the isthmus or to gain access to the right atrial free
wall.21,22 It should also be remembered that apart from
macro-re-entrant tachycardias, patients with transposi-
tion of the great arteries may also exhibit focal tachy-
cardias (re-entrant or automatic), as well as typical AV
nodal re-entrant tachycardia.22 Even though in one of
the two cases in our series ablation of the atrial tachy-
cardia was achieved via the venous route, in most cases
a trans-aortic approach is required because of the baf-
fle that prevents direct access via the inferior vena cava
to the tricuspid annulus.22 Focal atrial tachycardias are
also usually located close to the ostia of the pulmonary

veins.22 The overall success of ablation procedures in
various series that included patients with transposition
of the great arteries ranged from 73-80%,15,21,22 rates
that are comparable with our own results.

Patients with other, simpler heart conditions have
a lower incidence of atrial arrhythmias than do those
with the three forms of CHD discussed above. Never-
theless, even patients with simple diseases, such as
atrial septal defect, also develop atrial arrhythmias
with a frequency directly proportional to their age at
the time of operation.2,3 The treatment of tachycardia
in these patients is based on the same general princi-
ples referred to above. Even if the chance of sudden
death appears to be small, there are the risks of
thromboembolic episodes and deterioration of the
function of the sinus and/or atrioventricular nodes.
Given the relatively high efficacy of ablation, these pa-
tients may benefit significantly from invasive treat-
ment, provided they have repeated episodes of atrial
tachycardia that are not controlled by safe antiar-
rhythmic drugs, or concomitant bradycardias that are
exacerbated by medications.

An important problem that is seen in all types of
CHD, although mainly in the more complex ones
(transposition, tetralogy, single ventricle), is the fre-
quent recurrence of tachycardias that have been ab-
lated, and often the appearance of new forms of
tachycardia. In the international literature, the recur-
rence rates range from 20-52%.11,13,17,19 These per-
centages are high but a significant number of patients
remain free of arrhythmias after a repeat ablation
procedure. The use of newer mapping methods has
allowed effective ablation in a larger number of pa-
tients, with the creation of fewer lesions (usually focal
rather than linear),12 and probably will reduce the
rate of relapse. In addition, the use of catheters with
an irrigated tip18 or a long terminal electrode appears
to improve both the immediate and the long-term re-
sult of ablation. In any case, relapses usually occur
during the first year after ablation (88% of cases),
whereas patients who remain free of relapse for one
year have a 91% probability of a long-term cure.19

As regards radiation exposure, although this is
high compared with simpler ablation procedures, it
can be reduced significantly by the use of newer map-
ping techniques. Both our own series and the interna-
tional experience show that the fluoroscopy time was
reduced by 50% in procedures that employed non-
fluoroscopic mapping methods.17

Finally, concerning complications, these were few
considering that the procedures were long and includ-
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ed the use of many catheters. Vascular complications
are frequent, probably because multiple catheters are
introduced through the femoral vessels in patients
who have undergone repeated catheterisations in the
past. In our series the only serious complications were
vascular, at a rate similar to the 6% reported by Tried-
man et al.18

Limitations of the study

This study had all the limitations of any retrospective
study encompassing a long period, during which the
operators’ experience improved progressively and new
technology was introduced. In spite of that, even pa-
tients who underwent ablation at the start of the study
period, without three-dimensional imaging methods,
remained free of arrhythmias for many years. The
small number of patients in each diagnosis group made
a statistical analysis of the data impractical.

Conclusions

Patients who undergo surgery for CHD often exhibit
atrial tachycardias that are refractory to medication. RF
ablation can offer significant benefit to most patients
with two functional ventricles, although more than one
procedure may be required. The acquisition of experi-
ence and the use of new technology for mapping and
ablation help to increase the efficacy of the procedure.

References

1. Garson A, Bink-Boelkens MTE, Hesslein PS, et al: Atrial
flutter in the young: A collaborative study of 380 cases. J Am
Coll Cardiol 1985; 6: 871-878.

2. Murphy JG, Gersh BJ, McGoon MD, et al: Long-term out-
come after surgical repair of isolated atrial septal defect. Fol-
low-up at 27-32 years. N Engl J Med 1990; 323: 1645-1650.

3. Gatzoulis MA, Freeman MA, Siu SC, Webb GD: Atrial ar-
rhythmia after surgical closure of atrial septal defects in
adults. N Engl J Med 1999; 340: 839-846.

4. Roos-Hesselink J, Perlroth MG, McGhie J, Spitaels S: Atrial
arrhythmias in adults after repair of tetralogy of Fallot: corre-
lations with clinical, exercise, and echocardiographic findings.
Circulation 1995; 91: 2214-2219.

5. Papagiannis JK: Postoperative arrhythmias in tetralogy of
Fallot. Hellenic J Cardiol 2005; 46: 402-407.

6. Flinn CJ, Wolff GS, Dick M, et al: Cardiac rhythm after the
Mustard operation for complete transposition of the great ar-
teries. N Engl J Med 1984; 3310: 1635-1638.

7. Gelatt M, Hamilton RM, McCrindle BW, et al: Arrhythmia
and mortality after the Mustard procedure: a 30-year single-

center experience. J Am Coll Cardiol 1997; 29: 194-201.
8. Fishberger SB, Wernovsky G, Gentles TL, et al: Factors that

influence the development of atrial flutter after the Fontan
operation. J Thorac Cardiovasc Surg 1997; 113: 80-86.

9. Ghai A, Harris L, Harrison DA, et al: Outcomes of late atrial
tachyarrhythmias in adults after the Fontan operation. J Am
Coll Cardiol 2001; 37: 585-592.

10. Feltes TF, Friedman RA: Transesophageal echocardiograph-
ic detection of atrial thrombi in nonfibrillation atrial tach-
yarrhythmias and congenital heart disease. J Am Coll Cardiol
1994; 24: 1365-1370.

11. Kalman JM, Van Hare GF, Olgin JE, et al: Ablation of “inci-
sional” atrial reentrant tachycardia complicating surgery for
congenital heart disease. Use of entrainment to define a criti-
cal isthmus of conduction. Circulation 1996; 93: 502-512.

12. Nakagawa H, Shah N, Matsudaira K, et al: Characterization of
reentrant circuit in macroreentrant right atrial tachycardia after
surgical repair of congenital heart disease: isolated channels be-
tween scars allow “focal” ablation. Circulation 2001; 103: 699-709.

13. Triedman JK, Bergau DM, Saul JP, et al: Efficacy of radiofre-
quency ablation for control of intraatrial reentrant tachycardia
in patients with congenital heart disease. J Am Coll Cardiol
1997; 30: 1032-1038.

14. Triedman JK, Jenkins KJ, Colan SD, et al: Intra-atrial reen-
trant tachycardia after palliation of congenital heart disease:
characterization of multiple macroreentrant circuits using
fluoroscopically based three-dimensional endocardial map-
ping. J Cardiovasc Electrophysiol 1997; 8: 259-270.

15. Collins KK, Love BA, Walsh EP, et al: Location of acutely
successful radiofrequency catheter ablation of intraatrial
reentrant tachycardia in patients with congenital heart dis-
ease. Am J Cardiol 2000; 86: 969-974.

16. Triedman JK, Alexander ME, Berul CI, et al: Electroanatom-
ic mapping of entrained and exit zones in patients with re-
paired congenital heart disease and intra-atrial reentrant
tachycardia. Circulation 2001; 103: 2060-2065.

17. Delacretaz E, Ganz LI, Soejima K, et al: Multiple atrial macro-
reentry circuits in adults with repaired congenital heart disease:
entrainment mapping combined with three-dimensional elec-
troanatomic mapping. J Am Coll Cardiol 2001; 37: 1665-1676.

18. Triedman JK, Alexander ME, Love BA, et al: Influence of
patient factors and ablative technologies on outcomes of ra-
diofrequency ablation of intra-atrial re-entrant tachycardia in
patients with congenital heart disease. J Am Coll Cardiol
2002; 39: 1827-1835.

19. Kannankeril PJ, Anderson ME, Rottman JN, et al: Frequency
of late recurrence of intra-atrial reentry tachycardia after ra-
diofrequency catheter ablation in patients with congenital
heart disease. Am J Cardiol 2003; 92: 879-881.

20. Mavroudis C, Backer CL, Deal BJ, et al: Total cavopulmonary
conversion and Maze procedure for patients with failure of the
Fontan operation. J Thorac Cardiovasc Surg 2001; 122: 863-871.

21. Van Hare GF, Lesh MD, Ross BA, et al: Mapping and ra-
diofrequency ablation of intraatrial reentrant tachycardia af-
ter the Senning or Mustard procedure for transposition of the
great arteries. Am J Cardiol 1996; 77: 985-991.

22. Kanter RJ, Papagiannis J, Carboni MP, et al: Radiofrequency
catheter ablation of supraventricular tachycardia substrates
after Mustard and Senning operations for D-transposition of
the great arteries. Am J Cardiol 1996; 77: 985-991.

Atrial Tachycardia Ablation in Congenital Heart Disease

(Hellenic Journal of Cardiology) HJC ñ 277


