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KEY TEACHING POINTS

� Syncope associated with exercise and strong
emotional response raises suspicion for an
adrenergic-mediated tachycardia.

� In a small subset of children with underlying
arrhythmogenic conditions, the adrenergic
stimulation associated with the powerful emotions
of electronic gaming may trigger life-threatening
Introduction
Recommendations for the management of patients with
certain arrhythmogenic cardiac conditions include restriction
from strenuous activities and competitive sports.1 Emotional
stress has also been demonstrated as a trigger for arrhythmias
in susceptible individuals.2 Currently, there are no guidelines
for engaging in nonphysical adrenergic activities. We present
2 cases of syncope and documented life-threatening ventric-
ular tachycardia associated with strong emotional responses
related to video war games.
arrhythmias.

� Similar to exertional syncope, cardiac symptoms
such as syncope or palpitations brought on by
powerful emotions during video gaming should be a
“red flag” prompting medical evaluation to rule out
an underlying risk of arrhythmia.
Case report
Case 1
A 9-year-old otherwise healthy boy was evaluated for
syncope, which occurred while he was playing the Fortnite
Battle Royale game (Epic Games Inc, Cary, NC), a popular
first-person-shooter online video game where up to 100
players fight to be the last person standing. During participa-
tion online in the game the patient was 1 of final 2 characters
alive. After his character was eliminated he became very
upset and lost consciousness. His father, who was partici-
pating in the same game from a different room, heard a noise
through his headset as the child hit the floor and ran to his
side, where he found the child to be cyanotic and rigid before
spontaneously regaining consciousness within approxi-
mately 1 minute. Emergency medical services transported
the boy to a local emergency room, where he had a normal
physical examination and evaluation with normal serum
chemistry and normal electrocardiogram, echocardiogram,
and electroencephalogram.

A follow-up ambulatory Holter monitor demonstrated
complex ventricular ectopy with multiple runs of polymor-
phic ventricular tachycardia. The densest period of ventricu-
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lar tachycardia occurred during periods marked on the
monitor as “playing video games,” followed by “playing
football” (Figure 1A–C).

The clinical diagnosis is catecholaminergic polymorphic
ventricular tachycardia (CPVT), which is known to be asso-
ciated with syncope and/or cardiac arrest triggered by phys-
ical or emotional stress.1 In CPVT, variants in the human
cardiac ryanodine receptor (RyR2) gene or calsequestrin 2
gene (CASQ2) result in abnormal intracellular Ca21 regula-
tion and induce arrhythmogenesis, particularly during
b-adrenergic stimulation.3 This patient was not known to
have any type of cardiac condition, and syncope during video
gaming unmasked the diagnosis. As shown in Figure 1A–C,
ventricular arrhythmias were triggered during video gaming
as well as recreational play, both activities that exert signifi-
cant adrenergic influences. Further evaluation of the patient
with an exercise test also demonstrated polymorphic ventric-
ular tachycardia (VT) with increasing heart rate during exer-
cise, similar to that shown while playing football on the
ambulatory Holter monitor tracing (Figure 1C). Commercial
genetic testing (GeneDx, Gaithersburg, MD) revealed what
the company classified as a variant of unknown significance
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Figure 1 A: Graphic trends of ventricular events during 24-hour ambulatory Holter monitoring in case 1 shows increased heart rates (top panel) during the 3
patient notations of (1) playing outside, (2) playing video games, and (3) playing football. During the same periods of time, the histogram (bottom panel) shows
increased density of ventricular beats per interval. In the top panel the y-axis shows heart rate (beats per minute [BPM]) and the x-axis shows time of day/night. In
the bottom panel the y-axis shows ventricular beats per time interval and the x-axis shows time of day/night. B: Three-channel 24-hour ambulatory Holter moni-
toring shows continuous polymorphic ventricular tachycardia at 200–230 BPM in case 1 during playing of the Fortnite video game. C: Three-channel 24-hour
ambulatory Holter monitoring shows a run of nonsustained ventricular tachycardia at 200–220 BPM followed by ventricular bigeminy in case 1 at the time of
playing recreational football.
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Figure 2 Remote monitoring in case 2 shows continuous recording of intracardiac electrograms from the patient’s implantable cardioverter-defibrillator (ICD;
Visia AFMRI VR SureScan, Medtronic Inc, Minneapolis, MN). Ventricular ectopy is followed by monomorphic ventricular tachycardia (VT) at a cycle length of
220–270 ms (222–270 beats/min) at the time of playing Fortnite followed by an ICD shock. The top channel shows right ventricle (RV)-tip-to-RV-ring electro-
grams and bottom channel shows can-to-RV-coil electrograms. The programmed ventricular fibrillation detection was 260 ms. Note that VT terminated spon-
taneously but a defibrillation shock was delivered due to the “Confirmation1” algorithm (nominally programmed to “on”), which prevented cancellation of
therapy. Note that the VT electrogram morphology is different from sinus rhythm.
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(VUS) in the RYR2 gene (p.Ile4152Leu, c.12454 A.C in
exon 90). This particular variant has not been previously pub-
lished as pathogenic or benign, to our knowledge and based
on our review of literature. It has also not been observed in
large population cohorts.4 This variant is located in domain
III of the RYR2 gene, one of the hot-spot regions where the
majority of the missense variants occur.5 The parents were
evaluated and both were found to have no clinical symptoms.
Genotyping of the parents (Invitae Diagnostics, San Fran-
cisco, CA) did not detect the RYR2 variant in either individ-
ual. Based on the de novo occurrence and correlation with
clinical CPVT phenotype, it is likely pathogenic. In addition,
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a VUS in KCNA5 (c.213_245del133:p.D72_P82Del in exon
1) was also reported and was also present in the patient’s
mother. This latter VUS has been reported in association
with idiopathic atrial fibrillation, but was not present in
gnomAD.6

The patient has been advised to avoid vigorous exercise
and violent video games and is currently treated with nadolol
and flecainide, a class Ic antiarrhythmic medication that has
also been shown to have direct-blocking effect on the
RyR2 channel.
Case 2
A 16-year-old previously healthy male subject presented to
our hospital after an aborted cardiac arrest that occurred while
he was walking after attending music class in school. After
resuscitation with an automatic external defibrillator
(AED), the patient was brought to our emergency room,
where he had a normal electrocardiogram, serum chemistry,
echocardiogram, cardiac magnetic resonance imaging, and
exercise stress test and a negative toxicology screen. His
evaluation also included genetic testing with a comprehen-
sive arrhythmia and cardiomyopathy panel (Combined Car-
diac Sequencing and Deletion/Duplication Panel, GeneDx,
Gaithersburg, MD), which did not show any pathologic
variants. A diagnosis of idiopathic ventricular fibrillation
was made after exclusion of known cardiac, respiratory,
metabolic, and toxicological etiologies. The patient was
discharged home after implantation of a transvenous implant-
able cardioverter-defibrillator (ICD) for secondary preven-
tion of sudden cardiac death. One week after discharge,
while playing the video game Fortnite, he became very
excited at an anticipated win and then experienced an ICD
discharge. ICD interrogation demonstrated monomorphic
VT at 260 beats per minute followed by a committed ICD
shock (Figure 2). The patient was in sinus rhythm after the
ICD shock, with no other hemodynamic sequelae. Subse-
quently, the patient was advised to avoid violent video
game activity and treated with a b-blocker, with no further
arrhythmias or ICD therapy over a follow-up period of 12
months.
Discussion
These 2 cases highlight potentially life-threatening ventricu-
lar arrhythmias provoked by emotional surges while playing
violent video games. We add this report to a recent corre-
spondence discussing the association with ventricular
arrhythmias and video games.7 This case report includes 2
distinct examples of documentation of the actual rhythm
abnormality during electronic war games. This phenomenon
occurred in both patients during periods of excitement,
engagement, and/or frustration with the game. Electronic
video games are deliberatively designed to offer powerful af-
fective experiences, and players typically go through a range
of emotional responses that include frustration, anxiety, fear,
excitement, and joy. In review of the literature, Wang and
colleagues8 demonstrated a significant increase in heart rate
and blood pressure among young boys playing video games;
however, the magnitude was lower than observed during
standard physical exercise. Other studies have demonstrated
that the violent games have distinct effects on autonomic
responses such as heart rate variability.9

We propose that only a very small group of children may
possibly be at risk of arrhythmia during video gaming. These
children are likely to have an underlying (previously known
or unknown) cardiac arrhythmia disorder. Similar to exer-
tional syncope, cardiac symptoms such as syncope or palpi-
tations brought on by powerful emotions during video
gaming should be a “red flag” prompting medical evaluation
to rule out an underlying risk of arrhythmia. The risk of a
dangerous arrhythmia during competitive sports or swim-
ming is well known in patients with inherited cardiac channe-
lopathies such as long QT syndrome and CPVT.1 A similar
mechanism may be occurring when children with arrhythmo-
genic conditions experience powerful emotions during
particular phases of video gaming. While the exact mecha-
nism triggering the arrhythmia may be varied, given that
both patients in this report had different conditions, 1 com-
mon part of the pathway is likely related to the sympathetic
nervous system and adrenergic stimulation. Studies of the
effects of intense emotion and mental stress, known triggers
for ventricular arrhythmias, have demonstrated a shortening
of the ventricular action potential.10

Recent studies have evaluated the safety of sports in
treated patients with long QT syndrome and CPVT, and in
patients with ICDs, and guidelines have followed suit, allow-
ing for individualized shared decision-making.11-15 Key
foundations to this approach are the clear cardiovascular
and psychosocial benefits of exercise and sports, as well as
the recommendation that safety plans be in place, including
on-site AEDs. In contrast to exercise and sports, violent video
games do not provide cardiovascular benefits; furthermore,
they are most often played in physical isolation, without
the safety net of bystanders and AEDs. For these reasons,
counseling of specific at-risk populations should include
avoidance of participation in violent video games, as these
games are an activity with risk and without health or psycho-
social benefit.

Conclusion
Electronic video games have assumed a prominent role in the
daily activities of children and adolescents in the current era.
In a small subset of children with underlying arrhythmogenic
conditions, the adrenergic stimulation associated with the
powerful emotions of electronic gaming may trigger life-
threatening arrhythmias. Even in children not known to
have a cardiac condition, syncope associated with emotional
responses during violent video games should prompt cardiac
evaluation.
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