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Background Sustained forms of tachycardia especially from the left ventricular summit are rare. Adenosine sensitive outflow tachycardias, es-
pecially from the left ventricular summit, are rarer still. These arrhythmias may be exercise or stress induced as they are facilitated by 
catecholamines and characteristically terminate with adenosine, vagal manoeuvres, and beta-blockers. The surface 12-lead electro-
cardiogram can be used to localize the anatomic site of origin before catheter ablation; however, prediction of the precise origin 
may still be challenging due to the intimate and complex anatomy of the outflow tracts.

Case summary A 12-year-old female presented to an emergency room with frequent runs of wide complex tachycardia that terminated with ad-
enosine but would spontaneously reinitiate. After three additional temporary terminations with adenosine and because of an in-
ability to completely eliminate tachycardia, she was started on an esmolol infusion that resulted in an abrupt termination of 
tachycardia. At follow-up, she reported breakthrough episodes of tachycardia with exercise, especially associated with beta-blocker 
non-compliance. The rest of her cardiac testing was normal apart from an anomalous right coronary artery origin from the left 
coronary sinus. Given the increased frequency of symptomatic palpitations and medication non-compliance, she underwent an elec-
trophysiology study. During the study, a ventricular tachycardia was successfully mapped to an epicardial focus at the left ventricle 
summit and was successfully ablated.

Discussion The response of this patient’s ventricular tachycardia to adenosine suggests a triggered mechanism. To our knowledge, this is the 
first unambiguous example of left ventricular tachycardia due to cAMP-mediated triggered activity in this age group.
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Learning points
• Adenosine sensitive heart rhythm disorders do not always implicate a supraventricular tachycardia.

• There are technical challenges associated with the ablation of a tachycardia from the left ventricle epicardial summit.

• The risk of coronary artery injury is of concern with epicardial summit ablations, and close monitoring during and after the procedure is very 
important.

• Ablation of an epicardial focus with a catheter in the endocardium can be safe and effective in a young patient.
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Introduction
Left ventricular summit tachycardias are a type of outflow tract tachy-
cardia, and sustained forms of these summit tachycardias are extremely 
rare. Adenosine sensitive outflow tachycardias, especially from the left ven-
tricular summit, are rarer still, and to our knowledge, this is the first unam-
biguous example of left ventricular tachycardia due to cAMP-mediated 
triggered activity in this age group. The principal theme of this case report 
is to review the approach to diagnosis and treatment of this very rare form 
of ventricular arrhythmia.

Summary figure

Case summary
A 12-year-old, 32 kg female presented to a local emergency room 
with frequent runs of wide complex tachycardia at 215 b.p.m. that 
terminated with adenosine (Figure 1). Apart from diaphoresis and 
tachycardia at presentation, her physical examination was normal. 
Due to the patient’s age and absence of previous cardiac history, 
the tachycardia was presumed to be supraventricular tachycardia 
(SVT) with aberration. The tachycardia recurred within 2–3 min and 
was again terminated with adenosine. Two additional episodes re-
sponded to adenosine within several minutes; however, sustained 
tachycardia spontaneously recurred (see Supplementary material 
online, Figure S1), and was terminated with an esmolol infusion (up 
to 150 μg/kg/min).

Past medical history was significant for intermittent sudden onset 
and offset palpitations for the 12 months prior to presentation. 
The episodes were getting longer in duration and frequency necessi-
tating medical attention. There was no other significant medical, 
surgical, or family history, and the patient was not on any 
medications.

The patient’s resting electrocardiogram (ECG) was normal, and 
echocardiography and contrast enhanced cardiac magnetic resonance 
imaging (CMRI) showed normal biventricular structure and function. 
The CMRI also revealed an anomalous right coronary artery originating 
from the left coronary sinus.

She was admitted to the hospital, transitioned to Metoprolol-XR 
25 mg daily and was discharged 48 h after admission. At follow-up, 
she reported breakthrough episodes of tachycardia with exercise and 
acknowledged medication non-compliance. Given the increased fre-
quency of symptomatic palpitations and non-compliance, she underwent 
an electrophysiology study under moderate sedation with propofol after 
the beta-blocker was discontinued for 7 days.

During the electrophysiologic study, a wide complex tachycardia 
spontaneously occurred, which was consistent with ventricular 

tachycardia (VT). The tachycardia had a negative HV interval, and there 
was ventriculoatrial dissociation. An identical tachycardia was also in-
duced with atrial burst pacing and atrial extrastimuli (Figure 2). The tachy-
cardia cycle length was 240 ms, and the surface ECG showed R waves 
across the precordium and an inferior axis. The QRS duration was 
157 ms with a maximum deflection index of 56%, suggestive of a possible 
epicardial site of origin. Administration of adenosine abruptly terminated 
VT (Figure 3).

To map the origin of the tachycardia, the left ventricle (LV) was ac-
cessed retrogradely from the aorta with a 4 mm-tip small curve deflect-
able catheter (Blazer, Boston Scientific, Natick, MA). Electroanatomical 
mapping identified the earliest activation site within the region of the LV 
summit (−40 ms). A coronary angiogram showed that the ablation 
catheter tip was positioned at the LV summit, just below the bifurcation 
of the left anterior descending and left circumflex coronary arteries, 
within 3 mm of the left circumflex artery (Figure 4). Radiofrequency en-
ergy (35 W) was delivered for 60 s using an irrigated catheter with 
abrupt termination of VT (Figure 5). Following ablation VT was no long-
er inducible. A coronary arteriogram performed 30 min after the final 
energy application was unchanged.
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The patient was discharged home on a 30-day external event moni-
tor and has remained free of VT for over two years post-ablation.

Discussion
Given the patient’s prepubescent age and response to adenosine, one 
of the initial considerations would be SVT with aberrancy. These would 

include atrioventricular (AV) node re-entry with a bundle branch aber-
rancy or a bystander accessory pathway conduction or AV reciprocat-
ing tachycardia either orthodromic reciprocating tachycardia with a 
bundle branch aberrancy or an antidromic tachycardia.1 Unusual types 
of antidromic tachycardia associated with nodofascicular/nodoventri-
cular pathways are another consideration as well as decremental AV 
pathways such as atriofascicular connections. In a wide complex tachy-
cardia including an atriofascicular connection, adenosine may terminate 

Figure 1 Surface 12-lead ECG depicting a wide complex tachycardia.

Figure 2 Intracardiac tracings and surface ECG tracings showing initiation of VT with atrial extrastimuli.
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the tachycardia with either conduction block in the accessory pathway 
or AV node. Ventricular tachycardias, including fascicular tachycardias, 
are less common in this age group, however have been noted and may 
be sensitive to adenosine. The ECG morphology of the tachycardia 
however is inconsistent with a bundle branch aberrancy, atriofascicular 
or a fascicular ventricular tachycardia based on a monophasic right bun-
dle configuration in lead V1, and positive precordial concordance. An 
underlying channelopathy would be unlikely based on a normal QT 
interval, presentation of monomorphic VT, and response to adenosine.

The LV summit of the heart is the region of myocardium located be-
tween the left anterior descending coronary artery (superior to the 
first septal perforating branch) and the left circumflex coronary 
artery.2,3 It is bounded posteriorly by the right ventricular outflow 

tract and is superior to the aortic portion of the LV ostium (see 
Supplementary material online, Figure S2). The great cardiac vein bisects 
the LV summit into an accessible inferior lateral area and a superior med-
ial inaccessible region.2,3 Ablation of ventricular arrhythmias originating 
from this region may be attempted from the posterior right ventricular 
outflow tract, the left and right coronary cusps, the LV myocardium be-
low the left cusp, from under the right/left aortic cusp, from within 
branches of the coronary sinus, or via an epicardial subxiphoid ap-
proach.3–6 Recently, Futyma et al.5 have also described ablation of a sum-
mit VT from a left pulmonary cusp. In fact, due to the challenging nature 
of ablations in this region, detailed mapping both from the endocardial 
and epicardial myocardium may be required to determine the most effect-
ive and safe site for radiofrequency application.6 In some cases, a surgical 
approach may be required to dissect epicardial fat and directly apply ablative 
energy to this region. When possible, mapping and ablation from the aortic 
sinus and endocardium are preferable to mapping in the coronary sinus 
branches, where the ability to deliver a sufficient power as well as proximity 
to the epicardial coronary branches may be limiting factors for success.3,5,6

Mapping VT origin in our case was facilitated by its incessant nature 
and haemodynamic stability. Despite the VT having some characteristics 
of an epicardial focus, we were able to achieve successful ablation from 
the endocardial surface, possibly because of the relatively thin ventricular 
wall in a child compared to an adult. This differentiates it from the chal-
lenges with ablating a summit VT from the endocardium described in the 
earlier case series on adult patients.3–6 Due to the proximity of the left 
coronary arteries to sites of ventricular arrhythmia origin within the su-
perior LV summit, the risk of serious coronary artery injury is a major 
concern, particularly in a 12-year-old patient. To this end, avoidance of 
radiofrequency ablation within 5 mm of a coronary artery is recom-
mended.4 In this report, ablation with an irrigated catheter within a 
3 mm proximity to the left circumflex artery was a concern. The opera-
tors were careful to monitor for ST-segment changes during the applica-
tion of radiofrequency and performed a repeat coronary angiogram 
before the end of the case. The patient was observed overnight for clin-
ical signs of coronary artery injury.

The 12-lead ECG during VT had characteristics of an LV summit ori-
gin, with a right bundle branch block morphology and monophasic R 
wave across the precordial leads, a monophasic R pattern in all inferior 
leads with late notching noted in lead III, a QS pattern in leads aVR and 
aVL, and S waves in lead I.7 The R wave in III/II and S wave aVL/aVR amp-
litude ratios were positive, suggesting a site of origin within the access-
ible area.8

Figure 3 Intracardiac and surface ECG tracings showing termination of VT with adenosine (6 mg).

Figure 4 Fluoroscopic image in the left oblique projection with the 
ablation catheter noted 3 mm away from the left circumflex artery. 
The LV summit is depicted within the white border. Also noted is 
the anomalous origin of the right coronary artery from the left sinus. 
LMCA, left main coronary artery; LCx, left circumflex artery; LAD, left 
anterior descending artery; RCA, right coronary artery; LV, left 
ventricle.
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Idiopathic ventricular arrhythmias commonly originate from the right 
and left ventricular outflow tractin adults with structurally normal 
hearts. Most of these arrhythmias manifest as frequent premature ven-
tricular contractions. The mechanism for these arrhythmias is largely 
conjectural because their short, transient, and irregular pattern does 
not permit rigorous and reproducible mechanistic evaluation, as is ap-
plicable to the study of sustained VT. However, sustained forms of 
tachycardia from the outflow tract are relatively rare, particularly 
from the LV. Nearly all data on LV summit arrhythmias and mechanism 
are derived from adults. The unique aspects of this case include the un-
usual presentation of sustained LV summit VT in a pre-adolescent and 
the response of the patient’s VT to adenosine, suggesting a triggered 
mechanism. Unlike supraventricular tissue, where the action of adeno-
sine is via activation of inward rectifying potassium current, IKAdo is not 
expressed in ventricular myocardium.9,10 Therefore, the action of ad-
enosine, in these tachycardias, is in fact, directly on the ventricular myo-
cardium. Under conditions of cAMP stimulation, adenosine attenuates 
levels of adenylyl cyclase thereby terminating cAMP-mediated triggered 
activity. Due to its high specificity, termination of VT with adenosine, as 
was noted in our case, is considered to be diagnostic of cAMP-mediated 
triggered activity.11,12

To our knowledge, this is the first unambiguous example of left ven-
tricular VT due to cAMP-mediated triggered activity in this age group.

Conclusion
Adenosine sensitive ventricular tachycardias are highly uncommon, 
however, due to its high specificity, termination of VT with adenosine 
is considered to be diagnostic of cAMP-mediated triggered activity.10

A successful ablation of an epicardial summit VT was performed 
from the endocardial surface of the LV.
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