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The athlete’s heart syndrome is a com-
posite of physiologic and structural changes
that occur in response to repetitive athletic
training. A growing body of literature on
echocardiographic diagnosis of the athlete’s
heart has distinguished changes in left ven-
tricular chamber size, wall thickness and
mass from the pathologic forms of hyper-
trophy1,2. One of the several differentiating
aspects between the two forms is that the
increased left ventricular cavity dimension
and septal hypertrophy caused by athlete’s
heart typically regress in weeks to months
following cessation of training. Similarly, the
influence of physical training and decondi-
tioning has been studied on sinus and atri-
oventricular node function (sinus bradycar-
dia). Such adaptations are often related to
changes and alterations in parasympathetic
and sympathetic tone that develop in athletes
as a result of training effect3. A main prob-
lem is that the differential diagnosis between
non-pathologic cardiac changes associated
with training and cardiac disease associated
with increased risk for sudden death may be
difficult in many cases. Complex ventricu-
lar arrhythmias are frequently considered a
possible cause of sudden cardiac death in
trained athletes and the clinical expression
of an underlying cardiovascular abnormal-
ity4. Nevertheless, ventricular arrhythmias
are a frequent finding in well-trained athletes.
The impact of deconditioning on ventricu-
lar arrhythmias in athletic population has
still not been studied and the aim of this
study is to assess the relationship between
ventricular tachyarrhythmias and physical

deconditioning in a selected population of
trained athletes.

Methods

The case records of the Institute of Sports
Science were reviewed from January 1984 to
April 2001 and 355 athletes had been select-
ed with 24-hour ambulatory (Holter) ECG, if
they met the following criteria: > 3 premature
ventricular depolarizations (PVDs) on resting
12-lead ECG (337 athletes) and/or history of
palpitations (18 athletes). Based on the Holter
ECG data, 71 of these 355 athletes with more
frequent and complex ventricular arrhyth-
mias (> 2.000 PVDs and > 1 burst of non-sus-
tained ventricular tachycardia/24 hours) were
selected for this study. All athletes under-
went a cardiovascular evaluation including
medical history and physical examination,
12-lead ECG, two-dimensional echocardio-
graphy, fatigue-limited exercise ECG, chest
X-rays, and 24-hour ambulatory (Holter)
ECG monitoring. Holter ECGs were record-
ed during periods of active training and includ-
ed an average of one hour in a training ses-
sion similar to that performed by the athlete,
with the remaining time occupied by usual
daily activities. 

Based on the Italian guidelines for deter-
mining eligibility in competitive athletes
with cardiovascular abnormalities5, which
closely resemble the recommendations of
the 26th Bethesda Conference6, each of 71
athletes was disqualified from competitive
sports for a minimum of 3 months (range 12-
24 weeks, mean 19 ± 5.7 weeks). After
deconditioning, 50 athletes underwent again
a cardiovascular evaluation, including a 24-
hour Holter ECG performed as before the
deconditioning. Athletes with particularly
frequent and complex PVDs on ambulatory
ECG monitoring were selected on a clinical
basis to undergo additional testing for the
purpose of detecting or defining underly-
ing cardiovascular disease, including mag-
netic resonance imaging, nuclear scintigra-
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Background

In our country, premature ventricular beats (PVBs)
at rest and/or exercise electrocardiogram (ECG) are the
most frequent cause for consulting a cardiologist in
subjects undergoing pre-participation screening for
competitive sports1. Occurrence of ventricular arrhyth-
mias in apparently healthy and fit athletes often gives
rise to doubts and controversies among experts, espe-
cially as far as clinical significance, outcome and eli-
gibility for sports activity are concerned. 

Clinical significance of ventricular 
tachyarrhythmias in athletes

Up to now, there are little data available about the sig-
nificance and long-term outcome of PVBs in apparent-
ly healthy athletes, especially when they are frequent and
complex. Recently, Biffi et al.2 have suggested that ven-
tricular tachyarrhythmias are “common in trained athletes
and are usually unassociated with underlying cardio-
vascular abnormalities ... do no convey adverse clinical
significance, appear to be an expression of athlete’s
heart syndrome”. This “optimistic” point of view close-
ly follows that proposed by Kennedy3 about 20 years ago
in the general population and reaffirmed by the same
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phy, endomyocardial biopsy and electrophysiological
study with programmed ventricular stimulation. The
mean age of the athletes was 26.2 ± 10.8 years (range 18-
33 years). Athletes had periodic evaluations every 6 to
12 months over the follow-up period of 2 to 15 years
(mean 8.8 ± 6.0 years). At the time of the first Holter
monitoring no athlete was taking antiarrhythmic or other
cardioactive medications.

Data are expressed as mean ± SD. Differences bet-
ween means were assessed by using unpaired or paired
Student’s t-test where appropriate. A two-tailed p-value
< 0.05 was considered as statistically significant.

Results

Frequency of PVDs at Holter ECG recording per-
formed during training ranged from 2.089 to 43.151
(mean 10.850 ± 7.500), including 24 (34%) who had 
> 10.000 PVDs/24 hours. Each of the 71 athletes had >
1 couplets (mean 70 ± 22, range 7-280). Thirty-eight of
these 71 athletes (54%) also had 1 to 179 bursts of non-
sustained ventricular tachycardia (mean 4), consisting of
3 to 28 consecutive beats, at heart rates of 130 to 270 b/min.
In addition 9 of 24 athletes with > 10.000 PVDs had > 1
runs of non-sustained ventricular tachycardia. Only 8
athletes (11%) reported palpitations and none had episodes
of impaired consciousness or other cardiac symptoms.

After deconditioning, 30 of 50 athletes (60%) showed
a significant improvement of the arrhythmia (to < 500
PVDs and/or to < 2 couplets/24 hours). In 8 of these 30
athletes the arrhythmia disappeared completely. PVDs,
couplets and non-sustained ventricular tachycardia
showed a significant reduction after deconditioning. 

Twenty-one of 71 athletes showed the presence of car-
diovascular abnormalities: 7 athletes had arrhythmo-
genic right ventricular cardiomyopathy, 6 had mitral
valve prolapse, 4 had dilated cardiomyopathy and 4
myocarditis. Out of 30 athletes who showed an improve-
ment of the arrhythmia after deconditioning, 20 ath-
letes (66%; p = 0.02) did not have cardiovascular abnor-
malities. Of these 20 without cardiovascular abnormal-
ities, 8 athletes showed a complete disappearance of
the arrhythmia after deconditioning. In the remaining 20
athletes with no improvement of the arrhythmia after
detraining, there was no statistical difference between ath-
letes with and without cardiovascular abnormalities. 

Each of the 71 athletes were disqualified from com-
petitive sports, based on the Italian guidelines for deter-
mining eligibility in competitive athletes with cardio-
vascular abnormalities. One of these athletes died sud-
denly, a 24-year-old man with arrhythmogenic right
ventricular cardiomyopathy, while participating in a
competitive field-hockey game (against medical advice),
6 months after official disqualification. The other 70
athletes survived to the end of follow-up period without
incurring cardiac symptoms or events. No athlete has
started again to practice sports at this moment. 
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author on his editorial comment to Biffi’s paper4. More
recently, Heidbuchel et al.5 have strongly contrasted this
point of view, affirming that “complex ventricular tach-
yarrhythmias do not necessarily represent a benign find-
ing in endurance athletes ... Endurance athletes with
arrhythmias have a high prevalence of right ventricular
structural and/or arrhythmic involvement. Endurance
sports seems to be related to the development and/or
progression of the underlying arrhythmogenic substrate”. 

Actually, both Biffi’s and Heidbuchel’s papers prob-
ably have selection bias and critical points4,6. Most of
Heidbuchel’s athletes were professional cyclists, referred
because of presyncope or syncope, or for symptoms dur-
ing exertion. Therefore, they likely represent a selected
group of “symptomatic” subjects with a high probabili-
ty of having congenital or acquired arrhythmogenic sub-
strate, namely a concealed form of arrhythmogenic right
ventricular cardiomyopathy (ARVC)7,8 and/or myocardi-
tis9,10, which may be “triggered” by exhaustive training
alone, or by additional factors, such as drug abuse11. 

On the contrary, the large majority of subjects (65%)
in Biffi’s series were asymptomatic and ventricular
arrhythmias had been discovered during a routine prepar-
ticipation screening program for competitive athletes.
Furthermore, in respect to Heidbuchel’s series, addi-
tional investigations were performed in a minority of ath-
letes: a nuclear magnetic resonance in 11% alone and an
electrophysiological study, to explore inducibility of
malignant ventricular tachyarrhythmias, in only 6.7% of
cases, namely those with the most complex and fre-
quent arrhythmias at Holter monitoring. As a conse-
quence of this, beyond the small percentage (7%) of
athletes having overt cardiac abnormalities, such as
mitral valve prolapse, or organic heart disease, many oth-
ers might have a concealed arrhythmogenic substrate such
a myocarditis9, false tendons12, dimensional and/or
motion abnormalities in the right ventricular outflow
tract13,14, focal abnormalities in the Purkinje system act-
ing as a trigger of frequent and complex PVBs and idio-
pathic ventricular fibrillation15. 

In our opinion, the truth stands in the middle. In our
long-term experience, when noninvasive and invasive
investigations are applied extensively to athletes with
PVBs and/or ventricular tachyarrhythmias, the majori-
ty of them show subtle cardiac abnormalities or overt
heart diseases. 

Significance and outcome of premature ventricular
beats with left bundle branch block morphology

The most common form of PVBs encountered both
in normal and athletic population is that showing a left
bundle branch block (LBBB) morphology, indicating
their origin from the right ventricle1,2,16,17. In particular,
the most frequent form is that with an inferior axis on
frontal plane, which arises from right ventricular outflow
tract. In 1969 Rosenbaum16 defined this kind of PVB as
benign, “typical of normal subjects”, and some authors
suggested that it may be part of cardiovascular changes
due to regular physical training, known as athlete’s heart
syndrome17-19. 

Unfortunately, most of the symptomatic athletes with
right ventricular pathological findings described by
Heidbuchel and subjects with concealed or overt ARVC
who died suddenly during exercise, also have LBBB-
PVBs with both vertical, leftward or superior axis on
frontal plane7,8,20,21. 

To offer a contribution to the discussion, we reana-
lyzed a population of 123 sportsmen referred for LBBB-
PVBs. All had complete ECG and Holter documentation
of arrhythmias and a thorough echocardiographic exam-
ination, with particular attention on the right ventricle.
In addition, 73 out of the 123 athletes (59%) had a rou-
tine cardiac magnetic resonance and 8 underwent inva-
sive investigation, including endomyocardial biopsy.
Our analysis confirms that middle-term prognosis in
these subjects is good, regardless of the number and
complexity of arrhythmias and of the presence or absence
of underlying heart diseases. However:
• only one third (41/123 sportsmen) had an “apparently
normal” heart;
• one third (42/123) had “minor” right ventricular abnor-
malities, i.e. mild global or segmental dilation of the right
ventricle, focal sacculations, trabecular and/or modera-
tor band anomalies, at echocardiogram and/or magnet-
ic resonance. Three of them had sustained right ven-
tricular outflow tract tachycardia (1 underwent a suc-
cessful radiofrequency ablation) and 6 had an associat-
ed mitral valve prolapse;
• one third (40/123) showed structural heart diseases,
most commonly ARVC (19 cases), active or healed
myocarditis (17 cases), dilated cardiomyopathy (3 cases)
and anomalous origin of coronary artery (1 case).

So, in the presence of LBBB-PVBs, sports physicians
and cardiologists could face three different situations: 
1. the athlete shows an “apparently normal” heart at the
end of complete and accurate investigations;
2. the athlete exhibits non-specific right ventricular
anomalies at echocardiography and/or magnetic reso-
nance. In this case, the physician has to decide if PVBs
are an early manifestation of ARVC, which is a pro-
gressive disease22,23, or a localized, focal, abnormality of
the right ventricle with minimal or no probability of
getting worse in the time and a fairly benign progno-
sis13,14. The presence of an otherwise normal ECG at rest,
as well as overdrive suppression of PVBs during exer-
cise, seems to support the latter hypothesis. In a recent
survey by Gaita et al.14 in 61 patients with LBBB-PVBs,
none died suddenly during a mean follow-up of 15 years.
Furthermore, 50% of them showed disappearance of
PVBs at Holter monitoring14, a finding not uncommon
also in our experience in athletes. This aspect gets more
importance considering the growing experience and
safety of radiofrequency ablation procedures in the suc-
cessful treatment of such arrhythmias24-26. Recently, it has
been suggested that electrophysiological study may help
to differentiate arrhythmias due to an overt ARVC from
idiopathic, benign, ventricular arrhythmias which may
benefit from catheter ablation27;
3. LBBB-PVBs are the expression of pathological con-
ditions, most frequently ARVC and myocarditis with
prevalent right ventricular involvement, and suggests the
opportunity of discontinuing competitive sport9.
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In addition, sports physicians and cardiologists
should be aware that LBBB-PVBs may be, although
more rarely, associated with a left ventricular disease
such as hypertrophic and dilated cardiomyopathy, anom-
alous origin of coronary arteries and/or a bicuspid aor-
tic valve (Bria et al., unpublished data). However, in this
case, the origin from the left septum or from areas close
to aortic sinuses of PVBs can be argued by the presence
of a non-typical LBBB morphology, characterized by a
tall and broad R wave in V1 lead  and an early transition
of QRS in precordial leads28-31. 

Conclusion

LBBB-PVBs in the athletic population have usual-
ly a good middle and long-term prognosis, even if in a
consistent number of cases an organic heart disease or
“minor” cardiac abnormalities, mostly in the right ven-
tricle, are appreciable after a thorough cardiac exami-
nation, including an accurate echocardiographic study,
with particular attention on the right ventricle and mag-
netic resonance imaging. 

Even if the right ventricle is usually involved in the gen-
esis of LBBB-PVBs, sometimes arrhythmias may arise
from the left ventricle, mostly from foci localized in the
left side of septum or close to the aortic cusps, both in the
absence or presence of pathological conditions affecting
the left ventricle. In this case, a correct analysis of resting
ECG can help the sports physician and cardiologist to iden-
tify a left side origin of LBBB-PVBs and to orient the prog-
nosis and the eligibility of athlete for sport. 
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ANGIOPLASTY REVASCULARIZATION
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Regular exercise is currently recommended for patients
with ischemic heart disease. It produces clinical benefits
such as improved exercise tolerance and quality of life,
decreased mortality and lower costs due to lower rehos-
pitalization rates. Furthermore regular exercise may be
effective in improving work capacity even in patients with
moderate-to-severe ventricular dysfunction1. There are cer-
tain differences between normal subjects and athletes
regarding the physiologic mechanisms which lead to
positive effects on the cardiovascular system. The effects
of physical training and in particularly the aerobic type
can be divided into central and peripheral effects. In the
healthy subject the mean central effects on the heart are:
sympathetic tone reduction, myocardial mass and left
ventricular end-diastolic volume increase.

There are reports in the literature that have shown
similar changes in the autonomous nervous system in
patients with ischemic heart disease2. Furthermore mor-
phologic cardiac adaptation to physical training has been
seen in several studies3. Patients with heart disease perform
a modest amount of physical training and have an increased
number of collateral coronary vessels. We can classify a
patient with known ischemic heart disease if he/she has:
- positive history of myocardial infarction (confirmed by
clinical, electrocardiographic and cardiac enzyme criteria);
- positive history of angina pectoris (confirmed by
symptomatic ST modification on the standard ECG,
during Holter monitoring or by a positive stress test);
- prior myocardial revascularization (coronary artery
bypass grafting or percutaneous transluminal coronary
angioplasty-PTCA).

For these patients the most important prognostic
factors are: the degree of left ventricular function, coro-
nary artery disease extension, inducible ischemia and
electrical instability (complex ventricular arrhythmias).
For this reason it is necessary to evaluate global left ven-
tricular function at rest by echocardiography, perform
limited for symptoms stress test in pharmacological

washout and Holter monitoring. Based on the results of
these tests these subjects can be divided into two groups:
1) low risk (ejection fraction > 50%; normal exercise tol-
erance according to age; absence of inducible ischemia;
absence of complex ventricular arrhythmias at rest
and/or during exercise; absence of critical/subcritical
coronary stenosis > 50%); 2) elevated risk (ejection
fraction < 50%; exercise-induced myocardial ischemia;
complex ventricular arrhythmias at rest and/or during
exercise; significant coronary stenosis > 50% in at least
one coronary vessel).

The possibility for a patient with ischemic heart dis-
ease of practising sports depends on two factors: 1)
his/her cardiocirculatory condition and 2) type of sports
activity. It is also important to underline that the type of
sports activity must be recreational and/or therapeutic
and never agonistic. Not all patients with ischemic heart
disease can be enrolled in an exercise training program
or a competitive sporting event. The following patients
can be considered candidates for sports activity:
- ischemic heart disease patients with stable secondary
angina (medium to elevated threshold level; 9/10 METS);
- patients who underwent PTCA without residual
ischemic signs or symptoms;
- patients with prior myocardial infarction, asymptomatic
without left ventricular dysfunction, complex ventric-
ular arrhythmias or signs of residual ischemia;
- patients who underwent coronary artery bypass graft-
ing without residual ischemia or left ventricular dys-
function.

Furthermore it is important to consider perfusion
pressure and peripheral vascular resistance because
reduced left ventricular contractile capacity and resid-
ual coronary stenosis may limit cardiac capacity to
adapt to increase levels of work.

PTCA was introduced in clinical practice in the late
70’s as a non-surgical method for coronary arterial
revascularization. Early reports demonstrated that PTCA
could reduce the severity of coronary stenosis and
decrease or eliminate objective and subjective mani-
festations of ischemia4. With experience and time this
technique became progressively more refined and large-
ly used. Observational reports of large numbers of
patients confirmed that coronary angioplasty could be
applied to broad groups of coronary patients with high-
er rates of success and lower rates of complications
when compared to initial experiences5. Randomized
clinical trials have assessed the outcomes of patients
treated by a strategy of initial angioplasty to one of
medical therapy alone or to coronary artery bypass
surgery. The results of these trials have clarified the
utility of angioplasty in terms of effectiveness, compli-
cations and patient selection6.

According to the most recent protocols of the
Cardiologic Organizing Committee for Sports Eligibility
(COCIS 2003), patients with single coronary stenosis and
favorable PTCA can consider practicing medium to
elevated sports activity at least 1 year after the proce-
dure with clinical follow-up every 6 months7. 

Our sports activity center for middle to advanced
aged subjects and functionally integrated with the
Department of Cardiology, evaluates nearly 2500 sub-
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jects per year; all older than 35 years; from 2001 we
selected patients with single vessel coronary artery dis-
ease efficiently treated with coronary angioplasty; they
were all athletes who expressed the desire to practice
sports activity at a level superior than one may consid-
er recreational. One may consider a global risk evalu-
ation of the patient which includes not only the low risk
criteria expressed by the COCIS but even PCR and
homocysteinemia normalization, the absence of co-
morbidity metabolic disorders and cigarette smoking.

Our study population consisted of 20 male subjects,
mean age 63 ± 9.5 years who met the preceding crite-
ria and therefore entered our registry 6 months after coro-
nary angioplasty.

The patients performed the following activities: 9
were cyclists, 7 marathon runners, 2 skiers, 1 arch
thrower and 1 alpine skier. All patients were enrolled in
an individualized evaluation protocol that consisted of:
integrated cardiorespiratory evaluation in order to define
personal physical capacity; after which a maximal stress
test and Holter monitoring reevaluation was performed
every 3 months. Two patients were excluded (1 jogger
and 1 cyclist) for the presence of strumental abnormal-
ities (silent ischemia during exercise, 11 months after
coronary angioplasty and non-complex ventricular
extrasystole, 9 months after PTCA).

The remaining 18 subjects continued their specific
physical training without showing adverse events dur-
ing a mean follow-up period of 2.8 years. After the
publication of the COCIS 2003 protocols 6 patients
aked and obtained physical and agonistic eligibility to
participate in sporting events; none had adverse events.

One patient returned to his previously activity of ski
instructor participating in a competitive skiing event.

When one speaks of ischemic heart disease and its var-
ious forms, it is clear that not all patients possess the
requirements to start, in a safe way, a physical activity
program or a competitive sports event. It is therefore
important that the cardiologist is familiar with the phys-
iological characteristics of different sports subspecialties
and the pathophysiological mechanisms that limit phys-
ical activity in patients with ischemic heart disease. 

The data of our patients who underwent constant and
repetitive follow-ups are compatible with resuming
these activities in patients with a low risk profile and fol-
lowed by an equipe which is specifically trained to deal
with these types of problems.
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PROGRESS IN NON-INVASIVE INVESTIGATIONS

IN ATHLETES WITH ARRHYTHMIA-RELATED T-WAVE

ALTERNANS

Giorgio Galanti, Paolo Manetti, Francesco Furlanello*

Sports Medicine Center, University of Florence, Florence,
*Department of Clinical Arrhythmia and Electrophysiology,
Istituto Policlinico San Donato, San Donato Milanese (MI), Italy

Background. Several studies confirmed the equivalence
of microvolt T-wave alternans (mTWA) with electro-
physiology test in heart disease patients, but no data are
available in sportive population with ectopic ventricular
arrhythmias, where it is important to separate a para-
physiologic arrhythmic subset from a pathological one.

Methods. We prospectively studied 52 trained com-
petitive athletes, including elite types (mean age 28.2 ±
11.5 years), symptomatic in 85% of cases for prolonged
palpitations and syncope, without any overt structural
heart disease at standardized screening. All athletes
underwent the mTWA exercise stress test, using the
heart wave system with micro-V sensors (Cambridge
Heart Inc., Boston, MA, USA) and then an electro-
physiological study (EPS) to evaluate inducibility to sus-
tained ventricular tachycardia during programmed elec-
trical stimulation.

Results. The mTWA test was positive in 7 sympto-
matic subjects (15%), indeterminate in 3 (7%), and neg-
ative for the remaining 76%; 41/42 negative mTWA
subjects were also negative at the EPS, without any syn-
cope or sustained ventricular tachycardia during 25.3
months of follow-up. In the positive mTWA-test subjects,
5 (72%) were positive for inducibility of rapid sustained
monomorphic ventricular tachycardia in EPS, one was
positive for severe sustained atrial tachyarrhythmias,
one refused EPS. We were able to pronounce a correct
diagnosis of lymphocytic myocarditis for only one
mTWA and EPS-positive subject. For the other 4 posi-
tive patients with arrhythmogenic micropathology, severe
arrhythmic events were revealed in the follow-up and
aggressive hybrid treatment was necessary.

Conclusions. mTWA study seems to be a useful,
non-invasive tool for evaluating arrhythmic risk in the
athletic population. The mTWA test showed a high neg-
ative predictive value, using both EPS and the follow-
up observation for severe arrhythmic cardiac events as
an endpoint. The positive predictive value was present
in a limited number of cases who were however all
subjects with a high risk of sudden arrhythmic death.
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WHAT CAN WE GET USING MAGNETIC RESONANCE

IMAGING, ANGIOGRAPHY AND SPECTROSCOPY?

Francesco Sardanelli, Matteo Quarenghi

Diagnostic Imaging, Istituto Policlinico San Donato,
San Donato Milanese (MI), Italy

Cardiac magnetic resonance (MR) imaging can give
important information in several diseases associated with
ventricular arrhythmias in athletes: hypertrophic car-
diomyopathy, right ventricular (RV) dysplasia, idiopathic
dilated cardiomyopathy, coronary artery anomalies, and
coronary artery disease. In hypertrophic cardiomyopathy, MR
enables us to define the disease extent and gives accurate
information about myocardial thickness and thickening,
mitral regurgitation and dynamic obstruction in the left ven-
tricular outflow tract. In subjects with RV arrhythmia with
left bundle branch block morphology, MR imaging should be
considered a mandatory diagnostic step for its ability to show
otherwise undetected areas of adipose replacement trigger-
ing RV ectopies and to detect RV trabecular disarray, bulges
and aneurysms, allowing the diagnosis of RV dysplasia.
However, not all patients with signal suggesting myocardial
adipose replacement can be considered as affected by the
disease: there is a grading of MR findings in relation to the
severity of the RV arrhythmia. In patients with initial dilat-
ed cardiomyopathy due to myocarditis, MR can detect
myocardial inflammation and edema, monitoring the effect
of therapy. MR imaging is a useful tool in evaluating myocar-
dial hypertrophy and function of the athlete’s heart and also
a valuable non-invasive method to visualize their coronary
arteries. Finally, cardiac 31P MR spectroscopy is devoted to
investigate myocardial metabolism, based on the in vivo eval-
uation of high-energy phosphates.

Introduction

Sudden cardiac death is uncommon in athletes under
the age of 30 years, more frequent in older athletes, fre-
quently due to ventricular arrhythmias in unknown heart
disease1. Cardiac magnetic resonance (MR) can give
important information in several cardiac diseases asso-
ciated with ventricular arrhythmias in athletes: hyper-
trophic cardiomyopathy, right ventricular (RV) dyspla-
sia, idiopathic dilated cardiomyopathy, coronary artery
anomalies, and coronary artery disease. The aim of this
paper is to describe the diagnostic contribution of MR
morphologic and functional imaging, coronary angiog-
raphy and localized spectroscopy in diagnosing and
managing these diseases.

Cardiac magnetic resonance imaging in athletes’
arrhythmias

In patients with hypertrophic cardiomyopathy, MR
enables us to define the disease extent more precisely than
transthoracic echocardiography, changing the disease
distribution (apical, symmetric, asymmetric) in a non-neg-
ligible fraction of cases. Functional cine-MR gives accu-
rate information about myocardial thickness and thick-

ening, as well as about mitral regurgitation and dynam-
ic obstruction in the left ventricular outflow tract2. 

In subjects with RV arrhythmia with left bundle
branch block morphology MR imaging should be con-
sidered a mandatory diagnostic step for its ability to show
otherwise undetected myocardial structural abnormal-
ities. Using a short time of echo (TE), signal hyperin-
tensities can be clearly demonstrated within RV (and
sometimes left ventricular) walls (Fig. 1), suggesting
areas of adipose replacement triggering RV ectopies. MR
imaging enables us to detect also RV trabecular disar-
ray, bulges and aneurysms3. 

However, we must take into account that not all
patients with signal RV myocardial adipose replace-
ment can be considered as affected by RV disease. We
reviewed 124 patients with RV arrhythmia with left
bundle branch block morphology and 38 healthy vol-
unteers as controls. The RV arrhythmias were divided
into three groups: 45 patients with episodes of RV sus-
tained tachycardia and of polymorphic premature beats
(group A); 36 patients with RV outflow tract sustained
or not sustained tachycardia (group B); 43 patients with
RV monomorphic premature beats (group C). The per-
centage of patients with adipose replacement decreased
from 91 (group A) to 72% (group B), to 67% (group C);
that of patients with RV bulges from 75 to 39%, to
14%, respectively. RV aneurysms were found only in
33% of group A. Interestingly, also in 11% of the con-
trols (4 subjects) foci of adipose replacement were
found with MR; the 24-hour Holter ECG monitoring
showed repetitive RV monomorphic premature beats.
Thus, there is a grading of MR findings in relation to the
severity of the RV arrhythmia4. 

A sure diagnosis of RV dysplasia is difficult espe-
cially in the early stage of its development. In 1994
McKenna defined a list of major and minor criteria
including family history, ECG and transthoracic echocar-
diography, angiographic, MR, and pathologic findings
for diagnosing RV dysplasia5,6. In the last decade MR
imaging gained an increasing role in discovering myocar-
dial structural changes in these patients, avoiding unnec-
essary cardiac catheterization and myocardial biopsy.
However the detection of only small adipose replacement
in the RV wall cannot be misdiagnosed for RV dyspla-
sia also in subjects with abnormal ECG with left bun-
dle branch block morphology.

In patients with initial dilated cardiomyopathy due
to myocarditis, MR can detect myocardial inflammation
and edema as hyperintensity on long TE images7 and as
contrast enhancement after intravenous injection of
paramagnetic contrast agent8. The effect of therapy can
be easily demonstrated evaluating the reduction or res-
olution of these signal hyperintensities and abnormal con-
trast uptake.

Cine-magnetic resonance and magnetic resonance
coronary angiography in athletes

Physiological reactions of the cardiovascular system
to long-term athletic training result in an increase of
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myocardial mass and ventricular volumes and function
in order to sustain a continued muscular work by increas-
ing oxygen transportation. MR imaging is a useful tool
to evaluate myocardial hypertrophy and function of the
athlete’s heart and also a valuable non-invasive method
to visualize coronary arteries.

We recently studied a group of endurance athletes (12
trained rowers) and an age-matched control group of
sedentary healthy subjects with cine-MR (ECG-gated
breath-hold gradient-echo sequences) and three-dimen-
sional fat-saturated ECG- and respiratory-triggered nav-
igator echo sequence in order to evaluate left ventricu-
lar myocardial mass and function as well as ostial coro-
nary artery cross-sectional area. Myocardial mass was
found significantly larger in athlete group than in con-
trol group, the same being for end-diastolic volume,
stroke volume, left main trunk and left anterior descend-
ing coronary artery cross-sectional area. Significant
correlation with myocardial mass was found for left
main trunk and left anterior descending, not for cir-
cumflex and right coronary artery9. 

More importantly, cardiac navigator echo MR
angiography10,11 can be used to detect anomalous course
of coronary arteries allowing this diagnosis in a non-inva-
sive way and avoiding unnecessary cardiac catheterism
in subject without coronary artery anomalies. The use
of this approach for detecting significant stenoses due
to atherosclerotic coronary artery disease is under inves-
tigation with interesting results12.

The future: myocardial magnetic resonance 
spectroscopy

MR spectroscopy is a technique with a long history
before and after the introduction of MR imaging in
clinical practice. This technique enables us to obtain a
spectral analysis of biologic materials distinguishing
different molecular species due to the “chemical shift”
determined by the electronic shielding of the nucleus in
different molecules, giving peaks of different metabo-
lites at different frequencies of resonance, usually report-
ed as part per millions (ppm) independently of the mag-

netic field strength13. During the 80’s of the past century
MR spectroscopy was proposed as a new tool aimed at
biochemical analysis of a volume of interest defined on
the MR images - the so-called “localized MR spec-
troscopy”14-16. However, the advantage of a precise spa-
tial localization is paid with trade-off in terms of spec-
tral resolution, due to the relatively low field strength,
usually 1.5 T. From this viewpoint, the recent intro-
duction of clinical MR units operating from 3-4 T17 up
to ultra-high fields such as 8 T18 is an open perspective
of great interest.

Cardiac MR spectroscopy is mainly devoted to inves-
tigate 31P, due to the possibility of obtaining information
on myocardial metabolism, based on the in vivo evalu-
ation of high energy phosphates19,20. A dedicated surface
coil, placed in contact with the chest wall with the
patient in prone position, is generally used.

For historical reasons, on the spectrum the most
negative values are on the right, the most negative on the
left of the spectrum. From right to left there will be: α-
β- and γ-ATP; phosphocreatine (PCr) (assumed as con-
ventional reference value at 0.0 ppm); phosphodiesters
(PDE), in particular phospholipids; inorganic phosphate
(iP) and phosphomonoesters (PME), partially super-
imposed (Figs. 2 and 3).

Because of the known relationships between PCr, Cr,
ADP, ATP and iP in energy metabolism, spectroscopy
can supply relevant information on the myocardial sta-
tus; ADP concentration can be inferred from its direct-
ly proportional relationship with iP/PCr ratio. 

The iP/PCr ratio has been mostly used, considered
as representative of the energy potential tissue volume.
Of the three ATP peaks, β-ATP, not contaminated by sig-
nal from ADP, NAD+ and NADH, is preferred. The
PCr/iP ratio is impaired by the partial overlapping
between iP and PME (in particular, 2,3-diphospho-
glycerate with 31P in position 2 coming from the blood
in heart chambers). Spectral contaminations from blood
signal (correctable), skeletal muscle of chest wall and
diaphragm (not always correctable) and liver, can mod-
ify the PCr/ATP and should be considered. As a conse-
quence wide variability in PCr/ATP values, ranging
between 0.9 and 2.120,21. 
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Figure 1. Right ventricular dysplasia. Long-axis (A) and short-axis (B) spin-echo sequence. Diffuse hyperintensity of the right ventricular lateral wall.
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However, iP and PME can be decoupled with pro-
ton decoupling. The cell pH can be measured based on
the chemical shift (distance in ppm) between iP peak
(pH-dependent) and that of PCr (pH-independent): 5 ppm
correspond to about 0.5 unit on the pH scale (not strict-
ly linear relationship)22. 

Thus, a great potential of biochemical information
could be obtained using 31P MR spectroscopy in the ath-
letes’ heart. Notwithstanding, until today no study was
published on this intriguing topic, neither on healthy ath-
letes nor on athletes with arrhythmias. A future for
research in this area should be warranted.
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Figure 2. Myocardial 31P magnetic resonance spectroscopy at 1.5 T (nor-
mal subject, chemical shift imaging technique without proton decou-
pling). From right to left: β-ATP (-16.3 ppm), α-ATP (-7.8 ppm) and γ-
ATP (-2.7 ppm); phosphocreatine (PCr, 0.0 ppm); phosphodiesters (PDE,
2.0-3.0 ppm); inorganic phosphate (iP, 3.7-5.2) and partially superimposed
phosphomonoesters (PME, 5.4 and 6.3 ppm). Most significant PME com-
ponent is 2.3-diphosphoglycerate of blood present in cardiac chambers.

Figure 3. Localizer image for magnetic resonance spectroscopy chemi-
cal shift imaging sequence.
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