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Figure 12 Paroxysmal supraventricular tachycardia (SVT) refers to narrow complex tachycardias including atrioventricular nodal re-entrant
tachycardia (AVNRT), atrioventricular reciprocating tachycardia (AVRT), atrial tachycardia and other rare tachycardias. Atrial fibrillation and flutter are
types of SVT but do not fall into the paroxysmal classification. Here, there is a narrow complex tachycardia at 240 bpm, which was later found to be

AVRT. This figure is only reproduced in colour in the online version.

abnormal focus within the atrium that activates faster than the
sinus node.

Atrial fibrillation and flutter are other types of SVT. Atrial fib-
rillation is the most common abnormal SVT and is defined by
the rapid and irregular atrial electrical activation with the result-
ant dysfunctional atrial mechanical activation. Atrial flutter is
characterised by a macro-reentrant circuit within the atrium and
is more organised than atrial fibrillation.

Prevalence of SVT

The incidence of SVT is difficult to determine because of the
various study populations and ascertainment methods. Many
studies have included elderly patients, with coronary disease or
heart failure, which are not relevant to a younger athletic popu-
lation. SVT is rarely found on a screening ECG, as most young
athletes are symptomatic with SVT. In a study of 32 652 Italian
subjects, 29 (0.09%) had SVT and 5§ (0.02%) had atrial

Figure 13 The top row demonstrates atrioventricular nodal re-entrant tachycardia (AVNRT) and the bottom row is in normal sinus rhythm in the
same patient. In lead Il, retrograde P waves are present at the end of the QRS complex. In lead V1, a pseudo-R’ with right bundle branch block
pattern is present due to the retrograde P waves. These deflections are not seen on the ECG when in sinus rhythm. This figure is only reproduced in

colour in the online version.
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fibrillation or flutter.>® Uncontrolled supraventricular arrhyth-
mias led to disqualification in 73 of 42386 subjects in the
Veneto region of Italy from 1982 to 2004.>” In 32 561 screen-
ing ECGs, an ectopic atrial tachycardia was found in only 4
(0.01%) and atrial fibrillation in 2 (<0.01%).'° These studies
suggest the presence of SVT to be quite rare on a screening
ECG.

Contribution as a cause of SCD

SVT, atrial fibrillation and atrial flutter very rarely lead to SCD,
but are more likely to lead to symptoms (ie, palpitations) that
prevent intense physical activity due to uncontrolled ventricular
rates or lack of adequate AV mechanical synchronisation.
Another concern is whether SVT or atrial fibrillation/flutter is
reflective of an underlying cardiomyopathy or channelopathy
that would place the athlete at risk for SCD. These may include
hypertrophic or other cardiomyopathies, BrS, myocarditis, short
QT syndrome or WPW,°°

ECG findings in SVT
SVT is usually narrow complex, but in the presence of a bundle
branch block can be wide complex. It is often difficult to see
P waves in AVNRT, since the atrium and ventricles activate near
simultaneously, but it is sometimes possible to see inverted
P waves in the inferior leads and a pseudo R’ in V1 suggesting
right bundle branch block, which are not present when in sinus
rhythm (figure 13). AVRT will also usually show retrograde P
waves, but they do not necessarily have to be inverted in the
inferior leads. Some patients with AVRT will have a WPW
pattern on their baseline ECG. Atrial tachycardia demonstrates a
regular atrial rhythm which is faster than 100 bpm with P waves
all of the same morphology.

The ECG in atrial fibrillation shows fibrillation waves instead
of P waves (figure 14). These vary in size, morphology and fre-
quency, but are usually low amplitude with changing shape and

rate. The ventricular response to atrial fibrillation is irregular
with varying QRS intervals. Atrial flutter, however, has regular
atrial activity characterised by flutter waves. Counterclockwise
typical atrial flutter, the most common type, shows negative,
sawtooth flutter waves in leads II, III and aVF and a positive
deflection in lead V1 (figure 15). The atrial activity in atrial
flutter is almost always continuous with no isoelectric segment.

Evaluation of SVT

If paroxysmal SVT is seen, carotid sinus massage, Valsalva man-
oeuver or facial dunking in an ice bath should be completed
while recording the ECG to determine if the rhythm terminates
(suggestive of AVNRT or AVRT) or ventricular rate slows to
reveal hidden P waves (suggestive of an atrial tachycardia or
atrial flutter). Once the patient is no longer in SVT, a baseline
ECG should be completed to assess for WPW, and if seen, an
electrophysiologist should be consulted to discuss electrophysi-
ology study and possible ablation. If the baseline ECG is
normal, it is reasonable to obtain an echocardiogram to look for
structural heart disease and consider an electrophysiology con-
sultation to discuss possible ablation.

If the rhythm is atrial fibrillation or atrial flutter, an echocar-
diogram and 24 h Holter monitor should be completed to look
for structural heart disease and assess the heart rate throughout
the day, including with exercise. If a Holter cannot be per-
formed during exercise, treadmill testing should be completed
to assess maximum heart rate while in atrial fibrillation/flutter.
Thyroid, liver and renal laboratory testing also should be
completed.

OTHER ABNORMAL ECG FINDINGS

Profound sinus bradycardia

Diagnostic criteria

Sinus bradycardia is one of the hallmark features of a well-
conditioned athlete’s heart. It is the result of increased vagal

H

Figure 14 ECG demonstrating atrial fibrillation with no clear P waves and an ‘irregularly” irregular QRS response. Fibrillatory activity is best seen in
V1, as the fibrillation waves are irregular and of changing morphology. This figure is only reproduced in colour in the online version.
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Figure 15 ECG demonstrating atrial flutter, as evidenced by regular, sawtooth flutter waves in the inferior leads and a positive deflection in V1.
No isoelectric segment is present between the flutter waves. The QRS response is regular, in this case a 4: 1 pattern. This figure is only reproduced
in colour in the online version.

tone and possible structural atrial remodelling.®' The sinus rate (figure 16). If asymptomatic and the sinus rate quickly acceler-
only rarely falls below 30 bpm or shows pauses of >3 s during ates with an increase in sympathetic tone (ie, small exercise
an ECG recording at rest. load), then additional testing is not usually necessary. The pres-

ence of symptoms, such as decreased exercise capacity or a pre-
Evaluation disposition for vasovagal syncope, may prompt additional
Profound sinus bradycardia (<30 bpm) at rest in an athlete testing to exclude primary sinus node disease. One might also
should be evaluated further but is not necessarily pathological consider temporary cessation of sports activity to evaluate

Figure 16 ECG in an asymptomatic long-distance runner showing profound sinus bradycardia (30 bpm) compatible with high vagal tone. The
athlete showed a normal chronotropic response during exercise testing.
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Figure 17 ECG showing Mobitz type Il second-degree AV block. Note the presence of P waves with loss of conduction and no QRS complex
(arrows) and without PR prolongation in the beats prior, nor PR shortening in the beats after (which would suggest Mobitz type I). Mobitz type II
second-degree AV block in an athlete is not due to increased vagal tone and should prompt evaluation for underlying conduction disease. This

figure is only reproduced in colour in the online version.

reversibility, although even adaptive athlete’s heart sinus brady-
cardia may not be fully reversible.®* ¢

Profound first-degree AV block

Diagnostic criteria

The high vagal tone in athletes also leads to a slowing of AV
nodal conduction, and hence a lengthening of the PR interval.
It is not uncommon to see PR intervals longer than 200 ms in
athletes at rest. Even significant PR prolongation >300 ms may
occur, although this by itself is not necessarily pathological and
is usually asymptomatic.

Evaluation

In asymptomatic athletes with a profound first-degree AV block
(>300 ms), the athlete should undergo a minimal exercise load
(ie, like climbing a flight of stairs) to increase sympathetic tone.
If this results in shortening and normalisation of the PR interval,
the PR prolongation is due to functional (vagal) mechanisms
and hence benign. If the PR interval does not normalise to
<200 ms with exercise, a structural cause of AV conduction dis-
turbance (such as Lyme disease or sarcoidosis) should be investi-
gated. Athletes with a profound first-degree AV block (=300 ms)
who have symptoms (ie, syncope, palpitations) or a positive
family history of cardiac disease or sudden death require add-
itional evaluation to rule out pathological causes of heart block.

Mobitz type Il second-degree AV block

Diagnostic criteria

An abrupt loss of P wave conduction (P wave with no ensuing
QRS complex), without prior PR prolongation, represents
Mobitz type II second-degree AV block (figure 17). If Mobitz
type II or more advanced types of AV block including 2:1 or
3:1 occur during sinus rhythm, it may be indicative of under-
lying structural heart disease.

Evaluation

Suspected Mobitz type II second-degree AV block or other more
advanced types of AV block (2:1 or 3:1 block) should first be
differentiated from Wenckebach (Mobitz type I) second-degree
AV block. Wenckebach (Mobitz type I) block is present when
there is PR prolongation before a blocked P wave and a shorter
PR in the first conducted beat after the block. Mobitz type 1
second-degree AV block is usually a functional block from
increased vagal tone and does not constitute pathology in an
athlete. Further diagnostic evaluation can be done with an ECG
after minor exercise, as a slight increase in sympathetic tone
will resolve the conduction disturbance in physiological cases.
A Holter monitor (or other form of long-term ECG recording)
also can assist in clarifying the type of AV block. Mobitz type II
or higher degree (2:1 or 3:1) AV block requires further evalu-
ation for underlying pathological cardiac disease.
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Figure 18 ECG showing third-degree (complete) AV block and a junctional escape rhythm. With third-degree AV block, there are more P waves
than QRS complexes and the ventricular rhythm is perfectly regular due to an undisturbed junctional pacemaker. Complete heart block is not an
expression of athlete’s heart and requires additional evaluation. This figure is only reproduced in colour in the online version.

Third-degree AV block/complete heart block Evaluation
Diagnostic criteria With true third-degree AV block, there are more P waves than
Complete heart block is not an expression of athlete’s heart and QRS complexes and the ventricular rhythm is perfectly
should be considered an abnormal finding requiring additional regular due to an undisturbed junctional or ventricular pace-
evaluation. maker (figure 18). Complete heart block can easily be
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Figure 19 ECG of a 35-year-old cyclist shows two premature ventricular contractions which should trigger further evaluation for underlying
structural heart disease and/or more complex arrhythmias. This asymptomatic athlete had inducible ventricular tachycardia during EP study, and later
received appropriate shocks from an implanted ICD.
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confused with AV dissociation without block—a situation
where the junctional pacemaker is faster than the sinus node,
leading to more QRS complexes than P waves. Intermittent
ventricular capture by sinus P waves (resulting in an irregular
ventricular response) excludes complete AV block. AV dissoci-
ation without block is the expression of autonomic mismatch
between AV and sinus nodal modulation, but is not patho-
logical. Like all other functional disturbances, a small exercise
load with repeat ECG recording will show resolution of the
ECG findings in AV dissociation. Complete heart block
requires further evaluation for underlying cardiac disease.

>2 premature ventricular contractions

Diagnostic criteria

When two PVCs are recorded on a baseline (10s) ECG, the
likelihood is very high that the athlete has >2000 PVCs per
24 h. In athletes with >2000 PVCs per 24 h, underlying struc-
tural heart disease which may predispose to more life-
threatening ventricular arrhythmias was found in 30% of cases,
compared to only 3% of athletes with 100-2000 PVCs, and
0% of athletes with <100 PVCs on a 24 h Holter.®* Over half
of the athletes with >2000 PVCs also had bursts of non-
sustained ventricular tachycardia. Therefore, a structural
cardiac abnormality should be ruled out in athletes with
>2000 PVCs per 24 h.®*

Evaluation

Documentation of >2 PVCs on baseline ECG should prompt
more extensive evaluation to exclude underlying cardiac disease
(figure 19). However, excluding pathology may be difficult and
the extent of the evaluation is controversial. At a minimum, a 24
Holter monitor, echocardiogram and exercise stress test should
be done. If the Holter and echocardiogram are normal and the
PVCs suppress with exercise, some experts recommend no
further evaluation for an asymptomatic athlete. However, in
cases with >2000 PVCs per 24 h or episodes of non-sustained
ventricular tachycardia, and depending on the level of clinical
concern, morphology of the PVCs and type of sport, additional
evaluation may also include cardiac MRI and more extensive
electrophysiological (EP) evaluation with signal averaged ECG,
long-term ECG recording, invasive EP study and/or cardiac
biopsy.®® ¢ Therefore, many such cases require referral to a heart
rhythm specialist.

Considerations in high-level endurance athletes with PVCs

In high-level adult endurance athletes (such as cyclists, triath-
lon athletes, marathon runners and rowers), concern has
been raised about right ventricular changes that may resemble
familial arrhythmogenic right ventricular cardiomyopathy
(ARVC), but in the absence of demonstrable desmosomal
mutations or a familial history.®® ®” There is evolving evi-
dence that persistent high volume and pressure load on the
right ventricle from such long-term endurance exercise may
result in ‘exercise-induced” ARVC in such athletes.®® Its prog-
nosis is not benign and may result in major ventricular
arrhythmias or sudden death, although many athletes with
exercise-induced ARVC initially present with minor arrhyth-
mias or symptoms. PVCs originating from the right ventricle
typically show a left bundle branch block (LBBB) pattern
with a predominantly negative QRS complex in V1.
Therefore, in high-level adult endurance athletes, it may be
reasonable to consider a single PVC, especially with LBBB
morphology and superior axis, sufficient to warrant further
investigation similar to that discussed above.

CONCLUSIONS

The ECG plays an important role in the cardiovascular assessment
of athletes given its capacity to detect inherited primary arrhythmia
syndromes and other diseases of disturbed cardiac conduction. As
outlined in this paper, there is a concise list of ECG findings that are
associated with the presence of a primary cardiac channelopathy or
other disorder predisposing to ventricular arrhythmias. Clinicians
charged with the cardiovascular care of athletes should be familiar
with abnormal ECG findings indicative of primary electrical disease.
During preparticipation screening that includes the use of ECG,
asymptomatic athletes with any of these abnormal findings should
undergo additional testing. Athletes presenting with symptoms (ie,
palpitations, exercise, or emotion related syncope or seizure-like
activity) should undergo prompt evaluation including an ECG. The
evaluation of an athlete with abnormal ECG findings is conducted
ideally in consultation with a cardiovascular specialist familiar with
primary electrical diseases and with experience caring for athletes.

Additional Resources

For a free online training module on ECG interpretation in athletes,
please visit: http://learning.bmj.com/ECGathlete. For the November
2012 BJSM supplement on Advances in Sports Cardiology’, please
visit: http://bjsm.bmj.com/content/46/Suppl_1.toc.
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