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Key Clinical Message
Middle-aged male athletes, with or without underlying coronary artery disease, 
exhibiting exercise induced blood pressure (BP) variability and diabetes can have 
an increased risk of developing atrial fibrillation (AF). Assessment in athletes 
should include long-term arrhythmia monitoring. In addition, it is important to 
exert patients beyond their calculated target heart rate (HR) during an exercise 
stress test to detect exercise-induced AF. We suggest this strategy be specifically 
used for athletes with complaints of intermittent palpitation and chest pain. 
Referral to an electrophysiologist for a possible ablation procedure should be con-
sidered for the management of AF in athletes in whom the use of beta-blockers 
may limit exercise tolerance. Bleeding risk with the use of oral anticoagulation 
needs to be adequately evaluated in athletes with AF who engage in high-inten-
sity exercise or activities.

Abstract
The report highlights the case of a 54-year-old Caucasian male (height 5.11′, 
BMI 29.8) who presented with complaints of chest pain, mild coronary artery 
disease, palpitation, dizziness, and labile BP with high-intensity biking exercise. 
Diagnostic tests (exercise stress test, cardiac catheterization, Holter monitor, and 
Bardy patch) using standard procedure were unsuccessful at detecting the prob-
lem. In a repeat exercise stress test, the patient was exerted beyond the calculated 
HRmax (up to 117%) when the patient's heart rhythm flipped from sinus rhythm 
to AF. The patient was referred to a cardiac electrophysiologist and an ablation 
procedure was performed to prevent exercise-induced AF with high-intensity ex-
ercise. Young adults, with or without early coronary artery disease, performing 
high-intensity endurance exercises may be at risk of developing exercise-induced 
AF. This phenomenon is prevalent and well documented in the skiing popula-
tion and patients with variance in BP during exercise. Endurance athletes tend to 
have a lower resting HR. As such, the use of standard rate-control medications in 
patients with exercise-induced AF may not be appropriate. Referral to a cardiac 
electrophysiologist and ablation procedures should be considered in this popu-
lation for management and symptom control. If tolerated, especially in young 
adults with complaints of palpitation and chest pain, patients should be exerted 
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1  |  DETAILS OF THE CASE

A 54-year-old Caucasian male (height 5.11′, BMI 29.8) 
presented with complaints of intermittent experience of 
chest pain with exertion to our clinic in 2018. The patient 
reported exercising (biking) regularly at high intensity with 
no history of smoking, alcohol intake, or drug use. Chest 
pain generally (although not always) presented while bik-
ing. Previously, with a different practice, the patient had 
multiple evaluations for chest pain using exercise stress 
tests and echocardiograms which were normal. Patient was 
also started on antianginals. However, he did not tolerate 
Renexa experiencing severe shortness of breath and Imdur 
for severe headaches. With symptoms not being adequately 
controlled, the patient consulted us for a second opinion. 
Patient's past medical history includes hypertension, hyper-
lipidemia, gastrointestinal reflux disease, and diabetes mel-
litus type II. During this visit, patient did not complain of 
chest pain. His main concern was adequately controlling his 
blood pressure (BP) which was labile and fluctuated exten-
sively before and after biking. Previously, patient failed to 
tolerate amlodipine, lisinopril, and hydralazine. Currently, 
BP was managed with losartan 25 mg QD and hydrochloro-
thiazide 25 mg QD. Due to the labile BP and hypertensive 
episodes during exercise, a renal ultrasound was ordered to 
evaluate renal artery stenosis which was negative.

Thereafter, in late December 2019, the patient pre-
sented to the clinic with complaints of experiencing chest 
pain again. Patient indicated that the chest pain was pri-
marily experienced while biking and with BP spikes. His 
EKG showed sinus bradycardia (HR 50 bpm) with parox-
ysmal atrial contractions (PACs). With the patient being 
symptomatic, a nuclear (Cardiolite) Lexiscan stress test 
was ordered and completed in January 2020. The nuclear 
stress test was ordered considering a negative exercise 
stress test in the past. Results indicated small-sized mild 
severity anteroseptal completely reversible defect sugges-
tive of ischemia in the territory of the mid and distal left 
anterior descending artery.

The positive stress test was followed by cardiac cathe-
terization in February 2022 which showed nonobstructive 
coronary artery disease (20%–30% stenosis) without re-
quiring any intervention. An echocardiogram done during 
this time showed ejection fraction was 55%–60% with mild 
left ventricular hypertrophy, normal sized left and right 

atrial, and ventricular chambers without any wall motion 
or diastolic dysfunction. Thyroid function was normal and 
a 48-h Holter showed a 2.2-s pause while sleeping, epi-
sodes of sinus tachycardia during exercise and occasional 
PACs, supraventricular couplets, and rare PVCs. One epi-
sode of supraventricular tachycardia (11 beats) was noted. 
The results did not indicate the need for any intervention. 
The patient was advised to follow up with his primary 
care provider for noncardiac-related chest pain. We also 
referred the patient to a pulmonologist to rule out any pul-
monary etiology for chest pain.

The patient followed up for a regular visit again in June 
2022 and reported that he had remained asymptomatic 
and was overall doing well. He was staying active physi-
cally and had logged more than 1000 miles on his bike for 
the year. He had decreased the dosing of his BP medica-
tion as he was noticing his BP drop with extensive biking. 
In August 2022, the patient presented to the clinic with 
complaints of chest pain, palpitation and dizziness while 
biking. Patient reported incidents of both hypotension 
and hypertension while biking. Patient stated that he was 
experiencing “heart attack-like symptoms” when BP was 
elevated. When BP was low, patient felt weak and needed 
to stop biking. Patient was now apprehensive about tak-
ing BP medication for fear of dropping BP too low with 
exercise. To evaluate an underlying arrhythmia, a Bardy 
Patch for 2 weeks was ordered and the patient was asked 
to follow his normal routine. Additionally, a repeat tread-
mill exercise stress test was also ordered to assess BP re-
sponse to exercise and look for arrhythmia induced by 
exercise. The patient had a difficulty wearing the Bardy 
Patch as the gel-based device would not stick on to the 
skin from excessive sweating while biking. For the Bruce 
treadmill stress test, the calculated target heart rate (HR) 
max was 166 bpm (220-age). During the test, the patient 
was monitored for patient-reported chest pain, breathless-
ness/exhaustion and not being able to keep up with test 
protocol, EKG changes specifically for ST changes or ar-
rhythmias, and patient reaching HR reaching their 85% of 
target HRmax.1 HR was monitored using a 12-lead EKG 
and BP was checked at the end of each stage. Before start-
ing the test, the patient's resting HR and BP were 63 bpm 
(sinus rhythm with PAC; Figure  1) and 136/82 mmHg. 
The patient achieved 100% target HR without any symp-
toms of chest pain or ST-T changes on the EKG (Figure 2). 

beyond their calculated HRmax during an exercise stress test to diagnose an un-
derlying condition of exercise-induced AF.
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With the patient reporting no symptoms, feeling well and 
agreeing to continue exercising, the stress test was con-
tinued to Stage IV of the Bruce protocol. At this stage, 
when the patient had achieved 12 METS, peak HR was 
195 beats/min (117% of target HRmax; Figure 3), BP was 
(180/86 mmHg), and the patient developed atrial fibrilla-
tion (AF). No ST-T changes were noted. The conversion of 
sinus rhythm to AF at high-intensity exercise correlated 
with the patient's report of experiencing palpitation, diz-
ziness, and chest pain with high-intensity biking. The pa-
tient was diagnosed with exercise-induced AF.

2  |  DISCUSSION AND 
LITERATURE REVIEW

The prevalence of AF in the general population globally 
ranges between 2.1% and 3.4%.2–4 It is also the most com-
monly occurring arrhythmia among adults above 55 years. 
Additionally, studies using long-term monitoring devices 
have found a significantly higher proportion of older 
adults (>55 years) with no history of AF to have subclini-
cal AF and be asymptomatic.5,6 Ischemia from underlying 
coronary artery disease is an important risk factor for AF 

that needs to be ruled out using noninvasive (stress test, 
echocardiography, cMRI) and invasive (cardiac catheteri-
zation) procedures.

There is evidence to suggest that performing vigorous 
endurance exercise or sports for a prolonged length of 
time can be an independent risk factor for AF.7 In many 
cases, the odds of athletes developing lone AF can be high 
in athletes who have achieved a threshold of 2000 lifetime 
hours (OR 3.88, 95% CI: 1.55–9.73).8 Risk of AF in ath-
letes performing high altitude sports such as skiing was 
positively correlated with number of years of endurance 
training and the number of races they competed in.9,10 
The risk may be 3- to 9-fold increase based on similar 
case-controlled studies to a 30% increase based on larger 
cohort studies.11 The risk may be present in both men and 
women.12

Various mechanisms have been suggested for the de-
velopment of AF in athletes. Chiefly, atrial structural re-
modeling and enlargement in atrial size,13–15 atrial fibrosis 
from postexercise elevations in inflammation and oxida-
tive stress especially with high-intensity exercise,16–18 
autonomic influences altering vagal tone, and HR vari-
ability which may reduce refractoriness and enhance the 
excitability of the myocardium and favor reentry,19–21 and 

F I G U R E  1  Resting 12-lead EKG showing sinus rhythm at 63 bpm.

F I G U R E  2  12-lead EKG showing sinus rhythm at 142 bpm.
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increased atrial ectopic triggers which is seen to be higher 
in runners with more than 4500 lifetime training hours.13 
These mechanisms have been discussed in detail by Elliott 
et al.11 The development of AF at very high-intensity exer-
cise may also be adrenaline induced. Prolongation in QTc 
interval and dramatic lowering of potassium levels has 
been observed in normal healthy adults with the infusion 
of adrenaline.22 Second, although not recorded during the 
stress test, there is a possibility that the patient may also 
be experiencing hypoxia-induced AF which matched re-
ported symptoms of palpitation while biking. The possi-
bility of hypoxia-induced AF has been previously reported 
in the literature.23 It is also likely that the patient's cardiac 
output was compromised during the AF episodes during 
exercise leading to the patient experiencing chest pain and 
dizziness. Additionally, abnormal BP response with exer-
cise can be a risk factor for the development of paroxysmal 
AF.24 There is also evidence that high BP variability can 
be a risk factor for AF development in older adults and 
patients with diabetes or chronic kidney disease.25

The mainstay for the management of AF involves 
treatment for controlling ventricular rate (using nodal 
agents such as beta blockers) and/or rhythm (using an-
tiarrhythmics), and anticoagulation for stroke preven-
tion.26,27 Additionally, in athletes, detraining is another 
strategy to reduce AF burden.11 Evidence shows that early 
rate control is associated with a lower risk of adverse car-
diovascular outcomes.28 However, rate control for this 
patient using beta-blockers may not be the right option. 
First, patient's AF is paroxysmal in nature with a resting 
HR that is generally low (recorded between 47 and 66 bpm 
between 2017 and 2022). There is concern that the poten-
tial use of beta-blockers can exacerbate bradycardia, limit 
exercise tolerance, and can induce cardiogenic shock. 
Additionally, the use of rhythm control agents in endur-
ance athletes with paroxysmal fib is not adequately stud-
ied.11 We consulted an electrophysiology cardiologist and 
in discussion with the patient, an ablation procedure was 
suggested for rate control. Ablation procedure in athletes 

has shown to be highly effective.29–31 Post ablation proce-
dure in December 2022, the patient has remained in sinus 
rhythm. Patient continues to bike at high-intensity daily 
using a stationary bike without any complaints of palpi-
tation, chest pain, and dizziness. He is continuing to ex-
perience bloop pressure fluctuations before (150/100) and 
after (120/80) exercise. Importantly, the patient has been 
asymptomatic, and the fluctuations are likely from the va-
sodilatory effect of exercise.32–34 The patient is on oral an-
ticoagulation therapy. However, because of bleeding risks, 
the use of oral anticoagulation in young athletes engag-
ing in high-intensity exercise or risky sports and activities 
needs careful consideration.

3  |  SUMMARY

As seen in our case, athletes, especially of male sex, mid-
dle aged and exhibiting exercise-induced BP variability, 
can have an increased risk of developing AF despite lower 
prevalence of conventional risk factors. Additionally, the 
patient also had risk factors of diabetes and mild nonob-
structive coronary artery disease. It is likely that the AF 
was induced secondary to exercise-related myocardial 
ischemia. It is important to rule out AF secondary to 
underlying myocardial ischemia via stress test, echocar-
diography, cMRI, and cardiac catheterization if indicated. 
These standard diagnostic procedures, however, may not 
be adequate in detecting exercise-induced paroxysmal AF. 
We suggest that, if tolerated, especially in athletes with or 
without risk factors, patients be exerted beyond calculated 
HRmax during an exercise stress test to diagnose an un-
derlying condition of exercise-induced AF. Referral to an 
electrophysiologist and ablation procedure to manage the 
condition should be considered.
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