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Abstract

stroke prevention has been ongoing for past decades.

Background: Atrial fibrillation (AF) significantly increases the risk of ischemic stroke depending on various risk
factors. The CHA,DS,-VASc score is used widely to improve stratification of AF-related stroke to identify for whom
anticoagulation could be safely withheld. As upstream therapy, the management of lifestyle for AF and related

Case presentation: A 56-year-old male was taken to our hospital because of acute ischemic stroke. Without
intracranial vascular malformation and angiostenosis, two small emboli were successfully taken out from the left
middle cerebral artery by mechanical thrombectomy. During the hospitalisation, no apparent abnormalities were
found in various laboratory tests, echocardiogram or the coronary computed tomography angiography. However,
asymptomatic paroxysmal AF was first diagnosed and was presumed to be responsible for his stroke. Noticeable, he
was always in good fitness benefiting from the formed good habits of no smoking and drinking. With a CHA,DS»-
VASc score of 0, he had no history of any known diseases or risk factors associated with AF and related stroke.
Instead of lacking exercise, he persisted in playing table tennis faithfully 3-4 times a week and 2-3 h each time
over the past 30 years, and, in fact, has won several amateur table tennis championships.

Conclusion: In view of the possible pathophysiological mechanisms resulting from the long-term vigorous
endurance exercise, it may be a potential risk factor for developing AF and even for subsequent stroke. Not merely
should strengthen the screening for AF in specific individuals as sports enthusiasts, but the necessity of oral
anticoagulant for those with a CHA,DS,-VASc score of O might deserve the further investigation.
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Background

Atrial fibrillation (AF), as the most common tachyar-
rhythmia, confers a 5-fold higher risk of ischemic stroke
(IS) and not only increased the disability rate and mor-
tality but also resulted in increased healthcare use and
cost [1, 2]. Benefiting from a significant reduction in
thromboembolic risk, oral anticoagulant (OAC) therapy
is recommended for all AF patients except those consid-
ered at “true low risk” of IS, that is, with a CHA,DS,-
VASc (congestive heart failure, hypertension, age 75
years or older, diabetes mellitus, previous stroke or
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transient ischemic attack, vascular disease, age 65 to 74
years, female) score of 0 [3]. Nevertheless, more strat-
egies are needed without any hesitation to lower the risk
of AF development and improve related stroke risk
stratification. Accordingly, there has been increasing
focus on the role of individual lifestyle in the manage-
ment of patients with AF.

Case presentation

A 56-year-old male was taken to our hospital due to a
sudden syncope and right hemiplegia within 2 hrs. With-
out abnormalities detected by brain computed tomog-
raphy (CT) scan, magnetic resonance perfusion imaging
of arterial spin labeling showed that the perfusion of left
hemisphere was significantly decreased (Fig. 1c), which
was diagnosed with acute IS. CT angiography of the
head and neck then suggested occlusion of the left
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Fig. 1 Changes of cerebral blood flow pre (a, €) and post (b, d) mechanical thrombectomy

middle cerebral artery M2 segment. After intravenous
administration of recombinant tissue plasminogen acti-
vator, the result of digital subtraction angiography (DSA)
(Fig. 1a) was consistent with head CT angiography.
Then, the mechanical thrombectomy was performed im-
mediately, and two small emboli were successfully taken
out from the left middle cerebral artery. As expected,
the repeated DSA showed the obvious recovery of cere-
bral blood flow without intracranial vascular malforma-
tion and angiostenosis (Fig. 1b, d).

During the hospitalisation, no apparent abnormalities
found in Various laboratory tests, including blood cell
analysis, blood lipid, blood sugar, renal and thyroid func-
tion, et al. Structural and congenital heart disease were
excluded, and nothing abnormal could be found by
echocardiogram [see Additional file 1] and cardiac en-
hanced CT. The asymptomatic paroxysmal AF was first
recorded with the longest AF duration lasted more than
1 h and the shortest only 20 s. The long-term electrocar-
diograph monitoring showed that the average heart rate

(HR) of 48 h was 56 beats per minute and the slowest
only 36 beats per minute [see Additional file 2]. Men-
tionable, benefiting from the formed good habits of no
smoking and drinking, he was always in good health and
had none of any known diseases which were associated
with AF and related stroke. Instead of lacking exercise,
he persisted in playing table tennis faithfully 3—4 times a
week and 2-3h each time over the past 30 years and
won several amateur table tennis championships. One
month later, he was discharged smoothly through an ag-
gressive rehabilitation program. Besides OAC therapy, it
was advised that both the intensity and program of exer-
cise should be varied and modified. Until now, he has
been in a better health condition without recurrent AF
and stroke since catheter ablation was performed half a
year ago.

Discussion and conclusions
Several possible known causes of the stroke, such as
structural heart disease, vascular malformation and
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angiostenosis, abnormal medication history, were ruled
out, and the potentially fatal IS of this patient was pre-
sumed to be his AF. Though the patient with non-valvu-
lar AF had none of the comorbidities or risk factors
assessed by the CHA,DS,-VASc score, which means he
was at “true low risk” of related IS and it was unneces-
sary for him to receive OAC therapy [3]. But he still suf-
fered from such potentially fatal IS. Then questions
remain: Is the long-lasting endurance activity the cul-
prit? Is it unnecessary for asymptomatic adults to
strengthen AF screening? For AF males with a
CHA,DS,-VASc score of 0, could they really rest easy
without anticoagulant therapy?

Several established risk factors, including age, struc-
tural heart disease, hypertension and diabetes mellitus,
are known to be strongly associated with the AF devel-
opment. Other non-cardiac conditions, such as alcohol
consumption and smoking, have also been described [4].
By contrast, the benefits of moderate physical activity in
controlling cardiovascular risk factors are irrefutable.
However, mounting evidence suggests that long-lasting
endurance training may be a potential contributor to AF
development since a U-shaped relationship between
physical activity and incident AF was presented [5, 6].
The strenuous endurance exercise-associated AF was de-
fined as ‘PAFIYAMA' (‘paroxysmal AF in young and
middle-aged athletes’) by Sanchis Gomar et al. [7]; be-
cause it usually starts as paroxysmal AF, frequently af-
fecting young and middle-aged athletes, especially
males.Several possible pathophysiological mechanisms
have been suggested to explain the increased vulnerabil-
ity to AF in athletes depending on triggers, substrates
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and modulators [8, 9], though the exact mechanism re-
mains elusive. Rest HR, serving as an alternative meas-
ure of exercise intensity, might be an effective predictor
of incident AF induced by physical activity due to the
risk of AF increased with decreasing HR [10] (Fig. 2).

Recently, the US Preventive Services Task Force sug-
gests it is unnecessary to screen for AF with an electro-
cardiography (ECG) in asymptomatic adults. Because the
current evidence may be insufficient to assess the net
benefits for the general population [11]. Actually, ap-
proximately 20% of patients who suffered from AF-re-
lated stroke are first diagnosed with AF at the time of
stroke [12]. It will be more attractive to identify AF be-
fore related IS in view of the disastrous consequences.
More attention should be paid to primary prevention
which has largely untapped potential for improving AF
management. Therefore, for the special population who
have a long-lasting experience of endurance exercise,
such as athletes, sports enthusiasts, manual workers and
soldiers, particularly those with lower HR, it is worth to
strengthen the screening for AF. Not merely the long-
lasting ECG monitoring may be helpful but also the
regular echocardiography is useful to evaluate the left
atrial structure.

More importantly, for patients who were undergoing
the chronic vigorous aerobic activity, if paroxysmal AF
was identified fortunately before a IS occurs, could they
really rest easy with a CHA,DS,-VASc score of 0? In the
general population, the CHA,DS,-VASc score improved
IS risk stratification dramatically and was widely used to
identify those who can safely forego OAC. While the net
clinical benefit of OAC is clearly established for patients
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Fig. 2 The ignored risk of AF and related stroke hidden in endurance exercise. With exercise intensity increased unduly, the vulnerability to AF
and related stroke may increase relying on the possible mechanisms. AF: atrial fibrillation
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with AF at high risk for stroke (CHA,DS,-VASc score >
2), the decision to anticoagulate for patients with a
CHA,DS,-VASc score of one still represents a matter of
controversy in international guidelines [13]. Lip et al
and Fauchier et al. [14, 15] seemed to prefer the ap-
proach advocated in the stroke prevention guidelines
from the ESC 2016, and reported that OAC was recom-
mended for all AF patients except for those with a
CHA,DS,-VASc score of 0 (beyond gender) [3]. In
addition, antithrombotic therapy was taken into consid-
eration for lone AF patients who usually have a low
CHA,DS,-VASc score, but is only a Class II b recom-
mendation (Level C) in JCS 2013 [16]. By contrast, bene-
fiting from the long-term physical activity, the athletes
or sports enthusiasts are usually healthier, and without
significant comorbidities, most of them had a lower
score compared to the general population. There is no
evidence that stroke risk in athletes and non-athletes
with the same CHA2DS2-VASc score are the same. In
other words, do athletes or sports enthusiasts with low
CHA,DS,-VASc score confer the same “true low risk”as
general population? A large cohort study by Myrstad et
al. [17] demonstrated that a high prevalence of stroke
remained among veteran skiers with AF; furthermore,
skiers with AF were slightly younger and had less co-
morbidity than their counterparts from the general
population. Another observational prospective study by
Marco Proiett et al. [18] suggested that no significant
difference in rates of stroke between different self-re-
ported physical activity level. However, the level of phys-
ical activity was self-reported according to the time by
patients, irrespective of the type of activity. Among 4.7%
of patients who had reported intense physical activity,
83.5% of them had CHA,DS,-VASc class score > 1, and
most of them had already received antithrombotic ther-
apy. It may help explain why the same stroke rate was
found in different physical activity level. Thus, the risk
of AF-related stroke need more evidences to describe in
athletes with CHA,DS,-VASc of 0. Noticeably, several
studies have reported the potential relationship between
left atrial structures and the risk of IS in AF, especially
the left atrial fibrosis [19], which was also considered as
a crucial potential mechanistic contributor of AF in-
duced by long-lasting endurance exercise [20]. Thus, we
suppose that for the long-term vigorous endurance exer-
cisers, the risk of AF-related stroke should be evaluated
by more strategies and tools beyond the CHA2DS2-
VASc score. Factors such as impaired renal function, ob-
structive sleep apnea, and biochemical parameters can
be used to predict adverse thromboembolic events [21,
22]. Transesophageal echocardiography is more accurate
in assessing left atrial appendage morphology and func-
tion and for the detection of intracardiac thrombi [23].
However, the net clinical benefit balancing stroke
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reduction against major bleeding remains to further in-
vestigation because of the high risk of traumatic bleed-
ing. The catheter ablation for AF may be worth to take
into consideration.

In conclusion, in view of the possible U-shaped rela-
tionship between physical activity and incident AF, the
long-term vigorous endurance exercise may be a poten-
tial risk factor for developing AF and even for AF-related
stroke based on several possible pathophysiological
mechanisms. For such special population, especially
those with lower HR, it is worth to strengthen the AF
screening. Once identified, the exercise intensity should
be first adjusted scientifically, then the risk of AF-related
stroke should be evaluated by more strategies and tools.
The necessity of OAC therapy for those with the
CHA2DS2-VASc score of 0 might deserve further
investigation.
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Additional file 1: Images about echocardiogram. Structural heart
disease was ruled out and nothing abnormal could be found in cardiac
structural and function by echocardiogram. (PNG 1100 kb)

Additional file 2: Images about routine electrocardiography. The
paroxysmal AF was recorded with the longest AF duration lasted more
than 1 h and the shortest only 20 s. The long-term electrocardiogram
monitoring showed that the average heart rate was 56 beats per minutes
and the slowest only 36 beats per minutes. (PNG 1830 kb)
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