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1  | INTRODUC TION

Tachyarrhythmias originating in the atrioventricular (AV) node and 
AV junction including the bundle of His complex (BH) are called junc-
tional tachycardia (JT) or junctional ectopic tachycardia (JET).1‒3 AV 
junction refers to the AV-specialized conducting system consisting 
of the transitional cell zone, the AV node and its extensions, and the 
penetrating part of the BH. It has also been called His bundle tachy-
cardia and junctional automatic tachycardia. JET is generally rapid 
with narrow QRS complex but can be regular or irregular.1,2 It could 
have retrograde atrial conduction in a 1:1 pattern or AV dissociation 
with variable conduction to the atria. JET does not involve a reentry 
circuit. (Figure 1) Thus, reentrant tachycardias, which require part of 
the AV node as part of their circuit, such as AV reentrant tachycardia 

(AVRT) and AV nodal reentrant tachycardia (AVNRT), are not classi-
fied as JT.1,2 The types of JET based on their etiology are congenital 
(CJET), postoperative (POJET), and focal paroxysmal and non-parox-
ysmal forms and those associated with digitalis toxicity.1,2 In infants 
and children, the focal and congenital variety are not as common as 
postoperative which is seen in up to 5% after cardiac surgery.3

2  | CONGENITAL JUNC TIONAL EC TOPIC 
TACHYC ARDIA

CJET is a rare arrhythmia that occurs in patients without previous 
cardiac surgery. This is often refractory to medical therapy and as-
sociated with high morbidity and mortality.4,5 CJET was initially 
described by Coumel.6 It has also been called familial JET, chronic 
idiopathic JET, and primary JET. It occurs in the first 6 months of life 
and is usually incessant.4‒6 Data from major electrophysiology (EP) 
centers over four decades identified only less than 100 patients.1,2,5
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Abstract
Tachyarrhythmias originating in the atrioventricular (AV) node and AV junction including 
the bundle of His complex (BH) are called junctional tachycardia (JT) or junctional ectopic 
tachycardia (JET). Congenital JET (CJET) is a rare arrhythmia that occurs in patients with-
out a preceding cardiac surgery and can be refractory to medical therapy and associated 
with high morbidity and mortality. CJET has a high rate of morbidity and mortality with 
death occurring in 35% of cases. JET occurring within 72 hours after cardiac surgery is re-
ferred to as postoperative JET (POJET) and caused by direct trauma, ischemic, or stretch 
injury to the AV conduction tissues during surgical repair of congenital heart defects. 
Focal junctional tachycardia (FJT) is also known as automatic junctional tachycardia and 
includes paroxysmal or non-paroxysmal forms. We discuss a staged approach to therapy 
with improved pharmacological therapies and the use of catheter-based therapies.
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2.1 | Etiopathophysiology and mechanism

A mechanism of enhanced automaticity has been postulated.1,2,7,8 
This could explain why it is unresponsive to adenosine and DC car-
dioversion emphasizing the automatic (rather than reentrant) nature 
of this tachycardia. In addition, the irregular tachycardia rate, the 
lack of dependence on a critical coupling interval for tachycardia 
initiation, and the inability to entrain the arrhythmia also suggest a 
focal automatic (ie, non-reentrant) mechanism.8 Other mechanisms 
that may be responsible are abnormal automaticity and triggered ac-
tivity originating from the BH.1,8 The difference between enhanced 
automaticity, is that abnormal automaticity does not demonstrate 
overdrive suppression because of its reduced resting membrane po-
tential of less than −60 mV. The sodium current and electrogenic 
pump are in an inactivated state and the abnormal automaticity is 
dependent on the slow inward calcium current.8 This would explain 
why it is sensitive to calcium channel blockers.8 Adenosine does not 
have any effect on abnormal automaticity, but it can transiently sup-
press enhanced automaticity. Therefore, sensitivity of an automatic 
tachycardia to calcium channel blockade and insensitivity to adeno-
sine are consistent with this abnormal automaticity.8 In a subset of 
cases which can be terminated with adenosine, another mechanism 
postulated is triggered activity where the arrhythmia can be induced 
and terminated with programmed stimulation.8

Multiple gene deletions like the angiotensin-converting en-
zyme insertion/deletion (ACE I/D) and troponin I-interacting kinase 
(TNNI3K) have been implicated to predispose to CJET and POJET.9‒11 
TNNI3K is a cardiac-specific gene, encoding a cardiac troponin 
I-interacting kinase. Mutations here or in its gatekeeper could lead 
to altered phosphorylation of its substrates, such as cardiac tropo-
nin I, and may result in cardiac dysfunction, cardiac arrhythmia, and 
dilated cardiomyopathy.11,12 Speculation of the familial basis is based 

on theories that calcium dysregulation or channelopathies may be a 
cause and is based on finding this mutation in families, presence of a 
Brugada electrocardiogram (EKG) pattern in CJET, and with the asso-
ciation of sudden death.11‒13 In some cases where the etiology was 
not certain, there are reports that it could be related to viral myocar-
ditis.14,15 There is an association with other congenital heart defects 
like ventricular and atrial septal defects. Histologic abnormalities like 
inflammation, fibrosis, focal degeneration, and fibroelastosis involv-
ing the AV node region and BH, division of AV node, left-sided AV 
node, entrapment, and distortion have been reported.1 A family his-
tory with similar arrhythmia was seen in up to 50% of all cases.1,7,8

2.2 | Clinical presentation and natural history

The presentation is usually early in infancy and generally within 
6 months but the diagnosis is often delayed. Presentation as a fetal 
tachycardia prenatally has been reported in up to a third of the CJET 
patients.1,16 This could be associated with symptoms of congestive 
heart failure (CHF) or as hydrops in the fetus. During the tachycar-
dia, heart rate typically ranges from 200 to 250 per minute.8 At the 
time of diagnosis, patients may present with cardiomegaly, cardiac 
failure, dilated cardiomyopathy, and occasionally ventricular fibrilla-
tion.3,4 CJET can lead to third-degree (complete) block and sudden 
cardiac death.4,5,17

Collins et al, reviewed 94 patients with non-POJET.18 In this 
series, age at presentation was equally divided between patients 
younger than 6 months and older than 6 months. Unlike earlier 
reports, a familial association was noted in only 20% of patients. 
The younger infants had a faster and incessant tachycardia com-
pared to children older than 6 months, who had slower and spo-
radic tachycardia.18 Villain et al, reported 26 infants less than 
6 months of age with CJET and found 61% had CHF.7 About 35% 
of these patients died. There was a positive family history in 50% 
of these patients.7 The incessant nature of the tachycardia may 
lead to secondary tachycardia-induced cardiomyopathy (TIC) and 
CHF.7

Infants with CJET have incessant tachycardia and faster 
rates resulting in poor systolic function and ventricular dilatation 
leading to a higher likelihood of CHF. Some of these infants may 
initially appear compensated only to subsequently develop cardio-
vascular collapse. The cause of death in these patients is typically 
sudden without clear etiology, but development of paroxysmal 
third-degree heart block has been documented.1,7,17,19 The clinical 
characteristics are a gradual onset, or "warming up" phase, and 
a gradual termination, or "cooling down" phase and rate variabil-
ity.19,20 Those patients who do not succumb to early hemodynamic 
compromise will show spontaneous slowing of the junctional rate 
over time. However, subsequent Holter evaluation many years 
after symptom resolution may show persistent JET.9 Causes of 
death include ventricular fibrillation, AV block, and refractory 
heart failure. In more recent reports of patients with CJET, mor-
tality was 4%–9%.9,18

F I G U R E  1   Schematic of mechanism of junctional ectopic 
tachycardia. Right: In normal sinus rhythm, spontaneous 
depolarization of the sinus node results in propagation of electrical 
signal through the atrium. Conduction of the electrical signal occurs 
through the AV node to the ventricle via the bundle branches 
and His-Purkinje system. Left: In junctional ectopic tachycardia, 
spontaneous depolarization occurs in the AV node (ie, junction) and 
conducts to the ventricle. There may or may not be conduction of 
the signal retrograde into the atrium
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2.3 | EKG

The QRS is usually normal and narrow complex, and is identical to a nor-
mally conducted sinus beat. There is often complete ventriculoatrial (VA) 
dissociation. Retrograde P waves may be seen in the terminal portion of 
the QRS. The atrial rate is exceeded by the rapid junctional rate and the 
slower sinus dissociated P waves may be seen. (Figure 2) However, AV 
dissociation may not always be seen, as passive VA conduction can some-
times occur over the AV node in a pattern of retrograde Wenckebach or, 
less commonly, a 1:1 pattern.7,8,20 If the diagnosis is obscured by passive 
retrograde conduction, administration of adenosine will result in com-
plete VA dissociation without altering the rapid junctional rate.20 When 
the diagnosis is unclear from a surface EKG, esophageal EP testing can be 
helpful to discern atrial activity.21 The diagnosis of JET can be confirmed 
by VA disassociation during JET noted with either ambulatory monitor-
ing or during the EP study, and reinforced with the typical rate variability 
associated.22 Occasionally, the tachycardia might be irregular, thus re-
sembling atrial fibrillation. Rates for JET can vary over time in response 
to adrenergic state, and occasional irregularity may be seen owing to 
capture beats from dissociated sinus rhythm.20

2.4 | Electrophysiology

During EP study of the patient in sinus rhythm, there is a nor-
mal His-ventricle (HV) interval and normal AV conduction curves. 

In some cases, tachycardia can be induced by atrial ectopics or 
rapid atrial or ventricular pacing, suggesting abnormal automa-
ticity or triggered activity as the possible mechanism. Enhanced 
automaticity can also occur, however, as suggested by the ability 
of this tachycardia in some patients to accelerate with enhanced 
sympathetic tone.2,22‒25 The arrhythmia usually is not inducible 
by a single extrastimulus, cardioversion, or by programmed elec-
trical stimulation, thus making reentry an unlikely mechanism. 
(Figure 3).

As a consequence of the incessant nature, the patient is more 
likely to be seen in the EP laboratory in tachycardia. Pacing ma-
neuvers can be considered at a similar cycle length to the tachy-
cardia. Characteristics of JET include the lack of resetting or 
termination of the tachycardia during His-refractory atrial extra-
stimulus pacing or a His-atrial time which is longer with ventricular 
pacing than during the arrhythmias.2,22,24 If an atrial extrastimulus 
is delivered during tachycardia and advances the timing of the His 
immediately following without terminating the tachycardia, this 
indicates that a retrograde fast pathway is not required for the 
maintenance of the tachycardia, thus confirming the mechanism 
as JET.24 Overdrive pacing during tachycardia can be used to dif-
ferentiate from reentrant arrhythmia. Upon cessation, the atri-
al-His-His-atrial response in JET would reveal re-initiation of the 
JET post-pacing with the His signal as the onset of tachyarrhyth-
mia.2,22,25 Administration of adenosine results in VA dissociation 
without termination.

F I G U R E  2   12-lead ECG of a 7-year-old with congenital junctional tachycardia. The patient is on chronic medications including 
propranolol, digoxin, and flecainide. Note the narrow QRS complexes indicative of conduction within the ventricle through the His-Purkinje 
system. Also note AV dissociation with sinus P waves “marching through” the rhythm
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2.5 | Management

Medical management is the mainstay of initial treatment for most 
patients but adequate control of the tachycardia is often elusive, 
with patients typically requiring two or more antiarrhythmics.8,18,26 
Administration of adenosine will result in VA dissociation without 
termination of the dysrhythmia. Amiodarone is the initial treatment 
of choice and is used most frequently, as a first-line agent and has 
been used either alone or in combination with propranolol or fle-
cainide in infants. Caution must be exercised when administering 
amiodarone intravenously because of the frequent occurrence of 
hypotension.27 The addition of a second drug may help reduce the 
dose of amiodarone and its potential long-term toxicity.1,26 Digoxin 
is not effective and there are reports of it precipitating heart fail-
ure, worsening tachycardia, or causing ventricular fibrillation.8 
Successful use of regimens of flecainide with propranolol has also 
been reported.28 Ivabradine, which works by selective inhibition of 

hyperpolarization-activated cyclic nucleotide-gated channels, has 
been shown to be effective.29‒31 It has been shown that selective 
blockade of the rapidly activating delayed rectifier K+channel (I(Kr)) 
by pure class III antiarrhythmic drugs like nifekalant has been useful 
in CJET refractory to amiodarone and other drugs.32 Its mechanism 
of action is unique in that it does not affect the calcium or sodium 
channel or the inward rectifier potassium current.32 With early phar-
macologic management, partial efficacy is seen in 70% of cases, 
while only 10% of patients have complete suppression. The remain-
ing 20% of cases are completely resistant to medical therapy.8 The 
use of multiple antiarrhythmic drugs adds to the risk of sudden death 
attributable to its potential pro-arrhythmic effects.8

2.6 | EP and catheter ablation

Prior to the introduction of catheter ablation, surgical dissection and 
cautery of the AV junction were used for refractory CJET with the 

F I G U R E  3   Intracardiac recording of junctional ectopic tachycardia in the same 7-year-old patient as in Figure 2. Note the earliest 
deflection in the His bundle catheter “mid” electrodes (HIS m), indicating origin of the tachycardia in this region. HRA, high right atrium; HIS 
p, proximal His bundle catheter electrodes; HIS d, distal His bundle catheter electrodes; CS p, proximal coronary sinus catheter electrodes; 
CS 5-6, second most proximal coronary sinus catheter electrodes; CS 3-4, second most distal coronary sinus catheter electrodes, CS d, distal 
coronary sinus catheter electrodes
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invariable sequelae of permanent AV block. Ablation was introduced 
with the hope that it could suppress the tachycardia while preserv-
ing AV conduction. Because of the proximity of the normal conduc-
tion system to the JET focus, the initial challenges were of precisely 
mapping the JET focus by EP. Early on, ablation carried a significant 
risk for a permanent third-degree AV block and the need for perma-
nent pacing.8 Refinement of the techniques of ablation over the last 
two decades has led to a higher rate of normal intracardiac conduc-
tion, but careful selection of patients is needed, as complications are 
high, especially in infancy.1,8,22

During JET episodes, if VA conduction is present, the site of ear-
liest atrial activation can be mapped and targeted for ablation.8 If VA 
conduction is not present during JET, empiric lesions can be applied 
sequentially in the posterior septum (the slow AV nodal pathway re-
gion), midseptum, and then the anterior septum. This is associated with 
a much higher risk for permanent AV block.8 When the BH electro-
gram is difficult to obtain, para-Hisian pacing helps to determine the 
proximity to the His bundle, so that ablation can be avoided in the vi-
cinity to decrease the risk of complete heart block. Suppression of JET 
during application of energy usually suggests success. Radiofrequency 
ablation had been used extensively for JET including in infants.1,2,8,33,34 
Radio-frequency (RF) ablation in children less than 2 years was suc-
cessful in only 74% when compared to 91% in children over 2 years.34

Three-dimensional (3-D) mapping systems and atrial overdrive 
pacing improve the assessment of AV nodal function and are now 
used routinely prior to ablation.8,22,23 Cryothermal JET ablation 
has the advantage that it has less risk of producing a permanent 
third-degree AV block.18,20,22,35‒37 One advantage of cryoablation is 
its ability to ablate during the mapping process at −30°C (−22°F), 
and this ablative injury is reversible. Once tachycardia suppression is 
confirmed and the presence of AV block assessed, then full ablation 
at −70°C (−94°F) can be embarked upon and this causes more per-
manent cryothermal injury.8,22

Refinements in electrophysiological mapping techniques further 
help to localize targets.8,22,33,37 The mapping catheter is moved along 
the His bundle from proximal to distal. At more proximal His bundle 
sites (where ablation is likely to be unsuccessful and may cause tran-
sient AV block), the HV interval is shorter during ectopy than during 
sinus rhythm, and the local unipolar His bundle recording shows an 
“RS” morphology. Once the mapping catheter reaches a more distal 
successful ablation site, the HV interval during ectopy is identical 
to the HV interval during sinus rhythm, and unipolar recording of 
the His bundle electrogram shows a “QS” morphology during ec-
topy. During 3D mapping, geometry of the right atrium and triangle 
of Koch (TOK) are obtained and the sites of His potentials and coro-
nary sinus os are anatomically tagged. If there are spontaneous runs 
of JET, test applications of cryothermal energy can be delivered. If 
there is no VA dissociation, preablation testing can distinguish JET 
from AVNRT by attempting to separate the atrial and the ventricular 
signals during the arrhythmia (with premature atrial beat introduc-
tion, overdrive pacing, or adenosine). Electrograms help to confirm 
catheter location within the TOK.22 As JET does not display electri-
cal signals to allow targeted ablation of the ectopic focus, anatomic 

landmarks, the AV ratio, and the His electrogram in addition to 3D 
mapping can be utilized to assist with catheter localization within the 
TOK. Patients who do not have spontaneous runs of JET, isoprotere-
nol administration, or pacing maneuvers can be attempted to induce 
the arrhythmia. However, if VA conduction is not present, the proce-
dural approach for these patients is much like an anatomic approach 
for slow pathway ablation, ablating at the earliest site of atrial activa-
tion when patients exhibit 1:1 VA conduction but may not correlate 
to the site of successful ablation.22 Instead of an electrically guided 
ablation, it has been suggested to use an anatomic-based approach 
applying energy starting in the posteroseptal region and moving 
anteriorly if the tachycardia persists.22 As with slow pathway mod-
ification, the location of successful ablation of the JET focus was 
generally located within the slow pathway area of the TOK.

Overall, both RF and cryoablation have 80%-85% initial success 
with recurrence rates of 13%-14%.1,8 Cryoablation has a much lower 
risk for inadvertent permanent AV block at close to 0%.8 The site for 
successful JET elimination is not the same in all patients; AV block may 
be a risk when the focus of automaticity seems to be arising from the 
anteroseptal area rather than more posterior in Koch's triangle.20

3  | POSTOPER ATIVE JUNC TIONAL 
EC TOPIC TACHYC ARDIA (POJET)

In children, especially infants, POJET can be seen within the first 
72 hours after cardiac surgery.1,2 POJET is caused by direct trauma, 
ischemic, or stretch injury to the AV conduction tissues during surgi-
cal repair of congenital heart defects.1,20

3.1 | Incidence and Risk Factors

After the correction of congenital cardiac defects, POJET is seen in 
1%-15% of children.1,2,20

The risk factors associated with an increased incidence include 
the age of infant less than 6 months, the postoperative use of do-
pamine or milrinone, the use of prolonged aortic cross-clamp and 
cardiopulmonary bypass, and total surgical time.1‒3,8,38 The use of 
nitroprusside was associated with a reduced incidence of JET.8 The 
type of cardiac surgery is also a factor, especially those that involve 
the crux of the heart including tetralogy of Fallot, AV canal, and ven-
tricular septal defect repair, as well as repair of anomalous pulmo-
nary venous return, arterial switch operation, Norwood procedure, 
and interrupted aortic arch repair.1,20,38 Other risk factors associated 
are postoperative higher core temperature and imbalances of elec-
trolytes.39‒42 Of note, all arrhythmias, including JET, are common in 
those with complex congenital heart disease especially the hetero-
taxy syndromes but the difficulty in the risk association is that most 
of these infants have had early surgical interventions.43‒45 The right 
atrial isomerism is unique in that the association of paired sinus and 
AV nodes makes the association of JET likely although less common 
than SVT.43
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3.2 | Etiopathogenesis

Several mechanism have been postulated for POJET, including fluid 
and electrolyte shifts, trauma, stretch, local edema, or ischemia in 
the region of the AV node or BH. POJET behaves like an automatic 
arrhythmia displaying warm-up and cool-down transitions to sinus 
rhythm. The onset of POJET is typically during first 24 hours after 
cardiac surgery and it is seen more often during the rewarming 
phase. As a result of simultaneous activation of the atria and the 
ventricles from impulses originating in the BH, the atria contracts 
against closed AV valves.1,2 Thereby decreased ventricular filling re-
sults in reduced cardiac output and hypotension.

3.3 | Diagnosis

The diagnosis is generally made in the presence of VA dissociation, 
or dissociation with a 1:1 conducting arrhythmia and those that have 
consistent retrograde conduction. The VA dissociation could have 
variable conduction to the atria. But visualization of the onset or 
offset of the tachycardia either spontaneously or after diagnostic 
maneuvers such as overdrive pacing or administration of adenosine 
is necessary for an accurate diagnosis.

3.4 | Treatment

The most important steps in the management are to attempt to 
reduce the catecholaminergic stimuli along with hypothermia, if 
needed.42 Hypothermia to 32-34°C either using extracorporeal 
cooling or intravenous cooling is effective in many cases.1,2 A staged 
approach is generally chosen.42 Atrial pacing at 10-20 bpm above 
the JET rate can improve AV synchrony and cardiac output, but the 
JET rate needs to be below 180 bpm. Digoxin, beta-blockers, and 
calcium channel blockers are best avoided. Amiodarone is an effec-
tive and widely used antiarrhythmic for the treatment of POJET.27 It 
is administered as a continuous maintenance infusion after a load-
ing dose and it has dose-dependent success in POJET.27 There is a 
high rate of clinically significant adverse events such as hypotension, 
bradycardia, and AV block and appear to be dose-related. Hence, 
it should be used with caution when treating children with criti-
cal arrhythmias.27 Magnesium sulfate infusion perioperatively also 
reduces the risk of POJET.1,2 Dexmedetomidine, an alpha- 2-adr-
energic receptor agonist, is also very effective.1,46,47 Flecainide, pro-
cainamide, and propafenone have also been used.48,49 More recent 
reports of medications like sotalol, nifekalant hydrochloride, landio-
lol hydrochloride are being used successfully with minimal adverse 
effects.1,50‒53 The use of prophylactic dexmedetomidine has been 
successful in preventing many arrhythmias.54 The vast majority of 
POJET is self-limited and resolves by 72 hours.

There is a morbidity associated with POJET with an increased 
duration of mechanical ventilation and hospital stay but the previ-
ously reported mortality has been dramatically reduced with current 

management protocols including rapid weaning of catecholaminer-
gic agents, correction of fever, sedation, and correction of electro-
lyte disturbance.1,2,42 Catheter ablation procedures are usually not 
needed.

4  | FOC AL JUNC TIONAL TACHYC ARDIA

Focal junctional tachycardia (FJT) is also known as automatic junctional 
tachycardia and includes paroxysmal or non-paroxysmal forms.1,55‒57 
As opposed to CJET, which involve infants less than 6 months of age, 
descriptions of FJT often involve older children and adults. The par-
oxysmal form usually has an acute onset and terminates abruptly, but 
can recur, although both forms are not incessant. In children, they are 
often asymptomatic but can have vague symptoms like headache, 
lightheadedness, palpitations, or syncope. However, a rapid or irregu-
lar heart rate on physical exam warrants further evaluation.

The non-paroxysmal FJT is more common in adults and is also 
called accelerated AV junctional rhythm, and could be related to 
acute myocardial ischemia, digoxin toxicity, chronic obstructive 
pulmonary disease, rheumatic carditis, electrolyte disturbances, or 
could occur after cardiac surgery.1 The rates are relatively slower 
and hence could have minimal symptoms unless the arrhythmia 
is prolonged. However, symptoms and hemodynamic instability 
(syncope) have been described in pediatric and adult patients. The 
non-paroxysmal form may persist for decades before diagnosis.

4.1 | Etiology

The likely mechanism of FJT appears to be one of the enhanced auto-
maticity within the AV node or triggered activity attributable to delayed 
afterdepolarizations. The clinical tachycardia features (catecholamine 
sensitivity, warm-up period) and invasive data (showing antegrade AV 
block above the level of the His bundle in response to beta-blocker ad-
ministration) support this. Some cases of adenosine sensitivity support 
the mechanism of triggered activity in the AV node region.

The usual electrocardiographic finding is a narrow QRS tachycar-
dia with short RP interval or AV dissociation. Occasionally, the tachy-
cardia might be irregular, thus resembling atrial fibrillation. During 
tachycardia, there is a normal or increased HV interval with AV dis-
sociation that is interrupted by frequent episodes of VA conduction 
with earliest atrial activation in the posteroseptal, anteroseptal, or 
midseptal regions.55

4.2 | Treatment

Treatment is only rarely needed and ambulatory Holter monitoring 
and exercise stress testing should be performed to assess tachycar-
dia burden during catecholamine stimulation and serial echocardio-
grams are necessary to monitor ventricular function.1 If symptomatic, 
beta- blockers, amiodarone, procainamide, or flecainide may be used 
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for acute therapy, chronic therapy, sotalol, amiodarone, or flecainide, 
or propafenone can be used.1,56 In refractory cases, combination treat-
ment with amiodarone or cryothermal catheter ablation may be needed.

The strategy for ablation is as described above or at the site of earli-
est atrial activation in patients with VA conduction. Empiric slow path-
way ablation in the setting of VA block can also be undertaken.1,22,57

5  | CONCLUSION

Of the different forms of JET, CJET remains a rare and difficult ar-
rhythmia to manage. However, significant morbidity and mortality still 
exist, even with improved pharmacological therapies and the develop-
ment of catheter-based therapies. For POJET, a staged approach to 
therapy is still recommended. In CJET, medical management is carried 
out first followed by cryothermal ablation if the patient is critically ill, 
unstable, or has an undue amount of tachycardia burden.

CONFLIC T OF INTERE S T
The authors declare no conflict of interests for this article.

AUTHOR CONTRIBUTION
Both authors contributed in the conceptual design, writing, revision, 
and editing.

ORCID
Ranjit I. Kylat  https://orcid.org/0000-0001-9666-6883 

R E FE R E N C E S
 1. Kean AC, Hazle M, LaPage MJ, Bromberg BI. Junctional tachycar-

dia: congenital, acquired, postoperative. In: Macdonald D II, editor. 
Clinical cardiac electrophysiology in the young. 2nd ed. New York: 
Springer, 2016; p. 157–69.

 2. Josephson ME. Ectopic rhythms and premature depolarizations. In: 
Josephson ME, editor. Josephson's clinical cardiac electrophysiol-
ogy: techniques and interpretations. 5th ed. Philadelphia: Wolters 
Kluwer Health, 2016; p. 163–4.

 3. Mildh L, Hiippala A, Rautiainen P, Pettilä V, Sairanen H, Happonen 
JM. Junctional ectopic tachycardia after surgery for congen-
ital heart disease: incidence, risk factors and outcome. Eur J 
Cardiothorac Surg. 2011;39(1):75–80.

 4. Tulino D, Dattilo G, Tulino V, Marte F, Patanè S. A congenital form of 
junctional ectopic tachycardia. Int J Cardiol. 2010;145(2):e54–e56.

 5. Dubin AM, Cuneo BF, Strasburger JF, Wakai RT, Van Hare GF, 
Rosenthal DN. Congenital junctional ectopic tachycardia and con-
genital complete atrioventricular block: a shared etiology? Heart 
Rhythm. 2005;2(3):313–5.

 6. Coumel P, Fidelle JE, Attuel P, Brechenmacher C, Batisse A, Bretagne 
J, et al. Congenital bundle-of-his focal tachycardias. Cooperative 
study of 7 cases. Arch Mal Coeur Vaiss. 1976;69(9):899–909.

 7. Villain E, Vetter VL, Garcia JM, Herre J, Cifarelli A, Garson A Jr. 
Evolving concepts in the management of congenital junctional ecto-
pic tachycardia. A multicenter study. Circulation. 1990;81(5):1544–
9. Review.

 8. Liu CF, Ip JE, Markowitz SM, Lerman BB. Junctional tachycardia. 
In: Zipes DP, Jalife J, Stevenson WG, editors. Cardiac electrophys-
iology: from cell to bedside. 7th ed. Philadelphia: Elsevier, 2018; p. 
768–75.

 9. Borgman KY, Smith AH, Owen JP, Fish FA, Kannankeril PJ. A genetic 
contribution to risk for postoperative junctional ectopic tachycar-
dia in children undergoing surgery for congenital heart disease. 
Heart Rhythm. 2011;8(12):1900–4.

 10. Milano A, Lodder EM, Bezzina CR. TNNI3K in cardiovascular dis-
ease and prospects for therapy. J Mol Cell Cardiol. 2015;82:167–73.

 11. Xi Y, Honeywell C, Zhang D, Schwartzentruber J, Beaulieu CL, 
Tetreault M, et al. Whole exome sequencing identifies the TNNI3K 
gene as a cause of familial conduction system disease and congenital 
junctional ectopic tachycardia. Int J Cardiol. 2015;15(185):114–6.

 12. Theis JL, Zimmermann MT, Larsen BT, Rybakova IN, Long PA, Evans 
JM, et al. TNNI3K mutation in familial syndrome of conduction sys-
tem disease, atrial tachyarrhythmia and dilated cardiomyopathy. 
Hum Mol Genet. 2014;23(21):5793–804.

 13. Zaidi SJ, Siddiqui S, Cuneo BF, Strasburger JF, McDuffie R, Wakai 
RT. Prenatal diagnosis and management of junctional ectopic tachy-
cardia. HeartRhythm Case Rep. 2017;3(11):503–8.

 14. Pavithran S, Khatri S, Bagyaraj BA, Pandurangi UM, Kumar RS. 
Myocarditis presenting as junctional ectopic tachycardia. Indian 
Heart J. 2009;61(3):288–9.

 15. Takahashi H, Tsukamoto K, Takahashi S, Nakamura T, Ito Y, Kaneko 
M, et al. Reversible atrioventricular block and junctional ec-
topic tachycardia in coxsackievirus B3-induced fetal-neona-
tal myocarditis without left ventricular dysfunction. AJP Rep. 
2011;1(1):37–42.

 16. Lupoglazoff JM, Denjoy I, Luton D, Magnier S, Azancot A. Prenatal 
diagnosis of a familial form of junctional ectopic tachycardia. Prenat 
Diagn. 1999;19(8):767–70.

 17. Henneveld H, Hutter P, Bink-Boelkens M, Sreeram N. Junctional 
ectopic tachycardia evolving into complete heart block. Heart. 
1998;80(6):627–8.

 18. Collins KK, Van Hare GF, Kertesz NJ, Law IH, Bar-Cohen Y, Dubin 
AM, et al. Pediatric nonpost-operative junctional ectopic tachycar-
dia medical management and interventional therapies. J Am Coll 
Cardiol. 2009;53(8):690–7.

 19. Sarubbi B, Musto B, Ducceschi V, D'Onofrio A, Cavallaro C, 
Vecchione F, et al. Congenital junctional ectopic tachycardia in 
children and adolescents: a 20 year experience based study. Heart. 
2002;88(2):188–90.

 20. Walsh EP. Arrhythmias in the pediatric population. In: Zipes DP, 
Jalife J, Stevenson WG, editors. Cardiac electrophysiology: from 
cell to bedside. 7th ed. Philadelphia: Elsevier, 2018; p. 1032–44.

 21. Sarubbi B, Vergara P, D'Alto M, Calabro R. Congenital junctional 
ectopic tachycardia: presentation and outcome. Indian Pacing 
Electrophysiol J. 2003;3(3):143–7.

 22. Pierick AR, Law IH, Muldonado JR, von Bergen NH. Junctional 
ectopic tachycardia localization and procedural approach using 
cryoablation. Pacing Clin Electrophysiol. 2017;40(6):655–60.

 23. Rankin AC, Quinn FR, Rae AP. Clinical cardiac electrophysiology. 
In: Macfarlane PW, van Oosterom A, Pahlm O, Kligfield P, Janse 
M, Camm J, editors. Comprehensive electrocardiology. London: 
Springer, 2010; p. 1133–61.

 24. Padanilam BJ, Manfredi JA, Steinberg LA, Olson JA, Fogel RI, 
Prystowsky EN. Differentiating junctional tachycardia and atrio-
ventricular node re-entry tachycardia based on response to atrial 
extrastimulus pacing. J Am Coll Cardiol. 2008;52:1711–7.

 25. Fan R, Tardos JG, Almasry I, Barbera S, Rashba EJ, Iwai S. Novel use 
of atrial overdrive pacing to rapidly differentiate junctional tachy-
cardia from atrioventricular nodal reentrant tachycardia. Heart 
Rhythm. 2011;8:840–4.

 26. Benjamín MN, Infante J, Olmedo J, Abello M, Moltedo JM. 
Congenital junctional ectopic tachycardia. Pharmacologic manage-
ment during infancy. Medicina (B Aires). 2011;71(6):521–4.

 27. Saul JP, Scott WA, Brown S, Marantz P, Acevedo V, Etheridge SP, 
et al. Intravenous amiodarone for incessant tachyarrhythmias in 

https://orcid.org/0000-0001-9666-6883
https://orcid.org/0000-0001-9666-6883


66  |     KYLAT And SAMSOn

children: a randomized, double-blind, antiarrhythmic drug trial. 
Circulation. 2005;112(22):3470–7.

 28. Imamura T, Tanaka Y, Ninomiya Y, Yoshinaga M. Combination of fle-
cainide and propranolol for congenital junctional ectopic tachycar-
dia. Pediatr Int. 2015;57(4):716–8.

 29. Al-Ghamdi S, Al-Fayyadh MI, Hamilton RM. Potential new indication 
for ivabradine: treatment of a patient with congenital junctional ec-
topic tachycardia. J Cardiovasc Electrophysiol. 2013;24(7):822–4.

 30. Dieks JK, Klehs S, Müller MJ, Paul T, Krause U. Adjunctive ivabra-
dine in combination with amiodarone: a novel therapy for pedi-
atric congenital junctional ectopic tachycardia. Heart Rhythm. 
2016;13(6):1297–302.

 31. Ergul Y, Ozturk E. Ivabradine use as an antiarrhythmic ther-
apy in congenital junctional ectopic tachycardias. Pacing Clin 
Electrophysiol. 2018;41(11):1576.

 32. Aoki H, Suzuki T, Matsui H, Yasukochi S, Saiki H, Senzaki H, et al. 
Efficacy of a pure Ikr blockade with nifekalant in refractory neonatal 
congenital junctional ectopic tachycardia and careful attention to dam-
aging the atrioventricular conduction during the radiofrequency cath-
eter ablation in infancy. HeartRhythm Case Rep. 2017;3(6):298–301.

 33. Kantoch MJ, Gulamhusein SS, Sanatani S. Short- and long-term 
outcomes in children undergoing radiofrequency catheter ablation 
before their second birthday. Can J Cardiol. 2011;27(4):523.e3–9.

 34. Fishberger SB, Rossi AF, Messina JJ, Saul JP. Successful radiofre-
quency catheter ablation of congenital junctional ectopic tachycar-
dia with preservation of atrioventricular conduction in a 9-month-old 
infant. Pacing Clin Electrophysiol. 1998;21(11 Pt 1):2132–5.

 35. Shah MJ, Wieand T, Vetter VL. Cryoablation of congenital familial 
ectopic tachycardia with preservation of atrioventricular nodal func-
tion in an infant. J Cardiovasc Electrophysiol. 2007;18(7):773–6.

 36. Collins KK, Schaffer MS. Use of cryoablation for treatment of tach-
yarrhythmias in 2010: survey of current practices of pediatric elec-
trophysiologists. Pacing Clin Electrophysiol. 2011;34(3):304–8.

 37. Eizmendi I, Almendral J, Hadid C, Ortiz M. Successful cathe-
ter cryoablation of Hisian ectopy using 2 new diagnostic criteria 
based on unipolar and bipolar recordings of the His electrogram. J 
Cardiovasc Electrophysiol. 2012;23(3):325–9.

 38. Paluszek C, Brenner P, Pichlmaier M, Haas NA, Dalla-Pozza R, Hagl 
C, et al. Risk factors and outcome of post Fallot repair junctional 
ectopic tachycardia (JET). World J Pediatr Congenit Heart Surg. 
2019;10(1):50–7.

 39. Moak JP, Arias P, Kaltman JR, Cheng Y, McCarter R, Hanumanthaiah 
S, et al. Postoperative junctional ectopic tachycardia: risk factors for 
occurrence in the modern surgical era. Pacing Clin Electrophysiol. 
2013;36(9):1156–68.

 40. Zampi JD, Hirsch JC, Gurney JG, Donohue JE, Yu S, LaPage MJ, et 
al. Junctional ectopic tachycardia after infant heart surgery: inci-
dence and outcomes. Pediatr Cardiol. 2012;33(8):1362–9.

 41. Grosse-Wortmann L, Kreitz S, Grabitz RG, Vazquez-Jimenez JF, 
Messmer BJ, von Bernuth G, et al. Prevalence of and risk factors for 
perioperative arrhythmias in neonates and children after cardiopul-
monary bypass: continuous holter monitoring before and for three 
days after surgery. J Cardiothorac Surg. 2010;18(5):85.

 42. Walsh EP, Saul JP, Sholler GF, Triedman JK, Jonas RA, Mayer JE, et 
al. Evaluation of a staged treatment protocol for rapid automatic 
junctional tachycardia after operation for congenital heart disease. 
J Am Coll Cardiol. 1997;29:1046–53.

 43. Ozawa Y, Asakai H, Shiraga K, Shindo T, Hirata Y, Hirata Y, et al. 
Cardiac rhythm disturbances in heterotaxy syndrome. Pediatr 
Cardiol. 2019;40(5):909–13.

 44. Chiu SN, Wang JK, Lu CW, Wu KL, Tseng WC, Wu MH. 
Electrophysiology study for complex supraventricular tachycardia 

in congenital heart disease patients with single-ventricle physiol-
ogy. J Am Heart Assoc. 2016;5(11):e004504.

 45. Loomba RS, Willes RJ, Kovach JR, Anderson RH. Chronic arrhyth-
mias in the setting of heterotaxy: differences between right and left 
isomerism. Congenit Heart Dis. 2016;11(1):7–18.

 46. Rajput RS, Das S, Makhija N, Airan B. Efficacy of dexmedetomidine 
for the control of junctional ectopic tachycardia after repair of te-
tralogy of Fallot. Ann Pediatr Cardiol. 2014;7(3):167–72.

 47. Li X, Zhang C, Dai D, Liu H, Ge S. Efficacy of dexmedetomidine in 
prevention of junctional ectopic tachycardia and acute kidney in-
jury after pediatric cardiac surgery: a meta-analysis. Congenit Heart 
Dis. 2018;13(5):799–807.

 48. Bronzetti G, Formigari R, Giardini A, Frascaroli G, Gargiulo G, 
Picchio FM. Intravenous flecainide for the treatment of junctional 
ectopic tachycardia after surgery for congenital heart disease. Ann 
Thorac Surg. 2003;76(1):148–51

 49. Luedtke SA, Kuhn RJ, McCaffrey FM. Pharmacologic management 
of supraventricular tachycardias in children. Part 2: atrial flutter, 
atrial fibrillation, and junctional and atrial ectopic tachycardia. Ann 
Pharmacother. 1997;31(11):1347–59. Review.

 50. Saiki H, Nakagawa R, Ishido H, Masutani S, Senzaki H. Landiolol hy-
drochloride infusion for treatment of junctional ectopic tachycardia 
in post-operative paediatric patients with congenital heart defect. 
Europace. 2013;15(9):1298–303.

 51. Sasaki T, Nemoto S, Ozawa H, Katsumata T, Ozaki N, Okumura 
K, et al. Successful administration of nifekalant hydrochloride for 
postoperative junctional ectopic tachycardia in congenital cardiac 
surgery. Kyobu Geka. 2007;60(11):1022–6. Japanese.

 52. Valdés SO, Landstrom AP, Schneider AE, Miyake CY, de la Uz 
CM, Kim JJ. Intravenous sotalol for the management of postop-
erative junctional ectopic tachycardia. HeartRhythm Case Rep. 
2018;4(8):375–7.

 53. Entenmann A, Michel M, Herberg U, Haas N, Kumpf M, Gass M, et 
al. Management of postoperative junctional ectopic tachycardia in 
pediatric patients: a survey of 30 centers in Germany, Austria, and 
Switzerland. Eur J Pediatr. 2017;176(9):1217–26.

 54. Gautam NK, Turiy Y, Srinivasan C. Preincision initiation of dexme-
detomidine maximally reduces the risk of junctional ectopic tachy-
cardia in children undergoing ventricular septal defect repairs. J 
Cardiothorac Vasc Anesth. 2017;31(6):1960–5.

 55. Hamdan MH, Badhwar N, Scheinman MM. Role of invasive elec-
trophysiologic testing in the evaluation and management of adult 
patients with focal junctional tachycardia. Card Electrophysiol Rev. 
2002;6(4):431–5.

 56. Katritsis DG, Boriani G, Cosio FG, Hindricks G, Jaïs P, Josephson 
ME, et al. European Heart Rhythm Association (EHRA) consen-
sus document on the management of supraventricular arrhyth-
mias, endorsed by Heart Rhythm Society (HRS), Asia-Pacific 
Heart Rhythm Society (APHRS), and Sociedad Latinoamericana de 
Estimulación Cardiaca y Electrofisiologia (SOLAECE). Europace. 
2017;19(3):465–511.

 57. Hamdan M, Van Hare GF, Fisher W, Gonzalez R, Dorostkar P, Lee 
R, et al. Selective catheter ablation of the tachycardia focus in 
patients with nonreentrant junctional tachycardia. Am J Cardiol. 
1996;78(11):1292–7.

How to cite this article: Kylat RI, Samson RA. Junctional 
ectopic tachycardia in infants and children. J Arrhythmia. 
2020;36:59–66. https ://doi.org/10.1002/joa3.12282 

https://doi.org/10.1002/joa3.12282

