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Arrhythmia in an athlete diagnosed by

smartphone electrocardiogram: a case report

Daniel Phillips , Peter O’Callaghan, and Abbas Zaidi*

Department of Cardiology, University Hospital of Wales, Heath Park, Cardiff CF14 4XW, UK

Received 22 September 2020; first decision 13 October 2020; accepted 16 April 2021

Background This is the first case report demonstrating the use of a smartphone device, enabling the diagnosis of an arrhythmia
in the sports cardiology literature.

...................................................................................................................................................................................................
Case summary A 17-year-old semi-professional rugby player presented with recurrent episodes of palpitations terminated by vagal

manoeuvres. The rugby player’s resting 12-lead electrocardiogram (ECG), echocardiogram, and exercise stress test
were normal. Due to his suggestive history and an ECG trace from a smartphone device, demonstrating a narrow
complex tachycardia, an electrophysiological study was arranged. The study demonstrated a slow-fast atrioventricu-
lar nodal re-entrant tachycardia which was successfully ablated.

...................................................................................................................................................................................................
Discussion The ambulatory use of a smartphone ECG device assisted in the timely diagnosis and management of an undiag-

nosed paroxysmal arrhythmia in a rugby player. This resulted in an expedited return to play.
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Introduction

Smartphones are a significant feature of modern-day life with ap-
proximately two-thirds of the European/North American population

owning at least one device.1 Smartphone applications now have the
ability to record high-quality single-lead electrocardiogram (ECG)
traces, making event-monitoring more accessible, whilst also being
accurate in detecting arrhythmias such as atrial fibrillation (AF).2

Smartphones are both user-friendly and accessible 24 h a day, making
them, potentially, highly effective event monitors. The 2015
American College/American Heart Association/Heart Rhythm
Society (HRS) guidelines call for more literature observing the impact
of shared decision-making with regards to monitoring patients with
devices such as smartphone-enabled ECG monitoring.3 Therefore,
the potential use of smartphone applications is very much in the fore-
front of modern-day cardiology. Tachyarrhythmias can be problem-
atic for athletes since discordance between atrial and ventricular
activity may significantly impair cardiac performance.4 Ambulatory
cardiac monitoring is considered an important investigation for ath-
letes who present with symptoms of a suspected paroxysmal

Learning points
• Smartphone electrocardiogram (ECG) devices can assist in the

diagnosis of culprit arrhythmias.
• These devices may assist sports cardiologists/physicians in

expediting diagnosis and return to play for athletes.
• Smartphone ECG devices are not appropriate for

preparticipation screening. However, they may assist in event
monitoring in symptomatic athletes who have been assessed
to be at low risk for sudden cardiac death.
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arrhythmia.4 We report the case of a young semi-professional athlete
who had his arrhythmia diagnosis aided by the use of smartphone
technology.

Timeline

Case presentation

A 17-year-old semi-professional rugby player was referred to our in-
stitution with recurrent episodes of sudden onset, rapid, regular pal-
pitations during exercise. His last episode had occurred during a
training session when his radial pulse rate was recorded manually to
be 220 b.p.m., shortly after commencing exercise. This episode even-
tually terminated after repeated vagal manoeuvres. The rugby player
denied experiencing any chest pain or syncope during these episodes.
He had no significant past medical history and denied use of recre-
ational drugs, alcohol, or tobacco. The rugby player participated in 8–
10 h of vigorous training per week, with up to 3–4 additional gym
sessions.

On examination, the athlete’s body mass index was 27, blood pres-
sure was 115/58, and the radial pulse was regular at 52 b.p.m. Heart

sounds were normal with no murmurs. There were no peripheral
stigmata of heart failure on examination. All routine laboratory blood
tests were normal.

A 12-lead ECG was recorded (Figure 1) demonstrating sinus
rhythm, ventricular rate 59 b.p.m., with a normal frontal axis. All

conduction intervals were within normal limits, with no repolariza-
tion abnormalities and no pathological Q waves. There was no
evidence of ventricular pre-excitation, QT prolongation, or the
Brugada phenotype at rest. This ECG would be considered nor-
mal for an athlete, in line with current international expert
consensus.4

Echocardiography demonstrated a structurally normal heart with
normal biventricular systolic and diastolic function, and normal left
ventricular (LV) wall thickness (LV ejection fraction: >55%, LV end-
diastolic dimension 55 mm, MV E/A ratio 1.9, maximal LV wall thick-
ness 9 mm, right ventricular basal dimension 42 mm). During tread-
mill exercise stress testing, he completed 13 min of the Bruce
protocol, achieving 93% of his maximal predicted heart rate (Figure
2). He was asymptomatic throughout, with appropriate heart rate
and blood pressure increases. There were no induced arrhythmias.

September 2019: At four month follow up with Sports Cardiologist, athlete is en�rely asymptoma�c and is back to 
full rugby training

May 2019: Electrophysiology study demonstrated AVNRT, pathway successfully ablated

March 2019: Reviewed by Consultant Electrophysiologist, offered to proceed to electrophysiology study +/-
Abla�on in line of a poten�al AV node dependent tachycardia

February 2019: Palpita�ons episode captured on smartphone device demonstra�ng a narrow complex 
tachycardia. Started on flecainide and referred to Consultant Electrophysiologist

February 2019: Reviewed by Sports Cardiology. Baseline inves�ga�ons echocardiography, ambulatory monitoring 
and exercise test were normal. Given smartphone device to monitor heart rhythm during symptoms

December 2018: Five episodes of palpita�ons associated with exercise, dizziness and swea�ng 
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The clinical history was suggestive of a paroxysmal tachyarrhyth-

mia, most likely atrioventricular (AV) node dependent, given the his-
tory of termination of symptoms with vagal manoeuvres. Attempts
to document the arrhythmia had been unsuccessful with Holter mon-
itoring for periods ranging from 24 h to a maximum of one week.
During these periods, the rugby player still engaged in normal rugby
training sessions.

The athlete therefore installed the AliveCorVR Kardia application
on his smartphone in an attempt to document an arrhythmia. The
athlete subsequently experienced an episode of palpitations during
training which again were terminated by vagal manoeuvres. This epi-
sode was captured on his smartphone. The heart trace demonstrated
a regular narrow complex tachycardia at a rate of 182 b.p.m. (Figure
3). The athlete’s history and AliveCorVR Kardia traces were highly

Figure 2 Results of the exercise stress test, which revealed a normal blood pressure and heart rate increase with exercise. There were no indu-
cible arrhythmias.

Figure 1 The rugby player’s resting 12-lead electrocardiogram, which is considered to be normal electrocardiogram for an athlete.

Arrhythmia in an athlete diagnosed by smartphone ECG 3
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. suggestive of a paroxysmal AV node dependent tachycardia. He was
therefore scheduled for an invasive electrophysiological (EP) study.

The EP study demonstrated normal baseline conduction intervals.
There was ventriculo-atrial block at 460 ms. There was a short RP
narrow complex tachycardia induced by atrial extrastimuli blocking
the fast pathway, resulting in conduction down the slow pathway
(Figures 4 and 5). The ventriculo-atrial cycle length was 0 ms, with no
reset. The study was consistent with a slow-fast AV nodal re-entrant
tachycardia (AVNRT). We therefore proceeded to radiofrequency
ablation. After ablation there was no jump, echo, crossover or indu-
cible tachycardia by atrial extrastimuli with the same coupling inter-
vals (Figure 6); this confirmed a successful slow pathway modification.
The athlete was counselled not to play any competitive sport for 4
weeks, in order to reduce femoral vein complications. He has subse-
quently made a full return to competition without any recurrent
symptoms at 6 months follow-up. This is in line with European
Society of Cardiology (ESC) guidelines5; athletes diagnosed with par-
oxysmal supraventricular arrhythmias who undergo successful cath-
eter ablation may return to full competition.

Discussion

The utility of smartphone ECG applications has previously been
reported in the general population.6 Previously, smartphone ECG

Figure 4 Short RP narrow complex tachycardia at a paper speed of 25 mm/s.

Figure 3 Single lead trace from the AliveCorVR Kardia application,
demonstrating a narrow complex tachycardia at 182 b.p.m.

4 D. Phillips et al.
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..devices have been used to rule out sinister pathology in athletes pre-
senting with palpitations.7 This case is novel, however, as there are
no known previous reports in the literature where smartphone ECG
monitoring has been successfully used to diagnose arrhythmias in a
competitive athlete. This was of significant benefit for the athlete as
he made a safe and timely return to sport. Supraventricular arrhyth-
mias are not commonly seen in ECGs of athletes and require thor-
ough investigation if suspected.4 Interestingly, the diagnostic accuracy
of the AliveCorVR Kardia in detecting supraventricular tachycardias
has been investigated by placing the device in different chest orienta-
tions in one study.8 This led to a reasonable accuracy of 76% com-
pared to an electrophysiology study; although, the specific device
positioning described in this study could be challenging for patients to
adopt during symptoms.8 The AliveCorVR Kardia device’s major area
of efficacy is detecting AF when evaluated by systematic review.1 The
device demonstrates high sensitivity, specificity and accuracy with the
added benefit of user convenience, potentially creating a future role
for this device as an adjunct in standard AF diagnostic investigations.1

The Apple Watch is an increasingly popular device. Recently, the
Apple Heart study9 highlighted the ability of the device’s irregular
rhythm algorithm to diagnose AF with a positive predictive value of
0.84. The study cautioned users to be aware that other significant
arrhythmias may not cause notification. In addition, the study stated it
was not designed to validate it as a screening tool, discrediting its

potential use in population screening.9 The Apple Watch is an optical
heart rate monitor which works through photoplethysmography.10

Optical heart rate monitors are popular with athletes as they are
convenient and easy to wear, compared to strap-based heart rate
monitoring.10 These devices allow athletes to monitor performance
measures which are deemed important to athletes and coaching staff;
they also have the ability to record an ECG which is important to the
sports medical team.10 When an arrhythmia is suspected in an ath-
lete, continuous ECG monitoring becomes a more desirable function
for athletes.10 Continuous ECG monitoring can be achieved by devi-
ces such as QARDIO MD, a strap device that records and transmits
continuous ECG recordings to an athlete’s smartphone during exer-
cise.10 In addition to smartphone and smartwatch technology, mid/
long-term monitoring can also be achieved by means of wearable
devices such as the ZioVR Patch, and Nuubo ECG vest.

The implications for screening athletes with wearable devices such
as AliveCorVR Kardia are less clear. Conditions predisposing to sudden
cardiac death are rare. It may be difficult and unreliable to detect
pathologies such as pre-excitation, high-degree heart block, Brugada
syndrome, and cardiomyopathies with software such as AliveCorVR

Kardia.11 A significant limitation of this device is that it only captures
lead 1 equivalent traces.11 This device, therefore, is not appropriate
for pre-participation screening but may be considered for ambulatory
monitoring in athletes diagnosed with a potentially arrhythmogenic

Figure 5 Tachycardia induction by atrial extrastimuli. The intracardiac and precordial electrocardiogram traces, at a paper speed of 100 mm/s,
show a pacing beat and jump due to block in the fast pathway and conduction down the slow pathway. This results in a short RP narrow complex
tachycardia, consistent with AVNRT.

Arrhythmia in an athlete diagnosed by smartphone ECG 5
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condition. In addition to our investigations, one should also consider
using a different stress protocol in young athletes with suspected
arrhythmias, for example, sprinting alternating with gentle jogging.
This may more closely reproduce the physiological conditions giving
rise to training-induced arrhythmias and may have been superior to a
standard Bruce protocol in this case.

There is cause for concern with respect to wearable ECG devices
as there is the potential to create large datasets which could be mis-
used by third parties, or be susceptible to cyber-attacks.12 There is
also a risk of increased patient anxiety from false positive results,
which could also lead to inappropriate demand on health serv-
ices.12,13 In addition, there are medico-legal concerns with regards to
the impact of these devices on clinical decision-making, since current
evidence-based practice has not been informed by the use of this
technology.14

A recent randomized controlled trial has demonstrated utility in
the acute medical setting, when allocating an AliveCorVR Kardia device
to patients presenting with presyncope or palpitations.15. The inter-
vention was found to result in a shorter time to diagnosis and was
more cost-effective than standard investigations.15 This highlights a
potential role for these devices in the primary/acute care setting,

which may be most suitable in patients deemed to be at low risk for
sudden death.

In conclusion, smartphone-based ECG technology may facilitate
earlier arrhythmia diagnosis and management, expediting the return
to competition.

Lead author biography

Dr Daniel Phillips is a Clinical
Teaching Fellow and Honorary
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Education at the University Hospital
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Figure 6 Post-ablation atrial extrastimuli at the same coupling intervals as Figure 5 no longer induced a tachycardia, demonstrating a successful
ablation.
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..Supplementary material

Supplementary material is available at European Heart Journal - Case
Reports online.

Slide sets: A fully edited slide set detailing this case and suitable for
local presentation is available online as Supplementary data.

Consent: The authors confirm that written consent for submission
and publication of this case report, including the text and associated
images, was obtained from the patient’s guardians, in line with the
COPE guidelines.

Conflict of interest: None declared.

Funding: None declared.
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