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CLINICAL CASE

Coumel tachycardia in children
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Abstract

Background: Coumel tachycardia is an infrequent form of supraventricular tachycardia (SVT) that usually occurs in infants
and children. It is a tachycardia mediated by an accessory pathway with retrograde slow conduction that explains the clas-
sic ECG pattern with long RP’ interval and negative P waves in leads Il, Ill, and aVF. In this study, we describe the clinical
course and management of Coumel tachycardia in children. Case report: We conducted a retrospective review of five
consecutive pediatric patients, mean age 11 + 3 years (range 6 to 14). The first episode of SVT was at a mean age of 10.4
+ 4.8 years (range 2 to 14) with a mean evolution of 74 + 9.4 months (range 1 to 24). Pharmacological therapy was unsuc-
cessful despite the combination of antiarrhythmic drugs. The tachycardia was incessant with a density > 85% by 24-hour
Holter monitoring; one patient developed tachycardia-induced cardiomyopathy. All children underwent successful radiofre-
quency catheter ablation, mean 5 + 3 applications (range 1 to 8) with a single session and with no complications. After a
mean follow-up of 24 + 16 months, all patients were asymptomatic and recurrence-free without antiarrhythmic treatment.
Conclusions: Coumel tachycardia is clinically persistent and usually refractory to antiarrhythmic treatment with substantial
risk of tachycardia-mediated cardiomyopathy. Catheter ablation is effective and safe in children; thus, it should be indicated
promptly and based on individual selection.

Keywords: Coumel tachycardia. Permanent junctional reciprocating tachycardia. Supraventricular tachycardia. Tachycardia
induced-cardiomyopathy. Catheter ablation in children.

Taquicardia de Coumel en nihos

Resumen

Introduccion: La taquicardia de Coumel es una forma poco frecuente de taquicardia supraventricular que suele presentarse
en lactantes. Es una taquicardia mediada por una via accesoria de conduccion lenta retrégrada que explica el patron ECG
clasico con intervalo RP’ largo y ondas P negativas en las derivaciones I, Ill y aVF. En este trabajo se describe el curso
clinico y el manejo de la taquicardia de Coumel en nifios. Caso clinico: Se llevd a cabo una revision retrospectiva de cinco
pacientes pedidtricos consecutivos, con una media de edad de 11 + 3 afos (intervalos 6 a 14). El primer episodio de taqui-
cardia 10.4 + 4.8 afios con evolucion de 74 + 9.4 meses. El tratamiento farmacoldgico fue ineficaz a pesar de la combinacion
de antiarritmicos. La taquicardia era incesante con una densidad > 85% por Holter-24h; un paciente desarrollé miocardio-
patia inducida por taquicardia. Todos los nifios fueron sometidos a ablacion con catéter y radiofrecuencia con éxito, y un
promedio de 5 + 3 aplicaciones en una sola sesidn y sin complicaciones. Después de un seguimiento de 24 + 16 meses,
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todos los pacientes fueron asintomaticos y libres de recurrencia sin tratamiento antiarritmico. Conclusiones: La taquicardia
de Coumel es clinicamente persistente y generalmente refractaria al tratamiento antiarritmico con un riesgo sustancial de
miocardiopatia mediada por taquicardia. La ablacion con catéter es eficaz y segura en nifios, por lo que debe indicarse de

forma temprana y en lactantes de una seleccion individual.

Palabras clave: Taquicardia de Coumel. Taquicardia reciproca permanente de la unidn. Taquicardia supraventricular. Cardio-
miopatia inducida por taquicardia. Ablacion con catéter en nifios.

Introduction

Permanent junctional reciprocating tachycardia
(PJRT) is an infrequent form of sustained orthodromic
supraventricular tachycardia (SVT) in children; clinical
and electrocardiographically is incessant and generally
refractory to antiarrhythmic drugs (AAD). It was
described by the French electrophysiologist Philippe
Coumel' in 1967; it is characterized by a reciprocal
rhythm that involves a macroreentry circuit with antero-
grade conduction over the AV (auriculoventricular)
node-His-Purkinje axis and a concealed accessory
pathway with decremental conduction properties as the
retrograde limb. This report aimed to describe the clin-
ical course and results of definitive treatment with cath-
eter ablation in children with Coumel tachycardia.

Clinical cases

This retrospective study was conducted at a single
tertiary heart center and included five consecutive pedi-
atric patients, mean age 11 + 3 years (range 6 to 14,
median 12) who were referred to the arrhythmia clinic
for electrophysiological study and definitive treatment
with catheter ablation between August 1996 and August
2010. Indications for interventional treatment were
symptomatic persistent tachycardia and AAD refrac-
tory. All parents supplied written informed consent for
interventional electrophysiological study and catheter
ablation.

Electrophysiological study

Under local anesthesia and conscious sedation, a
6-Fr quadripolar Josephson-curve catheters were intro-
duced percutaneously via right and left femoral veins
and positioned under fluoroscopic guidance in the high
right atrium-right ventricular apex and His-bundle
region. A 6-Fr decapolar steerable catheter was intro-
duced via the internal jugular vein and placed into the
coronary sinus with the proximal electrodes positioned
close to the ostium under local intracardiac electro-
grams guidance. Bipolar intracardiac electrograms

were filtered between 30 to 500 Hz and displayed at a
sweep speed of 100 to 200 mm/s. Programmed stimu-
lation was performed from the right ventricular apex,
right atrium, and coronary sinus.

Catheter ablation procedure

The ablation catheter, a 7-Fr steerable quadripolar
catheter, 4 mm distal-tip electrode (Mansfield/Webster™
or RF Marinr MC™ USA), was advanced via the right
femoral vein for precise mapping along the posterior
aspect of the atrial septum and the coronary sinus
ostium under 30° right and 45° left anterior oblique
fluoroscopic views. The radiofrequency (RF) current
was delivered between the distal-tip electrode and a
dispersive pad applied to the left subscapular region
selecting a power of 30 W and a maximum temperature
of 70°C. If successful pulses, RF was applied for 120 s
otherwise, it was interrupted at 10 s. After successful
pulses, reinduction of SVT was tried by programmed
stimulation.

Follow-up

The follow-up was conducted with the arrhythmia
clinic and congenital heart disease services. All patients
were observed overnight in the pediatric postoperative
intermediate intensive care room. Then, in the pediatric
cardiology area for clinical observation, ECG (electro-
cardiogram) and echocardiographic monitoring to detect
possible complications before discharge. The patients
were discharged in the following 24 hours with aspirin
100 mg/day for 2 months. The follow-up was done in
the outpatient arrhythmia clinic every 3 months, at least
up to one-year post-ablation. Recurrence was defined
as the return of clinical symptoms and ECG documented
Coumel tachycardia.

Results

During 14 years, three males and two females
(five patients, 0.35 cases per year) were evaluated for
SVT, the preexcitation variant of Coumel tachycardia.
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Figure 1. 12-lead ECG recording during Coumel tachycardia. Narrow QRS tachycardia (145 bpm) with characteristic
long R-P’" interval (RP" > P'R) and characteristic retrograde negative P" waves in I, lll and aVF (arrows) as well as in

lateral precordial leads.
ECG: electrocardiogram.

The first episode of SVT appeared at a mean age of
10.4 + 4.8 years (range 2 to 14, median 12) with a mean
evolution of 7.4 + 9.4 months (range 1 to 24, median 4).

Clinical characteristics

Symptoms were present in all patients with a pre-
dominance of palpitations and dyspnea (100%), and
coexisting dizziness (20%). Four of five patients had
normal structural heart; however, a 6 year-old female
showed symptoms and signs of congestive heart failure
(CHF) with an echocardiogram showing a dilated car-
diomyopathy pattern (generalized hypokinesia with left
ventricular ejection fraction 0.38). No patient showed
syncope or was resuscitated.

Antiarrhythmic treatment and outcome

In the setting of incessant Coumel tachycardia, acute
treatment in the emergency service was always unsuc-
cessful with autonomic vagal maneuvers or intravenous
(IV) verapamil, adenosine or amiodarone. AAD therapy
temporarily stopped the tachycardia with almost imme-
diate spontaneous onset. Electrical cardioversion was
not indicated due to the same expected effect as with

AAD treatment. The patients were initially admitted to the
intermediate critical care or pediatric unit and treated
with a combined scheme of AAD, then followed-up in an
outpatient basis. The response was unsuccessful in
acute and at mid-term outcome in all that included com-
bination of oral propafenone plus propranolol, digoxin
plus propranolol, quinidine plus propranolol or IV
amiodarone load followed by maintenance oral dose
(only a relative decrease in the heart rate was obtained
in all).

ECG characteristics

In all cases, SVT was documented by resting 12-lead
ECG at the time of the first evaluation in the pediatric
or cardiac emergency service and by 24 hours-ECG
Holter monitoring during the follow-up. All patients had
the nearly incessant form of SVT, stopped only by a
few sinus beats and self-onset recurrent ECG pattern
(Figure 1).

Diagnosis of Coumel tachycardia was based on the
classical surface ECG criteria: presence of incessant
narrow QRS tachycardia with characteristic retrograde
negative P’ waves in Il, lll and augmented vector foot
(aVF) leads, and isobiphasic or negatives in septal
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Figure 2. 12-lead ECG recording during Coumel tachycardia. Typical presentation of incessant pattern that stops and
is followed by a few sinus beats that reinitiates the tachycardia by spontaneously shortening of the PP cycle.

ECG: electrocardiogram.

and left lateral precordial leads, a RP’ interval longer
than the P’'R interval (R'P > P’R), and 1:1 atrioventric-
ular conduction (Figure 2). During the brief sinus
rhythm (SR) beats, the PR interval was normal without
delta wave. The characteristic ECG pattern, long R-P’
was consistent with the slow retrograde ventricu-
lo-atrial conduction but not immediately diagnostic of
Coumel tachycardia, because atypical (fast-slow) AV
nodal reentrant tachycardia and low right septal atrial
tachycardia have a similar ECG pattern (RP’> P'R),
also are incessant and have earliest atrial activation
near the coronary sinus ostium which required a pre-
cise differential diagnosis by electrophysiologic studly.

The mean SVT rate was 152 + 5 beats/min (range
143 to 158, median 154) with a RP’ interval 306 + 24 ms
(range 273 to 333, median 313). Based on the 24-hour
ECG Holter monitoring, the Coumel tachycardia density
per day was > 85% in all patients.

Electrophysiological and catheter ablation
characteristics

After spontaneous or by pacing termination, the tachy-
cardia spontaneously resumed with a critical shortening

of the PP interval in most cases and also by premature
atrial or premature ventricular complexes.

Participation of an accessory AV pathway was con-
firmed in all cases by a premature ventricular extrastim-
uli introduced during tachycardia at the time when the
His bundle was refractory, resulting in shortening of the
atrial cycle length without disturbing the sequence of
retrograde atrial activation. Also, it was confirmed dec-
remental ventriculo-atrial conduction during continuous
incremental ventricular pacing and premature ventricu-
lar extrastimuli or incremental ventricular pacing ended
tachycardia without retrograde conduction to the atrium,
supporting a reciprocating rhythm23; then, excluding
atypical AV nodal reentrant tachycardia and low right
atrial tachycardia as potentially alternative mechanisms
(Figure 3).

Endocardial mapping during tachycardia showed an
earliest septal retrograde atrial activation recorded at the
proximal coronary sinus ostium electrogram. In all cases
the accessory AV pathway location was confirmed to be
in the right posteroseptal region, then the ablation was
attempted from the atrial aspect of the tricuspid annulus
adjacent (anterior and slightly below) to the coronary
sinus ostium in four cases and ablation was delivery
inside the coronary sinus ostium (5 mm) in one case.
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Figure 3. Endocardial mapping during tachycardia. The earliest retrograde atrial electrogram (A) is recorded near the
coronary sinus ostium (CSos, arrow), basal A-A interval 370 ms. A premature ventricular extrastimuli (S1) introduced
at 250 ms when the His bundle is refractory results in shortening of the A-A interval (300 ms) without disturbing the
sequence of retrograde atrial activation. The HA' interval during tachycardia is > HA' interval HA' interval during
ventricular extrastimuli (310 ms vs 295 ms) and the difference between the post-pacing interval (PPl 460 ms) and the
tachycardia cycle length (TCL 370 ms) is 90 ms (All of these criteria confirmed the participation of an accessory AV

pathway).

CS: coronary sinus electrograms from distal to proximal, H: His bundle electrogram, V: ventricular electrogram.

Ablation targets was with local earlier retrograde atrial
activation than reference from de proximal coronary
sinus electrogram during ongoing tachycardia, and the
successful application site was obtained with a shortest
endocardial local A-surface P’ interval, mean value
of =30 ms, (range —16 to —50, median —33) (Figure 4).
Fragmented atrial electrograms were found at the atrial
insertion of the accessory pathway in three cases.
Successful radiofrequency (RF) catheter ablation of
the anomalous accessory AV pathway, the anatomical
substrate of Coumel tachycardia was obtained with a
single session in each case. A mean of 5 + 3 applica-
tions (range 1 to 8, median 3) of RF current per proce-
dure were applied, with a mean power of 28 + 2 Watits
(range 26 to 30, median 28) with mean temperature of
61°C £ 3°C (range 59 to 67, median 63); 20 W/60°C for
30 s inside the coronary sinus ostium in one patient.
Total fluoroscopy exposure was 17 + 9 min (range 5 to
26, median 20). No complications occurred during RF
catheter ablation procedure. At a mean follow-up of

24 + 16 months, all patients were asymptomatic and
recurrence-free without AAD treatment. Total recovery
of ventricular function (left ventricular ejection fraction
(LVEF) 0.65), published in another case series, was
documented in the 6-year-old female with tachycar
dia-induced cardiomyopathy*.

Discussion

Atrioventricular reentrant tachycardia (AVRT) medi-
ated by an anomalous accessory pathway account for
90% of pediatric forms of SVT°. Coumel tachycardia
(also-called PJRT) is a preexcitation variant, then a
subtype of AVRT and is an infrequent form of refractory
and persistent SVT. Generally, occurs in children and
infants and accounts for 1% of SVT in this age group®.

It has also been described rarely in the fetal and
neonatal period®’. Coumel tachycardia is usually inces-
sant from birth or infancy, although it may not be
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Figure 4. Endocardial mapping and ablation. Left: during su
(right posteroseptal region) is mapped adjacent to the co

stained tachycardia, the atrial aspect of the tricuspid annulus
ronary sinus ostium (pCS). Ablation target (Abl) was located

earlier than the reference from de proximal coronary sinus (pCS) electrogram with a local atrial (A) electrogram to
surface ECG P interval (dashed line) of —25 ms. Right: at the target site, the application of radiofrequency current (RF)
interrupts the tachycardia at the level of the retrograde limb of the circuit (electrogram V not followed by electrogram

A, asterisk).
ECG: electrocardiogram.

recognized until adolescence. Age of clinical presenta-
tion is from 1 to 15 years in approximately 40% of
cases®’.

The incessant clinical presentation and usual refrac-
toriness to AAD treatment expose the patient if not early
recognized to high risk for developing tachycardia-induced
cardiomyopathy as in the case of one of our series that
clinically had tachycardia from age 2, but was referred
up to 6 years of age with symptoms of severe congestive
heart failure (CHF). The remaining patients were diag-
nosed on time and referred for initial AAD treatment,
which only achieved a relative control of the heart rate
but without restoring a stable SR, keeping the patients
symptomatic. Reports on the AAD therapeutic efficacy
of Coumel tachycardia are variable.

In a multicentre study of six tertiary centres, 25 of
32 patients received primary AAD treatment (mean age
15 years). AAD therapy was considered effective in
terms of conversion into stable SR in 24% and partially
effective in 32%. During follow-up (mean 10 years),
drug therapy was discontinued in only 20% of patients®.

Another retrospective multicentre study of seven pedi-
atric institutions included 85 patients over a period of
32 years with median follow-up of 8.2 years. Almost
every patient (97%) received initially AAD treatment
reporting successful in 84% but 79% received at least
two to nine consecutive AAD. Drug-related side effects
occurred in 14% but two patients died suddenly for per-
sistent CHF one month and five years after diagnosis?®.

From our point of view, these results must be taken
cautiously in terms of what they considered complete
success: conversion to stable permanent SR or pre-
dominant SR alternating with non-sustained tachycar-
dia (< 30 s, low heart rate: < 110 beats/min) or partial
success: heart rate reduction > 30% associated with
periods of sustained SR on 24-hours Holter monitor-
ing; perhaps valid definitions for that time, but not
necessarily at present. Therefore, the results were
based principally on the electrocardiographic response
and not strictly on symptom improvement, because
there is no significant difference between symptomatic
and asymptomatic patients in terms of relative hear



rate control or tachycardia rate with increased risk of
impaired left ventricular function. This is because
more than the ventricular rate, is the tachycardia den-
sity per day that seems to be the main discriminating
variable contributing to left ventricular impairment and
subsequent clinical signs of CHF. In our series the
tachycardia density was > 85% on 24-hours Holter
monitoring.

Spontaneous or intermittent disappearance of
Coumel tachycardia has also been reported from 2 to
22%%19, These data demonstrate a wide clinical spec-
trum of Coumel tachycardia with appearance most
often in early childhood, and patients may present with
clinical or echocardiographic findings of impaired ven-
tricular function compatible with tachycardia-induced
cardiomyopathy.

Symptoms of CHF are more common in younger
patients®. In the Vaksmann et al.® series, 67% of
patients presented before 1 year of age and three of
them with intrauterine tachycardia had hydrops fetalis.
At the time of referral, 28% presented with varying
degrees of CHF, and was more common in infants than
in children older than 1 year®. In the Dorostkar et al.
series, left ventricular performance was impaired in 11
of 21 patients (52%) with clinical symptoms of severe
CHF in infants (36%). The ventricular function was
reversible after successful catheter ablation.!®

Coumel tachycardia can be difficult to treat. As it is
usually refractory to AAD management, it requires
treatment with more than a single antiarrhythmic agent.
Furthermore, there are no ideal or even satisfactory
antiarrhythmic medications for this tachyarrhythmia®.

The effectiveness of catheter ablation procedure has
been demonstrated for the definitive treatment of
Coumel tachycardia in all the pediatric age groups
(including infants and early childhood)®. In 1995,
Zalstein et al."" reported the first case of successful
treatment with RF ablation in a 3-month-old infant with
incessant SVT from 4 weeks of life with tachycardia-in-
duced cardiomyopathy."" Barbero et al.'? included
16 patients: nine cases underwent to RF catheter abla-
tion during the neonatal period (median age 20 days,
median weight of 3.4 kg); the remaining patients under-
went catheter ablation at a median of 8 months of age'.
In all group a simplified single catheter ablation tech-
niqgue was used achieving success in 93% (1.1 ses-
sions) without major complications. After a median
follow-up of 10.4 years all patients have a good quality
of life. In a retrospective review of 110 infants (57%;
aged < 1 year) managed at eleven institutions during a
period of 11 years with tachycardia-induced
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cardiomyopathy observed in 18%; the catheter ablation
procedures had a success rate of 90% without major
complications's.

Similarly, the catheter ablation procedure in children
has been reported with high success rates®'®. Nine
patients were treated with RF catheter ablation, after
6.5 = 4.4 years of medical treatment, at a mean age of
12.5 + 1.3 years and successful RF ablation (1.2 ses-
sions) was obtained in all patients™. A recent publica-
tion comprised 22 pediatric patients diagnosed in a
10-year period in two pediatric electrophysiology insti-
tutions. The mean age was 3.13 + 4.43 years (range 0
to18) with mean weight 18.22 + 19.68 kg. The overall
success with catheter ablation was 95.4% (1.1 ses-
sions) without complications'.

The vast majority of catheter ablations have used RF
energy, but also has been proposed the potential clin-
ical utility of cryoenergy. The cryoablation was safe and
successfully accomplished in four patients, mean age
14 + 5 years's.

In infancy and early childhood the primary manage-
ment is controversial, and some authors have suggested
that AAD treatment is the first option and catheter abla-
tion should be reserved for children and adolescents or
only in those cases presenting with left ventricular dys-
function including infants®1%4. However, the experience
accumulated in recent years supports that may be indi-
cated even in infants at an early stage specially when
AAD treatments are not rapidly effective and ventricular
function worsens'?. This is supported because the nor-
malization of ventricular function is fully demonstrated
and catheter ablation has a high success rate and major
complications are rare.

The classic ECG led Coumel et al'. to suggest that
the retrograde limb of the tachycardia circuit had prop-
erties of slow conduction which explains the long RP’
interval.' The exact anatomic and physiologic nature of
this retrograde limb remained unclear. Gallagher et al.
considered that the retrograde limb represented an
accessory AV node in the posterior septum, while Farré
et al.’”® suggested that the limb was a posteroseptal
anomalous accessory AV pathway with decremental
functional properties." '8 The anatomical-functional sub-
strate of Coumel tachycardia was definitively docu-
mented in 1984 by Critelli et al. in a postmortem study
that revealed an accessory AV connection joining the
ventricular myocardium from the right posterior septum
region to the lower rim of the coronary sinus ostium.®
This accessory AV fiber follows an oblique course with
pronounced tortuosity bridging the AV sulcus. As a
result of changing cross-sectional area, such an
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accessory AV pathway might exhibit slow conduction,
thus explaining its decremental characteristics. The
majority of accessory AV pathways in Coumel tachycar-
dia are localized in the right posteroseptal region, near
the coronary sinus ostium, but also less frequent in
other areas (left posteroseptal, mid and anterior sep-
tum, and rarely in the right and left free-wall of the AV
annu|us)10,12,15,20_

In conclusion, Coumel tachycardia is a rare form but
important cause of SVT occurring in infants and chil-
dren. The circuit is an orthodromic AV reentry with a
concealed, slow conducting accessory AV pathway as
the retrograde limb of the circuit that characterizes the
typical ECG with a long RP’ interval (RP’ > P’R) with
negative P’ waves in Il, Ill and aVF and usually in V3 to
V6 leads. This tachyarrhythmia is usually refractory to
medical management and due to the incessant nature
may lead to tachycardia-induced cardiomyopathy. The
catheter ablation procedure is an effective and safe
therapy and should be used early in the management
of children and in infants based on a strictly individual
selection basis. Regression of left ventricular dysfunc-
tion is the rule after successful catheter ablation.

Ethical disclosures

Protection of human and animal subjects. The
authors declare that no experiments were performed
on humans or animals for this study.

Confidentiality of data. The authors declare that
they have followed the protocols of their work center on
the publication of patient data.

Right to privacy and informed consent. The
authors have obtained the written informed consent of
the patients or subjects mentioned in the article. The
corresponding author has this document.

Conflicts of interest

The authors declare no conflicts of interest.

Funding
No funding.

References

1.

20.

Coumel P, Cabrol C, Fabiato A, Gourgon R, Slama R. Tachycardie
permanente par rythme réciproque. I-Preuves du diagnostic par stimula-
tion auriculaire et ventriculaire. Arch Mal Coeur. 1967;60:1830-64.

. Coumel P, Attuel P, Motte G, Slama R. Bouvrain Y. Les tachycardies

jonctionelles paroxystiques. Evaluation du point de jonction inferieur du
circuit de reentrée: démembrement des “rhythmes” reciproques intrano-
daux. Arch Mal Coeur. 1975;68:1255-77.

. Gallagher JJ, Sealy WC, Kasell J, Klein GJ, Pritchett ELC, Davis D. The

permanent form of junctional reciprocating tachycardia: evidence for an
accessory ventriculo-atrial pathway as the underlying substrate (abstr).
PACE. 1979;2:21.

. Veldzquez-Rodriguez E, Rodriguez-Pifia H, Pacheco-Bouthillier A, De-

ras-Mejia LM, Jiménez-Arteaga S, Martinez-Sénchez A, et al. Tachycar-
dia-induced cardiomyopathy in children and adolescents. Bol Med Hosp
Infant Mex. 2013;70:231-43.

. Bonney WJ, Shah MJ. Incessant SVT in children: ectopic atrial tachycar-

dia and permanent junctional reciprocating tachycardia in diagnosis and
management of SVT in children and congenital heart patients. Prog
Pediatr Cardiol. 2013;35:33-40.

. Narang K, Rose CH, Johnson JN, Wackel PL, Cetta F. Rare case of

fetal permanent junctional reciprocating tachycardia refractory to prenatal
antiarrhythmic therapy. Mayo Clin Proc Innov Qual Outcomes.
2020;4:810-14.

. llhan O, Hakan N, Kayilioglu H, Kirli U, Karacan M, Olgun H. Treatment

of permanent junctional reciprocating tachycardia in a preterm neonate:
case report. J Pediatr Intensive Care. 2020;10:317-22.

. Lindinger A, Heiselt A, von Bernuth G, Paul T, Ulmer H, Kienast W, et al.

Permanent junctional re-entry tachycardia. A multicentre long-term fo-
llow-up study in infants, children and young adults. Eur Heart J.
1998;19:936-42.

. Vaksmann G, D’Hoinne C, Lucet V, Guillaumont S, Lupoglazoff J-M,

Chantepie A, et al. Permanent junctional reciprocating tachycardia in
children: a multicentre study on clinical profile and outcome. Heart.
2006;92:101-4.

. Dorostkar PC, Silka MJ, Morady F, Dick Il M. Clinical course of persistent

junctional reciprocating tachycardia. J Am Coll Cardiol. 1999;33:366-75.

. Zalzstein E, Zucke N, Sofer S, Hegesh J, Eldar M, Belhassen B. Suc-

cessful radiofrequency ablation in a 3-month-old baby with permanent
junctional reciprocating tachycardia: a new era in the treatment of inces-
sant life-threatening arrhythmias in infants. Am J Perinatol. 1995;12:82-3.

. Barbero AH, Cesar S, Martinez-Osorio J, Margarit A, Moreno J, Campu-

zano O, et al. Long-term outcome of neonates and infants with permanent
junctional reciprocating tachycardia. When cardiac ablation changes na-
tural history. J Electrocardiol. 2019;56:85-9.

. Kang KT, Potts JE, Radbill AE, La Page MJ, Papagiannis J, Garnreiter JM,

et al. Permanent junctional reciprocating tachycardia in children: a mul-
ticenter experience. Heart Rhythm. 2014;11:1426-32.

. Drago F, Silvetti MS, Mazza A, Anaclerio S, Pino AD, Grutter G, et al.

Permanent junctional reciprocating tachycardia in infants and children:
effectiveness of medical and non-medical treatment. Ital Heart
J. 2001;2:456-61.

. ErgilY, Sulu A, GaranB, Kafali HC, Akdeniz C, Tuzcu V. Clinical course and

electrophysiological characteristics of permanent junctional reciprocating
tachycardia in children. Anatol J Cardiol. 2022;26:880-5.

. Gaita F, Montefusco A, Riccardi R, Giustetto C, Grossi S, Caruzzo E,

et al. Cryoenergy catheter ablation: a new technique for treatment of
permanent junctional reciprocating tachycardia in children. J Cardiovasc
Electrophysiol. 2004;15:263-8.

. Gallagher JJ, Sealy WC. The permanent form of junctional reciprocating

tachycardia in an asymptomatic adult: further evidence of an accessory
ventriculoatrial nodal structure. Eur J Cardiol. 1978;8:413-30.

. Farré J, Ross E, Weiner |, Bar F, Vanagt J, Wellens HJJ. Reciprocal

tachycardias using accessory pathways with long conduction times. Am
J Cardiol. 1979;44:1099-109.

. Critelli G, Gallagher JJ, Monda V, Coltorti F, Scherillo M, Rossi L. Ana-

tomic and electrophysiologic substrate of the permanent form of junctio-
nal reciprocating tachycardia. J Am Coll Cardiol. 1984;4:601-10.

Elbaz M, Fourcade J, Carrie D, Jean M, Karouny E, Foures F, et al. [Atrial
insertion of accessory pathways in permanent reciprocating junctional
tachycardia]. Arch Mal Coeur Vaiss. 1995; 88:1399-405. Article in French.



