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KEY TEACHING POINTS

� Focal atrial tachycardia (FAT) arising from the
superior vena cava is an uncommon form of
supraventricular tachycardia.

� Exercise-induced and nonsustained FAT is a form of
arrhythmia clinically challenging to map and
Introduction
Focal atrial tachycardia (FAT) is a relatively uncommon form
of supraventricular tachycardia. Radiofrequency catheter
ablation (CA) is the gold standard treatment, with a high
long-term success rate. However, it is clinically challenging
to map and ablate nonsustained FAT. We report an unusual
case of exercise-induced and nonsustained FAT approached
with the aid of noninvasive electrocardiographic mapping.
ablate.

� Noninvasive electrocardiographic mapping can
provide useful information about FAT mechanism,
guiding catheter ablation.
Case report
A 17-year-old male basketball player was referred to our
institution for several episodes of palpitations and presyn-
cope during strenuous exercise, especially if practiced in
warm places. He had no family history suggestive for cardiac
disease or sudden death. An electrocardiogram (ECG)
showed ectopic atrial rhythm and early repolarization pattern
(Figure 1A). A 2-dimensional echocardiography was
completely normal. A cardiac MRI showed no pathological
findings. A 24-hour ambulatory ECG recorded during
basketball training showed more than 60 episodes of
narrow-QRS tachycardia and more than 40 episodes of
wide-QRS tachycardia (various degrees of aberrant ventricu-
lar conduction), with a maximum rate of 250 beats/min
(Figure 1B).

An electrophysiological study was performed introducing
through the femoral vein a decapolar steerable catheter (Dy-
namic XT; Bard, Lowell, MA) in the coronary sinus and a
quadripolar catheter in the His bundle region (Bard) and right
ventricular apex (Bard). During intravenous administration
of isoproterenol (up to 10 mg/min) and pacing maneuvers,
we were able to induce nonsustained FAT (max 4 beats), sug-
gestive of a right atrium intracardiac activation earliest site.
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Because of the limited reproducibility and nonsustainability
of tachycardia, we decided to discontinue the procedure
and to follow the patient with an implantable cardiac monitor
(Medtronic Reveal LINQ; Medtronic, Minneapolis, MN).

During a strict monitoring we observed further arrhythmic
relapses with the same characteristics as the previous ones
(during strenuous exercise such as basketball training, bike
ride, and gym session, Figure 1C–1E). Therefore it was
decided that the patient undergo noninvasive electrocardio-
graphic mapping (ECM) (CardioInsight; Medtronic), a sys-
tem that collects chest ECG signals and combines them
with computed tomography scan data. We performed ECM
during exercise testing in a hot room, in order to reproduce
the environmental conditions in which the FAT was trig-
gered. We induced clinical atrial tachycardia and through
repeated “single beat” analysis we created a potential map
suggestive for anterior wall of superior vena cava (SVC)
origin (Figure 2A–2D, online video).

We performed an ablation procedure with the CARTO 3
mapping system (Biosense Webster, Inc, Diamond Bar,
CA). A PentaRay multipolar catheter (Biosense Webster,
Inc) was advanced into the SVC, showing sharp vein poten-
tials (Figure 3A). After phrenic nerve course identification
through high-energy pacing, we performed segmental SVC
isolation (SmartTouch; Biosense Webster, Inc) (Figure 3B
and 3C, and online video) guided by circular mapping
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Figure 1 A: Basal electrocardiogram (ECG) showing an ectopic atrial rhythm, early repolarization pattern. B: Strip of a 24-hour ambulatory ECG recorded
during basketball training showing an episode of large-QRS tachycardia (various degrees of aberrant ventricular conduction like right bundle branch block) with a
maximum rate of 250 beats/min. C–E: Samples of LINQ (Medtronic, Minneapolis, MN) arrhythmic events recorded during basketball training, bike ride, and
gym session.
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catheter (LASSO; Biosense Webster, Inc), which then also
allowed us to check entrance/exit block during intravenous
adenosine administration.

During more than 1.5 years of follow-up with a loop
recorder, the patient did not show new arrhythmic events.
Discussion
FAT is a relatively uncommon arrhythmia, accounting for up
to 10% of supraventricular tachycardia.1 It is generally char-
acterized by a poor/unsatisfying response to drug therapy;
CA represents the gold-standard treatment with high long-
term success.2 The use of 3-dimensional electroanatomical
mapping systems combined with conventional techniques
has remarkably helped the research of the earliest site of
the intracardiac activation, reducing procedural and X-ray
exposure time.3 Nevertheless it is clinically challenging to
map and ablate nonsustained FAT, mostly if inducible only
in particular contexts such as during exercise, difficult to
reproduce in the electrophysiology laboratory.

Strenuous exercise was the recognized trigger for FAT in
our patient. This can be explained by the imbalance between
the vagal and adrenergic elements in the left atrial ganglion-
ated plexi, known to exist nearby the SVC. This mechanism
has been shown to induce triggered activity and subsequent
atrial arrhythmogenic foci by the abbreviation of the local ac-
tion potential duration and increased intracellular calcium
transient currents via the ganglionated plexi, as previously re-
ported. In our case FAT appeared after exercise was started
and it ceased when the efforts terminated. This finding sug-
gests the role of central modulation via the vagus nerve and
the sympathetic nervous system, which can promote the for-
mation of abnormal triggered activity, and subsequently lead
to exercise-triggered FAT onset.4

The utility of exercise testing in reproducing supraventric-
ular arrhythmias is not fully investigated in literature. Podrid
and colleagues5 recommended its use in arrhythmia manage-
ment, even if a sustained supraventricular tachyarrhythmia is
observed in only 1%–2% of patients undergoing an exercise
testing; nevertheless, the frequency is higher in those with a
history of such arrhythmia. We were able to induce the clin-
ical atrial tachycardia only reproducing the environmental
condition in which the FAT was triggered.

This case report describes an uncommon FAT induced only
by efforts and arising from the SVC. Right atrium FAT is
generally located in the crista terminals, near the tricuspid
and mitral annulus, at the ostium of the coronary sinus, at
the apex of the triangle of Koch, and at the right atrial



Figure 2 Summary of noninvasive electrocardiographic mapping. A: A 252-electrode vest is applied to the patient’s torso. It is followed by a noncontrast
thoracic computed tomography scan to obtain high-resolution images of the heart and the vest electrodes. The electrodes’ position and 3D epicardial biatrial
geometry are obtained via segmentation from the computed tomography images. B: Vest is connected to the electrocardiographic mapping system and surface
potentials are recorded. The patient starts exercise testing. C: During the exam focal atrial tachycardia (FAT) is triggered. D: The system reconstructs epicardial
potentials and unipolar electrograms from torso potentials with “single beat analysis” using mathematical reconstruction algorithms. The platform creates a
potential map, suggestive for FAT originating from the superior vena cava (SVC) or right atrium - SVC (Supplementary material online, video 1).

280 Heart Rhythm Case Reports, Vol 7, No 5, May 2021



Figure 3 Ablation procedure with CARTO 3 system (Biosense Webster, Inc, Diamond Bar, CA). A: After right atrium (RA) anatomical reconstruction, a
PentaRay multipolar catheter (Biosense Webster, Inc) is advanced into the superior vena cava (SVC), showing rapid potentials (blue circle). B: After phrenic
nerve course identification through high-energy pacing (blue tags) and replacing the PentaRay with a LASSO catheter (Biosense Webster, Inc), we perform
SVC isolation (red/rose tags). C: Evidence of SVC isolation occurring during radiofrequency ablation; note the loss of signals on LASSO catheter (blue arrow).
We confirm the isolation through circular mapping catheter and check entrance/exit block also during intravenous adenosine administration. CS5 coronary sinus;
IVC 5 inferior vena cava; TA 5 tricuspid annulus. (See supplementary material online, video 2).
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appendage.6–8 There are few isolated reports of FAT
originating from the SVC.9,10 Zhao and colleagues11 reported
a prevalence of 1.7% in a large series of FAT successfully ab-
lated.

Because of the nonsustained nature of tachycardia, we
could not precisely localize the origin of FAT during the first
electrophysiological study, despite a high dosage of isopro-
terenol. ECM is a mapping technique that aims to noninva-
sively characterize cardiac electrical activity. The system
reconstructs epicardial potentials as unipolar electrograms
from torso potentials during each beat (“single beat analysis”)
per cycle using mathematical reconstruction algorithms. Its
efficacy has been demonstrated in a variety of arrhythmic
scenarios, ranging from the mapping of premature ventricular
complex and accessory pathways to the mapping of complex
arrhythmias such as atrial fibrillation and ventricular tachy-
cardia.12,13

To our knowledge, this is the first report that describes the
use of CardioInsight during exercise testing for mapping an
exercise-induced arrhythmia, opening up the possibility to
use ECM in this distinctive arrhythmic scenario.
Conclusion
Exercise-induced and nonsustained FAT is a challenging
arrhythmia to map and ablate, and SVC is an unusual site
of origin. Noninvasive ECM can accurately identify the
mechanism of FAT in order to guide CA, allowing the map-
ping even during physical effort.

Appendix
Supplementary data
Supplementary data associated with this article can be found
in the online version at https://doi.org/10.1016/j.hrcr.2021.
01.019.
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