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Background: Aim of our study is to evaluate the role of T-wave alternans (TWA) to stratify the risk of
sudden cardiac death in athletes (Ath) with complex ventricular arrhythmias (VA), and to document
a possible correlation between TWA and electrophysiological testing (EPS) results.

Methods: We studied 85 Ath with VA (61 M, mean age 32 ± 11 years). In all cases a cardiological
evaluation was performed, including TWA and EPS. The patients were evaluated during a follow-up
of 30 ± 21 months. The end point was the occurrence of sudden death (SD) or malignant ventricular
tachyarrhythmias (VT).

Results: TWA was negative in 57 Ath (68%), positive in 15 (18%) and indeterminate in 13 (14%). All
subjects with negative TWA did not show induction of VT at EPS, with significant correlation between
negative TWA and negative EPS (P < 0.001). All Ath with positive TWA also had VT induced by a
EPS, with significant correlation (P < 0.001). By contrast, our data did not show significant correlation
between indeterminate TWA and positive or negative EPS. However, there was significant correlation
between abnormal TWA test (positive + indeterminate) and inducibility of VT at EPS (P < 0.001).
During follow-up we observed a significant difference in end point occurrence (VT or SD) between
Ath with negative or abnormal TWA and between Ath with negative or positive EPS.

Conclusion: TWA confirm its role as a simple and noninvasive test, and it seems useful for prog-
nostic stratification of Ath with VA.
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Sudden cardiac death (SCD) related to ventricular
tachyarrhythmia in young athletes is a dramatic
event that has emotional and social impact on the
media and the medical community. Ventricular ec-
topic beats (VEB), even with frequent and/or com-
plex forms, have frequently been described on 24-
hour electrocardiogram (ECG) in 25–65% of ath-
letes, even in absence of underlying structural heart
disease. For athletes with ventricular arrhythmias
who have no evidence of underlying heart disease
or who have an unsuspected cardiovascular dis-
ease, identifying subjects at risk of serious ven-
tricular tachyarrhythmias is often problematic, and
such cases pose a diagnostic dilemma for physicians
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called upon to assess the subject’s eligibility to prac-
tice sport.1

Systematic diagnostic methods, including ECG,
Holter monitoring, stress testing, and echocardiog-
raphy are sometimes unable to reveal an underly-
ing structural heart disease, and further evaluations
are required in order to determine whether the ar-
rhythmia is benign or potentially life-threatening.

Specific forms of electrocardiographic alternans
related to cardiac repolarization abnormalities have
recently emerged as a cause of serious ven-
tricular arrhythmias. In the 1980s, Adam and
Smith2,3 developed the spectral analysis method
for detecting microvolt T-wave alternans (TWA) in
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experimental animals and, subsequently, in hu-
mans.4,5 These studies showed that microvolt TWA
is a reliable noninvasive risk marker of cardiac elec-
trical vulnerability and a predictor of ventricular
arrhythmias.4–13 The usefulness of TWA in pre-
dicting the risk of ventricular tachyarrhythmias has
been widely reported in several clinical conditions,
including coronary artery disease, nonischemic
cardiomyopathy, congestive heart failure and in
patients with implantable cardiac defibrillators.14

Recently, several authors have documented the
high-negative predictive value of TWA in patients
with heart disease and low ejection fraction.15–17

The aim of our study was to evaluate the pre-
dictive value of TWA in stratifying the risk of se-
vere ventricular tachyarrhythmias and SCD in ath-
letes with ventricular arrhythmias, and to investi-
gate the relationship between TWA and the results
of programmed ventricular stimulation during elec-
trophysiologic endocavitary study.

MATERIAL AND METHODS

Study Protocol

We enrolled 85 consecutive athletes (61 males,
24 females), with no history of cardiovascular dis-
ease, with age 32 ± 11 years involved in different
types of sports. All subjects had been referred to our
Cardiology Department following the detection of
ventricular arrhythmias during eligibility screening
for competitive sports and first-level cardiological
evaluation. These arrhythmias included frequent
VEB, arbitrarily defined as premature ventricular
complexes (PVC) ≥2000 (58 athletes) or nonsus-
tained ventricular tachycardia (NSVT) (27 athletes)
on 24-hour ambulatory ECG monitoring. NSVT is
defined as a sequence of more than three PVC, with
duration less than 30 seconds.

All patients underwent a basic cardiological eval-
uation at our Cardiology Department, which con-
sisted of anamnesis, physical examination, rou-
tine blood tests (including fT3, fT4, TSH), ECG,
Holter recording, echocardiogram, and maximal ex-
ercise test. Furthermore, ajmaline test for detection
of Brugada syndrome, coronary angiogram, right
and evaluation left ventriculogram, magnetic res-
onance imaging and endomyocardial biopsy were
performed, depending on the basic cardiological.18

All athletes underwent electrophysiologic study
(EPS) with programmed ventricular stimulation

(PVS) and microvolt TWA testing. Informed con-
sent was obtained from each subject.

T-Wave Alternans Test

TWA was measured always off antiarrhythmic
drugs during a bicycle exercise test after care-
ful skin preparation, including mild abrasion, and
placement of high-resolution electrodes (Micro-
volt Sensors, Cambridge Heart, Inc., Bedford, MA)
in order to minimize signal noise. Electrocardio-
graphic leads were placed in the standard 12-lead
positions and in a Frank orthogonal configuration
(X,Y,Z). Electrocardiographic signals were ampli-
fied and digitalized, and measurements were taken
by means of the CH2000 System (Cambridge Heart,
Inc.) using the spectral method. This technique in-
volved measuring the amplitudes of corresponding
points in 128 consecutive T waves, at the same time
after the QRS complex. The amplitude fluctuation
was then subjected to spectral analysis. The soft-
ware then calculated:

1. the alternans voltage (Valt), defined as the differ-
ence in voltage between the overall mean beats
and either the even-numbered or odd-numbered
mean beats;

2. the alternans ratio (K), a measure of the signif-
icance of microvolt TWA, defined as the ratio
of alternans power divided by the standard de-
viation of the noise in the reference frequency
band. A K ≥ 3 was considered to be significant.

TWA was classified as positive if it was sustained
(duration ≥1 minutes) with onset at heart rate ≤110
bpm, Valt ≥ 1.9 μV and K ≥ 3. TWA was consid-
ered negative if it did not meet the positivity cri-
teria and if at least 1 minute of artifact-free data
was available at heart rate ≥105 bpm. Otherwise,
the test was classified as indeterminate.19 Positive
or indeterminate TWA test were considered as an
abnormal result.16

Electrophysiologic Study

Electrophysiologic study was performed always
off antiarrhythmic drugs. A 6-French tetrapolar
recording and stimulating catheter was inserted
through the right femoral vein and positioned in the
right ventricular apex. PVS was performed through
an automatic stimulator (Micropace EPS 320) with
up to three extrastimuli at basic cycle lengths of
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600, 500, and 400 msec, down to the ventricular
refractory period, but never <180 msec. The same
protocol was then repeated with the catheter placed
in the right ventricular outflow tract. EPS was con-
sidered positive if sustained monomorphic VT was
induced.

Follow-up

All patients were directly evaluated every 6
months and in the event of symptoms. The occur-
rence of serious ventricular arrhythmias (VT re-
quiring access to emergency room or VF) or SCD
was regarded as the end point. SCD was defined as
unexpected death occurring within 1 hour of the on-
set of symptoms or during sleep. The mean follow-
up was 30 ± 21 months.

Statistical Analysis

Continuous variables are expressed as mean
value ± standard deviation and were compared us-
ing an unpaired t-test. Categorical variables were
compared using Fisher exact test or chi-square test
with Yates correction for continuity, where appro-
priate. Correlation between results of TWA and
EPS were studied by logistic regression analysis.
Furthermore, in order to establish a possible signif-
icant influence of the TWA and EPS variables on
the time free from malignant arrhythmic events, we
evaluated the follow-up data by generating Kaplan–
Meier survival curves where the end point was the
occurrence of a malignant ventricular arrhythmias
and the grouping variables were TWA (positive,
negative, and indeterminate) and EPS (positive and
negative). A multivariate analysis was performed
in order to verify if the presence of structural heart
disease was a predictive factor of arrhythmic events
during follow-up.

RESULTS

A structural heart disease was identified in 10
patients (12%). Specifically, arrhythmogenic right
ventricular dysplasia was diagnosed in five patients
and myocarditis in three. Furthermore, in two pa-
tients, the echocardiographic picture was border-
line for the diagnosis of early-stage dilated car-
diomyopathy, with left ventricular dilation and left
ventricular ejection fraction of about 50%.

Pharmacological antiarrhythmic therapy was
started in 25 patients (29%): 10 (40%) were affected

by structural heart disease, while in 15 (60%) there
was no diagnosis of evident heart disease, therapy
being started owing to the complexity of ventric-
ular arrhythmias or to the positive results of elec-
trophysiologic diagnostic tests (TWA or EPS). An-
tiarrhythmic therapy consisted of amiodarone in 12
patients (48%), beta-blockers in eight (32%), sotalol
in three (12%), and an association of amiodarone
and beta-blockers in two (8%). After cardiological
evaluation, an ICD was implanted in six subjects
(7%): four affected by arrhythmogenic right ven-
tricular dysplasia and two by myocarditis (Fig. 1).
The 25 athletes with heart disease with positive EPS
or taking antiarrhythmic drugs were disqualified
for sport participation.

Microvolt-TWA Test

Microvolt-TWA testing proved negative in 58
patients (68%), positive in 15 (18%), and inde-
terminate because of excessive number of ec-
topic beats in 13 (14%). Therefore, 28 patients
(32%) showed abnormal microvolt-TWA testing.
There were no significant differences between
patients with abnormal or negative TWA in
terms of age, sex, ejection fraction, sports ac-
tivity, and clinical presentation. By contrast,
our data show that among patients with abnor-
mal TWA there is a significantly higher preva-
lence of structural heart disease, prescription of
antiarrhythmic therapy and ICD implantations
(Table 1).

Electrophysiologic Study

Ventricular tachycardia was induced through
programmed ventricular stimulation in 19 patients
(22%), and was not induced in 66 (78%). There were
no significant differences between these patients
in terms of age, sex, clinical presentation, ejection
fraction, sports activity. By contrast, our data show
that among patients with positive EPS there is a
significantly higher prevalence of structural heart
disease (42% vs 3%, P < 0.001), prescription of an-
tiarrhythmic therapy (100% vs 9%, P < 0.001) and
ICD implantations (34% vs 0%, P < 0.001).

Correlation between TWA Test
and Electrophysiologic Study

Malignant ventricular arrhythmias were not in-
ducible during EPS in any of the subjects in whom
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Figure 1. Results of TWA test and EPS and occurrence of spontaneous ven-
tricular arrhythmias during follow-up in study population. In brackets it is spec-
ified the number of patients who received ICD.

the TWA test was negative, with significant corre-
lation between a negative microvolt-TWA test and
noninducibility of VT (P < 0.001). In addition, our
data showed that VT had been induced in 68% of
patients with abnormal TWA, with significant cor-
relation between inducibility of VT and abnormal
TWA test (P < 0.001). Specifically, in all patients
with positive TWA test there was inducibility of
VT, with significant correlation between positive
TWA and positive EPS (P < 0.001). By contrast,
among patients in whom the TWA test was inde-
terminate, four (31%) showed inducibility of VT,
while in nine (69%) the EPS was negative. So, our
data did not show a significant correlation between
an indeterminate TWA test and inducibility or non-
inducibility of VT during EPS (P > 0.05). In our
study, positive TWA test has a positive predictive
value (PPV) of 100% in predicting inducibility of
VT during EPS, while PPV of abnormal TWA test
for this purpose is 68%. The Negative Predictive
Value (NPV) of TWA in predicting the inducibility
of VT is 100% (Table 2).

Follow-up

During a mean follow-up of 30 months, seven
patients (8%) experienced an arrhythmic event re-
garded as the end point of the study (VF in two
patients, VT in four and SCD in one). Three pa-
tients were affected by arrhythmogenic right ven-
tricular dysplasia and one by myocarditis. By con-
trast, in three patients no structural heart disease
had been detected by cardiological evaluation. An
ICD had been implanted in the four patients with
diagnosed structural heart disease, and pharmaco-
logic antiarrhythmic therapy had been prescribed
in all cases (amiodarone in three patients, beta-
blockers in two and association of amiodarone and
beta-blocker in two). Multivariate analysis iden-
tified abnormal TWA as a predictor of the oc-
currence of ventricular arrhythmias and sudden
death during follow-up. By contrast, in our study
group the presence of a previously diagnosed struc-
tural heart disease did not result as predictor of
outcome.
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Table 1. Comparison of Clinical and Demographic
Characteristics between Patients with Negative and

Abnormal TWA

Negative
TWA TWA Abnormal P

Age 31 ± 11 33 ± 8 P = NS
Males 41 (72%) 20 (71%) P = NS
Sport
– Soccer 13 (23%) 5 (18%) P = NS
– Running 16 (28%) 8 (29%) P = NS
– Skiing 3 (5%) 3 (11%) P = NS
– Cycling 9 (16%) 5 (18%) P = NS
– Motorcycling 2 (3%) 0 (0%) P = NS
– Volleyball 6 (10%) 4 (14%) P = NS
– Swimming 7 (12%) 1 (4%) P = NS
– Climbing 1 (2%) 1 (4%) P = NS
– Gymnastics 0 (0%) 1 (4%) P = NS
EF (%) 66 ± 5 66 ± 5 P = NS
Arrhythmias
– VEBs 38 (67%) 20 (71%) P = NS
– NSVTs 19 (33%) 8 (29%) P = NS
Structural Heart 2 (3%) 8 (37%) P< 0.01

disease
Antiarrhythmic 5 (9%) 20 (71%) P < 0.01

therapy
ICD 0 (0%) 6 (21%) P < 0.01

The difference in end point occurrence rate was
significant between patients with a negative TWA
test (0%) and those with abnormal TWA test (25%)
(P < 0.01). Specifically, six patients had had positive
TWA, and one patient indeterminate TWA In our
study, the TWA test predicted the occurrence of
malignant ventricular arrhythmias with a NPV of
100% and a PPV of 25% (Fig. 2). Furthermore, PPV
rises to 40% in the presence of positive TWA.

Similarly, there was a significant difference in
end point occurrence rate between patients in
whom the electrophysiologic study proved posi-
tive and those in whom it was negative (37% vs
0%) (P < 0.01). The electrophysiologic study pre-
dicted the occurrence of malignant ventricular ar-

Table 2. Correlation between TWA Test and
Electrophysiologic Study

Negative Positive
EPS EPS p

Negative TWA 57 (100%) 0 (0%) P < 0.001
Indeterminate TWA 9 (69%) 4 (31%) P = NS
Positive TWA 0 (0%) 15 (100%) P < 0.001
Abnormal TWA 9 (32%) 19 (68%) P < 0.001

Figure 2. Kaplan–Meier survival curves comparing end
point occurrence between patients with negative and ab-
normal TWA.

rhythmias with a NPV of 100% and a PPV of 37%
(Fig. 3).

DISCUSSION

VEB have been detected by surface electrocar-
diogram in 1% of the general population, and
by 24-hour ambulatory ECG Holter monitoring in
40–75% of apparently healthy subjects.20,21 How-
ever, athletes constitute a particular population of
healthy people, in that they show a high preva-
lence of morphological cardiac alterations (a condi-
tion known as athlete’s heart), electrocardiographic
abnormalities (wave voltage modification, ST, and
T wave changes) and frequent and/or complex ven-
tricular beats. An athlete’s heart undergoes mor-
phological adaptations that can mimic a cardiovas-
cular disease. Consequently, it is not easy to make a

Figure 3. Kaplan–Meier survival curves comparing end
point occurrence between patients with negative and
positive EPS.
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differential diagnosis with heart diseases at risk of
sudden death, such as, for example, hypertrophic
and dilated cardiomyopathy and arrhythmogenic
right ventricular cardiomyopathy, which are often
difficult to diagnose in their initial phase. The on-
set of these alterations in the athlete’s heart can
be due to adaptation to dynamic sports activity
and the impact of training on cardiac cavity size.
Several prospective studies have shown that de-
training and physical deconditioning can result in
cardiac reverse remodeling, with a reduction in
cavity size, and in the reversibility of ventricular ar-
rhythmias, which is complete in about 25% of sub-
jects and partial in 50%.22,23 Biffi et al.24 reported
that the presence of frequent and/or complex ven-
tricular beats in competitive athletes did not indi-
cate an adverse prognosis in subjects without un-
derlying structural heart disease. Nevertheless, the
detection of frequent and complex ventricular ar-
rhythmias in a competitive athlete requires partic-
ular attention on the part of cardiologists and sports
physicians in order to determine whether these ar-
rhythmias have a good prognosis or are potentially
life threatening. In recent studies, several authors
have reported that competitive athletes with silent
arrhythmogenic heart disease have a higher risk of
sudden death than sedentary subjects of the same
age and with a similar latent cardiac substrate.25–27

In the recently published European Recommen-
dations for competitive sports participation in ath-
letes with cardiovascular diseases,18 the authors
state that it is mandatory to clarify if ventricular
arrhythmias are caused by an undiagnosed struc-
tural heart disease. If clinical history and diagnos-
tic screening with noninvasive and invasive tests
does not demonstrate the presence of heart disease,
there are other issues to consider: the role of intense
training on the arrhythmic pattern and probably a
different disease progression in young athletes, the
potential usefulness of detraining and the criteria
of eligibility for sports activity.

The value of TWA in predicting ventricular tach-
yarrhythmias in patients with congestive heart
failure and with previous myocardial infarction
has been evaluated in several clinical studies.12–17

These reports document a highly significant statis-
tical association between positive TWA and ven-
tricular tachyarrhythmic events. Very few data are
available on the risk stratification of SCD and se-
vere ventricular tachyarrhythmic events in athletes
with ventricular arrhythymias. Heidbuchel et al.28

demonstrated that in high-level endurance athletes

with ventricular arrhythmias the inducibility of VT
at EPS is the only variable correlated with outcome,
with a RR 3.4 for VT or SCD during follow-up.
Furthermore, in a multicenter study of 52 compet-
itive athletes with severe arrhythymias, Furlanello
et al.27 found a high negative predictive value of
TWA when both programmed ventricular stimula-
tion and follow-up were used as end points. Un-
fortunately, the limited number of athletes with
positive TWA in this study did not allow to ob-
tain a significant positive predictive value. In our
population of athletes undergoing TWA evaluation
and programmed ventricular stimulation, we doc-
umented a significant correlation between TWA
test negativity and noninducibility of ventricular
arrhythmias through PVS and between positive or
abnormal TWA testing and inducibility of ventric-
ular arrhythmias at EPS.

Comparison between TWA and
Programmed Ventricular Stimulation

in Different Populations

Review of a number of prospective studies con-
ducted in a variety of clinical patient populations
suggests that the occurrence rate of severe ven-
tricular tachyarrhythmias in patients with posi-
tive TWA is equivalent to that of ventricular tach-
yarrhythmias in patients with a positive result on
programmed ventricular stimulation during elec-
trophysiologic endocavitary study. The event rate
among patients with negative TWA is low, and in
many cases lower than the event rate in patients
with a negative response to programmed ventric-
ular stimulation.12–17 In many studies, TWA has
proved to be equivalent to programmed ventric-
ular stimulation and better than SAECG in the
risk stratification of patients for life-threatening ar-
rhythmias.4,7,12–17

In our study we found a significant difference be-
tween patients with abnormal and negative TWA
tests with regard to the occurrence of sudden
death, ventricular fibrillation and sustained ven-
tricular tachycardia during an average follow-up of
30 months. Kaplan–Meier survival analysis showed
a 100% rate of end point-free survival in patients
with a negative TWA test and a 75% rate in subjects
with an abnormal TWA test, suggesting that TWA
can also predict spontaneous malignant arrhythmic
events in athletes with ventricular arrhythmias. By
contrast, in our study group the presence of struc-
tural heart disease did not result as a predictor of
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SCD or ventricular arrhythmias during follow-up.
Therefore, in our study TWA might be useful in
order to identify patients with complex ventricular
arrhythmias who are particularly prone to develop
life-threatening ventricular arrhythmias, even in
the absence of a structural heart disease clearly de-
tectable by routinely performed invasive and non-
invasive diagnostic tests. However, in our patients
we did not perform genetic analysis in order to de-
tect the presence of genetically determined arrhyth-
mogenic diseases, so we were not able to surely rule
out the presence of such diseases, even in the ab-
sence of typical electrocardiographic pattern. The
NPV (100%) and PPV (25% for abnormal TWA test,
rising to 40% for positive TWA test), obtained in
our study are comparable to those reported by Gehi
et al.29 in different populations.

TWA and Programmed Ventricular
Stimulation in Competitive Athletes

Few studies have evaluated TWA as a predic-
tor of arrhythmic events in competitive athletes,
and little informations are available on the com-
parison of TWA and programmed ventricular stim-
ulation in arrhythmia risk stratification in this pop-
ulation.27 In our study, the predictive accuracy of
invasive programmed ventricular stimulation dur-
ing EPS was similar to that of TWA. These results,
which were obtained in a single-center experience,
are in line with those from a multicenter study by
Furlanello et al.27 on 52 competitive athletes, and
suggest that TWA may play an important role in the
prognostic stratification of athletes with ventricu-
lar arrhythmias. Unlike electrophysiological study,
which is an invasive procedure requiring hospital-
ization, TWA testing is noninvasive, cheap, easy to
perform and repeatable during follow-up.

Study Limitations

A limitation of our study is the presence of pa-
tients taking antiarrhythmic drugs. In fact, the an-
tiarrhythmic therapy may interfere with the ar-
rhythmias occurrence during follow-up and with
clinical outcome with unknown mechanisms. Fur-
thermore, in our study multivariate analysis did not
demonstrate a predictive value of the presence of
structural heart disease with regard to the occur-
rence of ventricular arrhythmias and sudden death
during follow-up. However, we cannot rule out the
presence of arrhythmogenic diseases with appar-

ently intact heart in patients without diagnosis of
structural heart disease who had ventricular ar-
rhythmias or sudden death during follow-up.

CONCLUSION

TWA is an effective noninvasive predictor of the
risk of severe ventricular tachyarrhythmias and
SCD in competitive athletes, its efficacy being at
least comparable to that of invasive programmed
ventricular stimulation. In particular, TWA has a
high negative predictive value. In athletes with ven-
tricular arrhythmias TWA seems to be useful for
improving risk stratification for SCD.
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