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Abstract

Sudden death (SD) in athletes is a potential avoidable dramatic scenario. When done regularly, cardiological evaluation increases the
chances of diagnosing ventricular pre-excitation. Consequently, the following question arises: what is the real incidence of SD risk in
athletes with Wolff-Parkinson-White (WPW) syndrome/pattern? This study included 84 consecutive patients diagnosed with WPW and
was designed as a retrospective analysis of data acquired between 2011 and 2021 to answer this question. The patients were evaluated
using a 12-lead electrocardiogram (ECG), echocardiography, stress test, and electrophysiological study (EPS). The SD risk linked to
WPW was defined as = 1 of the following: the anterograde effective refractory period (AERP) of the accessory pathway (AP) < 250 ms,
atrial fibrillation (AF) with the shortest RR pre-excited interval < 250 ms, syncope during AF or atrioventricular reentry tachycardia. The
athletes with WPW pattern (n=25) or syndrome (n=59) at risk of SD were identified and treated with radiofrequency ablation (RFA).
The mean age was 19.83 (10-29) years; 66.6% were men. Seventeen athletes (n=17; 20.23%) were found with SD risk: 15 (n=15;
17.85%) in the WPW syndrome group and 2 (n=2; 2.38%) in the WPW pattern group. During the EPS, n=4 developed syncope: 1 during
antidromic tachycardia and 3 during pre-excited AF. RFA was curative in 96.42% of cases. The EPS is mandatory to identify athletes
with short AERP APs linked to an increased risk of SD. RFA is the intervention that settles the patients into a risk-free area, allowing
resumption of sports shortly afterward.
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Rezumat

Moartea subita (MS) la sportivi este un scenariu dramatic potential evitabil. Atunci cand se face in mod regulat, evaluarea cardiologica
creste sansele de a diagnostica preexcitatia ventriculara. In consecintd, apare urmatoarea intrebare: care este incidenta reala a riscului
SD la sportivii cu sindrom/model Wolff-Parkinson-White (WPW)? Acest studiu a inclus 84 de pacienti consecutivi internati cu WPW si a
fost conceput ca o analiza retrospectiva a datelor obtinute intre 2011 si 2020 pentru a raspunde la aceasta intrebare. Pacientii au fost
evaluati folosind ECG cu 12 derivatii, ecocardiografie, test de stres si studiu electrofiziologic (EPS). Riscul SD legat de WPW a fost
definit ca = 1 dintre urmatoarele: perioada refractara efectiva anterograda (AERP) a caii accesorii (PA) < 250 ms, fibrilatie atriala (FA)
cu cel mai scurt interval RR preexcitat < 250 ms, sincopa in timpul FA sau tahicardie de reintrare atrioventriculara. Sportivii cu pattern
WPW (n=25) sau sindrom (n=59) cu risc de SD au fost identificati si tratati cu ablatie cu radiofrecventa (RFA). Varsta medie a fost de
19,83 (10-29) ani; 66,6% erau barbati. S-au gasit saptesprezece sportivi (n=17; 20,23%) cu risc SD, cincisprezece (n=15; 17,85%) in
grupul cu sindrom WPW si doi (n=2; 2,38%) in grupul cu pattern WPW. Tn timpul EPS, n=4 au dezvoltat sincope: 1 - in timpul tahicardiei
antidromice si 3 - in timpul FA cu preexcitatie. RFA a fost curativa in 96,42% din cazuri. EPS este obligatoriu pentru a identifica sportivii
cu AERP cu cale accesorie scurta si risc crescut de SD. RFA este interventia care aseaza pacientii intr-o zona fara riscuri, permitand
reluarea sportului la scurt timp dupa.
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practitioners worldwide. Since the beginning of the 19th century,
the topic has been addressed on numerous occasions and has
continuously sparked debates owing to a lack of consensus. One of
the most significant problems is insufficient action regarding screening,
prevention, and early treatment measures. Over time, it has been
agreed that SD should be defined as death owing to unknown causes
occurring 1 hour after the onset of the first pathognomonic symptom in
a patient without any known fatal condition [1]. Sudden cardiac death
in young athletes may be potentiated by physical activity [2]. Moreover,
the risk of death due to rhythm disorders is higher in asymptomatic
children than in adults, making it even more serious [3].
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The incidence of sudden cardiac death in athletes varies from
1 in 200,000 [4] to 2 in 100,000 [1], and overall mortality reaches
approximately 1.83 deaths per 10 million athlete-years [5]. The
leading causes of SD differ depending on the patient’s age. At
a younger age, the arrhythmogenic substrate and regulatory
and triggering factors predominate, whereas in older patients,
atherosclerosis and subsequent coronary artery disease are more
common scenarios [1,4].

Physical training has significant benefits to the heart and
blood vessels, especially to blood pressure and arterial stiffness
parameters [6], but the precise, intrinsic body adjustments to exercise
are less precisely known [7,8]. Systematic athletic training can lead
to structural and functional modifications of the heart [9]. These
changes are known as exercise-induced cardiac remodeling [10].
The most common changes found in the athletes are the following:
left ventricle enlargement, concentric or eccentric hypertrophy of the
left ventricle [11], enlarged right ventricle primarily associated with
endurance sports, enlargement of the aortic root, and, the most
important in patients with pre-excitation, enlargement and fibrosis
of the left atria [9]. Remodeling the left atria or the presence of a
myocarditis condition combined with the underlying pathological
electrical substrate (Kent fibers) can lead to a perfect storm of life-
threatening arrhythmias [12].

The Kent fiber, also known as the accessory pathway (AP), is
the morphological basis of pre-excitation. The AP is an additional
bypass tract with particular conduction properties, a myocyte with
modified electric properties [13,14]. Atrial fibrillation (AF) is the
most common arrhythmia globally: 1 in 3 middle-aged adults in the
United States and Europe will develop AF during their lifetime [15].
The consequences of athletic conditioning will result in 40% of the
athletes having an abnormal ECG, which may implicate left atrial
dilation, a secondary cause of AF [16].

All the aspects mentioned above provide extra support for the
theory that AF incidence is higher in athletes than in the general
population. It can be even higher in athletes with ventricular pre-
excitation than in athletes without pre-excitation. Moreover, the
incidence of AF rises significantly in the presence of multiple
accessory pathways [17]. The adrenergic discharge can modify
atrial, ventricular, and AP electric properties during training and
competition, making AF associated with a short anterograde effective
refractory period (AERP) AP, which is potentially life-threatening in
the general population and particularly dangerous in athletes [18].

According to the international guidelines, the 2 most common
noninvasive investigations to evaluate and establish the resumption
or cessation of sports activities in professional athletes are ECG
and echocardiography [19]. However, the gold standard method
for assessing the risk of SD in patients with pre-excitation is
electrophysiological study (EPS) [20]. The programmed atrial
stimulation, including progressively increasing frequency stimulation
and extra stimulus testing at baseline, is the most accurate method
for revealing the AP’s AERP and the intrinsic atrial vulnerability, a
secondary cause of AF. In addition to programmed atrial stimulation,
programmed ventricular stimulation helps assess the induction of
reentry arrhythmias associated with pre-excitation: atrioventricular
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orthodromic reentry tachycardia (AVORT) and atrioventricular
antidromic reentry tachycardia (AVART) [21].

The current research focuses on evaluating sudden death
associated with Kent fibers in athletes.

Materials and Methods

The study included patients admitted to the Institute of
Cardiovascular Diseases of Timisoara, Romania, between 2011 and
2021. This research was conducted with the approval of the hospital’'s
ethics committee and under the Declaration of Helsinki [22].

We defined the Wolff-Parkinson-White (WPW) pattern as
ventricular pre-excitation without symptoms and WPW syndrome
as ventricular pre-excitation with symptoms or documentation of
arrhythmia (reentry tachycardia and/or AF/aborted SD) [23].

We defined the athlete as an individual participating on an
organized team or in individual sport, engaging in competitions
regularly, and systematically deploying a high level of training.

The proportion of patients belonging to different standard
categories established by age in our country is presented in Table
1. The mean age was 19.83 (10-29) years, and 66.6% were men.

Study design

All the athletes addressed with WPW pattern or syndrome
between January 2011 and September 2021 were identified and
included. Patients diagnosed with WPW pattern/syndrome were
referred to our hospital by the Institute of Athletic Medicine or another
national hospital for further cardiovascular and electrophysiological
evaluation and treatment.

None of the patients was under any antiarrhythmic medication.

The patients’ assessment followed a noninvasive pattern,
including anamnesis (history of palpitations, syncope, and family
history of SD evaluation), physical examination, and investigations
(blood tests, ECG, exercise stress testing, echocardiography).

This study aimed to identify the electrophysiological properties,
triggers, and structural modifications of the heart associated with
SD risk in individuals with WPW pattern/syndrome performing
competitive sports. The athletes showing persistent pre-excitation
during the exercise stress testing were further referred for EPS. The
EPS was conducted at baseline for all patients (no isoproterenol
challenge was used). The inclusion and exclusion criteria are
presented in Table 2. All of the patients had associated ventricular
pre-excitation appearance on the 12-lead surface ECG . A significant
proportion of the patients also had typical symptoms, including
documented arrhythmias, a history of sudden onset and termination
of palpitations, aborted SD, or syncope. The exclusion criteria were
as follows: missing data, radiofrequency ablation (RFA) performed
or attempted in other centers, patient’s refusal to undergo invasive
exploration/radiofrequency catheter ablation, or informed consent
signing.
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Table 1 - Distribution of patients by age-standardized groups

Category Age n (%)
Children 10-11 8 (9.52)
Cadets 12-13 7 (8.33)
Junior 14-16 6 (7.14)
Youth 17-18 9 (10.71)
Seniors >18 54 (64.28)

Table 2 - Inclusion and exclusion criteria

Inclusion criteria

ECG showing a WPW pattern (mandatory)

ECG documented arrhythmia +/- structural heart disease

Aborted SD or syncope

Typical symptoms (sudden onset and termination of palpitations)
alone or associated with sudden familial death with or without ECG-
tracing documentation

Exclusion criteria

1. Missing data

2. Ablation procedures performed or attempted in other centers

3. Patient’s refusal to undergo invasive exploration/radiofrequency
catheter ablation or to sign the informed consent

oD~

All the patients signed the informed consent; for athletes under 18
years, the parents/legal guardian’s informed consent was obtained.

The standard evaluation sequence consisted of physical
examination, blood tests, 12-lead resting ECG, and echocardiography
during hospitalization. The EPS was performed in all patients
regardless of the presence of symptoms.

The EPS was carried out in the electrophysiology laboratory;
double peripheral venous access was obtained for each patient
before the procedure. A continuous 12-lead surface ECG tracing was
available during the intervention. A monitor recorded vital parameters
such as blood pressure, heart rate, and oxygen saturation of the
arterial blood. Permanent access to an external defibrillator was
provided during the procedure. The ablation generator’s indifferent
electrode was placed in the patient's thoracic area before the
procedure in the event that RFA would have to be performed. Right
groin local anesthesia was achieved with 5 ml Lidocaine 1%. Three
femoral vein punctures were obtained using the modified Seldinger
technique.

The essential equipment used for the EPS and RFA were a
General Electric CardioLab EP Recording System, which served for
acquisitions of the intracardiac electrograms and surface ECG; a GE
OEC 9800 x-ray imaging system, used for fluoroscopic incidences
acquisition and used to guide catheter positioning; a Micropace
EPS320B/T StimCor external programmable cardiac stimulator; and
a Biosense-Webster Stockert 70 Cardiac Ablation RF Generator
F48.

The right femoral venous punctures were used to place the
diagnostic catheters in standard positions: a 6F quadripolar catheter
with 5-5-5-mm electrode spacing was placed at the right ventricular
apex, a 5F steerable quadripolar catheter with 2-2-2-mm spacing
recording the signal from the His bundle, and a quadripolar catheter
with 5-5-5-mm electrode spacing was located on the lateral wall of

the right atrium. A 12-electrode steerable catheter with 2-8-2-mm
consecutive spacing was used for coronary sinus cannulation.

Primary electrophysiology data were recorded. The standard
intervals were measured at baseline during sinus rhythm at a stable
heart rate before stimulation. The intervals measured were the
following: the PP interval (between 2 consecutive P waves of sinus
rhythm), the PA interval (between the onset of the surface P wave
and the earliest atriogram recorded endocavitary), the AH interval
(between the atrial electrogram recorded on the His catheter and
the onset of the His electrogram), the H-delta interval (between the
onset of the His electrogram and the delta wave) and the HV interval
(between the His deflection and the ventricular electrogram).

The standard EPS consisted of incremental atrial and ventricular
stimulation and atrial and ventricular extra-stimulus testing. The
extra-stimulus testing was performed consecutively with 1, 2, and/
or 3 extra stimuli.

RFA was performed in selected cases and aimed to restore a
risk-free status as needed for sports resumption.

Standard nonirrigated 6 French (F) and 7F Biosense-Webster
ablation catheters and a Biosense-Webster Stockert 70 Cardiac
Ablation RF Generator F48 were used. The radiofrequency was
applied with power variations between 40W and 50V, depending on
the properties of the target area. The power was adjusted during the
radiofrequency applications to achieve the target temperature (55—
60 °C) for conventional ablation. The length of the radiofrequency
application at the targeted site varied between 30 and 120 seconds.

Results

Our study included athletes (n=84) with ventricular pre-excitation
from the following age categories: seniors, youth, juniors, cadets, and
children according to the classification established by the Romanian
Ministry of Youth and Sports [21].

The incidence of WPW calculated over 10 years using the
number of recognized athletes registered annually in the national
yearbook of sports was 0.014%. This incidence was compatible with
the range of ventricular pre-excitation incidence described in the
general population [21].

The distribution of athletes by WPW type showed 59 (70.23%)
patients in the WPW syndrome and 25 (29.76%) patients in the
WPW pattern group. The mean age of patients was 19.83 (10-29)
years.

The athletes included in our study participated in various sports,
including endurance sports. Seven (n=7) of 38 athletes (n=38;
45.23%) in the endurance sports group (i.e., cycling, swimming,
rugby, and cross country running) were found to be at risk of SD
(5 with WPW syndrome and 2 with WPW pattern). The athletes
performing other sports had the following distribution: football 25
(29.76%), judo 5 (5.5%), handball 5 (5.95%), basketball 4 (4.76%),
kayaking/canoeing 3 (3.57%), gymnastics 2 (2.38%), outdoor
climbing 1 (1.19%), and ice skating 1 (1.19%). The distribution of
patients by the type of sport is summarized in Table 3.
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Table 3 - The distribution of athletes by endurance/nonendurance sports

Sports, n (%) Total
Cycling 12 (14.28)
Endurance Cross country, g 54 40)
Sports marathion rfmnlng 38 (45.23%)
Swimming 6 (7.14)
Rugby 2 (2.38)
Football 25 (29.76)
Judo 5 (5.95)
Handball 5 (5.95)
Nonendurance Basketball 4 (4.76)
Sports Kayaking 3(3.57)
Gymnastics 2(2.38) 46 (54.76)
Outdoor climbing 1(1.19)
Ice skating 1(1.19)

Table 4 - Distribution of accessory pathways according to localization

Localization of the APs n (%)

Left-sided 39 (46.42)
Right-sided 36 (42.84)
Midseptal & anteroseptal 9(10.71)
Multiple pathways (4LS, 3 LR, 2 RS) 9(10.71)

Note. AP: accessory pathway, LS: left septal, RS: right septal, LR:

Table 5 - Dimensions of the left heart structures in athletes with WPW
syndrome/pattern

Echographic Findings in Athletes with WPW, Mean Values

LV end-diastolic diameter 4.53 +0.60 cm
LV end-systolic diameter 2.70 £0.57 cm
IVS 1.00 £ 0.15cm
PWLV 0.96 + 0.16 cm
EFLV 65.39 £ 6.96%
LA surface 17.42 £ 2.71 cm?

Note. WPW: Wolff-Parkinson-White, LV: left ventricle, IVS:
interventricular septum, PWLV: posterior wall of the left ventricle, EFLV:
ejection fraction of the left ventricle, LA: left atrium

The ECG was the first noninvasive investigation performed at
admission for each patient. The ECG changes were not judged based
on the International Consensus Standard for ECG Interpretation
in Athletes before the RFA ablation procedure because of the
ventricular depolarization and repolarization disturbances caused by
the AP/APS. However, the only reliable ECG changes observed and
used for analysis during sinus rhythm were sinus bradycardia (48p;
57.14%), short PR interval, and delta wave in all patients.

The Arruda algorithm for AP localization was used for the initial
assessment of the ventricular insertion of APs based on the delta
wave morphology [24]. The algorithm accurately reproduced the
position of the APS, confirmed by intracavitary electrogram recording
during the EPS. There were 39 patients (n=39; 46.42%) with free
wall left-sided APs, 36 patients (n=36; 42.84%) with free wall right-
sided APs, 9 patients (n=9; 10.71%) with midseptal and anteroseptal
APs and 9 patients (n=9; 10.71%) with multiple pathways, 4 (n=4)
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patients with left and septal pathways, 3 (n=3) patients with left and
right pathways and 2 (n=2) patients with right and septal APs.

The ECG recording evaluated after ablation showed changes in
31 patients, other than “memory” T waves (n=31; 36.9%). One month
after the successful catheter ablation, the International Consensus
Standard for ECG Interpretation in Athletes was applied; the ECGs
showed modifications in athletes performing endurance sports such
as marathon running and canoeing. The changes consisted of a
Sokolov-Lyon index above 40 mm found in 29 patients (34.52%)
and in V1, V2, and V3 T wave inversion found in 3 patients (3.57%)
performing endurance sports, with mild ventricular hypertrophy
confirmed at echography.

The echocardiographic measurements (Table 4) in the study
population revealed that the mean end-diastolic diameter of the left
ventricle (LV) was 4.53 + 0.60 cm, the mean end-systolic diameter
of the LV was 2.70 £ 0.57 cm, the interventricular septum was 1.00 +
0.15 cm, the posterior wall of the LV was 0.96 + 0.16 cm, an ejection
fraction of the LV was 65.39 + 6.96%, and the left atrial surface was
17.42 £ 2.71 cm?(Table 5). The LV diameters and walls were within
normal range in 38 patients (n=38; 45.23%) at the superior limit of the
normal values, indicating incipient LV hypertrophy and LA dilatation.
The athletes with modified echocardiographic parameters were
identified exclusively in the endurance sports group (i.e., cycling,
natation, rugby, and marathon running).

APS properties and sudden death risk
evaluation

Following the standard evaluation sequence, the EPS proved
to be the primary investigation to establish the SD risk. Seventeen
athletes (n=17; 20.23%) were found with SD risk: 15 (n=15; 17.85%)
belonging to the WPW syndrome group and 2 (n=2; 2.38%) to the
WPW pattern group.

Four patients (n=4; 4.76%) presented with syncope during
the EPS. Syncope was determined by AF conducted over a short
effective anterograde refractory period (EARP) AP in 3 patients (2
belonging to the WPW syndrome group and 1 to the WPW pattern
group). AVART anterogradely mediated over 2 distinct APs; both with
short AERP also were associated with syncope in 1 patient from the
WPW pattern group.

Multiple APs were present in 9 athletes (n=9; 10.7%), from which
2 patients were found at risk of SD linked to short AERP of at least 1
of the APs, AF, or syncope.

The decision for RFA was made based on the properties of the
AP/APs and the patient’s request if the EPS showed no risk of SD
at baseline. Eighty-one (n=81; 96.4%) athletes with AP/APs were
treated with RFA, with recurrence in 2 patients who underwent
successful ablation in a repeated procedure over the next 3 months
following the first ablation. The remaining 3 patients decided not
to undergo RFA after the EPS showed AP properties outside the
danger area.

The invasive screening of the patients showed another category
of patients with SD risk with short AP AERP or multiple AP in the
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Table 6 - Distribution of patients with sudden death risk criteria

WPW WPW

Parameters syndrome pattern n :tzz/a;

n (%) (%) °
Short EARP AP<250 ms 15(17.85) 2(2.38) 17 (20.23)
Minimal pre-excited RR interval
during AF <250 ms 2(2.38) 1(1.19) 3 (3.57)
Reentry tachycardia with
hemodynamic collapse and 0(0) 1(1.19) 1(1.19)
syncope
Syncope during pre-excited AF 2 (2.38) 1(1.19) 3(3.57)

Note. WPW: Wolff-Parkinson-White, EARP: effective anterograde
refractory period, AP: accessory pathway, AF: atrial fibrillation, RR: two
R-waves

absence of AF or syncope: 12 (n=12; 14.28%) had short AP AERP
(<250 ms), and 6 had multiple accessory pathways from which 4 had
at least 1 AP with short AERP.

The SD risk was assessed in both WPW groups: patients already
diagnosed with WPW syndrome and athletes with WPW patterns
without any history of arrhythmia. This was defined by the presence of
at least 1 of the following (Table 6): short EARP <250 ms, minimal pre-
excited RR interval during AF <250 ms, tachycardia with hemodynamic
collapse, or syncope during tachycardia/atrial fibrillation. The majority of
patients (n=15; 88.23%) with risk criteria for SD were men. All patients
with minimal pre-excited RR <250 ms, reentry tachycardia (antidromic)
causing hemodynamic collapse, respectively, with syncope during pre-
excited AF had at least 1 short EARP AP.

Programmed atrial stimulation led to sustained AF in 11 patients
(n=11; 13.09%), uncovering a great SD risk in 3 patients in which
pre-excited AF produced hemodynamic collapse with the need for
external electrical conversion to sinus rhythm. Right and left atrial
fragmentation signals (displayed by the right atrial and coronary sinus
recordings) were obvious during sinus rhythm in 38% of patients.

Seven (n=7; 8.33%) patients with SD risk were endurance
athletes, representing 46.6% of all patients at risk of SD. Twenty-
three patients (n=23; 27.38%) had Kent fibers presenting with
anterograde conduction only, from which 1 was found with SD risk
generated by AF conducted down a short AERP AP, necessitating
cardioversion.

There were no complications related to the EPS or RFA.

Discussion

Easily revealed by surface ECG, the prevalence of WPW pattern
in the general population ranges from 0.15% to 0.25%, increasing
to 0.55% among first-degree relatives of patients with Kent fibers
[25]. WPW syndrome is responsible for at least 1% of SD in athletes.
The percentage might be even more significant, which may account
for many deaths for which the autopsy was negative because of
the challenges in establishing the postmortem diagnosis of WPW
syndrome [26].

The AP or the Kent fiber is different from the physiological
atrioventricular conduction system in terms of electrical properties.
The AP is a direct electrical connection between the atria and the
ventricles and competes with the physiological atrioventricular
connection, conducting electrical impulses in a fast and
nondecremental pattern. In most of the reported cases, the histology
of an AP showed that the atrioventricular connection is composed of
“working” myocardium but also may be composed of “specialized”
myocardial cells [27].

The presence of APs is responsible for 3 types of arrhythmia:
AVART, AVORT, and pre-excited AF. AVORT is the most common
reentrant tachycardia associated with WPW syndrome. It uses the
atrioventricular node anterogradely and the AP retrogradely for closing
the reentry circuit. During AF, the AP acts as a bystander conducting the
atrial impulses quickly and in proportion to the capacity of conduction
recovery, respectively, to the value of the AERP.

The AVART uses the Kent bundle anterogradely and the normal
atrioventricular conduction pathway as the circuit’s retrograde loop.
Morphologically it is a wide QRS tachycardia that occurs much less
frequently than the AVORT. The AVART has been documented in
about 5% of patients with WPW syndrome. Itis more likely associated
with syncope than AVORT and may be induced in less than 10% of
patients with APs during the EPS [28].

The present study assessed all significant SD risk parameters
in patients with anterograde-conducting Aps. Death results from
AF conducted down an AP with a short AERP, arrhythmia, which
may easily degenerate into ventricular fibrillation. The conditions
contributing to the modification of SD risk are the following: AERP
<250 ms, corresponding to the shortest RR pre-excited interval
during AF, the degree of adrenergic charge proportional to the
permeabilization of the AP, and presence of multiple Aps.

The parameters establishing the risk of SD in our study are as
follows:

— short EARP (i.e., <250 ms)

— minimal pre-excited RR interval during AF <250 ms (Figure 1)
— AVART with a hemodynamic collapse in 1 patient

— syncope during tachycardia/AF.

The present research revealed a noticeable difference between
the number of patients at risk of SD belonging to the WPW syndrome
and WPW pattern groups (17.85% vs. 2.38%).

Although a significant proportion of our patients were men,
being male is linked to the type of sport they engaged in, so we
cannot assume, based exclusively on this study, that being male
is a risk factor for SD. Intense physical activity usually induces
adaptive changes to the heart. The most frequent activity-induced
cardiac modifications are increased left ventricular and right
ventricular size, left ventricular hypertrophy, and left atrial dilation
and fibrosis. The heart remodeling is reflected in both ECG and
echocardiography. In the presence of Kent fibers, hypertrophy and
ischemia cannot be judged based on surface ECGs. Thus, the
authors used echocardiography exclusively at inclusion to assess
structural changes. In our study, the majority of athletes presenting
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Note. RR: two R-waves, ECG: electrocardiogram, AF: atrial fibrillation

Figure 1 - Atrial fibrillation was conducted over a Kent bundle with a short anterograde refractory period associated with a minimal pre-excited RR
interval of ~200 ms. At the end of the ECG recording, AF degenerates into ventricular fibrillation.

with echocardiographic hypertrophy of the left ventricular and
left atrial enlargement was associated with endurance sports
(i.e., cycling, natation, rugby, and marathon running). Left atrial
enlargement linked to enhanced filling pressures and volume of the
LV is a generator of atrial ectopic beats, which explains how AF due
to atrial remodeling may be caused by intense physical activity. The
mechanisms producing AF in athletes are speculative. However,
the combined effects of exercise-induced left atrial remodeling and
inflammation increased sympathetic activity during exercise, and
parasympathetically mediated slow resting heart rates potentiating
atrial escape have been incriminated as potential factors [29].
Another theory that may explain the occurrence of AF in patients
with ventricular pre-excitation is the presence of multiple APs.
Sharma et al. demonstrated that AF occurs in more than one-third
of patients with WPW syndrome regardless of age [30]. Patients
with WPW and AF have a higher association of multiple, posteriorly,
and epicardial-situated AP, producing a vulnerable atrial state
[31]. Various mechanisms are responsible for AF in patients with
anterograde conducting AP, mainly the AP’s electrophysiological
properties, the AP insertion’s effects on the atrial architecture, the
intrinsic atrial vulnerability, and the degeneration of AVART into AF
[32]. Jackman et al. emitted micro reentry theory. Reentries within
the AP strands’ branching networks can be the basis of the genesis
of atrial flutter or fibrillation [33]. Following this hypothesis, one can
assume that the higher the number of APs, the higher the incidence
of AF linked to pre-excitation.
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Stress hormones adrenaline and noradrenaline concentrations
may increase during exercise between 1.5 to > 20 times, depending
on the effort’s duration and intensity [34].

RFA is a therapeutic option that, if successful, allows resuming
sports after a maximum of 3 months.

Explicit statements and guidelines regarding the management
and treatment of patients with WPW patterns have lacked for a long
time. The 2015 European Society of Cardiology (ESC) Guidelines
for the Management of Sudden Death recommended ablation in
patients with WPW syndrome resuscitated from sudden cardiac
arrest caused by AF conducted down the AP and degenerating into
ventricular fibrillation [35]. This strategy carried out an enormous risk,
especially for athletic individuals. However, the following published
guideline touching on this subject, the 2019 ESC Guidelines for the
Management of Patients with Supraventricular Tachycardia, has a
more cautious approach regarding WPW patients, recommending
accurate EP testing in patients with persistent pre-excitation and the
ablation of the AP in symptomatic athletes [36].

This study pointed out the importance of complex assessment of
anterograde conducting APs in athletes. It proposed an algorithm for
SD risk factors screening, which may reduce the lifetime risk of SD
in this specific population.

The potential limitations of this research are single-center
experience and the relatively small number of included patients. Also,
this study did not evaluate strategies using pharmacologic testing for
risk stratification [37,38]. The importance of the study emphasizes
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the need for complex and careful evaluation, even in asymptomatic
athletes, because SD could be the first symptom of ventricular pre-
excitation [39].

Conclusions

The SD risk factors among athletes are more frequent than
initially thought. This study revealed that 20.23% of the patients
had pre-excitation-related sudden death risk factors (short EARP
AP <250 ms). Furthermore, in 4.76% of the athletes, the imminence
of death was caused by minimal pre-excited RR interval during AF
<250 ms, tachycardia with hemodynamic collapse, and syncope
during tachycardia/AF.

Acomplex electrophysiological evaluation is highly recommended
in all patients with pre-excitation, regardless of arrhythmia.

Safe ablation should be mandatory in patients with reentry
tachycardia, APs with EARP equal to or lower than 250 ms with or
without AF, with the possibility of resuming sports in a maximum of 1
month after RFA.

Perspectives. Athletes are a particular category of patients with
WPW; they may have changes in the AP’s electrical properties in
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