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ABSTRACT
Objective: Tachycardia-induced cardiomyopathy (TIC) is a rare but potentially curable cause of dilated cardiomyopathy. Data on radiofre-
quency ablation (RFA) for TIC is limited. The aim of this study is to present our experience with RFA in children with TIC, retrospectively. 
Methods: The medical records of patients with TIC and those underwent RFA between 2000-2011 were systematically reviewed. Demographics 
and echocardiographic features were recorded. Tachycardia-induced cardiomyopathy is defined as dilatation of the heart chambers or heart 
failure with chronic or very frequent cardiac arrhythmia. Diagnosis was confirmed with normalization of functions after sinus rhythm has been 
achieved.
Results: A total of 12 patients with a mean age of 6.3±4.1 years (in utero-11.5 years) at diagnosis were enrolled in the study consisting of 7 
patients with permanent junctional reciprocating tachycardia and 5 patients with focal atrial tachycardia. The mean pre-RFA left ventricular 
end-diastolic diameter and left ventricular ejection fraction (LVEF) values were 49.1±9.6 mm (32-66) and 40.8±13.4% (23-57%), respectively. One 
month after RFA, the mean LVEF value was 62±4.9% (52-69), with only 2 out of 12 patients’ LVEF values were still lower than 58%. Tachycardia 
recurrence was observed in 4 patients, 3 of which had successful repeated RFA procedure. Overall, cure for arrhythmia was achieved in 11 
patients (92%), while reversal of heart failure achieved in all patients. In 1 patient permanent complete AV block was developed after the pro-
cedure.
Conclusion: Treatment of tachycardia with RFA, particularly in patients with arrhythmia refractory to medical therapy, is a feasible and effective 
treatment option regardless of age. (Anadolu Kardiyol Derg 2014; 14: 625-30)
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Results of radiofrequency ablation in children with 
tachycardia-induced cardiomyopathy

Introduction

The cardiomyopathies are a heterogenous group of disor-
ders that are characterized by structural and/or functional dete-
rioration in heart muscle tissue in the absence of ischemic heart 
disease or any signs of abnormal overload. Long standing, per-
sistent tachycardia is a well-established cause of non-ischemic 
cardiomyopathy and heart failure, which is also known as 
tachycardia-induced cardiomyopathy (TIC). The first case of TIC 
was described by Gossage and Braxton Hicks (1) in a young 
individual with atrial fibrillation who had unexplained left ven-
tricular dysfunction and heart failure. Subsequently, Whipple et 
al. (2) described the first experimental case of TIC in 1962. 

Tachycardia-induced cardiomyopathy, which results in a clini-
cal feature of heart failure, is characterized by the development of 

ventricular systolic and/or diastolic dysfunction and ventricular 
dilatation in the presence of rapid and/or irregular ventricular 
rhythm, all of which is partially or completely resolve following 
normalization of heart rate (3-5). The reversibility of symptoms and 
cardiac functions in patients with TIC highlights the need for pur-
suit of an aggressive treatment approach. The aim of treatment 
should be to achieve normal sinus rhythm by antiarrhythmic 
medication initially and then by means of curative ablation thera-
py, if unsuccessful. Ablation of the atrioventricular junction with 
implantation of a permanent pacemaker is considered as the last 
option (6). Currently, although ablative modalities have been 
proven to be safe and effective in the management of arrhythmias 
refractory to medical treatment, data on the efficacy of radiofre-
quency ablation (RFA) in children with TIC is limited. The aim of 
this study is to share our experience on RFA in children with TIC. 



Methods

This single centre study was undertaken in Pediatric 
Cardiology Department of Hacettepe University Faculty of 
Medicine, İhsan Doğramacı Children’s Hospital. The study pro-
tocol was approved by the locally appointed Ethics Committee. A 
written informed consent was obtained from the patients or 
parents before the procedure. The medical records of patients 
with TIC who were managed in our clinic between 2000 and 2011 
were reviewed retrospectively and those who underwent sub-
sequent RFA were identified. Demographics and clinical charac-
teristics of the patients, details of the RFA procedures and their 
complications, as well as post-RFA follow-up data were extract-
ed. Tachycardia-induced cardiomyopathy is defined as dilata-
tion of the heart chambers or presence of heart failure with co-
existing chronic or very frequent cardiac arrhythmia (incessant 
supraventricular tachycardia, incessant ventricular tachycar-
dia) according to Fenelon et al. (7). Chronic tachycardia that 
occurs in 10-15% of the day is considered as incessant tachy-
cardia. The diagnosis was confirmed with the normalization of 
systolic function after normal sinus rhythm has been achieved. 

Results

A total of 12 patients (6 male and 6 female) with TIC who 
underwent RFA were included in the study. The mean age at 
diagnosis was 6.3±4.1 years (in utero-11.5 years) and mean age at 
appeal to our clinic was 7.8±4.8 years (15 months-16.5 years). 
Mean age and mean weight at the time of RFA procedure were 
8.9±5.7 years (15 months-17.5 years) and 27.6±16.2 kg (10-60 kg), 
respectively. While 7 of the patients had permanent junctional 

reciprocating tachycardia (PJRT), the other 5 patients had focal 
atrial tachycardia (FAT). The demographic and clinical character-
istics of the study population have been summarized in Table 1.

Patient 6 and 9 with PJRT had been diagnosed with myocarditis 
prior to referral to our clinic and patient 9 had received corticoste-
roid and intravenous immunoglobulin (IVIG) medications.

Radiofrequency ablation procedures were performed after 
failure of antiarrhythmic medications was recognized. The mean 
procedure, fluoroscopy and radiofrequency energy exposure 
durations were 104±39 minutes (45-195), 24±10 minutes (12-38) 
and 191±90 seconds (30-350), respectively. Mean follow-up 
period was 4.8±3.2 years (1-10). Mean values for pre-RFA left 
ventricular end-diastolic diameter (LVEDD) and left ventricular 
ejection fraction (LVEF) were 49.1±9.6 mm and 40.8±13.4% (23-
57%), respectively. One month after the initial RFA procedures, 
only 2 patients (patients 4 and 12) had persisting low LVEF values 
of lower than %58. Both of these patients had undergone repeat-
ed RFA procedure due to recurrence of tachycardia and LVEF 
values showed significant improvement at the first month during 
follow-up. With regard to the 7 patients who had PJRT, mean 
pre-procedural LVEF value was 36±13.3% (23-57%) compared 
with the mean LVEF value of 64±2.6% (61-69%) 1 month after the 
procedure. Changes in the pre- and post-procedural LVEF values 
are depicted in Figure 1.

Recurrence of tachycardia observed in 4 patients within 6 
months after the RFA procedure. One of these patients was a 
15-month-old (patient 10) whose systolic functions did not dete-
riorate despite the recurrence. Second RFA or electrophysiolog-
ic study was not considered necessary since the arrhythmia 
could be kept under control by medical treatment. Re-ablation, 
which was performed in the remaining 3 patients for recurrence, 
was successful with the abolishment of the arrhythmia. While 

          RF Follow-   1.   Re-   
   RFA    Procedure Flouroscopy energy up Initial Initial  month Last current Re- Re- 
 Age at RFA weight, Gen- Diag- Ablation duration, duration, duration, period, LVEDD, LVEF, LVEF, LVEF, Tac- abla- current 
Patient diagnosis age kg der nosis site minute minute second year (mm) %  % % hycardia tion TIC

1 11y 14y 45 F FAT RA-CT 70 18 240 4 44 55 67 66 No No No

2 5y 5.5y 17 F PJRT RA-PS 75 25 240 9 48 44 65 66 Yes Yes No

3 6y 6y 18 F PJRT RA-PS 120 36 300 4 46 57 63 63 No No No

4 11y 11.5y 36 M FAT RA-FO 120 33 200 7 50 54 56 67 Yes Yes No

5 2.5y 2.7y 14 M PJRT RA-CSO 130 38 350 3 48 34 61 70 No No No

6 3y 3.6y 12 M PJRT RA-CSO 80 15 120 2.5 38 46 63 69 No No No

7 İn utero 3.5y 13 M PJRT RA-CSO 75 13 30 10 53 24 65 68 No No No

8 13y 13y 48 M FAT RA-CT 45 17 240 1 58 47 65 74 No No No

9 11y 15y 60 F PJRT RA-CSO 120 20 100 10 49 23 69 67 No No No

10 9m 15m 10 F FAT LA-PVO 120 12 150 2 32 56 58 62 Yes No No

11 6y 17.5y 45 M PJRT RA-CSO 100 36 120 4.5 64 24 62 70 No No No

12 11.5y 12.2y 34 F FAT LA-PVO 195 35 210 1.5 54 28 52 71 Yes Yes No
CSO - coronary sinus os; CT - crista terminalis; F - female; FAT - focal atrial tachycardia; LA - left atrium; LVEDD - left ventricle end diastolic diameter; LVEF - left ventricle ejection fraction; M - male; m - 
months; PJRT - permanent junctional reciprocating tachycardia; PS - posteroseptal; PVO - pulmonary vein os; RA - right atrium; RFA - radiofrequency ablation; TIC - tachycardia induced cardiomyopathy; 
Y - years

Table 1. General characteristics of patients with tachycardia induced cardiomyopathy
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the diagnosis of arrhythmia remained unchanged in patients 2 
and 12 with recurrence, it was changed as atrio-ventricular 
reentrant tachycardia in patient 4.

Patient 7 was our first patient who underwent RFA at 3.5 
years old with PJRT. The procedure was complicated by perma-
nent complete AV block which necessitated implantation of a 
pacemaker. This patient was diagnosed during intrauterine 
period and had a pre-RFA LVEF of 24%. With the implantation of 
pacemaker, the patient’s ventricular functions returned to nor-
mal.

Discussion

In this study revealed that, treatment of tachycardia-induced 
cardiomyopathy with RFA is a feasible and effective treatment.

The exact prevalence of TIC remains unknown. Reports in 
the literature in pediatric age groups are limited to case reports 
or small case series (8-12). The main reason behind this is the 
diagnostic challenge associated with TIC, particularly in the 
presence of both dilated cardiomyopathy and arrhythmia which 
makes it difficult to determine which developed first; a classic 
“Chicken and the Egg” dilemma. As in some cases in our study, 
some patients with TIC may receive treatment for misdiagnoses 
of myocarditis or dilated cardiomyopathy related to other 
causes. In two small studies, it was postulated that the only 
distinctive factor between TIC and dilated cardiomyopathy is 
that TIC patients tend to have lower LVEDD (13, 14). However, the 
most striking difference between two conditions is the recovery 
of left ventricular function following eradication of the tachyar-
rhythmia in TIC patients, which highlights the importance of 
pursuing an aggressive strategy to keep the arrhythmia under 
control. Although recurrence of tachycardia occurred in some 
of our patients, significant improvements in left ventricular func-
tion were observed during the arrhythmia-free periods which 
helps to confirm the diagnosis of TIC.

The clinical presentation of TIC is similar to other forms of 
cardiomyopathies. Because of faster ventricular rates and their 
inability to verbalize their symptoms, infants usually show typical 

heart failure symptoms (respiratory distress, diaphoresis, and 
poor feeding) earlier. On the other hand, older children may 
present with palpitation, exercise intolerance, chest pain or 
syncope (15). As the underlying tachyarrhythmia may not be 
apparent, a high index of suspicion is the most important step for 
diagnosis of TIC. Therefore, an electrocardiogram (ECG) and 
Holter ECG monitorization should be performed and evaluated 
carefully on any patient presenting with new onset dilated car-
diomyopathy. While the responsible tachyarrhythmia may be 
observed, other abnormal findings also may be seen even if the 
child has a slower rate during the electrocardiogram. Infectious, 
familial, metabolic, mitochondrial, toxic, inflammatory, and neu-
romuscular processes should be considered in the differential 
diagnosis. Although most cases remain idiopathic, genetic and 
metabolic etiologies such as storage disorders, mitochondrial 
disorders, and carnitine deficiency should also be considered in 
infants and young children with new onset cardiomyopathy.

In our study, 7 patients had PJRT (58.3%) and 5 had FAT 
(41.6%), both of which arrhythmias most frequently are associ-
ated with TIC. Other implicated arrhythmias are atrial fibrillation, 
atrial flutter, atrioventricular nodal reentrant tachycardia, ven-
tricular tachycardia and frequent ventricular premature beats 
(16-19). 

PJRT is an orthodromic tachycardia which develops as a 
result of anterograde conduction over the atrioventricular node 
followed by slow decremental retrograde conduction via an 
accessory pathway usually located in the posteroseptal region 
(20). It is characterized by episodes of narrow QRS complex 
tachycardia alternating with brief periods of sinus rhythm. 
During sinus rhythm, the surface electrocardiogram (ECG) is 
normal. During tachycardia, negative P waves are typically pres-
ent in leads II, III and aVF and usually in V4 to V6, with a long RP 
interval (21). It is a relatively uncommon arrhythmia which usu-
ally follows a persistent course. It generally occurs in children 
but may remain undiagnosed well into adulthood, thus poten-
tially leading to TIC (11, 22). Permanent junctional reciprocating 
tachycardia of infancy is less likely to resolve spontaneously in 
comparison to other atrioventricular re-entry tachycardias (16). 
Permanent junctional reciprocating tachycardia is also fre-
quently refractory to medical therapy, although favorable results 
have been reported with transcatheter RFA. In a retrospective 
multicentric study by Vaksmann et al. (11) on 85 patients with 
PJRT aged between 4-25 years, 18 patients underwent a total of 
24 RFA procedures with a success rate of 50% in children under 
the age of 10 years compared to a success rate of 83% in older 
children. In our study 5 of the 7 patients with PJRT were young-
er than 10 years of age and RFA was successful in all 5 patients. 
But in 1 of 5 patients, recurrence was observed during follow-up 
and eradicated with a second ablation procedure. In the other 
two patients who were older than 10 years, RFA was successful 
with no recurrence.

Focal atrial tachycardias are a broad group of supraventricu-
lar tachycardias that are characterized by a rapid rhythm arising 
from structures above the bundle branches, including the atrium. 

Figure 1. Left ventricular ejection fraction values before and after 
ablation of arrhythmic focus
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They mostly develop after surgery for congenital heart disease, 
although spontaneous cases have been reported during intra-
uterine period as well as in children and adolescents. Incessant 
FAT is an infrequent cause of TIC, accounting for 5% of adult 
cases and 14% of pediatric cases (23). It results in myocardial 
dysfunction in approximately 10% of affected individuals, with 
children more likely to present with TIC than adults (24). In FAT, 
ECG demonstrates an inappropriately rapid heart rate for age 
and narrow QRS complex. The P wave morphology can appear 
normal or abnormal, depending upon the site of origin of the 
tachycardia. The atrial rate during FAT is generally between 130 
and 250 beats per minute but infants often have faster rates. 
Monitoring with serial ECGs is invaluable for distinguishing FAT 
from sinus tachycardia. Although focal ATs are regular, “warm 
up” and “cool down” patern in tachycardia and an abrupt onset 
or termination favors a FAT.

 Infants and small children with FAT tend to respond well to 
medical therapy, with the likelihood of spontaneous resolution 
later in life (25, 26). In a previous study, a spontaneous resolution 
rate within 1 year of 93% was observed in 15 infants less than 6 
months of age (25), whereas in another study lower resolution 
rates with a poorer response to medical treatment was reported 
in children older than 3 years of age (26). In our study, 4 of the 5 
patients with FAT who underwent ablation therapy were older 
than 3 years of age. On the other hand, recurrence of tachycar-
dia occurred in 3 of the 5 patients with FAT after the initial RFA 
procedure, one of whom was a 15-month-old whose systolic 
functions improved during follow-up. This patient responded 
well to antiarrhythmic medication and did not require reablation. 
In the other 2 patients with recurrence, cure was achieved by 
re-ablation. Although the recurrence rate after the initial RFA 
procedures in our study seems to be high, cure has been 
achieved with reablation in most patients. Higher early recur-
rence rates may be attributed to the learning curve. 

In a study of catheter ablation in children, the overall compli-
cation rate was 7.2%, with a major complication rate of 2.6%. 
The most frequently reported complications are second and 
third degree AV blocks, perforation, pericardial effusion, emboli-
zation, brachial plexus injury, and pneumothorax (27). Also, in 
rare cases coronary artery injuries were reported during or after 
ablation procedure (28, 29). In a report by Smith et al. (30) pub-
lished in 1986, ablation was successful in eradicating tachycar-
dia in 5 patient with PJRT, however AV block requiring place-
ment of a pacemaker developed in 4 patients. Through the years 
improvement in the success rates of ablation therapy has been 
accompanied by a decreased of procedure-related complica-
tions (11, 22, 31, 32). 

In our study, only 1 patient (3.5 years old) with PJRT had 
experienced permanent complete AV block after RFA. This is the 
only major complication observed in our study and ventricular 
functions of the patient returned to normal after permanent 
pacemaker implantation. Nevertheless, nodal ablation and 
placement of a permanent pacemaker is the recommended 
treatment of choice in patients where ablation had failed (6).

Persistently rapid or irregular ventricular rates trigger a 
sequence of events starting with dilatation of the heart cham-
bers and mitral regurgitation which eventually lead to elevation 
in end-diastolic pressures with reduction in EF and ultimately 
symptomatic heart failure. Several experimental models have 
demonstrated significant reduction in systemic arterial pressure 
and cardiac output in animals with 24 hours of sustained rapid 
pacing (3, 33). Despite many neurohumoral and cellular activa-
tion mechanisms have been postulated, the exact mechanisms 
that produce these changes are not well understood. Studies in 
animal models have shown that persistent tachycardia depletes 
high-energy stores as evidenced by reduced myocardial levels 
of creatine, phosphocreatine, and adenosine triphosphate (ATP), 
and diminished activity of the Na-K-ATPase pump (34, 35). These 
changes are probably due to alterations in cellular metabolism 
with mitochondrial injury and increased activity of Krebs cycle 
oxidative enzymes. Depletion of high-energy stores, which may 
be mediated in part by ischemia, is reversible and may explain 
the reversibility of the developed cardiomyopathy (36). 
Abnormalities in both calcium channel activity and sarcoplas-
mic reticulum calcium transport may contribute to the myocar-
dial dysfunction in TIC (36, 37). Diminished beta-adrenergic 
responsiveness and beta-1 receptor down-regulation has also 
been described in TIC patients (38).

Tachycardia-induced cardiomyopathy is considered as a 
potentially reversible condition, since many studies have shown 
normalization of LVEF and complete resolution of symptoms fol-
lowing sufficient ventricular rate control. Improvement is often 
dramatic, usually beginning within the first few weeks, continu-
ing gradually up to 6 months (39, 40). Recovery is faster in 
younger children (9) The lack of improvement in ventricular func-
tions should not rule out TIC but rather indicate an advanced 
and irreversible stage of disease because once a threshold is 
passed to an advanced disease, deteriorated ventricular func-
tions may not improve (41).

Our findings are consistent with those in the current literature 
in that a dramatic improvement in systolic function was observed 
following ablation therapy, with LVEF increasing to more than 50% 
in all patients at the first month on follow-up. Furthermore by the 
end of the study period, LVEF values returned to normal range in 
all patients. In our study RFA was successful in 11 out of 12 
patients with TIC (92%), while significant clinical and echocardio-
graphic improvements with resolution of heart failure were 
observed in all patients. Only 1 patient whose tachycardia was 
eradicated by RFA developed permanent AV-block after the pro-
cedure requiring implantation of a permanent pacemaker. 

Conclusion

Although RFA is a well-established method for treatment of 
arrhythmias in older individuals, it is also an effective method 
that could be used for the management of children with left ven-
tricular dysfunction due to tachycardia refractory to medical 
therapy regardless of age.
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