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Foreword 

The original articles included in the present book have primarily been taken 
from papers presented at the International Advanced Course, more precise the 
Master on Sports Cardiology, held in Rome from November 27 to December 15 
1995 at the School of Sport and Institute of Sport Sciences of the Italian 
National Olympic Committee. The contributions, written by internationally 
acknowledged scientists, appeared after extensive and careful revision by the 
Authors, and represent current and highly profitable scientific material. The 
incentive to publish this work came from Springer-Verlag, a renowned publi­
sher, and the articles have been compiled in Advances in Sports Cardiology. 
The present volume is an easy-to-consult, comprehensive and up-to-date refe­
rence. Possible future developments in cardiovascular evaluation in athletes 
have been covered, too. 
The cardiological evaluation of athletes represents a more than 30 years-old 
discipline in"Italy, with legal implications, which compel physicians in this field 
to investigate in each individual athlete the possible, innermost causes of 
cardiovascular abnormality and to express a circumstantial prognostic asses­
sment. Cardiologists in this field should have an extensive background in phy­
siology but should also be aware of the indications and limits of the instrumen­
tal diagnostic procedures used in clinical practice as well as of the distinction 
between normal physiological adaptation to exercise and training and a true 
pathological cardiac process. Hence, sound basis in physiology with a major 
interest in clinical practice distinguishes sports cardiology as a new and origi­
nal discipline. 
Sports cardiology is undoubtedly still young, still striving to establish its scien­
tific and professional identity. It will most certainly do so in an environment in 
which preventive medicine is a significant issue affecting the vast population of 
athletes young and old who represent our society. 

The Editors 



The Impact of Sports Cardiology on 
Clinical Practice 

A. Dagianti 

Department of Cardiorespiratory Diseases, University "La Sapienza" Rome, 
Italian Society of Sports Cardiology, Rome, Italy 

Sports cardiology and clinical cardiology are similar in that they both deal with 
cardiovascular physiology. The former mainly concerns adaptations of the 
heart to physical exercise and the latter often deals with the morpho-functional 
changes in anatomy and physiology with respect to disease conditions both at 
rest and during exercise. For this reason the clinical cardiologist cannot ignore 
the wealth of cardiovascular physiology knowledge derived also from sports 
cardiology. 

The discipline of sports cardiology is of real importance, not only for its in 
depth investigation of cardiovascular physiology, but also for its intrinsic clini­
cal issues and the cultural aspects related to the modern society where there is 
increasing tendency to engage in sports. 

Undoubtedly, sports cardiology tooks advantage of the observations on 
human cardiovascular physiology made in laboratories in Paris, Vienna, Berlin 
and also Italy at the end of the XIX and beginning of the XX century: among 
the most outstanding Italian physiologists we recall Mosso from Turin, Mar­
garia and Cerretelli from Milan, Cerquiglini and Luciani from Rome. These 
Physiology Schools greatly contributed to the study of adaptations of the car­
diovascular system to muscular exercise which, in turn, represented the referen­
ce point for clinical cardiology, the subsequent study of which gave improve­
ments in the knowledge of sports cardiology. 

The close correlation between these disciplines is confirmed by the concern 
the sports cardiologist has in distinguishing between normal and pathological 
condition as well as with the adaptations of the cardiovascular system that are 
often influenced also by psychologic adjustments. 

Clinical cardiology has greatly benefitted from studies on the athlete's heart 
that, particularly in recent years and thanks, to investigations carried out within 
our S<;hool, have modified the clinical approach to cardiomegaly and myocar­
dial hypertrophy. Early observations on the athlete's heart date from the XIX 
century, though from the beginning discussion was aroused as to whether 
changes were the result of a physiological adaptation of the heart to exercise or 
of a heart impairment following intense and prolonged physical activity. 

A further advance in sports cardiology has been attained by using more 
sophisticated techniques. As stated by Rost cardiac ultrasound represented a 
fundamental step forward in cardiovascular knowledge, in addition to being 
extremely suitable for sports medicine. For the first time, in fact, echocardio-
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graphy has allowed the non-invasive study of both cardiac morphology and 
function leading to an adequate evaluation of the modifications which occurr 
in the athlete's heart. The need for a combined morphological and functional 
analysis of cardiovascular adaptation to exercise arises from physiology itself: it 
is sufficient to recall Laplace's law that encompasses morphological and func­
tional parameters, i.e. intraventricular blood pressure, ventricular volume and 
wall thickness. 

This new study approach has recently allowed the identification of the true 
anatomo-functional behaviour of the athlete's heart. 20 years ago Morganroth, 
using M-mode echo cardiography, distinguished two kinds of athlete's hearts, 
namely that of the endurance and that of the highly trained athlete. In contrast, 
using two-dimensional echocardiography, we have demonstrated that the adap­
tive response is mostly the same in all types of sport, due to the same training 
the athletes perform. However, when muscular activity calls for pressure increa­
se, as in the case of resistance athletes, morphological adaptation results in ven­
tricular longitudinal diameter stretching and unmodified or even reduced tra­
sversal diameter by parallel duplicating sarcomeres; mass increase however 
al~ays corresponds to volume increase. In endurance athletes, due to the huge 
venous reflow, fibers stretch by serial duplicating sarcomeres in accordance 
with the Maestrini-Starling law, there is an increase in volume, longitudinal and 
transversal diameters and myocardial mass. Surprisingly, these cardiovascular 
adaptations exist in nature; the giraffe'S heart symbolizing the heart of resistan­
ce athletes and the amphibians heart comparable to that of endurance athletes, 
being representative of pressure overload and volume overload respectively. 

Briefly, we can say that in the athlete's heart there occurs 1) a proportional 
volume and mass increase with a constant mass/volume ratio, and 2) a com­
pliance increase demonstrated by original studies performed in our School on 
systo-diastolic modifications of the left ventricular diameter and velocity. Our 
findings have lead us to label the athlete's diastole as "supernormal" for its 
incredible functional adaptation with complete ventricular filling from proto­
meso diastole and poor filling during atrial systole necessary for high venous 
reflow during physical activity [1,2]. 

All these advances in the knowledge of the athlete's heart have been of con­
siderable diagnostic value to the clinician cardiologist, making it possible to 
demonstrate that cardiac adaptation where the mass/volume ratio remains con­
stant does not occur in pathologic myocardial hypertrophy. In this condition, an 
increase in ventricular afterload leads to the mass/volume ratio exceeding unit. 
Besides the above-mentioned morpho-functional changes, it has been possible 
to show a reduction in wall stress and bradycardia which allows lower maximal 
oxygen consumption and higher cardiovascular performance. Conversely, 
pathologic conditions bring about increased wall stress and tachycardia leading 
to higher maximal oxygen consumption that is not always counterbalanced by 
an increase in oxygen supply from an enhanced coronary blood flow. 

In this respect, it has been demonstrated that the highest cardiac perfor­
mance is allowed by an improved oxygen supply to the myocardium, partially 



The Impact of Sports Cardiology on Clinical Practice 3 

due to increased extraction, near maximum at rest, but mostly due to an enhan­
ced coronary blood flow. Zeppilli observed by echo cardiography, that coronary 
arteries increased in caliber in trained subjects, a finding which later confirmed 
by coronarographic studies [3]. Morphological observations match those fin­
dings, showing a functional improvement in the coronary circulation as a con­
sequence of enhanced vasodilation and a better distribution of blood flow. 
Moreover, humoral and neuromodulators of the coronary circulation have been 
shown to modify coronary vascularization according to muscular activity. In 
the study of Haskell [4], for example, nitro derivatives with endothelium-depen­
dent activity have been proven to have twice the efficacy on coronary circula­
tion in trained subjects. This is in contrast with our findings in pathological 
conditions as, for example, in myocardial hypertrophy due to hypertension, in 
which morphological alterations of the coronary vessels occur characterized by 
tortuosity of the first and second range vessels. Tortuosity takes place in the 
presence of a high mass/volume ratio that is always absent in athletes. As per 
Poiseuille's law, increase in length and reduction in vessel caliber and tortuous 
vessel angle involve an increased resistance to blood flow at the level of the con­
ductance vessels [5]. The modified morphology involved in the genesis of myo­
cardial ischemia following hypertension seems to be due, on one hand, to the 
higher resistance to blood flow caused by the mass increase, and on the other to 
the functional disorder of intramyocardial vessels. 

Thus the above-mentioned observations have led us to clearly distinguish 
between physiological myocardial hypertrophy from any other pathologic 
hypertrophic forms, and to consider muscular activity as a possible therapeutic 
means in hypertension and ischemic cardiopathy. In addition, they have provi­
ded new insights into cardiovascular physiology and improved clinical diagno­
sis. Thanks to the knowledge attained in the field of physiological remodelling, 
as occurring in the athlete's heart, we can update the definition of postinfarc­
tion ventricular remodelling as "new morpho-functional adaptation in respon­
se to the overturned topographic condition and altered ventricular geometry". 
Ventricular remodelling is therefore conceived as an anatomo-functional chan­
ge capable of reaching higher functional performance with lower oxygen con­
sumption. 

A further fundamental step in the knowledge of the physiology of physical 
exercise and sports cardiology and the influence of the latter on clinical cardio­
logy was the demonstration of the close relationship between VOz, maximum 
heart rate and age. It is from this relationship that the concept of maximum 
VOz originated as the expression of maximum cardiovascular activity which, as 
the vector of Oz, represents the true factor limiting maximum physical perfor­
mance. The wonderful adaptation of the "human machine" in modifying and 
improving itself can be expressed by the maximum aerobic power linked, in its 
turn, to cardiac reserve, expressed by the formula VOz = Q x (D A-VOz) = Qs x 
Fe x (D A-VOz).1t is sufficient to remember how, through this knowledge, it has 
been possible to differentiate maximal from sub-maximal performance and to 
recognize how these, to which the release of the cardiovascular activity from the 
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neurovegetative system corresponds, can be used for diagnostic purposes. This 
is because they are examples of the modifications of the ventricular repolariza­
tion phase during muscular stress. 

Another important aspect of sports cardiology, which made an important 
contribution to clinical cardiology, was the suitability of the cardiovascular 
system to sports activity and therefore the identification of cardiac pathologies 
at risk in the sports population This represents a crucial problem which closely 
unites clinical and sports cardiology. Furthermore, in some pathological states 
such as, for example, arrhythmogenic right ventricular dysplasia, Wolff-Parkin­
son-White syndrome, etc. that particularly affect young people frequently 
without symptoms and apparent cardiovascular normality, a great contribu­
tion, especially in the field of prognosis, came from the results of the necessary, 
widespread investigations in sports medicine, with important gains in clinical 
cardiology. Therefore, we can understand how collaboration between sports 
and clinical cardiology is of fundamental importance, especially for a modern, 
multiparametric, systematic approach. I believe that this is necessary and, 
moreover, now possible due to sophisticated investigation techniques, which 
tnust, however, be adapted ·to clinical application; otherwise there is a risk, fre­
quently occurring with young physicians, of creating false "instrumental" ill­
nesses. The sudden death of athletes on the field has often reproposed this 
topic. I believe that it fully concerns both sports and clinical cardiology, repre­
senting a crucial problem for both disciplines and a further demonstration of 
the close relationship between them. 

The increased diffusion of sports activities among the population, with a 
particular increase in the older age group, has further broadened the clinical 
and physiological themes of sports cardiology until it encompasses the asses­
sment of the effects and the eventual indication of physical activity in subjects 
with evident cardiovascular pathology. Even the physiologists who investigated 
the effects of sports activities in healthy subjects, with their well-documented 
observations, urged clinicians to use this sports-therapy. As previously noted, 
physical activity is capable of increasing coronary flow by anatomic and func­
tional modifications. Rehabilitation in coronary artery disease has become of 
increasing importance because of the positive effects of physical exercise not 
only on myocardial oxygen supply and consumption, but also due to the impro­
ved use of O2 in the periphery and the favourable changes induced in the auto­
nomic nervous system. It should also be recalled how recent experiments 
performed in our school demonstrated that patients who had undergone coro­
nary artery by-pass surgery and who were performing regular physical activity, 
2-3 years after the surgical intervention had improved cardiac performance 
with higher cardiac output and showed a greater increase in coronary blood 
flow [6]. This is to be compared with patients who had undergone surgery but 
had a sedentary life style. It should be mentioned that in this last matter all now 
agree that the American Heart Association has recognized sedentary life style 
as a risk factor for independent and changeable heart disease and sports-the­
rapy as a primary means of prevention. Thus increased activity, be it sports or 
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recreational, is recognized as having the power to reduce the risk of cardiac 
death, especially from heart disease, in subjects without clinical symptoms indi­
cating cardiopathy. 

It therefore appears obvious that physical activity can improve cardiovascu­
lar performance and recently there is a tendency to believe that when carried 
out in later years it can keep people active for longer and possibly even 
lengthen lifes. Hence is born the more modern view, which needs to be duly 
developed in future studies, of the possibilities offered 1;>y physical activity in 
preventing.the "illness" progression referred to as senescence. However the inti­
mate mechanisms of action and the most appropriate time and means of appli­
cation of what can be considered a therapeutic intervention, in the same way as 
pharmacological intervention, have yet to be clarified. 

I hope that with what has been said it is evident that sports cardiology has 
assumed a scientific and cultural physionomy of its own fully involving experti­
se and sound knowledge, not only physiological, but also clinical cardiology. 
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Cardiovascular Response and Adaptation to 
Exercise 

J. H. Mitchell 

Harry S. Moss Heart Center, University of Texas Southwestern Medical Center, 
Dallas, Texas, USA 

Exercise can be classified into two broad categories according to mechanical 
activity and these are dynamic or isotonic and static or isometric. In dynamic 
exercise there are changes in muscle length and movements in joints caused by 
rhythmic muscle contractions which develop little tension. In static exercise 
there is a relatively large generation of muscle tension caused by contractions 
with little or no change in muscle length and little or no movement in joints. 
Physical activities such as long distance running or cross-country skiing (clas­
sic technique) are pure dynamic exercise and weight-lifting or water-skiing are 
pure static exercise. However, these two types of activity should be thought of 
as the two opposite poles of a continuum in which most physical activity has 
components of both static and dynamic exercise. For example, rowing and 
speed skating involve both dynamic and static exercise. 

The classification of exercise by its mechanical action is different from char­
acterizing the activity based on the type of metabolism that is utilized for the 
production of energy. In this way exercise can be categorized as aerobic when 
the energy comes from an oxidative process and anaerobic when the energy 
comes from a glycolytic process. In general, high intensity static exercise is 
performed primarily anaerobically and high intensity dynamic exercise lasting 
longer than several minutes is performed primarily aerobically. However, high 
intensity dynamic exercise for a brief period of time such as sprinting or jum­
ping is performed primarily anaerobically. 

Dynamic Exercise 

Dynamic exercise involving a large muscle mass causes a large increase in oxy­
gen consumption (Fig. 1). Cardiac output, heart rate, stroke volume and systolic 
arterial pressure increase markedly with only a small increase in mean arterial 
pressure. In addition, there is a moderate decrease in diastolic arterial pressure 
and a marked decrease in total peripheral vascular resistance. There is also a 
marked increase of the total body arteriovenous oxygen difference. 

The most important measure of the ability to perform dynamic exercise is 
the maximal oxygen uptake (V02 max) which is the maximal rate of removal of 
oxygen from inspired air and its utilization by the contracting muscles. V02 

max is the product of maximal cardiac output and maximal total body arterio-
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Fig. 1. Cardiovascular response to 
Exercise. Panel A. Effects of progressi­
vely increasing workload to V02max. 
Panel B. .effects of sustained isometric 
handgrip contraction (30% maximal 
voluntary contraction). V02 = oxygen 
consumption, Q = cardiac output, HR 
= heart rate, SV = stroke volume, APB 
= systolic (top line), mean (middle 
line) and diastolic (bottom line) arte­
rial blood pressure, TPR = total 
peripheral resistance (from [9], 
Fig. 17.2) 

Maximal cardiac output is the product of the maximal heart rate and maxi­
mal stroke volume, and maximal total body arteriovenous oxygen difference is 
the arterial oxygen content minus the mixed venous oxygen content. During 
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Fig. 2. Determinants of maximal oxygen consumption (V02max) 
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maximal exercise the mixed venous oxygen content can decrease to 3 to 4 
ml02/100 ml blood. The extent to which the mixed venous O2 content can fall is 
dependent upon the redistribution of blood flow away from inactive tissue and 
the degree of extraction of oxygen from the blood perfusing contracting 
muscles. 

Maximal oxygen uptake (V02max) sets the limit of endurance performance 
for an individual. However, the ability to utilize a high percentage of V02max 
for a prolonged period of time is also of great importance. Thus endurance 
performance is not dependent only on V02max. 

Training utilizing dynamic exercise or endurance training elicits cardio­
vascular adaptation which are present both at rest and during exercise (Table I). 
Resting cardiac output is not changed by endurance training, but heart rate is 
decreased (training bradycardia) with a concomitant increase in stroke volume. 
Endurance training may cause a decrease in resting blood pressure. At the same 
sub maximal workload, which after endurance training is a lower relative work­
load, the cardiac output is the same but is achieved by having a lower submaxi­
mal heart rate and a larger submaximal stroke volume. 

Table 1. Effects of endurance training on oxygen consumption and hemodynamics 

Same 
Submaximal Maximal 

Rest Workload Workload 

Oxygen consumption +-'> +-'> l' 
Cardiac output +-'> +-'> l' 
AV02 difference +-'> +-'> l' 
Heart rate ! ! +-'> 

Stroke volume l' . l' l' 
Left ventricular +-'> +-'> l' 
Contractility 
Muscle blood flow +-'> +-'> l' 
Splanchnic blood flow +-'> +-'> ! 
Oxygen extraction +-'> +-'> l' 

~--> = no change, l' = increase, ! = decrease 

The maximal oxygen consumption and maximal workload are higher after 
endurance training. This is due to a greater maximal cardiac output and a grea­
ter total body A V02 difference. The greater maximal cardiac output is due to a 
greater maximal stroke volume with no change in maximal heart rate. The 
greater A V02 difference during maximal exercise is due to a greater blood flow 
and oxygen extraction in the working muscles and to a greater decrease in flow 
to the abdominal organs (splanchnic blood flow) and to the kidneys. 

The magnitude of the maximal stroke volume is related to the degree of left 
ventricular eccentric hypertrophy that has been achieved. Left ventricular mass 



Cardiovascular Response and Adaptation to Exercise 9 

is greater in male and female endurance trained athletes than in sedentary con­
trol subjects (Fig. 3). This is also true when left ventricular mass is normalized 
to lean body mass. 

The degree of left ventricular eccentric hypertrophy is due both to a genetic 
factor and to the duration and intensity of the endurance training. It has also 
been shown that the magnitude of left ventricular eccentric hypertrophy corre­
lates with maximal oxygen consumption (Fig. 4). 

In addition to increasing the maximal oxygen consumption, endurance 
training also enhances the ability to maintain a high percentage of V02 for a 
longer period of time. Both of these are important for enhanced endurance 
performance. 

Static Exercise 

Static exercise causes only a small increase in oxygen consumption during the 
activity even when a large muscle mass in involved (Fig. 1). After cessation of 
the activity there is a greater increase in oxygen consumption. There is a small 
increase in cardiac output and heart rate with no change in stroke volume. In 
addition, there is a marked increase in systolic, diastolic and mean arterial pres­
sure with no appreciable change in total peripheral resistance. The magnitude 
of the increase in blood pressure is related to the intensity of the muscle con­
traction (% of maximal voluntary contraction) and to the amount of skeletal 
muscle involved in the exercise. There is also a small increase in the total body 
arteriovenous oxygen difference during the exercise and a greater increase 
immediately upon completion of the activity . 
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Fig. 3. Left ventricular mass of male and 
female sedentary controls and endurance 
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Training utilizing static exercise or strength training causes an increased 
skeletal muscle mass due primarily to fiber hypertrophy with a small contrib­
ution from fiber hyperplasia (by 15%). This type of training, however, does not 
result in a higher maximal oxygen uptake. With pure strength training there 
appears to be some degree of left ventricular concentric hypertrophy. This type 
of adaptation allows a lesser wall force for the high left ventricular pressures 
that are present during static exercise. When left ventricular mass is indexed by 
lean body mass there is no difference between strength athletes and normal 
subjects. 

Effects of Gender 

In general, the cardiovascular response to dynamic and static exercise is qual­
itatively similar in men and women. However, there does appear to be a differ­
ence in the quantitative response of the cardiovascular system. It has been 
shown that men have larger blood volumes and increased oxygen carrying 
capacity of blood. In addition, studies using magnetic resonance imaging have 
'shown that both sedentary and endurance trained men have larger left ventricu­
lar masses than do sedentary and endurance trained women. This is true both 
in absolute terms (Fig. 3) and when indexed by body weight or lean body mass. 
Maximal heart rates are similar in men and women. However, men can reach 
higher maximal oxygen uptakes than women because of larger maximal stroke 
volumes and larger maximal total body arterio-venous oxygen differences. 

The response to dynamic exercise training in a qualitative sense is relatively 
the same for men and women. However, there are quantitative differences in the 
response ofj)lood volume, stroke volume and left ventricular eccentric hyper­
trophy. 

Effects of Age 

With age there is a progressive decrease in maximal oxygen uptake and a red­
uced performance in dynamic exercise. This is principally due to a decrease in 
maximal heart rate. On average, the maximal heart rate can be expressed as 220 
age. This decline occurs in both sedentary and actively training individuals. 
There is also a decline in maximal stroke volume and maximal total body arte­
rio-venous oxygen difference. Thus the decline in maximal oxygen uptake is 
due to a decrease in both maximal cardiac output and maximal total body 
arterio-venous oxygen difference. 
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Neural Control during Exercise 

There are two neural mechanisms which play important roles in determining 
the cardiovascular response to exercise (Fig. 5). In one of these, the neural acti­
vity which is responsible for the recruitment of motor units in the cortex acti­
vates, in parallel, the cardiovascular control areas in the medulla. This 
feedforward mechanism which determines the immediate changes in the level 
of parasympathetic and sympathetic efferent neural activity to the heart and 
blood vessels has been termed central command. 

In the other neural mechanism, stimulation of mechanoreceptors and 
chemically sensitive metaboreceptors in the contracting skeletal muscle reflexly 
activates the same cardiovascular control areas in the medulla. This feedback 
mechanism, which can also determine the autonomic efferent activity, has been 
termed the exercise pressor reflex. 

Nerve impulses related to the mechanical activity within the skeletal 
muscle are transmitted primarily by the thinly myelinated Group III afferents 

Ergorocoplors 

Fig. 5. Neural control of the circulation during exercise (From [10]) 
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and neural impulses related to the metabolic activity within the skeletal muscle 
are transmitted primarily by the unmyelinated Group IV afferents. Both Group 
III and IV muscle afferents travel through the dorsal horn into the spinal cord 
and ascend to the cardiovascular control areas in the medulla. 

The afferent nerve traffic from the activation of mechanoreceptors reaches 
the control areas in the medulla slightly later than neural impulse from central 
command. Central command can increase the heart rate within the first beat 
even when exercise is initiated in the last third of a cardiac cycle. The reflex 
from muscle mechanoreceptors can only increase the heart rate within the first 
beat when exercise is initiated in the first third of a cardiac cycle. With both of 
these mechanisms the initial increase in heart rate is due to parasympathetic 
withdrawal. Later the heart rate is also increased by sympathetic activation. 
Both central command and a reflex mechanism from mechanoreceptors provi­
de information concerning the type and intensity of the muscle activation and 
the mass of skeletal muscle involved in the exercise. The afferent nerve traffic 
from the activation of metaboreceptors depends on an increase in concentra­
tion of some metabolite(s) that is (are) produced: by the increased activity of 
the contracting muscle and, therefore, these neural signals are slightly delayed 
in reaching the cardiovascular control areas. Substances that have been propo­
sed as the metabolic signal are potassium, hydrogen ion and adenosine. 

In man neuromuscular blockade has been used to study the influence of 
central command in determining the cardiovascular response to both dynamic 
and static exercise. 

This manoeuvre increases the perceived effort to perform a given level of 
dynamic or static exercise. Studies utilizing this model have shown that central 
command has little effect on the cardiovascular response to dynamic exercise 
but a more marked effect on the cardiovascular response to static exercise. 

In addition, epidural anesthesia has been used in man to study the influence 
of the exercise pressor reflex in determining the cardiovascular response to 
both dynamic and static exercise. Studies utilizing this procedure have shown 
that the exercise pressor reflex has little effect on the cardiovascular response to 
static exercise but is of importance in determining the response to dynamic 
exercise. 

It has been clearly demonstrated that both central command and the exer­
cise pressor reflex can influence the cardiovascular response to exercise. 
However, the relative importance of these two mechanisms depends upon the 
type of exercise (dynamic or static), the intensity, the time after the onset of 
exercise and the adequacy of the blood flow to the exercising muscle. Also it 
appears that these two mechanisms are. somewhat redundant, rather than addi­
tive, and that neural occlusion is operative. In addition, cardiovascular response, 
during exercise is influenced by the arterial baroreceptors and the cardiopul­
monary receptors. 
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Functional Evaluation in Sports Cardiology 

M. Faina, A. Dal Monte, G. Mirri 
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C.O.N.I., Rome, Italy 

In sports cardiology, the specific functional evaluation of athletes has assumed 
an increasingly important role in the development of in clinical and physiologi­
cal analysis techniques and in the knowledge of adjustments and adaptations of 
the cardiovascular system when subjected to training loads. 

Therefore, at present, while the aim is to make a "specific cardiological dia­
gnosis" and at the same time detect the physiological parameters "useful for a 
specific functional evaluation", the sports cardiologist's primary objective of is 
to verify the behaviour of the cardiovascular system either directly during com­
petitions, or in conditions as close as possible to competition in order to obtain 
responses that are undetectable with non-specific methodology. 

Accordingly, in the case of laboratory evaluation, the basic assumption is to 
reproduce the biomechanical and physiological conditions of athletes during 
official competitions. The so-called specific ergo meters have been for this pur­
pose, used for some time. They are apparatus which give the possibility of 
simulating the specific technical action; therefore they allow the assessment of 
the organic and functional response of athletes in conditions similar to those 
found in the sport [1]. 

In the case of evaluations carried out directly on the field, the basic assump­
tion is to have instruments that permit us to analyse physiological parameters 
during real or simulated competitions, specific training sessions or competition 
heats, without considerably interfering with the performance of athletes. 

Enormous progress has been made in the area of functional evaluation, by 
introducing modern miniaturized telemetric metabolic charts for measuring 
oxygen uptake and field instruments that measure blood lactate [2,3]. 

Furthermore, it seems clear that experiments in the laboratory or carried 
out on the field, must analyse many parameters among which those related to 
or limited by the cardiovascular system. 

Therefore, in this chapter we describe the physiological parameters, to be 
analysed both by physiologists and cardiologists, fundamental in evaluating 
cardiovascular efficiency. 

Maximum Oxygen Uptake 

The maximum speed with which the body can develop energy through the oxi­
dative system, or the maximum power of aerobic metabolism, is commonly 
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defined as maximum oxygen uptake (V02max). 
High levels ofV02max are typical of athletes practising endurance or midd­

le-distance sports in a non-homogeneous subject group (sprinters to endurance 
athletes), the value of V02max is directly related to the performance capacity 
during an endurance competition [4,5]. 

V02max is a parameter of basic importance, from a clinical point of view, 
since it is a complete and integrated measure of all the mechanisms from the 
transportation O2 rigth up to its utilization inside mitochondria. If this integra­
tion of physiological mechanisms is altered by pathological factors or by seden­
tary life style, the V02max is also negatively influenced. 

Among the central and peripheral factors limiting the V02max, those of 
fundamental importance are the central cardiovascular factors to be identified 
in cardiac output (0) and the capacity of blood to combine and transport O2 to 
the peripheral system (Hb content). 

In fact when large muscular masses are involved, these factors (Hb content 
multiplied by SV) can contribute up to 80% in determining the V02max value, 
while peripheral aspects (diffusion capacity of blood and mitochondria enzy­
mes) only 20%. Both factors reach values of 50% when the dimensions of the 
muscular masses involved are modest [6]. 

Because Q is given by the product of heart rate (HR) and stroke volume 
(SV), heart rate gives a rapid and rough estimation of central adaptation to the 
training load, is still a particularly important index for evaluation. In fact, a HR 
reduction at constant metabolic power is considered as the expression of an 
increase in stroke volume. Furthermore, the evaluation of HR, together with the 
related oxygen uptake, allows calculation of the relationship between the two 
parameters and consequent extrapolation give the corresponding O2 uptake 
from the HR measured on the field. In fact, it is well-known that the correlation 
between HR and O2 uptake, considered linear, is equal for everyone when 
expressed in percentage with respect to maximum values, but is absolutely indi­
vidual when expressed in absolute value. 

The Anaerobic Threshold 

Much lactate is produced at work loads corresponding to the V02max. This 
metabolite progressively accumulates in the muscular regions involved, and the 
consequent increase of H+ content causes fatigue (acute) and makes it impossi­
ble to continue the effort. 

Therefore, at an intensity equal to the maximum aerobic power, physical 
exercise can be carried out for only a short period of time. The maximum dura­
tion is defined as a time limit or maximal aerobic intensity or time of V02max 
exhaustion, it varies between 4 and 11 minutes [7]. 

In contrast, the maximum work load that can be carried out by a person for 
a prolonged period of time corresponds to a work intensity which does not 
cause an accumulation of lactate, therefore an intensity which is necessarily 
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lower than the V02max. This maximum work intensity, varying depending on 
the characteristics of the athlete and of his/her training state, was defined as 
the aerobic-anaerobic threshold by Wasserman in 1964 between 60 and 90% of 
V02max, and more simply as the anaerobic threshold (AT) by Mader in 1976. It 
is identified as the point in the lactate/intensity of the work load curve which, 
corresponds to a blood lactate value of 4 mM [8,9]. 

So, the anaerobic threshold expresses the work intensity beyond which aero­
bic metabolism can meet the energy demand no longer alone. Above this the 
production of ATP is guaranteed also by the glicolitic anaerobic metabolism 
with the consequent progressive accumulation of lactate in the blood. 

In defining the anaerobic threshold, the term accumulation instead of pro­
duction of lactate is used. According to some authors it is preferable to use the 
term Maximal Lactate Steady State (MLSS). It seems that this term in fact, better 
describes, from a biological point of view, what really happens during work 
"carried out at threshold intensity" which is a situation of maximum balance 
between the muscular lactate production (rate of apparition = Ra) and its eli­
mination (rate of disappeaqillce = Rd) is reached [10]. 
. The empirical observation has shown that on average the MLSS also is 

detected at a value of 4 mM. 
However, fixing a single value of lactate which corresponds to the MLSS for 

everybody, as normally happens for the anaerobic threshold, seems biologically 
wrong. In fact, it has been shown that lactate values corresponding to the MLSS, 
generally vary between individuals from 3 to 5.5 mM (they rarely exceed 7 mM). 

In any case, the discriminating factor of this parameter is that, on one hand, 
less lactate is produced and, on the other, more lactate is broken down at 
muscular level. So, the main limit seems essentially determined by the improve­
ment of peripheral muscular capacities to acquire and use 02 even if there is 
no actual agreement on which biological mechanisms determine the inbalance 
in the ratio between production and metabolism. On the other hand, the capa­
city of transporting oxygen (efficiency of the cardiac pump and of the haemo­
globin system) and the capacity of removing lactate by the capillary system 
(efficiency of the peripheral microcirculation) are equally important in setting 
this value. So, it is evident that in a situation of exclusive aerobic work, such as 
that taking place at the anaerobic threshold, the role played by the efficiency of 
the cardiovascular system, including its central and peripheral components, 
certainly is not marginal. Consequently, detecting the anaerobic threshold is a 
fundamental element in evaluating the peripheral and central adaptation to the 
training load. Moreover, it should be. remembered that the determination of this 
parameter generally does not involve a maximal test and consequently can be 
executed in oil} people or in conditions of non perfect health with relatively' 
higher tranquility. 

Now we will illustrate the test protocols and their interpretation for evalua­
ting the described functional parameters. 
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Laboratory Tests for Evaluating V02 max 

In evaluating VOzmax, it is necessary to use instruments capable of real-time 
measurement of pulmonary ventilation and the percentage of 0z in the ventila­
ted air (FEOZ). The product of these two elements, corrected by appropriate 
indices (i.e. FECOZ' Step), determines the measure ofVOz. 

From a methodological point of view, certain fundamental criteria concer­
ning performance specificity and the protocol used carrying out laboratory 
tests for detecting the VOzmax are to be respected (this is valid in general also 
for the other parameters) [1]. 

Concerning the first aspect, the athlete who undergo a test should not be 
fatigued, must not have drunk alcoholic drinks, taken drugs or food or smoked 
and must have appropriately warmed up. The temperature must not exceed 20 
degrees and humidity must be such (50-60%) as to permit good evaporation. 

Concerning specificity, as mentioned before it is fundamental to use specific 
ergometers [1]. 

Moreover, one should remember that even if the well-known step test is not 
a good instrument for the specific functional evaluation of all sports, it 
remains, due to its praticality, an ergometer valid in sports cardiology especially 
when due a great number of test are to be carried out and specific heart and cir­
culatory pathologies are not being analysed. 

Concerning the test protocol, generally in maximal tests a triangular proto­
col is used which consists of progressively increasing the work load to the 
subject exhaustion. 

To assess VOzmax protocols using sufficiently long steps to obtain the steady 
state for that load should be used, but they must be, as for as possible, of short 
overall duration (8-10 smin) with fast (each step = 1 min) increases of the work 
load with high increases of load to avoid phenomena of local fatigue. In our 
Institute longer steps are used (2 min) in a temptative to assess also a steady 
rate of energy production at each step. 

To define the moment to interrupt the test, some people assume that the VOz 
max is reached when the VOz does not increase despite further load increases 
(Plateau) or at high lactatemia levels (8 mM) or when R values are higher than 
1.15 or, finally, when the prefixed theoretic HRmax percentages are reached. 

However, all these criteria were defined with subjects and protocols no lon­
ger used in Functional Evaluation laboratories. For this reason, we and other 
Authors think it is preferable to carryon the test until the athlete is exhausted, 
considering the maximum VOz value reached as VOzmax, which should more 
correctly be defined as the VOz peak. 

This kind of test, among other things, involves the athlete totally, in particu­
lar from the psychological point of view. 



18 M. Faina et al. 

On the Field Tests for Evaluating the V02max 

When no instrument for directly measuring the FE02 is available, indirect tests, 
which can be of submaximal and maximal type, are used. These are based on 
the assumptions that: 1) all people have the same mechanical efficiency (25%) 
in cycling or energy cost of running 4 KJo(Kmom)-I, independently of speed, and 
2) for submaximal test only there is a linear correlation between HR and the 
intensity of the muscular work expressed as V02 [13]. 

The simplest submaximal tests include two bouts using the cycle-ergometer 
or the treadmill where HR is measured, in the final phase (steady state). 

The HR values detected under each sub maximal load are correlated with the 
corresponding V02, which is indirectly calculated from the mechanical power; 
assuming, as said before, that efficiency or energy cost of the muscular work 
are equal in everyone (for this purpose adequately prepared conversion tables 
are used). Thanks to the two points obtained it is possible to draw a linear cor­
relation between HR and V02, (which is subjective) and expresses the aerobic 
characteristics of an individual [13] . 

. The V02max is calculated by extrapolating the line up to the HRmax of the 
individual examined, this value's, not directly measured and could be assumed 
to be 220 minus age. As for all indirect methods, the one described has a possi­
bility of error due to the many theoretical assumptions it requires. 

One of the main evaluation errors in indirectly determining the above­
described V02max occurs in assuming the theoretical HRmax. This can be avoi­
ded by measuring the real HRmax of the individual and also by administering a 
maximal load test which makes the subject reach the "real" HRmax. However, in 
the case of aged or cardiopatic subjects this may not be advisable. 

In cases where it is possible to carry out maximal tests, other simple evalua­
tion protocols have been conceived, in which the V02max can be estimated on 
the maximal value of mechanical power. 

These protocols require the performance maximal tests by using cycle-ergo­
meters or treadmills, characterized by progressive increase of work loads until 
the individual is exhausted. The important characteristic is that they are extre­
mely adaptable and thus applicable to athletes, healthy non athletes and cardio­
pathic patients simply by adapting, depending an the circumstances, the entity 
and method of increasing work loads. 

Even if the indirect tests described for determining the V02max provide 
data which has a certain implicit error, they are easily applicable methods, par­
ticularly useful when numerous individuals are to be checked and, in any way, 
when the expensive and sophisticated instruments necessary for directly mea­
suring the V02 are not available [4,5]. 

On the other hand, technological evolution with the introduction of minia­
turized telemetric metabolic charts has simplified the direct measurement of 
V02 also on the field [2,3]. 

The advantages of using these instruments (e.g. K4 Cosmed) mainly consist 
in analysing the behaviour of the integrated mechanisms determining the 
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V02max directly while the athlete executes his/her training exercises or even 
during competitions without considerably interfering with the sports action. 
Even from a clinic cardiological point of view, especially concerning the evalua­
tion of the adaptation processes in individuals being rehabilitated, these new 
instruments can offer interesting perspectives. 

Laboratory Tests for the Anaerobic Threshold 

Based a what was said earlies, for the concept of anaerobic threshold, one sees 
that in an increasing-load test the work intensity passes from a submaximal 
phase lower than the anaerobic threshold to a maximal phase which exceeds it. 
So, measuring the variations in the different physiological parameters caused 
by this transition can provide an index of the anaerobic threshold itself. 

Obviously, the physiological parameter best correlated with the anaerobic 
threshold is lactacidemia. Moreover, this parameter began to be used to identify 
the anaerobic threshold only after 1976, with the spread of the micro-methods 
of analysis and following Mader's suggestion of considering the work-load cor­
responding to the experimentally determined value, of 4 mM of blood lactate as 
the anaerobic threshold intensity. Before then, the only method used was based 
on detecting the variation of ventilation compared to that ofV02. In fact, venti­
lation has a linear relationship with V02, up to a certain work load, considered 
as corresponding to the Anaerobic threshold, beyond which ventilation increa­
ses more than V02 [8,9]. 

Many other methods have been described in the literature to assess the 
anaerobic threshold. Therefore, more complete information is available [14,15]. 

On Field Tests for the Anaerobic Threshold 

Conconi has proposed a on field test linking the heart rate to running speed in 
which the HR or the speed of the anaerobic threshold are indicated, at the point 
where the linear relationship between these two parameters is lost [16]. 

Some believe that Conconi's test is highly correlated with the real anaerobic 
threshold while others say this correlation is low. 

This test is favoured because it is easy and practical to perform, while its 
negative aspects are the subjectivity in detecting the inflection point of HR and 
the fact that this inflection point is not always verifiable. Even if some specific 
mathematical analysis is used, a number of subjects who do not show the 
downward inflation of HR persists [17]. It is also to be considered that, since the 
HR of the anaerobic threshold is often used for on-line training control, that 
this parameter is not stable in time. It is subjected to variations completely 
independent from the intensity of the work load administered and due to fac­
tors such as the increase of body temperature and the possible occurrence of 
dehydration. 

The test proposed by Mader can also be carried out on field. It consists of 
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incremental step test, whose step duration is 5-6 minutes. Blood sample is with­
drawn in the recovery period (30s) between the steps, each of them is perfor­
med at costant speed. 

It is, all things considered, a normal increasing-load test not carried out 
until exhaustion since it only aims to point out the passage of the blood lactate 
curve through the 4mM value. Considering the wide variety of transportable 
instruments for determining lactacidemia this test, can be considered a field 
one, is highly correlated with MLSS. 
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Paraplegic Athletes (WPA) 

M. Marchetti 

Human Physiology, Post Graduate School of Sport Medicine, University "La 
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Paraplegic a~d tetraplegic patients constitute a great part of wheelchair depen­
dent athletes. Although the benefits of sport in these subjects have been reported 
by a large number of authors, this presentation will stress that the anatomical 
and functional peculiarities of a para- or tetraplegic person are so unlike those 
of an able bodied subject that only very specialised trainers or sports physicians, 
well aware of those differences, can effectively take care of these athletes. 

Heavy exercise in able bodied athletes (AA) produces a massive readjust­
ment of circulation as summarised in the following scheme. 

muscular pump 
! 

orthosympathetic outflow 
! ! 

venous blood redistribution 
! 

ventricular filling pressure increases 
! 

telediastolic ventricular volume increases 
! 

stroke volume increases ---'> ---'> 

Fig. 1. AA cardiovascular adjustment to exercise 

heart rate increases 
! 

! 

! 
cardiac output increases 

This adjustment, aimed at increasing blood flow in the active muscle and in 
thermo dissipating skin, implies a) a complex system of encephalic centers hie­
rarchically organised which needs b) to receive a flow of information coming 
from every part of the body and c) to send commands to every part of the 
body. The interruption of the spinal cord denies this input/output flow from/to 
that part of the body associated with the spinal cord below the level of the 
lesion. This impairment is effective as high and/or complete as the interruption. 
The paraplegic condition can be summarised as follows. 

Impairment in Orthosympathetic System 

Orthosympathetic centers are present in the spinal lateral column between tho­
racic 1 and lumbar 2 and cardiac control mainly arises from tract Tl-T6 . Thus 
a lesion above T6 reduces the possibility of increasing heart rate (HR) and car-
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diac contractility (CC). In tetraplegic patients the orthosympathetic control of 
the heart is completely abolished and only vagal fibres linR encephalic centers 
to the heart. Therefore, there is no possibility of increasing HR and CC except 
by reducing vagal heart inhibition. The maximum HR that can be attained in 
this case is the spontaneous auto-excitatory rate of synousal pacemaker cells, 
i.e. 100-120 beats min-I. When the lesion is below T6 the possibility of increa­
sing HR and CC is the same as in able bodied persons (i.e. 220 minus the age in 
years). If the lesion affects the thoracic spinal cord, the sympathetic control of 
the splancnic vascular district is impaired and the ability to drive the blood 
contained in this district (in venous capacitance vessels) to fill the heart cham­
bers is reduced. Furthermore, the deficiency in renal sympathetic control redu­
ces the possibility of activating the Renin-Angiotensin system. It must be 
remembered that Angiotensins II and III exert their action both on vascular 
walls, increasing muscular tone, and on the heart, so increasing CC. Also, the 
sympathetic control of surrenalic glands can be lost. In this case surrenalic epy­
nephrine hormone cannot be activated. 

The thermoregulatory control of the cutaneous vascular district and sweat 
glands in the lower part of the body is impaired because of the interruption of 
the descending pathway from diencephalic thermostatic to sympathetic spinal 
centers. Thus, in thermal stress the heat dissipation mechanism of vasodilata­
tion and sweating in the lower body is lost. Furthermore, the interruption of the 
spinothalamic tract, which conveys information from cutaneous thermorecep­
tors, reduces the ability to maintain thermal homeostasis. This fact is reflected 
in the shiver paradox: when the lower part of the body is refrigerated the dien­
cephalic centre, which perceives this manoeuvre because the blood is cool, 
reacts by shivering. But the subject who is not aware of the cold, due to the 
interruption of the spinothalamic lateral tract, is surprised by the shivering 
which is subjectively felt as a purposeless activity. The reduced capacity to be 
consciously informed about thermal stress can expose the WPA to heat stroke 
when heavy exercise is performed in hot and humid environments. 

Deficiency in Muscular Pump 

Hopman et al. [1] have demonstrated that during arm exercise the leg blood 
volume does not decrease in paraplegic patients, i.e. the patients, unlike able 
bodied subjects, are not able to redistribute the blood contained in the leg 
venous mesh. The lack of a muscular blood pump in the paralysed limbs has 
been indicated as the principal cause of this impairment, even if two other 
factors can contribute to it: a) the inefficiency of sympathetic output to the 
lower limb vascular system, which is thus unable to raise the venous wall tone, 
and b) the reduced capacity of the limb vascular bed. 
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WPA vs. AA Vascular Adjustment 

The above mentioned impairments in WPAs cause a reduction in cardiac effi­
ciency that has been demonstrated by Hopman et a1. (see Fig. 2). 

muscular pump 
not in lower limbs 

orthosympathetic outflow 
less effective in abdomen iflesion below 
absent in lower limb first thoracic segments 

t t t 
venous blood redistribution heart rate increases 

less than in AA more then in AA: compensative 
t t 

ventricular filling pressure increases 
less than in AA 

t 
telediastolic ventricular volume increases 

less than in AA 
t 

stroke volume increases ~ ~ 
less than in AA 

t 

t 
cardiac output increases 

like AA until maximum HR 

Fig. 2. WPA vs AA: differences in cardiovascular adjustment to exercise 

During exercise the reduced possibility of mobilising the blood pooled in the 
lower body and, consequently the reduced Starling effect, determine a lower 
stroke volume increment in WPAs than in AAs A WPA with lesion below the 
first thoracic spinal segments compensates this fact with an increase in HR 
which at the same oxygen intake (\102) is greater than that in AA. If the exercise 
is submaximal, at the same 02 the cardiac output in a WPA is the same as in an 
AA. When the exercise approximates maximum, HR and cardiac output can not 
be further increased in a WPA, and the so called hypokinetic circulation starts. If 
the cardiac output increment does not parallel the \102 increment, only a greater 
O2 arterio-venous difference can guarantee an adequate O2 supply to the 
muscles. 

On-Field Cardiovascular Adjustment in WPA 

The cardiovascular adjustment produced by WPAs during actual sports perfor­
mance has not been directly measured because of the obvious technical diffi­
culties. 

Table 1. en-field cardiovascular adjustement 

Sport HR %HRmax V02 %V02max 
(beats' min -1) (1. min -1) 

Marathon 175 ± 2 91 2.28+.05 81 
Basketball 149 ± 13 79 1.89 +.13 75 



Cardiovascular Adjustments in Wheelchair Paraplegic Athletes (WPA) 25 

The only reliable data we can obtain in this situation are HR and data corre­
lated with energy intake, namely \/02, pulmonary ventilation (E) and carbon 
dioxide production (\i'C02 ). It is assumed that at the same percentage of maxi­
mal aerobic energy intake (\i'02max) the cardiovascular adjustments produced 
on the field are similar to those measured in the laboratory. The values obser­
ved during competition in top level paraplegic athletes are reported in table 1. 
V02, \IE, HR and VC02 were measured in the same subjects during ergometric 
tests up to exhaustion. It is evident that performing the most demanding 
sports like marathon or basketball entails energy intake close to \i'02max. 
Adopting the linear correlation between cardiac output and V02 calculated by 
Hopman et aI., we could assume that more than 161 min-' would be pumped by 
each ventricle in this condition. In Fig 3 a typical trend of a phase of an actual 
basketball game is presented to show that the energy intake often exceeds the 
anaerobic threshold. From the trainer's point of view this fact assumes great 
relevance. 
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Data obtained during actual competition are useful in designing an exercise 
test for health screening in WPAs. Although wheelchair ergometers have the 
advantage of imitating the on field task, the arm-crank ergometer is the most 
common device for arm-testing and therefore we have adopted it. The test we 
adopted is a continuos incremental test with a 20 Watt increment step every 2 
minutes until exhaustion. Although ECG is continuously recorded, it is sugge-
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sted to take a 5 second interruption from the exercise between each step in 
order to record an EeG trace without EMG artefacts. 

On the basis of our experience (more than 70 wheelchair athletes) the linear 
correlation between HR and V02 was confirmed. Only when the WPA is able to 
perform the test at least up to 100 Watt (60 Watt for women) the HR reaches 
values comparable. with the maximal theoretical HR and the test is sufficiently 
provocative to evaluate the eligibility to practice agonistic sport. Another crite­
rion for judging athletic fitness is that 2 minutes after the end of the exercise 
the HR in young people should be lower than 140 beats min-'. These criteria do 
not apply to patients with lesions at the level of the first thoracic tract who can­
not substantially increase the HR because of the deficiency in sympathetic 
heart control 
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Determinants and Physiological Limits of 
Cardiac Morphologic Adaptation in Elite Athletes 
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Morphologic cardiac adaptation induced by athletic conditioning (athlete's 
heart) has been recognized since the late century and to date, a large number of 
studies have described the morphologic features of the hearts of a variety of 
athletes engaged in different athletic disciplines [1-11]. However, some aspects 
of athlete's heart are still topics of scientific interest, such as the physiological 
limits of morphological changes and the criteria of its differentiation from car­
diovascular disease [12]. 

Definition of the physiological limits of athlete's heart has been difficult so 
far, because most previous studies were based on relatively small populations of 
athletes, largely confined to men participating in only a limited number of 
disciplines. Furthermore, in these studies the effect of training in a specific 
discipline was not evaluated separately from the effect of "constitutional" fac­
tors affecting cardiac dimensions, such as body size, gender and age [13-15], 
which may be varying greatly between athletes.We have had the opportunity to 
evaluate the role of these different determinants in a large population of almost 
1000 highly trained Italian male and female athletes, separately assessing the 
impact of type of sport, body surface area, gender and age by applying a multi­
variate statistical analysis [16]. The results of this study showed that: a) type of 
sport was an independent determinant of cardiac dimensions, and b) constitu­
tional factors explained about 50% of the variability of cardiac dimensions in 
athletes, with body surface area being associated with most of this variability. 

Effect of Type of Sport 

Different athletic disciplines may have very different impacts on cardiac dimen­
sions (Fig. 1), with endurance disciplines being associated with the greatest 
increase of left ventricular dimensions [16]. Highly trained athletes engaged in 
cycling, rowing, canoeing and swimming show the largest absolute left ventri­
cular cavity dimensions and wall thickness among elite athletes [17]. 
Furthermore, in longitudinal studies performed at different times of the trai­
ning program, substantial changes of left ventricular cavity dimension and/or 
wall thickness have been found, again mostly in endurance athletes [18-20]. 

Athletes engaged in power disciplines, such as weight-lifting show relatively 
larger changes in left ventricular walls thickness than in cavity size. Training in 
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Fig. 1. Effects of different types of sport on left ventricular cavity dimension (grey bars) 
and wall thickness (block bars) as percentage of maximum (Derived from results of 
study [16]) 

such disciplines is associated with mild absolute wall thickening which, howe­
ver, does not usually exceed the upper normal limits (ie., 12 mm) [21]. 

Team training and ball disciplines such as soccer, and volleyball, field 
hockey water polo, are associated with a moderate and relatively balanced 
impact on left ventricular cavity dimensions and wall thickness. Absolute left 
ventricular dimensions are increased in these athletes, but wall thickness usual­
ly remains within normal limits, whereas left ventricular cavity dimension is 
only occasionally enlarged to 2: 60 mm [16]. 

Finally, participation in technical disciplines, such as equestrian sports or 
yachting, is associated with virtually no effect on left ventricular dimensions [16]. 

Hemodynamic overload is generally regarded as the principal physiologic 
mechanism by which athletic training may modify cardiac dimensions. 
Hemodynamic overload is different in various types of exercise: in high inten­
sity endurance exercise cardiac output may increase to 35 lImin or more [22] 
and peak systolic blood pressure may reach 200 mmHg or more [23]. Therefore, 
athletes engaged in endurance disciplines undergo a pressure and volume over­
load that usually exceeds in intensity and duration that observed in other disci­
plines, and eventually induces the most evident left ventricular cavity enlarge­
ment and wall thickening. 

Training in purely power disciplines is associated with peak systolic blood 
pressures of 300 mmHg or more and diastolic pressures of 200 mmHg or more 
[24, 25]. However, the overall period of pressure overload is of limited duration in 
training sessions and morphologic changes in these athletes are almost confined 
to a mild wall thickening, while left ventricular cavity size is not significantly 
altered. 
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In disciplines such as soccer and other team games, alternate phases of 
intensive muscular work and recovery occur and periodic increases of cardiac 
output and blood pressure are sustained [26]. As a result left ventricular dimen­
sions increase in these athletes, but absolute changes are usually of limited 
extent with a prevalent enlargement of left ventricular cavity dimension. 

Finally, no significant hemodynamic overload occurs in purely technical 
disciplines [27] and no cardiac morphologic changes are usually found in athle­
tes participating in these activities. 

Effect of Costitutional Factors 

a) Body size. Several studies have shown that cardiac dimensions are strictly 
related to body size [14,15,28,29] and regression equations for calculation of 
95% prediction interval of cardiac dimensions as a function of age and body 
weight have been established [15]. In our athlete population, body surface area 
proved to be the strongest constitutional determinant of cardiac dimensions 
and was associated with most of the inter-individual differences related to con­
stitutional factors [16]. 
b) Gender. Recently, there has been growing interest in evaluating the effect of 
gender on cardiac adaptation to athletic training. Most previous studies were 
largely confined to men and so information on cardiac morphologic adaptation 
in women is relatively scarce [9]. Longitudinal studies in women engaged in 
endurance training have described a 2% to 7% enlargement of left ventricular 
cavity and a wall thickening of 4% to 12% [30-32]. Recently, we had the oppor­
tunity to evaluate a large population of 600 highly trained women athletes par­
ticipating in a total of 27 different disciplines [33]. Of the women, those enga­
ged in endurance sports, such as cycling, rowing, canoeing and cross country 
skiing showed the largest increase of left ventricular dimensions, as was pre­
viously reported in men [16,17]. In comparison to men, however, women athle­
tes show smaller absolute left ventricular cavity dimension and wall thickness, 
probably as a result of several determinants, including lower body size and lean 
body mass [13,14,29], as well as a lower absolute increase of cardiac output and 
blood pressure during exercise [34-37]. 
c) Age. Aging is also an independent determinant of cardiac dimensions in ath­
letes [13,16]. It has been shown that senior endurance athletes usually have car­
diac dimensions greater than junior teammates engaged in the same discipline 
[38]. Indeed, the best performances are usually achieved by these athletes in 
their 30s. The increased cardiac dimensions in senior athletes are probably in 
relation to their larger body surface area and lean body mass, but also to the 
longer duration of intensive athletic conditioning. 
d) Finally, a genetic control is suggested by studies evaluating aerobic per-for­
mance and cardiac dimensions in series of twins [39 ,40]. Inherited factors may 
have a role in governing cardiac dimensions in athletes, either by regulat-ing 
cardiac morphologic adaptations to training, or through a predisposition to 
sustain a more intensive athletic conditioning and hemodynamic overload. 
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Physiological Limits of Morphologic Cardiac Adaptation 

In the vast majority of highly trained athletes absolute values of cardiac dimen­
sions are within the accepted normal limits and no question of differential dia­
gnosis with cardiac disease is usually raised. In fact, in a review of echocardio­
graphic studies including almost 800 athletes, the average increase did not 
exceed 10% for left ventricular cavity dimension, and about 15% for left ventri­
cular thickness in athletes compared to untrained controls [9]. 

However, in a subset of elite athletes (about 2%), mostly those engaged in 
rowing and canoeing~ absolute left ventricular wall thickening exceeds the nor­
mal limit of 12 mm and may reach up to 16 mm, which likely represents the 
upper limit of physiological wall thickening [17]. Constitutional traits of these 
athletes are large body surface area ilnd male gender. Furthermore, this subset 
of athletes is characterized by long term training and competitions at interna­
tionallevel, with relevant achievements in World Championships and Olympic 
Games. The morphologic features of athlete's heart may resemble, in such cir­
cumstances, those of hypertrophic cardiomyopathy. Criteria for distinguishing 
this extreme physiological wall thickening from that of hypertrophic car­
diomyopathy have been recently and extensively reviewed [12]. 

On the other hand, in a sizeable proportion of elite athletes (about 14%), left 
ventricular cavity dimension may be enlarged above the normal limits (2:': 55 
mm) and transverse end-diastolic dimension, as evaluated by echo cardiography, 
may increase up to 70 mm, which represents the upper limit of physiological 
enlargement [41]. Usual constitutional traits of these athletes are large body 
size and male gender, with most of them engaged in aerobic disciplines and pri­
marily cycling, cross country skiing and rowing. In these athletes left ventricu­
lar cavity dilatation may resemble that found in patients with idiopathic dilated 
car~iomyopathy. However, in athletes left ventricular systolic function is consi­
stently normal and allows a differentiation between physiological left ventricu­
lar dilatation of athlete's heart and pathological dilatation of idiopathic dilated 
cardiomyopathy [12]. 

Finally, since cardiac morphological adaptations are the physiological 
response to intensive athletic conditioning, dynamic changes of cardiac dimen­
sions occur in athletes in response to variations of training load [18-20]_ 
Therefore, serial echo cardiographic studies may show substantially different 
cardiac dimensions in athletes and may aid in distinguishing morphologic fea­
tures of athlete's heart from other pathologic conditions [20]. 
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Significance and Prognostic Evaluation of 
Bradyarrhythmias in Athletes 

G. Caselli, R. Ciardo 

Institute of Sport Sciences, Department of Medicine, Rome, Italy 

Usually the term bradyarrhythmia indicates an arrhythmia producing a stable 
or intermittent reduction of heart rate. 

The electrophysiological mechanisms responsible for these arrhythmias 
include '\bnormalities of impulse fo'rmation, impulse conduction and combina­
tions of both these mechanisms, 

Impulse formation disturbances are due to inhibition of normal sinus node 
automaticity, resulting varying degrees marked sinus bradycardia or bradyar­
rythmia, and variably prolonged sinus arrest with or without escaping beats or 
rhythms, 

Abnormalities of impulse propagation or conduction may be localized at 
different levels of the conduction system, such as the sinus node and perinodal 
area (sinoatrial blocks), atria and A-V node (A-V blocks of various degrees). 

A-V blocks are usually classified into three categories: first degree, second 
degree (usually subdivided into type I, type II, and high grade or advanced), 
and third degree (complete). Type I A-V block is almost always due to conduc­
tion delay in the A-V node, whereas type II block occurs in or below the bundle 
of His. 

Bradyarrhythmias are observed in highly trained athletes more frequently 
than in normal untrained subjects. This higher prevalence is attributed to char­
acteristic modifications of the autonomic nervous system following heavy pro­
longed training, mainly of the endurance type. 

Initially it was thought that the changes of neural regulation of the heart 
were due to an absolute increase in cardiac vagal tone. 

Later many authors suggested that endurance training induced decreased 
influence of cardiac sympathetic tone, with no change or a slight decrease in 
vagal influence on the pacemaker [1,6, 8]. 

Moreover, intensive training also determines by some unknown mechanism, 
a slowing of the "intrinsic heart rate", often interpreted as a central adaptation 
mechanism. Many investigations have shown that the intrinsic heart rate 
decreases after several months of training from a normal mean of 10Sb/min to 
a mean of 90b/min [1]. 

Additional modifications of the sympathetic influence have been decribed 
at the receptor level. It has been suggested that the decrease in heart rate obser­
ved in well trained athletes could be due to a reduced B-adrenergic receptor 
activity [7, 13]. 
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Therefore, the difficulty of evaluating the autonomic nervous system of ath­
letes appears evident due to of the complex modifications of the mechanisms of 
cardiovascular neural regulation induced by training [10]. 

More recently, the development of a new methodology to study to heart rate 
variability (HRV) seems to provide a non invasive evaluation of the sympatho­
vagal balance modulating the sinoatrial node [9]. 

In addition to the time domain variables, another interesting technique is 
that of spectral analysis of the HRV, which provides quantitative markers of 
sympathetic and vagal control of the sinoatrial node. 

Many clinical investigations have been performed using these interesting 
techniques but there is still disagreement on the results and interpretation of 
the markers of sympathetic and parasympathetic activities [3-5,11]. 

Whatever the mechanism, the decreased influence of cardiac sympathetic 
tone and the slowing of the intrinsic rate of the S-A node are responsible for the 
most common bradyarrhythmia found in athletes: the training bradycardia [12]. 

EKG Holter monitoring has determined the real prevalence of the resting 
bradycardia produced by exercise training: EKG monitoring that includes sleep 
and wake periods can show bradycardia in 100% of athletes, 56% of them pre­
senting marked bradycardia (below 40 bpm) with or without atrial or junctio­
nal escaping rhythms (Table O. 

Table. 1. Bradyarrhythmias during ambulatory Holter monitoring in 50 top level athletes 

Arrhythmias 

Sinus bradycardia50 

Marked sinus bradycardia 

Sinus pauses> 2 sec. 

Sinus pauses> 3 sec. 

Junctional escaping beats 

Junctional escaping rhythms 

1 st degree A-V block 

Type 1, 2nd degree A-V block 

Athletes nO (% of tot.) 

(100%) 

28 (56%) 

2 (4%) 

11 (22%) 

6 (12%) 

5 (10%) 

2 (4%) 

In contrast, athletes rarely show sinus arrest greater than 3 sec or spon­
taneous sino-atrial blocks. In these cases Holter monitoring is an important 
diagnostic tool, recording long sinus pauses exclusively during sleep with a nor­
mal frequency response of the S-A node during an exercise stress test: this 
behaviour helps to differentiate the real sinus dysfunction from vagal hyper­
tone (Fig. O. 
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Fig. 1. 26 years old waterpolo player. EKG Holter monitoring showed nocturnal sinus 
pauses exceeding 3 sec and normal frequency response of the sinus node during training 
(heart rate near 170 b.p.m.) 

However, frequent tests and prolonged follow-up are necessary to exclude a 
pathologic condition that can lead to a real sinus dysfunction. 

The significant prevalence of sinus bradyarrhythmias in athletes is because 
the relative increase of resting vagal tone following intense physical training is 
generally predominant at sinus node leveL Nevertheless, in some athletes vagal 
tone may be predominant or selective at A-V node conduction level, so causing 
the appearance of A-V blocks. 

First degree A-V blocks are quite commonly observed in trained athletes, 
while high degree A-V blocks are a rare finding [2-16]. The prevalence of this 
phenomenon in athletes during standard EKG varies between 0.15-0.21 % and 
is significantly more frequent than in normal untrained subjects (0.003-
0.005%). 

In our opinion high degree A-V blocks in athletes are much more frequent 
than previously reported and the frequent nocturnal occurrence of Wencken­
bach phenomena during Holter monitoring in well trained athletes seems to 
support this ( Table 1) [14, 15]. 

The still controversial problem is whether the relative increase of vagal tone 
following intensive training may be considered the only factor responsible for 
the A-V conduction disturbances. 

In fact, in addition to the so called functional hypotl).esis that attributes such 
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Fig. 2. 21 year old basketball player. EKG Holter monitoring shows the characteristic 
spontaneous variability of A-V conduction disturbances with the disappearance of A-V 
block during usual daily activity and training, and the vagally induced worsening of A-V 
conduction during sleep 

A 

B 

A B 

Fig. 3. same case of Fig. 2 
Strip A: type 1, 2nd degree A-V block recorded during a period of heavy physical training. 
Strip B: normal A-V conduction after 1 month of complete detraining. Below: X-Ray befo­
re (A) and after detraining (B). After detraining, together with the disappearance of A-V 
block, a significant reduction in cardiac size was observed 
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phenomena to a left hemisectorial vagal hypertone with prevalent influence at 
A-V node level, we cannot ignore the possibility that training may reveal mini­
mal concealed organic alterations of the A-V node. 

However, our experience supports the view that A-V block in highly trained 
athletes must be generally considered as a vagally induced functional pheno­
menon related to heavy physical training. 

This opinion is supported by: a) the disappearance of A-V block during 
sympathetic stimulation or vagal inhibition and exercise; b) the characteristic 
spontaneous variability of A-V conduction disturbances during EKG Holter 
monitoring (Fig. 2); c) the significant correlation of A-V block with the inten­
sity of training (the A-V block is found during intensive physical training and 
disappears when training is reduced or stopped) (Fig.3); d) the absence of prog­
ressive worsening of A-V conduction after a long-term follow-up study [2-16]. 

The generally benign prognosis of A-V block in clinically asymptomatic 
athletes must not induce us to ignore the possibility that in a few cases a con­
cealed anomaly of the A-V conduction system may be the cause of high degree 
A-V blocks, that become evident because of the relative increase of resting 
vagal tone following heavy physical training. 
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Supraventricular arrhythmias (SA) affect a large number of subjects. They are 
generally considered to be benign and are still largely treated by anti arrhyth­
mic drugs. In rare cases and by certain specific mechanisms not only in Wolff­
Parkins~m-White syndrome (W-P-W), SA may cause sudden cardiac death [1]. 
Atrial fibrillation is certainly the most common arrhythmia in clinical practice, 
its prevalence being about 0.2-9% in the adult population, depending on age 
[2]. However, to date not much is known about the electrophysiologic mechani­
sm of atrial fibrillation, with consequent objective difficulties in defining the 
vulnerable parameters. 

SA are generally classified in three groups: 
1) Desynchronised electrical activity-atrial fibrillation (AF). 
2) Partially desynchronised electrical activity-atrial fibrillo-flutter 
3) Synchronised electrical activity-atrial flutter(AFL) (common and uncom­
mon), atrial tachycardia (AT) and junctional tachycardias (atrio-ventricular 
nodal re-entry tachycardia-AVNRT and atrio-ventricular re-entry tachycardia 
due to concealed or evident accessory pathways-AVRT; this latter will not be 
discussed in this study). After AF, junctional tachycardias are the most frequent 
arrhythmias in clinical practice. 

Recently, radio frequency trans catheter ablation showed its usefulness in the 
new non-pharmacological treatment of these latter arrhythmias [3]. This elec­
trical approach has to show a favourable risk/benefit ratio in a long-term fol­
low-up before being accepted as first choice/treatment of SA. 

SA are often symptomatic for palpitations. Palpitations are not a rare symp­
tom in athletes and, therefore, can worsen physical performance. Unfortunately, 
the short duration of palpitations often does not allow visualization by surface 
ECG, exercise stress test or Holter monitoring etc. For this reason, only few 
reports regarding SA in athletes are available [4,5]. In an our recent study we 
assessed the usefulness of transesophageal pacing in identifying SA in athletes 
symptomatic for palpitations without evidence of cardiac arrhythmias by the 
standard non invasive diagnostic technique [6]. This study showed the impor­
tance of transesophageal atrial pacing particularly when performed at the peak 
of exercise and during the recovery phase in top-level athletes symptomatic for 
palpitations during exercise. 



Prognostic Evaluation of Supraventricular Arrhythmias in Athletes 41 

Supraventricular Arrhythmias 

Atrial Fibrillation 

The prevalence of AF or AFL in young competitive athletes is the same as in the 
general population of the same age. We found a prevalence of AF of 0.2% in our 
population of 5.000 top-level athletes practising different sports [4]. In particu­
lar, in symptomatic arrhythmic athletes AF may be responsible for a high per­
centage of episodes and it may disturb a professional career. Different studies 
have shown a prevalence of AF/AFL of 25-40% in symptomatic athletes [4,6]. 
This arrhythmia is very easy to reinduce by transesophageal pacing at rest or 
during exercise and often shows a short duration (Fig. O. In these athletes, it is 
very important to exclude the presence of an underlying heart substrate (myo­
carditis) or metabolic disease (hyperthyroidism) and of W-P-W syndrome. In 
fact, the electrophysiologic properties of the accessory pathway can accelerate 
the ventricular rates and increase the probability of degeneration into ventricu­
lar fibrillation, especially during physical activity or emotional stress [7]. In 
athletes, idiopathic AF may be due to a "vagal" or "adrenergic" mechanism, as 
described by Coumel [8]. The increase of the adrenergic tone caused by physi­
cal effort can explain the induction of AF/AFL in some athletes fora variable 
alteration of atrial refractoriness [9]. Vice versa, the neuro-hormonal imbalance 
related to prolonged athletic training and resulting in an enhanced vagal tone 
[10] could also explain the induction of AF at rest or during sleep in other 
symptomatic athletes. Some authors have shown the disappearance of paroxy­
smal episodes of AF following athletic detraining for an adequate period of 
time (mean 20 months) [4]. These data support the hypothesis of a transient 
unknown myocardial substrate (like myocarditis) as the origin of the arrhyth­
mia [11]. 

The various and complex electrophysiologic mechanisms of AF make its 
management difficult: infact, class 1 C drugs propafenone and flecainide have 
been found very effective in slopping an acute AF [12], but show limited effi­
cacy in terms of prophylaxis of arrhythmia recurrences [13]. 

Atrial Tachycardia 

AT is present if the tachycardia rate is regular, the atrio-ventricular conduction 
is> 1:1 (2:1,3:1 and so forth) and the atrial rate < 250 beats/minute [14]. On the 
basis of the electrophysiologic mechanism, AT is divided into automatic, sinus 
or intraatrial re-entry and triggered forms. Automatic AT can occur in incessant 
tachycardia. In our high-level athlete population AT was found in 6.2% of the 
symptomatic athletes (Fig. 1). 



42 A. Biffi et al. 

AVNRT I 150% 

AF ~ __________________ ~,25°k 

AFL I 112,50% 

ORT(cp) 

AT 1 16,25% 

Fig. 1. Supraventricular arrhythmias induced by trans-esophageal pacing in symptoma­
tic top-level athletes AVNRT: AV nodal reentry tachycardia; AF: atrial fibrillation; AFL: 
atrial flutter; ORT (cp): orthodromic reciprocanting tachycardia (concealed pathway); 
AT: automatic atrial tachycardia 

Junctional Tachycardia (Atrio-ventricular nodal re-entry tachycardia) 

AVNRT is a very common SA. In top-level symptomatic athletes AVNRT was 
responsible for 50% of palpitations (Fig. 1).The re-entry circuit is represented 
by a slow pathway (with a short refractory period) and a fast pathway (with a 
longer refractory period) [15]. Usually, the AVNRT goes along the slow pathway 
in an anterograde way and the fast pathway in retrograde. It is not entirely 
known that the re-entry circuit be entirely located inside the atrio-ventricular 
node or include a part of septal atrium [16]. AVNRT showed the greatest indu­
cibilityat transesophageal pacing, in particular during exercise [6]. 

Transesophageal pacing allowed the elucidation of the electrophysiologic 
mechanism of arrhythmia in many cases and, therefore, has assured a more 
accurate prognostic evaluation for eventual therapy [17]. The greater inducibi­
lity of AVNRT during exercise in athletes with palpitations during exercise 
could be explained by the influence of the adrenergic tone on the re-entrant cir­
cuits. In fact, it has been shown that during exercise the atrio-ventricular node 
refractoriness and the anterograde pathway of the re-entrant circuits shortens, 
while the retrograde pathway remains unvaried [18]. This physiologic situation 
can facilitate the induction of junctional tachycardias [19] by means of an pre­
viously described extra stimuli protocol [6]. Furthermore, the enhanced vagal 
tone, which is a common finding in well-trained athletes, probably reduces the 
possibility of induction of junctional tachycardias at rest because of the depres­
sion of cell action potentials and atrio-ventricular conduction [20]. The dura­
tion of AVNRT is generally short and the interruption of the exercise is fre­
quently sufficient to stop the arrhythmia. When AVNRT does not stop sponta­
neously, an intravenous bolus of propafenone (2 mg/Kg) is very effective [6]. 
The AVNRT has an excellent prognosis and the pharmacological treatment 
directed at preventing SA is useful and associated with a good prognosis in fol­
low-up [1]. 
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Unfortunately, young top-level athletes are not ideal patients for a chronic 
and preventive pharmacological treatment. For the more symptomatic athletes 
radio frequency ablation represents a major advance in the treatment of SA 
when compared with surgery, antitachycardia pacemakers or long-term anti­
arrhythmic drug treatment [21J. When sufficient electrophysiologic expertise is 
present success rates above 90% have been noted for a single session of trans­
catheter ablation (Table O. 

Table 1. Transcatheter ablation of atrio-ventricular nodal reentry tachycardia (AVNRT) 
- -,.------"~ .. - .. ----~.-------.----.-- ---------.---.-

Authors Percentage of success Complications 
-----

Fast Slow Fast Slow 
-- - ----------- --,----

Lee [22] 82 3139 

Jazayeri [23] 100 97 4119 0135 

Wu[24] 100 100 0110 0/16 
Jackman [25] 98 1/80 
Haissaguerre [26] 100 0/64 

Kay [27] 100 88 1/4 0134 
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Prevalence of Ventricular Arrhythmias in Normal Subjects 

Ventricular arrhythmias (VA) can occur in a variety of heart diseases as well as 
in normal persons. Although the normal range of the VA is still under debate, 
there is general agreement that frequent and or complex VA are an uncommon 
finding in normal subjects without any apparent structural heart disease. 
Therefore, some degree of VA very likely represents a marker of a pathological 
condition requiring accurate diagnostic assessment to determine the real 
impact of the VA in the clinical setting and its preventive and/or therapeutic 
implications. Generally, the normal range of VA varies from 10 to 100 ventricu­
lar premature ectopic beats (VPB) / 24 hour, whereas the complex forms (cou­
plets, multiplets and non-sustained ventricular tachycardia) are usually absent 
in normal subjects. Non-sustained ventricular tachycardia (N..SVT) of more 
than 10-15 beats, with a rate >150 min., as well as sustained monomorphic or 
polymorphic ventricular tachycardia (SVT) should also be considered as mali­
gnant forms in healthy subjects without evident cardiovascular abnormalities. 
In fact, idiopathic ventricular tachyarrhythmia is not particularly rare cause of 
sudden cardiac death, ranging in the literature from 1 % to 14% of patients less 
than 40 years old who have survived an episode of sudden unexpected cardiac 
arrest [1,2]. 

Ventricular Arrhythmias and Risk of Sudden Death 

Some earlier studies suggested that ventricular premature beats (VPB), even in 
apparently healthy persons, were associated with an increased risk of sudden 
death and an increased incidence of ischemic heart disease [3], whereas more 
recent studies have suggested that the presence of VPB in apparently healthy 
persons is not associated with an increased risk of death [4]. 

According to the Framingham Heart Study [5], the incidental detection of VA 
may be associated with a two-fold increase in the risk of all-cause mortality and 
myocardial infarction or death due to coronary heart disease. Consequently, 
complex or frequent VA may be a marker for occult coronary heart disease or 
silent ischemia. However, a strong correlation between arrhythmias and outco­
me was not found even in patients with coronary artery disease. Thus, it is pos-
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sible that a non-ischemic mechanism underlies arrhythmias and increased risk 
of cardiac death in men with no clinically apparent coronary heart disease. 
Many authors [6-9] have suggested that hypertensive subjects may be at incre­
ased risk for fatal cardiac events, perhaps because of an increased frequency of 
ventricular premature beats. In a multivariate model [10, 11] which includes left 
ventricular hypertrophy and increased left ventricular mass, the VA maintain 
their significance as an independent risk factor, suggesting that they are not 
merely a marker for occult left ventricular dysfunction. On the other hand, 
other studies [12] showed an increased risk of total and sudden mortality in 
patients with left ventricular hypertrophy and an increased incidence of coro­
nary artery disease in patients with increased left ventricular mass [13, 14]. VA 
probably represents the fatal link between an increased left ventricular mass as 
expression of left ventricular hypertrophy and a coronary artery disease in 
hyperten'sives, but the real mechanism of this interaction is still unclear. If this 
mechanism is clarified, another step forward could also be made in our know­
ledge of the relationship between the physiological increase of left ventricular 
mass and the complex or frequent VA in athletes. On the whole, in our opinion, 
it is unlikely that VA per se can become a main pathogenetic factor of SD in 
healthy persons. 

Sudden Death in Apparently Healthy Subjects 

Sudden arrhythmic death is rare in the absence of overt heart disease. Previous 
investigations [15-19] demonstrated that the underlying disease is usually a cli­
nically silent cardiovascular disorder that may not have been diagnosed or even 
suspected when the victim was alive. Ventricular fibrillation is involved in 80-
90% of sudden cardiac death events with coronary artery disease usually the 
underlying abnormality, but other aetiologies such as cardiomyopathy, valvular 
heart disease and the long QT syndrome are less common but still well-known 
causes of ventricular fibrillation. Structural heart disease is absent in up to 5% 
of survivors of out -of-hospital cardiac arrest [20, 21]. Moreover, 10% to 17% of 
forensic examinations fail to reveal the cause of sudden death in victims youn­
ger than 45 years of age [16, 22, 23]. A review of the world literature on this pro­
blem was published by Viskin and Belhassen [2]. Taking 19 studies, they repor­
ted a total of 54 patients with a average age of 36 years and a male to female 
ratio of 2.5 : 1. Over 90% of the patients required resuscitation, with syncope 
due to non-sustained ventricular fibrillation reported in the remaining patients. 
Wellens et al. [24] reported nine patients with one or more episodes of circula­
tory collapse in the absence of overt heart disease or other known causes of 
arrhythmias. Sudden arrhythmic death occurred in one of these patients 21 
months after his first collapse. In eight patients ventricular fibrillation or flutter 
was documented at the time of resuscitation. The age at the first episode ranged 
from 16 to 41 years (average 28). The patients were treated with pharmacologi­
cal therapy and the selection of antiarrhythmic drugs was largely empirical. 
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Meissner et al. [25] reported 28 survivors of ventricular fibrillation (average age 
42 years) with minimal or no structural abnormalities, who were treated with 
an implantable cardioverter-defibrillator (ICD). During follow-up, an excellent 
3-year survival rate was found (there were no cardiac deaths). Particularly, four 
patients received one "appropriate" shock, suggesting that these patients have a 
potential risk of recurrent cardiac arrest, fatal outcome of which may be avoi­
ded by the ICD discharge. 

Sudden Death in Young Competitive Athletes 

Maron et al. [26] presented the largest report of 84 cases of sudden death in 
competitive athletes. Cardiovascular abnormalities were present in 74 (88%). 
As the causes of "athletic field" deaths, the authors observed: 1) hypertrophic 
cardiomyopathy (47%), 2) coronary abnormalities (13%),3) myocarditis (6%), 
4) rupture of the aorta (6%) and 5) dilated cardiomyopathy (4%) (Fig. 1). Thus, 
hypertrophic cardiomyopathy was reported by Maron et al. as the major cause 
of athlete death. 

Corrado et al. [27], studying by postmortem examination 182 young victims 
« 35 years) who had died suddenly in the Veneto region (northern Italy) 
showed that this fatal event was sports-related in 31 and non-sports-related in 
151 athletes. The main abnormality found in the sports-related sudden deaths 
was right ventricular cardiomyopathy (26%), with the other disclosed abnorma­
lities being: coronary atherosclerosis (20%), conduction system pathology 
(10%), anomalous coronary artery (10%), mitral valve prolapse (6%), hyper­
trophic cardiomyopathy (3%), myocarditis (3%), aortic dissection (3%), others 
(19%) (Fig. 2). In this study, regardless of the relation between sudden death 
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Fig. I. Causes of athletic death (Mod. by Maron et al. Cire. 1993) (26). HCM: hypertrophic 
cardiomyopathy. Cor.Abn.: coronary abnormalities. Myoe.: Myocarditis. Ao. Rupt.: aortic 
rupture. DCM: dilated cardiomyopathy 
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and sports activity, coronary atherosclerosis became the major cause of death 
(41 %), the right ventricular cardiomyopathy rose to 33%, while hypertrophic 
cardiomyopathy was present only in the 8% of the dead athletes. The abnorma­
lities that strongly correlated with sports-related deaths were of anomalous 
coronary artery origin (p< 0.001) and right ventricular cardiomyopathy (p< 
0.01). Of all causes of sudden death in patients with minimal structural abnor­
malities, mitral valve prolapse (MVP) was also emphasized by many authors 
[28,29], but today it is well known that only a minority of these subjects are 
actually exposed to a risk of sudden death: patients with complex VA, hemody­
namically significant mitral valve regurgitation, prolonged QT interval, infero­
lateral repolarization abnormalities, thickened mitral leaflets, history of synco­
pe, presyncope and palpitations. Nishimura et al. [30] found six cases of sudden 
death among 237 minimally symptomatic patients with MVP followed-up for 
an average of 6 years, suggesting an annual mortality rate of approximately 40 
per 10.000. This is twice the incidence of sudden death expected in the general 
adult population. All patient victims of sudden death in this report had echo­
cardiographic evidence of mitral leaflet thickening, which was found in 41 % of 
their patients and might represent, besides VA, an important discriminator 
between subjects with high and low risk. However, two thirds of the cases of 
sudden death occurred in men older than 55 years of age and, in the absence of 
autopsy confirmation, an occult ischemic disease could explain this high morta­
lity rate. 

On the whole, a dramatic event as sudden death is unlikely to occur in 
subjects free from any cardiac abnormalities, occuring usually only in people 
with occult underlying heart diseases. 

~ 0 

30 26 mRVCM 
25 

BCAD I 21 
20 

OCD 
15 . 

ElAn.Cor. o o 

10 
.MVP 

5 
LBHCM 

0 

@f; I 
~WJ >w,& _ I 

Sports-Related-50 Non-Sports-Related SO 
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Clinical Aspects of Ventricular Arrhythmias and Prognosis 

The prognosis in patients with ventricular tachyarrhythmias without structural 
heart disease has been described as excellent. However, the prognosis may be 
less favourable in the subgroup of patients surviving an episode of ventricular 
fibrillation or flutter. Patients with primary electrical disturbance featuring 
ventricular fibrillation are at high risk of recurrence of major arrhythmic 
events during a long-term follow-up [25,31). Non-inducibility at baseline elec­
trophysiologic study (EPS) does not predict an uneventful course [24,25,31). 
Also, early defibrillator implantation should be considered in these patients [25, 
31), since selection of antiarrhythmic drug therapy is largely empirical [24). 
Sustained monomorphic VT or rapid non-sustained polimorphic VT if hemo­
dynamically well tolerated might have a less unfavourable prognosis than VF 
but the tendency is to consider also these arrhythmias malignant and as re­
quiring an accurate clinical surveillance together with programmed ventricular 
stimulation guided pharmacological therapy. Moreover, ICD must be conside­
red in patients unresponsive to drugs. NSVT and complex or frequent VPBs 
must be considered potentially malignant in patients with coronary atheroscle­
rosis, but usually have a good prognosis in subjects with short and asymptoma­
tic runs and without overt heart disease. 

Mechanisms of Ventricular Tachyarrhythmias in Healthy Subjects 

As the mechanism of reentry is involved only in a few patients EPS reproducibi­
lity on of the arrhythmia is rather low, ranging from 39% [25) to 53% [31). In 
others the tachyarrhythmia can be initiated by a short-coupled VPB which 
usually starts a polimorphic NSVT'responsible for syncopal episodes. In the 
remaining patients one has to consider the possibility that the arrhythmias are 
caused by early after-depolarizations [24). Neverthless, the mechanism of the 
arrhythmia cannot always be accurately defined and remains a subject of spe­
culation. Many subjects with right ventricular cardiomyopathy show frequent 
or complex VPBs with left bundle branch block morphology, as well as short 
runs of monomorphic ventricular tachycardia with the same morphology. The 
presence of this type of arrhythmia makes one suspect a reentrant pathway in 
the region of altered myocardium of the right ventricular wall. 

Diagnostic Evaluation of Ventricular Arrhythmias 
in Healthy Subjects 

Because idiopathic tachyarrhythmia is a diagnosis "by exclusion", considerable 
effort must be made to rule out underlying heart disease. In asymptomatic or 
minimally in symptomatic subjects, a non-invasive diagnostic evaluation can 
suffice, consisting of a careful clinical history, physical examination, 12-lead 
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ECG, 24-hour Holter monitoring including a training or competitive session if 
possible, exercise testing with the Bruce protocol and Valsalva manoeuvre, labo­
ratory tests, chest roentgenograms, Doppler hechocardiography, radio nuclide 
assessment of both left and right ventricular performance and signal-averaged 
ECG. Pre-excitation patterns and long QT interval (corrected by Bazett's formu­
la), either stable or transient, such as metabolic or electrolyte disturbances, 
must be excluded. An increase of VPBs or the appearance of repetitive arrhyth­
mias during exercise deserve further evaluation. In some of these athletes thou­
ght to have a structurally normal heart, cardiac catheterization and angio­
graphy may reveal otherwise undetected abnormalities including occult coro­
nary artery disease, congenital coronary anomalies, arrhythmogenic right ven­
tricular dysplasia, cardiac tumor or evidence of cardiomyopathy [32]. On the 
other hand, in subjects without an increase of VA during exercise, time and fre­
quency domain SAECG is useful to complete the evaluation since the absence of 
ventricular late potentials has a high negative predictive value for malignant 
arrhythmias and underlying structural heart disease. 

Patients with syncopal episodes thought to be caused by VA should undergo 
cine-magnetic resonance, cardiac catheterization with angiography of both 
ventricles, coronary angiography and multiple right ventricular endomyocar­
dial biopsies. EPS with inducibility test is needed in these cases to verify induc­
tion of ventricular tachyarrhythmia associated with hemodynamic collapse. 

Guidelines for Athletic Participation of Athletes with Ventricular 
Arrhythmias 

According to the Task Force on Arrhythmias of ACC [32] and considering the 
Italian Cardiologic Committee for Eligibility to Competitive Sports (COCIS), it 
should be remembered that: 

Athletes with complex VPB (Figure 3) 
1) Athletes with no structural heart disease, having VPB only at rest or during 
exercise testing or on Holter monitoring recorded during a training session or 
competition, usually do not need any drug treatment and can participate in all 
competitive sports. The same athletes in whom VPB increase during effort, pro­
ducing symptoms of impaired consciousness and significant fatigue or 
dyspnea, may participate in low-intensity competitive sports only (class IA). 
2) Athletes with structural heart disease and VPB who are in high-risk groups, 
whether suppressed by drug therapy or not, may participate in low-intensity 
competitive sports only (class IA). 

Athletes with NSVT (Figure 4) 
1) Athletes with symptomatic NSVT, or completion of indicated invasive and 
non-invasive diagnostic procedures, should not compete in any sport for at 
least 6 months after the last episode of VT, regardless of whether they are treat-



Prognostic Evaluation of Ventricular Arrhythmias in Athletes 51 

-"loiter 

-SlrC$$Tc:lOiII 

-SAr= 
- R:KIICWlUclidc, NMR 

I NO CA RIlIOPATHi] CARDIOPATHY 

~ ;:l~ 
All com""""",,,.,oo' B < =:J I FOIIOW-"l~~ -- [ Low Ri"" ) [liitfuD 

D 
IC~I-A!%l 

Fig. 3. Decision-making in athletes with complex ventricular premature beats (VPBs). 
NMR : cine-magnetic resonance. SAECG : signal averaged ecg. Radionuclide : left and 
right ventricular radio nuclide assessment. Class I A : very low dynamic activities (bil­
liards, bowling, cricket, curling, golf, riflery) 

ed with pharmacological or non-pharmacological interventions or not. This 
follow-up period must include a detraining interval. 

In athletes without structural heart disease, in the absence of clinical recur­
rences of the arrhythmia, and ifVT is not inducible by exercise testing and EPS, 
all competitive sports may be permitted. 

No sports are allowed in athletes with structural heart disease or those with 
recurrences of the arrhythmia after the follow-up and detraining period. 
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Fig. 4. Decision-making in athletes with non-sustained ventricular tachycardia (NSVT). 
EPS : electrophysiological study. NMR : cine-magnetic resonance. SAECG : signal aver­
aged ECG. Radionuclide : left and right ventricular radionuclide assessment 
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Athletes with a pacemaker device 
Subjects carrying a pacemaker are not eligible to all moderate and high intensity 
sports, wheareas low intensity competitive sports (class IA), and also leisure acti­
vities not involving a significant risk of trauma to the device can be permitted. 
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Introduction 

Successful surgical division of an -accessory atrioventricular connection in a 
patient with Wolff-Parkins on-White syndrome was first reported in 1968 [1]. 
This ushered in the era of ablative therapy for arrhythmias. The rationale of 
ablation is that irreversible alteration can be brought on to a discrete anatomi­
cal substrate responsible for arrhythmia generation andlor perpetuation. 

The next technique using the same rationale was high-voltage direct current 
catheter ablation [2,3]. This closed-chest technique overcame the significant 
morbidity associated with open thoracotomy; however, due to the relatively 
uncontrolled nature of this energy form which produced thermal, electrical and 
physical injury (barotrauma), concerns were raised about trauma to thin-wal­
led structures in the heart such as the atrial freewall and the coronary sinus. 
Alternative modalities were therefore pursued including intracoronary ethanol 
infusion [4], laser irradiation [5], cryothermy [6], microwave [7], ultrasound [8] 
and radiofrequency (RF) [9-16] ablation. 

With evolving understanding of anatomical-electrophysiological relation­
ships, improvement of mapping techniques and the introduction of RF ablation 
catheters with large (4 mm) distal electrode tips, the success rate of this tech­
nique improved significantly compared to that reported in initial experience. 
Currently, the use of RF current catheter ablation has increased dramatically in 
patients with supraventricular tachycardia, including AV nodal reentrant tachy­
cardia and AV reciprocating tachycardia with or without preexcitation, as well 
as in new subsets of patients such as those with atrial flutter, ectopic atrial 
tachycardia and ventricular tachycardia. 

Mechanisms of RF energy-Induced Myocardial Injury and Effects 
on Myocardial Tissue 

The mechanism of myocardial injury in response to RF current delivery is pre­
sumed to be thermal. In addition, it has been suggested that the oscillating 
electromotive force may exert a direct effect on the myocyte sarcolemmal 
membrane. Thermal coagulation of about 250 mm3 of the target tissue occurs 
in response to electrode-tissue interface temperatures of about 50°C or more; 
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when temperatures at the electrode-tissue interface reach or exceed 100°C the 
plasma boils at the electrode surface and an insulating film of coagulated pla­
sma and desiccated tissue forms on the conductive surface. Reduction of effec­
tive electrode surface area leads to increased current density, more tissue hea­
ting, more coagulum formation and eventual "breakdown" of delivered energy. 
In clinical practice, early recognition of this phenomenon is made possible by 
impedance monitoring; if a sudden increase of impedance is observed during 
pulse delivery, immediate pulse discontinuation is mandatory to reduce the risk 
of thrombus formation. Anticoagulation with intravenous heparin is also 
performed in most centers to minimize the risk of thrombus formation and its 
complications. 

Four to five days after ablation the center of the lesion shows complete coa­
gulation necrosis and early fatty changes, whereas a discrete border between 
living and dead tissue replaces the inflammatory transition zone observed acu­
tely. It is likely that changes occurring in the transition zone are, at least in part, 
responsible for late success or late recurrence, depending on the evolution 
during this phase. By 8 weeks, the chronic lesion has been replaced by fibrosis 
and shows evidence of contraction and marked volume loss. The border zone of 
the lesion is well defined without any patchy necrosis or islands of viable myo­
cardium. The uniform nature and the small volume of the lesion likely account 
for the low rate of reported late arrhythmic and non-arrhythmic complications 
from RF current catheter ablation. 

Efficacy of RF Current Ablation in Patients with Accessory 
Pathways 

Currently success rates well exceeding 90% are being reported by experienced 
centers for RF current ablation of supraventricular tachycardias secondary to 
an accessory atrioventricular pathway. Two prerequisites must be fulfilled to 
make this strategy successful. First, precise localization of the accessory 
pathway. Recently developed catheter techniques allow, if properly searched for, 
direct recording of accessory pathway activation from the distal electrode pair 
at the tip of the mapping/ablation catheter [17]. Radiofrequency current deli­
very to sites of accessory pathway activation potential recording, especially if 
associated with other local electrogram parameters suggestive of early local 
activation [18], almost always results in immediate conduction block within the 
accessory pathway. Often, very few RF current pulses are required to produce 
accessory pathway interruption. This underlines the importance of precise 
mapping techniques, as compared to the surgical approach [1] where extended 
areas along the atrioventricular annuli are frequently excised to minimize 
recurrence. 

Second, the introduction of specially designed catheters with a steerable tip 
that can be freely manoeuvered from the outside has allowed easier and more 
precise positioning at any site along the atrioventricular annuli. The large-tip 
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electrode of these catheters also allows delivery of higher energies to the myo­
cardial tissue, thus resulting in a significantly higher success rate than that 
reported with small (2 mm) distal electrode tips [12]. 

Catheter maneouvering under fluoroscopic guidance also has important 
implications for optimizing catheter-tissue contact and stability over time. 
during RF current pulses; this is a crucial issue to maximize the probability of 
success [19-21]. Several techniques have been proposed to optimize catheter­
tissue contact at the atrioventricular annuli. For left-sided accessory pathways 
either the transaortic retrograde or the transseptal approach can be safely used 
with similar reported efficacy [22]; in principle, they aim at interrupting acces­
sory pathway conduction at the ventricular and atrial insertion sites, respecti­
vely. Right-sided accessory pathways can at times present a challenge to the 
interventional electrophysiologist. A long-term success rate for RF current 
catheter ablation in this set of pathways also exceeds 90%, but multiple sessions 
may be required because of a lower success rate during the first procedure and 
a relatively high recurrence rate. 

Anatomical differences of the tricuspid as opposed to the mitral annulus 
likely account for the difficulties encountered while attempting RF current abla­
tion of right-sided accessory pathways; they include a larger mappable circum­
ference (ca. 12 cm of the tricuspid annulus versus ca. 10 cm of the mitral annu­
lus in the normal adult), an annular development less pronounced with discon­
tinuities of the fibrous skeleton, a more acute angle between the endocardium 
and the valve leaflet, the presence of Ebstein's anomaly or of Mahaim-like fibers 
accounting for about 10% of all right-sided accessory pathways, and, most 
importantly, the absence along the annulus of a conveniently accessible venous 
structure for mapping. In selected cases, the right coronary artery may be used 
to advance properly designed catheter electrodes and map along the epicardial 
right atrioventricular groove in search of the accessory pathway location. 

Once the accessory pathway has been localized several techniques may be 
used to maximize catheter-tissue contact and stability depending on the target 
site along the tricuspid annulus. In our center anteroseptal, anterior and antero­
lateral accessory pathways are most easily accessed using an approach from the 
superior vena cava (entrance either from the internal jugular vein or right sub­
clavian vein); accessory pathways in the right lateral, posterolateral, posterior, 
posteroseptal and midseptal positions are initially approached using a catheter 
inserted through the right femoral vein and into the inferior vena cava. 
Additional techniques can be used in selected cases, including the support of a 
long sheath embedding the mapping catheter from the entry site to the inferior 
vena cava ostium and a looping technique allowing the catheter tip to approach 
the accessory pathway from the subannular site. 

After successful ablation of an accessory pathway, careful monitoring is 
required before discharge to control the patient's clinical condition and exclude 
pericardial reaction. Recurrence is observed in about 5% of patients during fol­
low-up; repeated procedures are generally recommended in such cases and 
result in definitive abolition of the accessory pathway. 
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Complications of RF Current Ablation Techniques 

General Complications 

The complication rate of RF catheter ablation procedures is about 5%; it inclu­
des complications related to catheter manipulation and to RF current delivery. 
Among complications are inadvertent complete atrioventricular nodal block, 
pericardial effusion, cardiac tamponade, coronary artery spasm or thrombosis, 
intracavitary thrombus formation, thromboembolism, pneumothorax, aortic 
wall dissection, local hemathoma, and arterovenous fistulae. In cooperative 
reports, the incidence of complications was 3.8% in a large American collective 
[23] and 4.4% in the European MERFS survey [24]. In the latter study life-threa­
tening complications such as tamponade and embolism were reported in 0.7% 
and 0.6% of cases respectively. A procedure-related death has occasionally been 
reported in patients undergoing RF current ablation. 

Complications Related to the Location of the Accessory Pathway 

Inadvertent complete atrioventricular nodal block has been reported in 
patients undergoing ablation of accessory pathways located in the septal space. 
Some precautions can be taken to minimize this risk whenever RF current last 
to be delivered in the midseptal or anteroseptal region; they include 1) selection 
of the venous access associated with the greatest catheter stability at these sites, 
2) use of a temperature-controlled mode with initial pre-set values not excee­
ding 55-60°C, 3) careful monitoring of atrial retrograde conduction if junctio­
nal ectopic rhythm ensues during RF current applications, with immediate 
discontinuation of pulse delivery in case of a retrograde (ventriculoatrial) 
block, and 4) early discontinuation of energy delivery for pulses which fail to 
produce an early accessory pathway conduction block. 

Accessory pathways ablated from within the coronary sinus or its tributary 
veins are referred to as epicardial accessory pathways; they account for about 
5% of all left-sided accessory pathways. Radiofrequency current pulses deliv­
ered inside the cardiac venous system should be titrated at low power (not 
exceeding 15 Watts/sec) or low pre-set temperature (not exceeding 55-60°C). In 
case of a sudden impedance rise during pulse delivery, which may not infre­
quently be observed due to a less pronounced cooling effect by the circulating 
blood in this region, immediate pulse discontinuation is mandatory to mini­
mize the risk of thrombus formation and catheter adhesion to the venous wall. 
Despite these safety measures, thrombosis may nevertheless develop leading 
occasionally to occlusion of the coronary sinus; in our experience, this event 
has never been associated with clinical complications and complete recanaliza­
tion could be documented a few days after the procedure. Thus far, there are no 
reports of perforation produced by RF current delivered within the cardiac 
veins leading to pericardial effusion or tamponade. 
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Potential Hazards of RF Current Catheter Ablation 

A potential source of risk to the patient and the investigators performing RF 
current catheter ablation procedures is the radiation exposure from fluorosco­
pic imaging required to guide catheter manipulation. The estimated absorbed 
dose per RF ablation procedure in a high volume American center was 2.5 rem 
in the breast, 2.0 rem in the active bone marrow and 7.5 rem in the lungs [25]. 
These figures would lead to a lifetime risk of excess malignancies per 1 million 
patients undergoing 60 minutes fluoroscopy of 150 (females only), 120 and 710 
respectively (a 0.07% lifetime risk of developing a fatal malignancy due to 
radiation exposure). In addition, the risk estimation for autosomal dominant 
abnormalities in the first generation is 5 to 35 cases per 1 million liveborn per 
absorbed rem, and the risk for all genetic disorders less than 50 cases per mil­
lion liveborn per absorbed rem. Although difficult to translate to clinical practi­
ce, these estimates outline the necessity of minimizing fluoroscopy time during 
RF current catheter ablation procedures without reducing efficacy and safety. 
The volume of exposed body weight and the life expectancy with respect to the 
effective clinical benefit should also be taken into account at the time of patient 
selection. 

In patients in whom RF current delivery in the proximity of the atrioventri­
cular node is performed to ablate an accessory pathway, long term follow-up is 
recommended to evaluate the potential impact of fibrotic lesions on atrioven­
tricular conduction. 

Indications for RF Current Catheter Ablation of Accessory 
Pathways 

Radiofrequency is currently the energy source of choice for ablation of acces­
sory atrioventricular pathways. It is highly effective and carries a low risk. 
Owing to these properties, it has been proposed as a therapy for patients with 
incessant or drug-refractory tachycardias mediated by an accessory pathway 
and for symptomatic patients who refuse lifelong drug therapy [23]. In asymp­
tomatic patients with Wolff-Parkinson-White syndrome, the decision to ablate 
the accessory pathway should be an individual one, based on electrophysiologi­
cal data, type of occupation or physical activities of the patient, and the 
patient's personal motivation. In children, the benefits of this therapy should be 
carefully counterbalanced with the risks related to complications and fluoro­
scopy exposure, as well as by taking into account the not infrequent disappea­
rance of the accessory pathway during growth [26]; at our center patients of age 
younger than 4 years or with a body weight lower than 50 kg are candidates to 
accessory pathway ablation only in cases of incessant or drug refractory tachy­
cardias in the presence of left ventricular dysfunction. 
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RF Current Catheter Ablation as the Therapy of Choice in 
Patients with Reciprocating Atrioventricular Tachycardia? 

It has been estimated that the risk of sudden death in asymptomatic patients 
with Wolff-Parkins on-White syndrome is about 0.1 % per patient-year [27]; this 
figure may increase to 0.56% per patient-year in patients with an accessory 
pathway capable of rapid conduction during atrial fibrillation. Sudden death 
may be the first manifestation of Wolff-Parkins on-White syndrome in 25% of 
cases [28]. In addition, in about 10% of sudden arrhythmic deaths in young 
people with an apparently normal heart who have never undergone a clinical 
investigation, histologic examination may disclose an anatomical alteration 
consistent with preexcitation [29]. An electrophysiologic investigation helps to 
identify those patients at low risk of ventricular fibrillation and should be 
performed routinely in patients with Wolff-Parkins on-White syndrome; this 
procedure carries an inherent risk of complication and in experienced centers 
the possibility of concomitant cure by means of RF current ablation is offered to 
the patient during the same session. Transesophageal electrophysiologic study is 
used as a surrogate of the intracavitary diagnostic procedure in some centers. 

Antiarrhythmic drug therapy has long been used in the chronic treatment 
of patients with reciprocating atrioventricular tachycardia. The clinical efficacy 
of these agents in highly symptomatic patients ranges between 70% and 100%, 
although only about 50% of them become asymptomatic [30]. In addition, 
antiarrhythmic drug therapy is associated with a 3% to 34% risk of proarrhyth­
mia which at times may be fatal [31-34]. Also, the use of these drugs does not 
necessarily prevent patients with Wolff-Parkinson-White syndrome from sud­
den death [28]. Additional organ toxicity is seen with all antiarrhythmic agents 
and has an incidence as high as 26% in the case of amiodarone [35]. Not infre­
quently, patients with Wolff-Parkinson-White syndrome or reciprocating atrio­
ventricular tachycardias are women of childbearing age; in such cases, the risk 
of congenital defects resulting from pregnancy occurring in the presence of an 
antiarrhythmic agent must also be taken into account. 

Sudden Cardiac Death in Athletes and its Relationship to WPW 
Syndrome 

The concept that highly trained athletes may die suddenly of cardiac causes is 
somewhat a paradox, as this group represents the population in which cardiovas­
cular performance and fitness are supposed to be optimal. It is probably for this 
reason and because athletes have become rather reference symbols in most socie­
ties that sudden death even in a small number of athletes receives great public 
attention. Among the dominant factors underlying sudden cardiac death in athle­
tes are hypertrophic cardiomyopathy and coronary artery disease (both congeni­
tal and acquired); among other causes, WPW syndrome, long QT syndrome and 
mitral valve prolapse or aortic rupture may lead to sudden cardiac death. 
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In the athlete with WPW syndrome, the risk of sudden death during stren­
uous effort may relate to the shortening of the accessory pathway anterograde 
refractoriness secondary to enhanced plasma levels of sympathetic hormones. 
Though objective evidence is lacking, the sequence of events leading to sudden 
death during effort in athletes with WPW syndrome is probably as follows: 
onset of atrial fibrillation (spontaneous or secondary to degeneration from a 
reciprocating atrioventricular tachycardia) with fast anterograde conduction 
through the accessory pathway with high ventricular rate with asymmetric 
depolarization and repolarization (wide QRS complex on the surface EeG) with 
degeneration into ventricular fibrillation. 

In athletes, the risk of sudden death is more difficult to assess compared to 
that of the general WPW syndrome patient population. Among the causes for 
this are the inability to reproduce the autonomic and hormonal changes which 
occur during maximal effort in the EP laboratory; the inability of provocative 
tests such as intravenous isoproterenol or atropine to trigger life-threatening 
arrhythmias in the EP laboratory does not exclude the risk of sudden death 
secondary to ventricular fibrillation in the clinical setting. 

Conclusions 

From these data it is evident that RF current catheter ablation is an optimal tool 
to cure patients with an accessory pathway. Among individuals with Wolff­
Parkinson-White syndrome, identification· of those at risk of developing ventri­
cular fibrillation is mandatory and should be undertaken by means of an elec­
trophysiologic study; at this time ablation of any accessory pathway is, in expe­
rienced hands, easily feasible in more than 90% of cases and should be offered 
to the patient as an option provided that he/she has been correctly informed 
about the pathophysiology and the risk of his/her disease, as well as the risks of 
the therapeutic procedure. 

In athletes, the advantages of radiofrequency ablation are remarkable in so 
far that this technique cures the anatomic and electrophysiologic substrate 
resp'onsible for generation of supraventricular into ventricular arrhythmias; 
this in turn allows the athlete to retourn to full activity without risk of sudden 
cardiac death. 
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The Long QT Syndrome 
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Congenital and acquired long QT syndromes (CLQTS's) have similar features 
and tarsade de paintes is the arrhythmia they have in common. Such arrhyth­
mia, generally self-limiting, can sometimes result in ventricular fibrillation and 
cause sudden death. 

Since 1975 [1], the term congenital long QT syndrome has been used to 
indicate two different forms: one associated with deafness (Jerwell and Lange­
Nielsen's syndrome) and characterized by a recessive transmission trait, the 
other one, a sporadic form, is not associated with deafness (Romano-Ward syn­
drome) and has a dominant transmission trait. 

The overall clinical and scientific interest in the long QT syndrome is due to 
the peculiarities of the disease, that is: 1) the seriousness of the clinical picture, 
characterized by syncope, generally taking place during the performance of 
hard physical exercise and often resulting in a cardiac arrest or in the sudden 
death of young and apparently healthy subjects; 2) it gives the possibility to 
study a peculiar physiopathologic model of non-coronaric neural sudden 
death; 3) it is generally believed that a full understanding of the long QT syn­
drome's physiopathology can give a major contribution to the comprehension 
of the mechanisms employed by the neurovegetative system to foster or prevent 
the onset of malignant ventricular arrhythmia. 

In addition to the QT interval's prolongation, the most common electrocar­
diographic changes characterizing the long QT syndrome are: increase of QT 
interval's dispersion [3,4], lower heart rate than healthy subjects ofthe same 
age and gender [5,6], presence of sinus pauses (generally not preceded by chan­
ges in the sinus rate) and the T wave alternation, that is an intermittent change 
(every second beat) of its polarity, often preceding the onset of the tarsade de 
paintes [7]. 

Physiopathogenesis 

The Hypothesis of the Sympathetic Imbalance 

According to this theory, the neurovegetative tone of the right sympathic axis is 
lower than normal due to hyper-activity of the left axis' sympathic nerves. In 
laboratory, it is possible to reproduce an imbalance between the two nervous 
sections, as well as a significant similitude with the electrocardiographic symp-
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toms of the long QT syndrome, removing the right stellate ganglion or stimula­
ting the left stellate ganglion. 

The Hypothesis of the Endocardiac Anomaly 

The theory of the endocardiac anomaly is based on the fact that the QT inter­
val's changes and the ventricular arrhythmias which characterize the congenital 
long QT syndrome are similar to those shown by some acquired forms, as a 
consequence of the reduction of the K+ transmembrane conduction (as side 
effect of class III antiarrhythmic drugs or cesius, or as in cases of a reduction in 
calcium activity - hypocalcemia - or in the extracellular potassium activity -
hypopotassemia). This reduction can result both in a facilitation of the trigge­
red activity, able to produce a repetitive ectopic beats, and in the creation of 
conditions enhancing a functional re-entry; both these mechanisms could inde­
pendently result in the ventricular arrhythmias of long QT syndrome affected 
patients. 

It is important to underline that the theory described first (the theory of the 
sympathetic imbalance) doesn't exclude the theory of an anomaly of the con­
ductionto the transmembrane ionic currents; it is highly probable that the neu­
rovegetative imbalance can affect the metabolic-electric homeostasis of the car­
diac cell. On the contrary, the transmembrane conduction anomaly alone can't 
explain many issues linked to experimental and clinical results obtained on 
sympathetic ganglia. 

Epidemiology 

Incidence 

LQTS's incidence is not well known. The congenital form associated with deaf­
ness affects 2%0 ~ 3%0 of born deaf people. Its prevalence is 6% - 10%, but it is 
possible that its real prevalence is underestimated, due to the fact that this mali­
gnant disease can result in sudden death even before it is detected. 

The age of the first syncope is lower in males (about 11 years vs. about 16 
years); sex distribution is similar until the age of 15, then females are more 
affected [8]. 

Clinics 

Long QT syndrome can result in syncope or cardiac arrest; victims of the disea­
se are generally young subjects experiencing emotional stress or physical exer­
cise; these patients' surface ECG allows the detection of a prolonged QT inter­
val. Without treatment, these subjects can be victims of syncope relapses, which 
in most cases cause the patients' death. 

In kindred patients affected with long QT syndrome, it is often possible to 
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detect the peculiar electrocardiographic anomaly, as well as a positive case 
history for syncope or sudden death during youth. The triggering of such 
symptoms during physical exercise or experience of an emotional stress is a 
rule. The presence of such symptoms determines the diagnosis of the disease. 

Prognosis 

Death incidence in patients affected with non-treated long QT syndrome is 5% 
during each year of the 5 years' follow-up [1]. In subjects yictims of at least one 
syncope episode, mortality is 20% one year after the symptom, over 50% after 
15 years [8]. These data are even more impressive if one considers that the first 
syncope episode generally takes place when the subject is about 14. Treatment 
of these patients with beta-blocker therapy and/or left stellectomy has deeply 
changed these patients' prognosis as shown by the fact that long-term mortality 
is less than 1 % each year. 

Diagnosis 

Long QT syndrome's diagnostic criteria have been summarized in Table 1. 
LQTS' s diagnosis is made in presence of two major criteria or one major and 
two minor criteria. 

Table 1. LQTS's diagnostic criteria 

Major criteria 

Prolonged QT interval 
(QTc>440msec) 
Stress-induces syncope 
Family members with long QT 

Therapy 

Minor criteria 

Congenital deafness 
Episodes of electrical alternation 
Low heart rate (in children) 
Abnormal ventricular repolarization 

Apart from the primary anomaly responsible for the long QT syndrome'S 
pathogenesis, most episodes are triggered by a sudden sympathic hyper-tone, 
mainly supported by the left cardiac nerves. The treatment with antiadrenergic 
agents is the most efficient one in the prevention of the symptoms and in the 
enhancement of these subjects' prognosis. 

The beta-blocker therapy has shown its efficacy reducing distance mortality 
from 71 % to 6% [9]. Nevertheless, this therapy is not able to control the symp­
toms and to enhance the prognosis in 20% cases. In such situations, the left stel­
lectomy is recommended and its clinical efficacy has been proved; we can sug­
gest the hypothesis that an adrenergic alpha blocker mechanism is responsible 
for the onset of the LQTS's ventricular arrhythmias [10]. It should be noted that 
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in men the left stellectomy can be done without the need to ablate the cephalic 
portion of the left stellate ganglion; in this way it is possibile to avoid the syn­
drome of Horner. 

In a minority of cases syncope takes place during sleep and arrhythmia is 
pause-dipendent; in such cases a pacemaker can be used together with a phar­
macologic and/or surgical therapy. 

The use of the implanted automatic defibrillator is recommended only in 
some particular cases; pharmacologic therapy and/or surgery's efficiency as 
well as the brief spontaneous length of torsade de pointes arrhythmias make it 
useless if not even dangerous to treat these subjects with such therapy. 
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Cardiac arrhythmias represent a very important and complicated clinical con­
dition especially when one has to consider the eligibility of a subject to take 
part in competitive sport activities [1,2]. This is so for a series of reasons: 
1. Arrhythmias represent 25-35% of the cardiovascular causes of non eligibility 
of an athlete after 1st level evaluation and therefore request further investiga­
tions (lst level evaluation is that requested annually by Italian law for anyone to 
take part in competitive sport activities. It involves family and personal history, 
cardiological evaluation, resting ECG, step test, urine test, spirometry). 
2. They are the cause of important sports related symptoms of varying severity. 
a) Not potentially dangerous but sufficient to disturb athletic performance and 
at times the athlete's sports career, due to excessive bradycardia or tachycardia 
especially if sudden, long lasting and recurrent. Examples are abrupt and long 
lasting rhythmic or arrhythmic cardiopalmus due to re-entrant supraventricu­
lar tachyarrhythmia, junctional or atrial or atrio ventricular (due to manifest or 
concealed WPW), cathecolamine or vagal induced atrial fibrillation, sinus 
bradyarrhythmias (SA) or recovery AV, "incessant" supraventricular and ventri­
cular tachyarrhythmias, prolonged bigeminism usually present at medium and 
low intensity exercise. 
b) Life threatening tachyarrhythmias such as to induce fainting, vertigo, syncope 
and cardiac arrest (CA) which if not resuscitated can lead to sudden death [2-7]. 
Examples include torsade de pointe (TdP), rapid sustained ventricular poly­
morphic or haemodynamically unstable VT, rapid preexcited AF in WPW and 
VF that usually represents the final stage of malignant hyperkinetic arrhyth­
mias. Also SA and AV asystole (even due to violent reflex stimuli such as concus­
sio cordis, or severe cardioinhibitory neuro-reflex syndrome) [14]. 
3. Arrhythmias can be markers and/or consequences of an underlying arrhyth­
mogenic cardiopathy, which is by itself sufficient to consider the athlete non eli­
gible. The problem is a complex one when the potentially arrhythmogenic car­
diopathy is asymptomatic and therefore not easily diagnosed. This is the case in 
hypertrophic cardiomyopathy (HCM), dilated cardiomyopathy (DCM), arrhyth­
mogenic right ventricular dysplasia (ARVD), congenital or atherosclerotic 
ischaemic heart disease (IHD), complicated mitral valve prolapse (MVP), cer­
tain post surgical arrhythmogenic cardiopathies, myocarditis in its various 
forms (acute, healing, healed), the primary arrhythmogenic pathologies of the 
conduction system and those of WPW type, some primary hyperkinetic ma-
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lignant ventricular tachyarrhythmias etc. It is possible however that the diagno­
sed or suspected arrhythmias are independent and coexist with the cardiopathy 
and therefore have bystander significance. Example are WPW and ventricular 
ectopic beats, WPW and MVP, MVP and idiopathic right ventricular ectopic 
beats and functional AV block and ARVD. 
4. Cardiac arrhythmias especially the hypokinetic forms "paraphysiologically" 
induced by systematic athletic activity can modify the physiological atrial, SA 
and AV terrain and lead in time, if the subject practises sports activity regular 
intense, to real atrial disease with pathologic AV block and also prepare for the 
onset of paroxysmal and/or chronic atrial fibrillation in the "older" athlete. 
5. The correct classification of cardiac arrhythmias in athletes is not always 
easy. This is the case both for "benign" or "paraphysiologic" arrhythmias, which 
can be compatible with sports eligibility, and "pathological" ones which would 
exclude the patient from sports. The latter must be considered such because of 
their direct consequences on the athletes performace, the risks, the severe 
symptoms and/or the fact that they may be markers of an underlying cardio­
pathy. In addition, morphologically similar arrhythmias can have totally diffe­
rent prognostic significance based on a series of conditions, for example: 
a) whether they are in relation with an underlying cardiopathy, for example, 
VEB's with right bundle branch morphology originating from the right ventri­
cular outflow tract can be idiopathic and benign or an expression of an 
arrhythmogenic right ventricular dysplasia/cardiomyopathy; 
b) atrial fibrillation can be compatible with daily life but incompatible in 
subjects engaged in sport activity; 
c) some arrhythmias can disturb athletic performance even if they are intrinsi­
cally benign, for example, high frequency repetitive ventricular tachycardia and 
posterior left fascicular ventricular tachycardia verapamillike; 
d) arrhythmias present in athletes that are engaged in potentially dangerous 
sport activities, such as re-entrant supraventricular tachyarrhythmias including 
WPW syndrome in downhill skiing, motor sports, mountain climbing, 
underwater sports etc. 

In conclusion, the evaluation of cardiac arrhythmias in athletes can be sum­
marized: 
a. research for an underlying cardiomyopathy, even if only in the initial stage, 
which could be potentially arrhythmogenic and "responsible" for the observed 
arrhythmia; 
b. a rational evaluation of the clinical and haemodynamic consequences of the 
arrhythmia in relation to the athlete's career. 

These problems are in many cases far from easy even when the patients are 
referred to expert Centres, particularly as regards the research of an underlying 
arrhythmogenic cardiopathy in its initial phase but potentially severe and/or 
progressive. In addition, there are arrhythmic situations that cannot be classi­
fied with certainty, this can lead to an over or underestimation of the prognosis, 
for example in borderline forms of WPW or complex hyperkinetic ventricular 
arrhythmias, especially if the VEB's are numerous and accompanied by episo-
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des of non sustained VT. The COCIS '95 [8] and the Bethesda Conference '94 
[9] dealt with the problem of cardiac arrhythmias from different points of view. 
COCIS '95 gave direct responsabiIity to the sports physicians in relation to 
sport eligibility, while the Bethesda Conference '94 self-responsibilizes the ath­
lete following advice based on clinical and cardiological experience. COCIS '95, 
both for cardiac arrhythmias and the other cardiovascular situations covered, 
sets out a cardiological "guideline" in relation to the decision for sports eligibi­
lity. With respect to the 1989 version it introduces some new aspects concerning 
cardiac arrhythmias, due to the progress achieved in sports arrhythmology and 
also from the suggestions and requests from sports physicians [2,10,11] of par­
ticular interest: 

1.) A more detailed classification of the three levels of cardioarrhythmologi­
cal evaluation aimed at assessing athlete's eligibility. This is useful to define 
specific tasks and establish guidelines for the diagnostic evaluation of the 
arrhythmic athlete. The cardioarrhytmologic protocol of the athlete includes: 

- 1st level evaluation. Performed during the first visit that an athlete must 
undergo and includes family history, clinical examination with ECG and ~tress 
test (step test). Following this evaluation 3-4% of the athletes are usually consi­
dered non eligible of which 60-80% due to cardiovascular reasons and of these 
25-35% for arrhythmic causes. 

- 2 nd level evaluation. Consists of an echocardiographic study, possibly with 
Doppler colour flow, maximal stress test and 24 hour ECG recording. The latter 
must also include a period of intense physical activity (preferably the athletes 
specific sport activity) so as to achieve maximum heart rate. Usually one also 
performs thyroid function evaluation (T3, T4, FT4 and TSH), blood electrolytes 
(sodium and potassium) and if there is suspicion of an underlying infectious 
disease one will also carry out tests for rheumatic activity and viral infections. 

- 3rd level evaluation. This level includes specific invasive and non invasive car­
dioarrhythmologic investigations carried out depending on the type of docu­
mented or suspected arrhythmia. There is also a re-evaluation of the 2nd level 
results through examinations which include ventricular late potentials (VLP), 
both in time and frequency domain (if possible), and a tilt test. They also inclu­
de transesophageal atrial pacing (TAP) at rest and during exercise for inducible 
supraventricular tachyarrhythmias, such as re-entrant tachycardia, atrial fibril­
lation, WPW and as an initial screening for hypokinetic arrhythmias (SA and 
AV). Finally there is an endocavitary electrophysiologic study, used as a method 
to evaluate the conduction system in athletes with hypokinetic SA and pre-and 
post-Hissian AV arrhythmias, and for the research of atrial and ventricular irri­
tability even utilising aggressive protocols. 
In addition a series of non invasive and invasive diagnostic techniques are 
performed in athletes with arrhythmias to rule out the presence of an under-
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lying cardiac disease; in particular tests for an arrhytmogenic substate. These 
tests for underlying cardiopathy can also include stress and transesophageal 
echo cardiography, nuclear scintigraphy at rest and during exercise, 123 MIBG 
SPECT, NMR, cardiac catheterisation and coronarography and myocardial bio­
psy. In addition the possible research for underlying infectious diseases with 
particular focus on viral causes and specific tests to detect the intake of 
arrhythmogenic substances. 

From our cardioarrhythmologic study of 132 top level athletes between 
1985-1995, 109 males and 23 females of average age 23.6, who underwent 3rd 
level cardioarrhytmological evaluation. for important manifest or documented 
arrhytmic manifestations, 71/132 (53.7%) were considered eligible to take part 
in competitive sports activities and 61/132 (46.3%) were considered non eligi­
ble. Of these, 14 (22.9%), were placed on antiarrhythmic treatment due to the 
severity of the arrhythmia and/or the underlying cardiopathy. A World 
Champion cyclist died suddenly during sports activity 3 yrs. after having 
undergone a cardioarrhytmologic evaluation and after which is was considered 
non eligible (Table 1) [12]. 

Table 1. Results of 132 top level athletes followed-up for 1 -135 months 

Eligible to take part in competitive 
sport activities 

Non eligible to take part in competitive 
sport activities 

Of these 

N° 

71 

61 

14 (22.9%) on AAD treatment (= 10.6% of 132 TLA) 

1 had sudden death during sports activity 

% 

53.7 

46.3 

2.) A means to extend the criteria for eligibility in subjects with arrhythmias 
especially in the absence of an underlying cardiopathy, therefore giving 3rd 
level consultation a greater decisional capacity. This owing to the new diagno­
stic tools and further knowledge of arrhythmias relevant in athletes, for exam­
ple, congenital AV block or primary idiopathic VT such as iterative VT and 
fascicular VT. 

3.) The acceptance of possibility of recovery even with malignant hyperki­
netic arrhythmias including cardiac arrest, in cases where there is an identifia­
ble cause without subsequent sequele such as myocarditis, concussio cordis or 
WPW after RFC catheter ablation of the anomalous pathway [1,7]. 
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4.) The particular attention paid to myocarditis, as the existence of a silent 
pathology, dangerous but also totally resolvable, is frequently encountered in 
athletes of every age [13]. 

5.) Special attention should be given to the "appendix" chapter (COCIS '95) 
concerning electrical therapies as a new diagnostic tool in the evaluation of 
arrhythmic athletes and their eligibility. In particular a better codification of 
transcatheter ablation, which at present utilises RF, but iI). the future will proba­
bly use other forms of energy to improve the "recovery" phase of the patient 
with tachyarrythmias and incorporate the precautions needed to avoid poten­
tially dangerous side effects. It also addresses the possibility of giving eligibility 
in selected cases, such as patients with PM, in whom the hypokinetic arrhyth­
mia is primary, in the absence of other cardiopathies, and has been corrected 
for the athletes performance. Also one must remember ICDs (implantable 
cardioverter defibrillators) utilised in ex-athletes with otherwise intractable 
malignant hyperkinetic arrhytmias. 

The Bethesda Conference 1994 represents an incredible focus on the ar­
rhythmic manifestations that can be met in athletes and that have consequences 
for the sport activity in the short, medium and long range. However, the absen­
ce the American cardiologist's direct responsibility conditions a series of per­
missive behaviours that would be unacceptable for the Italian cardiolo-gist. 
However, the ever increasing numbers of cardiac arrests and sudden death in 
athletes with arrhythmogenic cardiopathies which were apparently insignifi­
cant and functionally compatible with even strenuous competitive sports acti­
vity must make us wary when we have to decide on an arrhythmic athlete's eli­
gibility in the "absence of an underlying cardiopathy", since at times even with 
3rd level examinations it can be very difficult to identify the arrhythmogenic 
substate. 

CO CIS '95 represents a responsible means of developing clinical and instru­
mental "guidelines" (still improvable) for the arrhythmic athlete, in the light of 
the progress of clinical arrhythmology and sport in order to protect his profes­
sion and safeguard him from the sport activity. This keeping in mind, in a criti­
cal but open way, the suggestions of our American Colleagues for whom 
decisional tasks are easier since there are no direct medical legal aspects such 
as those in Italy. 
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Congenital Heart Disease of Interest in Athletes 
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Congenital heart diseases (CHD) relative to sports medicine can be divided into 
2 principal groups: 
a) "Simple" CHD- generally asymptomatic, in which sports practice is often 
allowed even before eventual surgical correction. 
b) "Complex" CHD- frequently cyanotic and can allow participation in sports 
only after surgical correction and only in selected cases. 

CHD of the first group are more frequent (70%) and can be diagnosed by 
chance during a medical check for sports practice. To identify the CHD it is 
important to know their physical manifestations. 

CHD of the second group are generally symptomatic and are thus, often 
diagnosed at neonatal age. The sports physician is involved only with postope­
rative forms and so should know residual defects and sequele following com­
plex CHD correction. 

Congenitally corrected transposition of the great arteries does not fit this 
scheme as it is an anatomically complex CHD but which, if isolated, may be 
asymptomatic and of mild haemodynamic significance. 

Congenital coronary anomalies are a distinct group of diseases of great 
importance in sports medicine as they can be related to sudden death. 

"Simple" CHD 

"Simple" CHD can be subdivided from an haemodynamic point of view into 
2 large subgroups: 
a) CHD with increased pulmonary blood flow due to a left to right shunt at the­

atrial level 
ventricular level 
pulmonary level. 

b) CHD with obstruction to ventricular outflow­
pulmonary 
systemic. 
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CHD with Increased Pulmonary Blood Flow 

Atrial Septal Defect 

There are various anatomical types: 
- the sinus venosus is positioned high in the atrial septum and is frequently 

associated with partial pulmonary anomalous venous return; 
- ostium secundum is the most common and is in an intermediate position; 
- the ostium primum is low in position and often associated with the mitral cleft. 

Atrial septal defects (ASD) are most frequently met the CHD in athletes for 
the following reasons: 
- high incidence (10% of all CHD); 
- few symptoms, often well tolerated during sports practice; 
- mild and shaded physical sighs characterised by 

grade I-IlIVI ejection systolic murmur at pulmonary area 
II tone widely split and usually fixed 
tricuspid diastolic flow murmur (only if shunt is significant) 

Diagnosis is confirmed by laboratory tests. ECG shows incomplete right 
bundle branch block, Chest X-ray shows increased pulmonary blood flow and 
enlargement of the right sections and echo cardiography right ventricle and 
pulmonary artery enlargement, and paradoxical motion of the ventricular sep­
tal wall. Direct visualisation of the ASD with 2D-ECHO is also possible, as is 
demonstration of left to right shunt by color Doppler. 

Recommendations 

Subjects with small ASD, normal heart chamber dimensions and normal 
motion of the ventricular septum can practice all competitive sports excluding 
diving, due to the risk of paradoxical air embolism. Exercise testing and 24 hour 
ECG monitoring are necessary to exclude associated supraventricular arrhyth­
mias and conduction disturbances. 

Moderate or large defects should be corrected before the subject engages in 
sports. 

6 months after correction athletes can be allowed to participate in all com­
petitive sports in the verified absence of: 
- residual pulmonary hypertension; 
- supraventricular arrhythmias and sinus node dysfunction; 
- significant dilation of cardiac chambers. 

In the first years after correction one frequently finds a persistence of 
incomplete right bundle branch block and mild enlargement of the right ventri­
cle with anomalous motion of the ventricular septum that does not indicate 
residual defects and so does not preclude sports practice. 

The ostium primum type of ASD is a form of atrioventricular septal defect 
(partial AV canal) and is often associated with mitral regurgitation due to a 
cleft in the anterior leaflet of the mitral valve. 
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ECG is a very important diagnostic tool as in ail patients it shows a left axis 
deviation as in other forms of AV canal; incomplete right bundle branch block 
is also present and in 50% of cases I degree heart block. 

Conduction disturbances are also more frequent in postoperative patients 
than in ASD (ostium secondum) and an accurate evaluation with ECHO (for 
residual mitral regurgitation), 24 hour ambulatory ECG and an exercise tole­
rance test are necessary before allowing sports practice. 

Ventricular Septal Defect 

Simple ventricular septal defect (VSD) is the single most common CHD at birth 
(20%) the natural history depends on the size of the defect. Small defects gene­
rally close spontaneously in the first years and also occasionally during adole­
scence. 

Athletes with small VSD are asymptomatic but can easily be detected by the 
harsh loud holosystolic murmur in the precordial area with a normal second 
sound. The defect is restrictive and so right ventricular pressure remains nor­
mal. 

ECG and Chest X-ray are normal and also the heart chamber dimensions; 
Echo-doppler and Colour echo doppler show a small high velocity flow between 
the right and left ventricle. If the exercise tolerance test is also normal, practice 
of all competitive sport can be permitted. 

Subjects with medium or large VSD generally present symptoms such as 
dyspnea, reduced growth and exercise tolerance, frequent respiratory infections 
and have enlargement of the heart chambers or pulmonary hypertension. They 
cannot engage in sports and a cardiac catheterization is generally indicated 
before correction. 

Post-operative evaluation (at least 6 months after intervention) should 
include a physical examination, ECG, Chest X- rays, 2d echo and doppler, maxi­
mal exercise tolerance test and 24 hour ECG monitoring to assess: 
1) presence and size of the residual VSD; 
2) persistence of pulmonary hypertension; 
3) presence of aortic regurgitation; 
4) ventricular dimensions and function. Right or left ventriculotomy and/or the 
presence of a large surgical patch may impair ventricular function; 
5) appearance of conduction disturbances or tachyarrhythmias. 

If significant residual defects are absent and ventricular function is normal, 
operated patients can participate in moderate intensity sports. Selected cases 
with early primary correction through the right atrium can engage in high 
intensity sports. 
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Patent Ductus Arteriosus 

Patent ductus arteriosus (PDA) is the persistence after birth of a normal fetal 
vessel that joins the aorta and the pulmonary artery. Normally it closes sponta­
neously by 4 days of age. Flow across the PDA (left to right shunt) depends on 
aorta and pulmonary pressures and on the diameter and length of the ductus 
itself. 

A small PDA may be an occasional finding in an asymptomatic athlete. He 
presents a typical continuous murmur that is maximal at the second intercostal 
space inferior to the left clavicle. 

ECG, Chest X-rays and echo show normal heart chamber dimensions the 
colour doppler can visualise the small turbulent flow in the pulmonary artery. 

Athletes with a small PDA can participate in all competitive sports. 
Patients with a moderate or large PDA present a louder continuous murmur 

often with thrill and bounding pulses due to widened systemic pulse pressure. 
Instrumental signs of left atrio-ventricular enlargement or combined hyper­
trophy and increased pulmonary blood flow are present. Ductus anatomy and 
size elm be directly visualised with ECHO and the flow entity with colour dop­
pler. 

Closure of the PDA is indicated in these patients before sports practice and 
can be done either during cardiac catheterization occluding the ductus with 
coils or an umbrella device or by surgical operation. 

3-6 months from the interventional or operative closure of the PDA patients 
can be evaluated for sports participation. If no significant residual shunt is 
detected, heart chamber dimensions are normalised and effort tolerance is nor­
mal, patients can engage in all competitive sports. When pulmonary hyperten­
sion is present it is necessary to wait for its normalisation before sports practice. 

CHD with Obstruction to Ventricular Outflow 

Pulmonary Stenosis 

Right ventricular outflow obstruction can be localised at the level of the infun­
dibulum, the valve or above the valve. Valvular pulmonary stenosis (PS) is the 
most common form and occurs in 7% of all CHD. The natural history and 
symptoms depend on the severity of the obstruction. . 

Athletes with mild PS (gradient <30 mmHg) or moderate PS (gradient 30-
50mmHg) are generally asymptomatic but can be easily detected by an ejection 
click followed by a loud, rough systolic murmur best heard at the second left 
intercostal space. 

Patients with severe PS (gradient >50 mmHg) may develop symptoms such 
as dyspnea, cyanosis and syncope during exercise. A second heart sound is 
widely split and the pulmonary component reduced. Right ventricular hyper­
trophy increases progressively with the increase of the gradient at ECG and 
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ECHO. Chest X-ray may often show a post-stenotic dilatation of the main and 
left pulmonary arteries, a right atrio-ventricular enlargement and in severe 
forms a decrease in pulmonary vascular markings and flow. 

By 2d and Echo-doppler it is possible to localise the site of obstruction and 
assess the gradient. Tricuspid regurgitation helps to determine the right ventri­
cular pressure. 

Cardiac catheterization is indicated only when it is difficult to measure the 
flow velocity with doppler or in the moderate-severe forms in order to perform 
transluminal balloon valvuloplasty. 

Recommendations 

Patients with mild PS, no right ventricular hypertrophy and normal exercise 
tolerance test can participate in all competitive sports. 

Patients with moderate PS should be evaluated individually in relation to 
the sport performed. 

Severe forms should be corrected. 
After correction (interventional cardiology or surgery) diagnostic studies 

and recommendations are the same as for pre-operative patients. 
Pulmonary regurgitation is frequent after correction of PS but a mild to 

moderate grade of regurgitation does not contraindicate sports practice. Yearly 
assessment with ECHO and a maximal exercise tolerance test is necessary. 

Aortic Stenosis 

The obstruction to left ventricular outflow may be localised in the subvalvular 
(20%), valvular (75%) or supravalvular region (5%). Congenital valvular aortic 
stenosis (AS) represents 6% of all CHD and is more common in males than in 
females. The valve is often the bicuspid and the turbulent flow promotes thicke­
ning of the cusps and so the obstruction tends to be progressive. Aortic regur­
gitation is sometimes prevalent in patients with bicuspid valve. Aortic coarcta­
tion may be associated and therefore the femoral pulses should always be 
checked. 

Symptoms depend on the severity of the obstruction and are commonly 
absent in mild (gradient<20 mmHg) or moderate «50 mmHg) stenosis. In 
severe forms (>50 mmHg) dyspnea, chest pain, easy fatigability, dizziness and 
syncope may occur during exercise. Occurrence of these symptoms in a athlete 
should alert the physician. 

Physical examination reveals a left ventricular thrust at the apex and a 
systolic thrill at the right base, suprasternal notch and both carotid arteries in 
moderate-severe disease. A systolic click at the apex precedes a rough systolic 
murmur loudest at the first and second intercostal spaces and its grade correla­
tes with the severity of stenosis. 

ECG is normal in mild AS. Patients with severe obstruction demonstrate 
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evidence of left ventricular hypertrophy and left ventricular strain, but in 25% 
of subjects the ECG may be normal. 

Chest X-ray indicates dilation of the ascending aorta. 
2D-ECHO shows left ventricular hypertrophy and bicuspid valve. Doppler 

can accurately predict transvalvular gradients (apical and suprasternal projec­
tion) and possibly associated aortic regurgitation. 

Recommendations 

Patients with a mild AS « 20 mmHg) or isolated bicuspid aortic valve can par­
ticipate in all competitive sports if the following criteria are met: 
- absence of left ventricular hypertrophy (ECG-ECHO); 
- normal exercise tolerance test (normal increase of blood pressure, no arrhyth-
mia and absence of ischemic ST changes during exercise); 
- normal systolic and diastolic left ventricular function; 
- no arrhythmia on 24 hour ECG monitoring (also during training). 

The patients with moderate to severe aortic stenosis cannot engage in com­
petitive sports due to the risk of sudden death during exercise. 

Yearly assessment with ECG, Echo-doppler, exercise testing and Holter ECG 
Monitoring is important in athletes at risk of AS progression. 

Surgical repair or percutaneous balloon valvuloplasty should be considered 
in patients with symptoms, a large resting gradient (60-80 mmHg), or signs of 
left ventricular strain at rest or during exercise. 

Discrete membranous subvalvular aortic stenosis consists of a membranous 
or fibrous ring just below the aortic valve. The findings are essentially the same 
as those of valvular AS and differentiating points are the absence of an aortic 
ejection click and the lower position of the systolic murmur. A diastolic mur­
mur of aortic insufficiency is often heard. 

Surgical correction is indicated also in asymptomatic mild subvalvular AS 
due to the risk of damage of the aortic valve by the jet. 

Supravalvular aortic stenosis is a constriction of the ascending aorta just 
above the coronary the arteries. It is often associated with typical elfin faces 
and mental retardation (Williams syndrome) and therefore these patients do 
not practice competitive sports. The systolic thrill and murmur are typically 
best heard in the suprasternal notch and along the carotids. A difference in pul­
ses and blood pressure between the right and left arm may be found, with the 
more prominent pulse and pressure being in the right arm. 

With Echo-doppler it is possible to define the site, type and entity of the 
obstruction. 

The criteria for sports practice are the same as applied for valvular AS. 
After correction a variable degree of residual AS or regurgitation may be 

present. Non-invasive re-evaluation after 3-6 months is the same as for the uno­
perated athlete. Selected patients with a trivial gradient or regurgitation and 
regression of the left ventricular hypertrophy can engage in low/moderate 
intensity sports; yearly re-evaluation is necessary. 
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Coarctation of the Aorta 

Coarctation of the aorta (CoAo) is a common cardiac abnormality (6% of 
CHD) characterised by an obstruction in the juxtaductal portion of the thoracic 
descending aorta. Most children and adolescents with CoAo are asymptomatic 
and participate in competitive sports with good results. 

Diagnosis is often by chance and should be suspected in every athlete with: 
1) diminution or absence of femoral pulses; 
2) increase of arterial systolic pressure in the upper Umbs with relatively lower 
pressure in the lower limbs; 
3) mid-systolic blowing 2/6 murmur best heard in the interscapular area. 

Severity may be assessed by the arm to leg blood pressure gradient but col­
lateral vessels can reduce the gradient. 

Chest X-ray may show notching of the ribs caused by dilated intercostal ~ol­
laterals, ECG may show slight left ventricular hypertrophy. 2D-ECHO may 
directly visualise the CoAo and Colour-doppler reveals a flow disturbance and a 
high velocity jet at the site of obstruction providing a reasonable estimate of 
the CoAo pressure gradient. 

All patients except those with mild CoAo should be corrected surgically or 
with balloon dilatation. 

Recommendations 

Athletes with mild CoAo (gradient<20 mmHG) and absence of arterial hyperten­
sion, large collateral vessels, LV hypertrophy, aortic root dilatation; with normal 
LV function and normal exercise testing results (including peak systolic blood 
pressure<230 mmHg) can participate in sports with moderate dynamic and low 
static demand. Sports with a danger of body collision should be avoided. 

Moderate to severe CoAo (gradient> 20 mmHg at rest) should be corrected. 
Six months after correction the athlete can be re-evaluated using the same 

criteria followed for mild CoAo. In patients corrected with balloon angioplasty, 
an MRI can be useful to determine whether an aortic aneurysm is present. 

Complex Congenital Heart Disease 

Patients with complex CHD are generally cyanotic and do not participate in 
sports due to exercise intolerance and progressive hypoxemia. The same pro­
blem remains after palliative surgery. 

Postoperative Tetralogy of Fallot 

Corrective surgery (closure of VSD and right ventricular outflow tract enlarge­
ment) is generally performed in childhood. Most patients operated with good 
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results are asymptomatic and present minimal pulmonary stenosis, mild to 
moderate pulmonary regurgitation and moderate right ventricular enlarge­
ment. 

However, patients with operated tetralogy have a higher incidence of ventri­
cular arrhythmias and sudden death that is impossible to forecast even with a 
complete cardiac evaluation. Competitive sports are therefore not recommen­
ded for these subjects. 

Transposition of Great Arteries 

a) Post Operative Mustard or SenningOperation 
Patients with atrial repair of TGA even if asymptomatic have significant resi­
dual haemodynamic abnormalities (systemic right ventricle) and a higher inci­
dence of arrhythmias. They can only participate in low intensity, dynamic, non 
competitive sports after complete non invasive evaluation. 

b) Post Operative Arterial Switch 
Pati.ents with neonatal anatomic correction should have a better ventricular 
function and lower incidence of arrhythmias. However, actual exercise data and 
long-term results are limited for a reliable evaluation of sport fitness. 

Potential post -operative sequelae that should be controlled are pulmonary 
stenosis, aortic regurgitation and stenosis or chinking of coronary arteries. 

Postoperative Fontan Operation 

This operation is performed for long-term palliation of patients with tricuspid 
atresia or single ventricle and is characterised by a direct communication from 
the venae cavae or right atrium to the pulmonary artery without a right sided 
pumping chamber. Exercise capacity remains limited due to reduced cardiac 
output and dangerous arrhythmias are frequent, so these patients can perform 
only non competitive, low intensity sports after complete non invasive evalua­
tion. 

Congenitally Corrected Transposition of Great Arteries 

This anomaly is characterised by right position of the anatomical left ventricle 
which connects the right atrium to a posterior pulmonary artery. The anatomi­
cal right ventricle lies on the left and connects the left atrium to an anterior 
aorta so that blood circulation is functionally correct. Associated defects such 
as VSD, PS or systemic atrio-ventricular valve (tricuspid) abnormalities like the 
Ebstein anomaly are frequent and preclude participation in sports in many cir­
cumstances. Patients with CCTGA have an higher incidence of supraventricular 
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tachycardia and late complete AV block. 
Athletes with isolated CCTGA may be asymptomatic and the only physical 

finding is a single louder second heart sound. ECG may provide important clues 
to diagnosis with first degree AV block in 50% of patients and absence of Q 
waves in left precordial leads (inversion of septal d~polarisation). Chest X-ray 
reveals the absence of the normal pulmonary artery segment and a smooth 
convexity of the left supracardiac border produced by the displaced aorta. 2D 
ECHO shows the ventricular inversion and great artery transposition. 

Recommendations 

Patients who have CCTGA without associated defects after evaluation with 
ECHO, exercise stress test and ambulatory ECG monitoring may participate in 
low intensity sports, better non competitive. Frequent periodic re-evaluation is 
necessary due to the risk of deterioration in systemic ventricular function 
(right ventricle), appearance of systemic AV valve (tricuspid valve) regurgita­
tion and development of arrhythmias. 

Ebstein Anomaly 

A rare abnormality consisting of downward displacement of the tricuspid valve 
so that the septal leaflet is attached to the ventricular wall rather than to the 
fibrous ring. There is a wide spectrum in the haemodynamic severity of this 
malformation but also mild cases, often asymptomatic, have an increased risk 
of supraventricular tachyarrhythmias for the presence of WPW preexicitation. 

ECG most often shows giant P waves, a prolonged PR interval and a variable 
degree of right bundle branch block or WPW pattern almost always type B 
resembling left bundle branch block. 

ECHO permits the identification of displacement of the tricuspid leaflet and 
quantification of tricuspid regurgitation if present. 

Recommendations 

Athletes with a mild form of Ebstein anomaly with normal heart size, no evi­
dence of arrhythmias on ambulatory ECG monitoring and normal exercise 
testing can participate in low-moderate intensity sports. 

Congenital Coronary Anomalies 

Congenital anomalies of coronary circulation are a rare and heterogeneous 
group of malformations with a high risk of sudden death during exercise. These 
anomalies should be suspected in athletes with syncope or dangerous arrhyth­
mias during effort and can be divided in 3 types: 
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1) anomalous origin of left main coronary from the pulmonary trunk some­
times associated with myocardial infarction. A continuous murmur and ische­
mic ECG alterations are generally present. 2D-ECHO with colour-doppler can 
visualise the anomalous flow in the pulmonary artery. 
2) anomalous origin of a coronary artery from a different aortic sinus. When 
the left coronary artery arises from the right sinus or the right coronary artery 
from the left sinus the course of the anomalous artery is between aorta and pul­
monary trunk. During exertion the expansion of the great arteries may com­
press the anomalous coronary artery causing myocardial ischemia and someti­
mes sudden death. ECHO can identify the anomalous origin and course of 
coronary arteries and exercise testing may reveal ischemia but the diagnosis 
should be confirmed by selective coronary angiography. 
3) coronary fistulas can be identified for a continuous murmur in the precor­
dial area in an asymptomatic athlete. Myocardial ischemia may be present on 
ECG and ECHO with colour-doppler may detect enlarged coronary artery and 
the entrance site of the shunt which is characterised by a continuous turbulent 
flow pattern. 

Rec9mmendations 

Detection of coronary anomaly with myocardial ischemia should result in 
exclusion from sports participation. 

6 months from successful surgical or interventional correction if no ische­
mia or arrhythmias are present during exercise testing, participation in compe­
titive sports of moderate intensity may be allowed. 

Marfan Syndrome 

The Marfan syndrome is a generalised disorder of connective tissue with cha­
racteristic skeletal, cardiac and ocular features. Long limbs and digits, tall statu­
re, thoracic cage deformity, kyphoscoliosis and dislocation of the ocular lens 
are typical signs. The cardiovascular manifestations are mitral valve prolapse 
and aortic dilation with an increased risk of mitral and aortic regurgitation and 
aortic dissection. Cases of sudden death for aortic dissection have been repor­
ted in competitive athletes. 

Diagnosis is suspected in tall stature athletes from skeletal features and 
should be confirmed with family history, eye examination and ECHO. 

Recommendations 

Patients with Marfan syndrome without aortic dilation or mitral regurgitation 
can participate in low static, moderate dynamic, non competitive sports 
without danger of body collision. Every 6 months aortic root dimensions 
should be verified by ECHO for the risk of progressive dilation. 
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Definition, Etiology and Epidemiology 

Mitral valve prolapse (MVP) is said to exist when a leaflet(s) or its portion pro­
trudes abnormally above the annular plane. In the large majority of cases no 
definite causes of this abnormality can be identified (primary or idiopathic 
MVP), but in a minority of persons MVP is due to an identifiable etiology 
(secondary prolapse) such as rheumatic fever, ischemia or infarction, car­
diomyopathies and connective tissue disorders [1,2]. 

MVP occurs in 90 percent of subjects with Marfan syndrome [3] but, due to 
the rarity of this disease, they contribute to a very small part of the MVP popu­
lation. A larger but less defined MVP group with some features of an inherited 
connective tissue disorder, especially pectus excavatum [4,5], has been identi­
fied and awaits further studies to clarify the genetic abnormalities responsible 
and the patterns of its inheritance. Present data suggest significant family 
aggregation consistent with polygenic inheritance; the likelihood of a first 
degree relative having MVP is about two and half times the normal population 
average [4]. 

Primary MVP is probably the most frequent valvular anomaly in the clinical 
practice [6]. Auscultatory and/or echo cardiographic signs of MVP occurs in 
about 4-6% of the general population, with a larger prevalence in females and 
in subjects with a thin body habitus [7-11]. A slightly higher prevalence has 
been reported in the pediatric population which indirectly confirms the "conge­
nital" origin theory of the disease [12, 13]. 

A prevalence (3.2%) similar to that observed in the general population has 
been reported in a large cohort of top-ranking sportsmen seen at the Sports 
Science Institute of Rome [14]. However, MVP can be found in 20-30 percent of 
male and female athletes, characterized by tall height and thin body habitus 
such as basket and volleyball players [15, 16]. Such prevalence is very close to 
that found at the Montreal Olympic Games in 1976 (22%) [17]. 

Most individuals and athletes with MVP are asymptomatic. At the other 
extreme, patients with severe MVP often have symptoms and signs related to 
valve dysfunction and progressive regurgitation. However, some subjects have 
symptoms such as chest pain, dyspnea, fatigue, poor exercise tolerance, palpita­
tion, orthostatic hypotension, syncope and presyncope which cannot be explai­
ned on the basis of the presence and severity of mitral valve abnormality alone. 
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The pathogenesis of these symptoms appears to be related to metabolic-neu­
roendocrine abnormalities (MVP syndrome) [18]. 

Asymptomatic athletes with minor degrees of prolapse usually have no risk 
of deterioration. In these subjects, MVP should be considered a normal variant 
of valve motion and therefore restriction of physical activity (for fear of medi­
cal complications for the athlete or legal problems for the physician) is rarely 
justified. On the other hand, adverse outcome may occur in a small subset of 
subjects who suffer complications such as severe mitral regurgitation, infective 
endocarditis, cerebral transitory ischemic attacks or strokes [19,20], life­
threathening arrhythmias and, very rarely, sudden death [1,2]. The main goal 
of sports cardiologists is thus to identify such subjects before complications 
arise. 

Diagnostic Criteria 

Standardized and critical diagnostic criteria are interventions of first choice. 
The diagnosis can be made on the basis of the typical auscultatory hallmarks, 
i.e. mid to late systolic click and murmur, but today echocardiography (ECHO) 
also plays an essential role. 

It is universally accepted that ECHO criteria must be selective to avoid an 
excessive number of false positive diagnosis [21] especially in the absence of 
the characteristic auscultatory findings (silent prolapse). Presently, major and 
minor diagnostic criteria for prolapse are considered [22]: 
• major criteria include late systolic posterior displacement on M-mode, 
bowing of mitral leaflets into the left atrium on the two-dimensional (2D) para­
sternal long-axis view and thickening and redundancy of leaflets; 
• minor criteria include holosystolic posterior displacement ("hammock-like" 
pattern) on M-mode, bowing of the mitral leaflets into the left atrium on 2D 
apical views and isolate late systolic mitral regurgitation on ECHO Doppler and 
Color-Doppler [23,24]. Minor degrees of bowing in the apical views may be a 
normal variant of mitral valve motion due to the nonplanar shape of the annu­
lus in the region of the anterior leaflet attachment [25]. 

Any of the major criteria should be sufficient for the diagnosis while minor 
criteria should suggest but not definitively prove MVP, although they become 
more important when symptoms, ST-T wave abnormalities, arrhythmias and 
conduction disturbances are present. Since left ventricular enlargement fol­
lowing training may mask MVP, ECHO examination performed after an ade­
quate period of detraining may be helpful in athletes with inexplicable symp­
toms or marked ECG abnormalities but without apparent signs of prolapse. 

ECHO-Doppler is not only the keystone of the diagnosis but is very helpful 
to assess prognosis and serves as a baseline for future controls. The degree of 
thickening and redundancy and the presence and extent of mitral regurgitation 
significantly influence outcome. Subjects with severe leaflet redundancy and 
mitral annular enlargement at first examination have a significantly higher pro-
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bability of undergoing progressive mitral regurgitation. Acute mitral insuffi­
ciency may also occur in these patients as consequence of chordal rupture, 
causing failure of coaptation of the two leaflets and slipping of the flail portion 
into the left atrium (flail mitral valve) [26,27]. Today, transesophageal ECHO 
can accurately assess flail leaflets and possible associated vegetations due to 
infective endocarditis [28,29]. Transesophageal ECHO is also very helpful in 
identifying potential sources of systemic emboli within the left atrium and the­
refore it may be desirable in this subset of patients [30, 31]. 

Sports Eligibility 

In Italy preparticipation screening and periodic reevaluation of athletes for 
medical certification of fitness for competitive sports are required by law. 

Therefore, selective diagnostic criteria must be adopted in young, usually 
asymptomatic, MVP athletes to avoid unnecessary restriction of sports activity 
but, on the other hand, early identification of high-risk subjects is mandatory. 
Presently, because of the high short-term risk of sports requiring moderate to 
ma:x;imum physical efforts and cardiovascular involvement, we think that MVP 
athletes with one or more of the following conditions should be excluded from 
competitions: 
1) Marfan syndrome, because of the high risk of mitral valve deterioration and 
sudden death due to aortic rupture; 
2) severe mitral regurgitation, marked leaflets redundancy associated with 
moderate regurgitation, combined tricuspid and aortic prolapse and regurgita­
tion (mixomatous disease); 
3) high-risk ventricular arrhythmias, especially when associated with prolong­
ed QTc interval and electrophysiological signs of electrical instability. There is 
now strong evidence that life-threathening ventricular arrhythmias and sudden 
death in MVP patients are frequently due to underlying, often occult, patholo­
gic substrate. different from MVP such as arrhythmogenic right ventricular 
dysplasia, myocarditis, etc. [32-35]. This can explain the high prevalence of ven­
tricular late potentials found in MVP patients with complex arrhythmias [36] 
and indicates the need to search for other arrhythmogenic substrates particu­
larly when ventricular premature beats do not have the typical QRS morpho­
logy (right bundle branch block); 
4) effort-induced supraventricular tachycardia or atrial fibrillation, especially 
when associated with cardiac preexcitation; 
5) frequent and/or prolonged episodes of typical and atypical chest pain, espe­
cially when effort-induced; 
6) unexplained syncope or presyncope. 
The prognostic significance in athletes of some other aspects of MVP syndro­
me such as repolarization abnormalities, high degree bradyarrhyhmias and 
atrioventricular conduction disturbances, orthostatic hypotension, vasovagal 
syncope or presyncope is still unclear. These findings do not necessarily have 
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pathological significance and do not per se implicate disqualification form 
sports. They should be interpreted in the athlete's clinical context and in many 
cases accurate long-term follow-up studies can help to resolve controversial 
aspects of this problem. The frequency of clinical'a~d ECHO follow-up should 
be determined by the initial presentation. When mitral regurgitation is present, 
one should carefully follow left atrial and left ventricular size and function. 

Prophylactic interventions are necessary to avoid the risk of a disabling 
infective endocarditis in the subset of subjects at higher risk due to valve redun­
dancy, flail leaflet, moderate to severe mitral regurgitation, etc. However, it 
should be emphasized that probably the most important therapeutic approach 
in MVP subjects and athletes is to explain the mechanisms of symptoms and to 
reassure them. 
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Cardiomyopathies, Myocarditis and Sport 
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Cardiomyopathies and myocarditis are very important in athletics because they 
cause ventricular arrhythmias and juvenile sudden death [1]. 

A v~ry precise study performe'd in the Veneto Region (situated in North East 
Italy) showed that these pathologies are the main cardiac cause of sudden death 
in young people. In a series of 207 cases collected over 16 years, 71 patients were 
affected with these pathologies (30%), versus 66 patients with coronary disease, 
24 with mitral valve prolapse and 22 with defects of the conduction system. 
This percentage tends to increase if we consider that about 50% of patients 
affected with mitral valve prolapse also had right ventricular pathology undia­
gnosed during life [2,3]. 

Among these 71 cases arrhythmogenic right ventricular cardiomyopathy 
(ARVC) was the most frequent disease (27 cases), see Table 1. 

In sports medicine the problems caused by these diseases are completely 
different from the problems usually seen in clinical practice and are exclusively 
related to the possibility, or not, of performing sports activity. In sports medici­
ne only borderline cases where diagnosis is more difficult are usually found. 

Table 1. Target project of Juvenile Sudden Death, Veneto, Italy 

Cardiomyopathies and myocarditis (71 cases) 

Right ventricular cardiomyopathy 

Myocarditis 

Hypertrophic cardiomyopathy 

Dilated cardiomyopathy 

= 27 cases 

= 20 cases 

= 14 cases 

= 10 cases 

Arrhythmogenic Right Ventricular Cardiomyopathy 

ARVC is a frequent cause of juvenile sudden death of unknown etiology, and 
has recently become of interest in sports medicine. This cardiomyopathy preva­
lently involves the right ventricle and is characterized by progressive myocar­
dial atrophy. The disease is not due to abnormal development of the right ven­
tricle as previously thought but rather to a progressive necrotic myocellular 
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process. Necrotic tissue is substituted by adipose and fibrous tissue in different 
percentages from case to case [4]. 

The pathology proceeds from the epicardium to the. endocardium and in 
about 30% of patients the left ventricle is also involved later on. The fibrous­
fatty substitution can be diffuse but very often the pathological process is seg­
mentary, mainly involving one to three areas of the right ventricle (apex, inflow 
tract, outflow tract); in other cases, however, the process can be widespread. The 
main clinical outcome is electrical instability. Heart failure is a rare event which 
appears only when the myocardial fibro-fatty substitution is massive [5]. 

The electrophysiological mechanisms generating arrhythmias are multiple: 
reentry is the most common and appears because the pathologic process crea­
tes many reentry circuits, constituted by healthy fibers separated by fibro-fatty 
areas. Enhanced automaticity and trigger activity are other causes of electrical 
instability, probably underestimated and appearing during physical activity. 
These arrhythmias could be the main cause of juvenile sudden death [6,7]. 

Numerous causes are implicated in provoking this type of electrical instabi­
lity. Increased reflex sympathetic tone due to the distruction of right ventricular 
epicardial sympathetic receptors is the first cause. The second is the acute phase 
of the disease. In this situation necrosis is present in different areas of the heart 
and the clinical outcome is very similar to myocarditis. The third cause is the 
alternate healthy and diseased myocardial areas which generate an important 
QT dispersion due to a dishomogeneous cardiac activation and repolarization. 
Finally, the progression of the disease caused by successive episodes of acute 
myocyte death tends to change the electrical instability over time. 

The incidence of the disease is about 6/10.000 but it is probably underes­
timated. The disease appears in different forms depending on the extension of 
the pathology (extensive, moderate, mild) [5] (Table 2). An epidemiological 
study of the disease demonstrated that the massive form is present only in only 
6-8% of cases, the moderate form in 35-40% and the mild form in 40-50%. 
Except for the massive form, right ventricular function is normal in the majo­
rity of cases and the affected subject can lead a normal life and participate in 
sports activities with good results. In these subjects the disease very often goes 
undiagnosed and dangerous arrhythmias could appear suddenly. 

These data are in contrast with earlier studies in which patients with the 
massive form of the disease were prevalent. Today it has been demonstrated 
that morbidity is higher and symptoms and mortality less frequent than pre­
viously believed because many asymptomatic subjects are now diagnosed. 

The etiology of myocardial atrophy has still not been clarified. At various 
times viral, toxic or autoimmune factors have been proposed. 

A genetic hypothesis is under study at present. More than 40% of cases have 
a family history of the disease. Recent studies identified three different loci 
responsible for the disease on chromosomes 14,1 and 2 respectively (8, 9 - per­
sonal data). These loci are close to others also coding for proteins found in the 
myocardium, such as alpha-actinin 1 and 2 [8]. 
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Table 2. Diagnostic findings of ARVC 

Mild Form 

e:) Clinical findings: normal life (sports activity), different ventricular arrhythmias 
(especilally monomorphic arrhythmias of the infundibular tract), many asymp­
tomatic subjects (60% of cases). 

e:) ECG: normal or slightly altered, late potentials present in 32% of cases, prefera­
bly with 80 hertz filters. 

e:) Echocardiography and angiography: normal or slightly increased RV end-diast­
olic volume, ejection fraction (EF) normal, one or more segmental kinetic alter­
ations (subtricuspidal or apical bulging, infundibular pulmonary dilatation, 
disarrangement of trabecular pattern). 

e:) Normal coronaries. 

Moderate Form 

e:) Clinical findings: different ventricular arrhythmias, good physical performance, 
rarely no arrhythmias. 

e:) ECG: T negative in V1-V2 or V1-V2-V3, late potential at signal-averaged ECG, 
e:) Echocardiography and angiography: RV moderately enlarged with end-diastolic 

volume between 80-139 ml/m'. EF normal or slightly depressed, presence of 
numerous segmentary alterations of RV, 

e:) Normal coronaries. 

Extensive Form 

e:) Clinical findings: symptoms are: sustained ventricular tachycardias, with left 
B.B.B. morphology, cardiomegaly, effort dyspnea, cyanosis, heart failure. 

G ECG: negative T wave in many precordial leads with epsilon waves, right atrial 
enlargement, low QRS voltage. 

e:) Echocardiography and angiography: right atrial enlargement, EF reduction with 
increased right ventricular end-diastolic volume (more than 140 ml/m'), RV 
enormously dilated with diffused hypokinesia. 

e:) Normal coronaries. 

As in muscular dystrophy, it is possible that these patients present abnormal­
ities of the myocellular structure which in particular situations, probably when 
unknown modulating factors appear, provoke myocitis necrosis. The necrotic 
process seems to be prevalent at a young age [10 J. 

Diagnosis is clinical and based on the observation of typical arrhythmias, 
familiarity, ECG modifications (Fig. 1), demonstration of morphologic and 
functional abnormalities of the right ventricle at echography (Fig. 2), angio­
graphy or magnetic resonance, in the absence of other cardiac diseases. Endo­
myocardial biopsy is often necessary to confirm the diagnosis. 

The disease has a typical clinical polymorphism due to the different exten­
sions of the pathologic process. Thus, it is quite difficult to diagnose the minor 
forms of the disease which are usually characterized by cryptogenetic, apparen­
tly idiopathic, ventricular arrhythmias. It is these forms which prevalently con­
cerns sports medicine. 

It is important to underline that the disease can have a concealed asympto­
matic phase. The asymptomatic phase could persist for the entire lifetime or 
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Fig. 1. B.P. 22 years. Familiar 
form of right ventricular 
cardiomyopathy. Basal ECG. 
Note T negative in Ll-U- L3 
(VI-V2-V3) and diphasic in 
L4-L5 (V4-V5). The voltages 
of QRS are low and R is high 
in 11-L2-L3 

~b--

V2 

may suddenly end. Furthermore, electrical instability can change in accordance 
with the progression of the disease causing the sudden appearance of severe 
and sometimes life-threatening ventricular arrhythmias. 

The diagnostic criteria of the disease were recently published in the British 
Heart Journal by the Task Force on Arrhythmogenic Right Ventricular Cardio­
myopathy of the European Society of Cardiology [11]. 

Fig. 2. G.P. 24 years. 
This subject expe­
rienced a sustained 
ventricular tachy­
cardia during jog­
ging. Brother died 
suddenly. 
Echocardiogram 
four chamber api­
cal view. Note 
diskynesia with 
bulging of apical 
region of R. V. 
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Hypertrophic Cardiomyopathy 

Hypertrophic cardiomyopathy has always been considered the most important 
myocardial disease as far as sports medicine is concerned [12, 13]. There are 
different reasons: it can cause sudden death and subjects are often asymptoma­
tic and able to obtain high level athletic performances. In borderline cases it is 
very difficult to differentiate a pathologic from a physiologic hypertrophy, the 
latter being very common in athletes. This is a major issue concerning the dia­
gnosis of the disease. In fact, once it has been assessed that a pathologic hyper­
trophy is present (expression of a minor form of hypertrophic cardiomyopathy) 
it is advisable to avoid competitive sports. 

There is not complete agreement with this point of view as some Authors 
think that patients - asymptomatic and without inducible ventricular arrhyth­
mias and so affected by minor forms of the disease - should be allowed to do 
competitive sports. This belief has to be criticized if we accept that the danger 
of the disease is not correlated with its severity. 

In fact, one of the most important causes of sudden death in these subjects 
is the myocardial fibrosis present in the hypertrophic areas which provokes 
dishomogeneous ventricular activation. When this happens sympathetic stimu­
lation and myocardial ischemia appearing during effort can trigger dangerous 
arrhythmias. These determining factors are not necessarily correlated with the 
severity of the hypertrophy. 

Today modern diagnostic techniques make diagnosis easier. In the future 
genetic studies could also help diagnose borderline cases. 

At present, a septal thickness of 16 mm is considered normal, in top-level 
athletes even if the population normal value is 12 mm. These are extreme con­
ditions which should be considered normal only in the absence of other signs 
of the disease such as family history, abnormal ventricular filling at 2D and 
color-doppler echo-scan, systolic anterior movement of the mitral valve, giant T 
wave left ventricular hypertrophy or ST depression at ECG, severe ventricular 
arrhythmias, ST abnormalities at Holter and QT dispersion. 

Myocarditis 

Myocarditis [14] is not a rare cause of death during sports activity. However, the 
problem is not only to diagnose the disease but also to determine if a patient 
who had myocarditis is healed and if he can continue to play sports. Banal 
intercurrent feverish episodes can cause an inflammation of the myocardium. If 
the inflammatory process is focal a patient can be completely asymptomatic 
and continue playing sports because he does not know he is affected by the 
disease. Focal myocarditis can cause sudden death by inducing either a ventri­
cular fibrillation or a paroxysmal complete A-V block if there is inflammation 
of the conduction system. Thus it is a cause of sudden death which is very diffi­
cult to predict. When fever is present focal myocarditis has to be suspected if 
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the ST segment changes, A-V block, atrial or ventricular hyperkinetic ar­
rhythmias appear on ECG and palpitations or dizziness are present. Fever may 
be the only symptom. Chest pain is not common and very often the ECG is nor­
mal. Widespread myocarditis is easy to diagnose and is characterized by heart 
failure, dyspnea, chest pain, heart enlargement at chest X-ray and a S-T segment 
elevation at EeG. Myocardial enzymes are increased. Acute focal myocarditis 
normally leads to a complete recovery. However, about 50% of the widespread 
forms evolve towards either a dilated cardiomyopathy or an incomplete reco­
very. Recovery must be complete to permit sports activity. An incomplete reco­
very with myocardial scars can allow a normal life but could be dangerous and 
provoke electrical instability. Judging complete recovery is often possible only 
after invasive diagnostic procedures such as endomyocardial biopsy to exclude 
the presence of necrotic areas with inflammatory infiltrates. 

Dilated Cardiomyopathy 

Dilated cardiomyopathy is less important as far as sports medicine is concer­
ned. It is very rare in young people and when symptoms such as dyspnoea or 
palpitations appear, athletic performance decreases and the athlete undergoes a 
cardiological exam. The main problem is to differentiate the physiologic dilata­
tion, frequent in athletes with a moderate reduction of the ejection fraction of 
the left ventricle, from an initial form of dilated cardiomyopathy. Electrocardio­
graphic changes (atrial enlargement, left ventricular hypertrophy, left bundle 
branch block) and echo cardiographic abnormalities (LVEDV > 100 mUm, EF < 
45%, M/V < 0.8, P/ESV < 2.5, ventricular fIlling abnormalities, widespread or 
localized kinetic abnormalities) (Table 3) are the qualifying points of a diffe­
rential diagnosis [15]. 

Table 3. Main differential aspects of hypertrophic and dilated cardiomyopathy 

Dilated Hypertrophic 

Myocardial mass j--7jj j j j 
Ventricular end diastolic volume jj--7jjj ! ! --7 normal 
Atrial enlargement + ++ 
Assymetric septal hypertrophy 0 + 
Myocardial disarray 0 ++ 
Intramural coronary path 0 + 
Contractility ! ! ! jj--7! 
Abnormal ventricular filling 0 +++ 
Subaortic stenosis 0 0-+ 
Mitral incompetence + ++ 
Mitral valve pathologic movement 0 ++ 
Intracavitary thrombosis ++ 0 
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Another problem is to distinguish the idiopathic left bundle branch block of 
the young from the conduction block which can be the first sign of dilated car­
diomyopathy. To prevent clinical manifestations of the disease that could be 
favored by physical activity it is important to diagnose the disease during the 
asymptomatic phase, which can prove to be quite difficult. In the future a better 
knowledge of the initial alteration present in the disease and genetic studies 
could favorably help diagnosis. Family history of dilated cardiomyopathy and 
ventricular localized kinetic abnormalities are often the only signs of the disease. 
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Introduction 

A sttuctural cardiovascular abnormality is found at autopsy in most cases of 
sudden death in athletes [1-8]. The cause of sudden death reflects the age of 
partecipants. Atherosclerotic coronary artery disease is by far the most com­
mon cause of sudden death in athletes over 35 years of age [2,4,5], whereas a 
broader spectrum of pathologic conditions even including cardiomyopathies 
[3,6,7,10], congenital coronary artery anomalies [11,12], mitral valve prolapse 
[13], conduction system abnormalities [14], myocarditis [1,5,6] and aortic dis­
section [6, 7] may underlie sudden fatalities in younger athletes. The cardiova­
scular pathologic substrates are usually clinically silent and the cause of death 
found at autopsy had been not diagnosed or even suspected in over 75% of ath­
letes who died suddenly [6, 7]. In addition, the low sensitivity of clinical tests in 
detecting such cardiovascular abnormalities may invalidate screening pro­
grams for prevention of sport-related fatalities [6, 7]. 

In this review we will discuss each cardiovascular condition at risk of sud­
den death during sports with particular reference to pathologic findings and 
pathophysiology of sudden cardiac arrest. 

Atherosclerotic Coronary Artery Disease 

Atherosclerotic coronary artery disease is the major cause of sudden death in 
adult and elderly exercising subjects. Most deaths occur in running, jogging, 
and long distance racing. Pathologic findings are consistent with an underlying 
severe and extensive atherosclerotic coronary artery disease, with two or more 
coronary trunks critically obstructed in over 70% of cases and frequently asso­
ciated with post-infarction scars; often there is pathologic evidence of acute 
coronary thrombosis and acute myocardial infarction [1,2,4,5, 15]. In accor­
dance with these pathologic substates, pathophysiologic mechanisms of sudden 
cardiac arrest include either an ischemic-related electrical instability, which 
may be precipitated by an effort-induced increase of myocardial oxygen 
demand or by a fresh occlusive thrombosis [16], or a primary ventricular 
arrhythmia arising from a post infarction myocardial scar. In these old sudden 
death victims, previous symptoms suggestive of the presence of coronary athe-
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rosclerosis have been often recognized and risk factors are frequently present, 
including hypertension, smoking and hypercholesterolaemia [17]. 

Atherosclerotic coronary artery disease is an important cause of sudden 
death even in young competitive athletes [6,7,18,19]. Coronary atherosclerosis 
in the young exhibits distinctive pathologic features such as extent, site and 
morphology" of the obstructive atherosclerotic plaques. In young athletes dying 
by coronary artery disease in the absence of previous angina pectoris and/or 
myocardial infarction, sudden death is frequently the first manifestation of the 
disease, [7, 18]. Coronary atherosclerosis is more often a "single-vessel disease" 
that affect the left anterior descending coronary artery; obstructive plaques are 
not complicated by acute thrombosis and are mostly fibrocellular due to a 
neointimal smooth muscle cell hyperplasia in the presence of a preserved tuni­
ca media [19]. These morphologic features have been suggested to underlie 
abnormal hypervasoreactivity and possibly precipitate arrhythmic cardiac 
arrest by vasospastic myocardial ischemia [19]. The in vivo identification of 
these young athletes at risk of ischemic cardiac arrest is a challenge, due to the 
absence of risk factors and warning symptoms as well as the limitations of 
stress tests in detecting myocardial ischemia. 

Cardiomyopathies 

Hypertrophic Cardiomyopathy 

Hypertrophic cardiomyopathy (HCM) is a heart muscle disease, usually geneti­
cally trasmitted and characterized by a hypertrophied, non dilated left ventricle 
in the absence of predisposing diseases [3,9]. The familial form of HCM is 
genetically heterogeneous and a number of mutations encoding for contractile 
proteins such as beta myosin heavy chain, cardiac troponin T and alpha­
tropomyosin have been identified [20,21]. The disease has been implicated as 
the principal cause of sudden cardiac arrest on the athletic field in the USA [3, 
6]. Up to 50% of sport-related cardiac fatalities were attributed to HCM by 
Maron et al [3]. Gross pathologic features include 1) cardiomegaly due to left 
ventricular hypertrophy which is usually "asymmetric" with disproportionate 
septal tickening (septum/left ventricular free wall thickness> 1.3) (Fig. IA); 
2) reduction in left ventricular chamber size with increased myocardial "stiff­
ness" which may critically impair diastolic compliance and intramural coro­
nary blood filling; 3) a subaortic septal plaque associated with a thickening of 
the anterior leaflet of the mitral valve, the result of "dynamic" left ventricular 
outflow tract obstruction [9]. Physiologic cardiac adaptation secondary to 
regular exercise (athlete's heart) may lead to an increase in left ventricular wall 
thickness which may be difficult to distinguish from pathologic changes of 
HCM [22]. The histologic hallmark of the disease is the so called "myocardial 
disarray" which consists of widespread, bizzarre and disordered arrangement 
of myocites (Fig. lB); the associated diffuse interstitial fibrosis is an acquired 
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Fig. 1. Sudden death from hypertrophic cardiomyopathy in a 20-year old athlete. A) Long 
axis view of the heart showing "asymmetric" left ventricular hypertrophy with disp.ro­
portionate septal thickening. B) At histology, architectural disarrangement of myocar­
dial fibres ("myocardial disarray") associated with both interstitial and replacement­
type fibrosis. Azan stain, original magnification x 63 
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phenomenon, in part related to a progressive disease of the intramural coro­
nary arteries which show a dysplasia of the tunica media with or without lumen 
obstruction ("small vessel disease") [3, 6, 9]. Additional histologic signs of acute 
(contraction band and coagulative necrosis) and/or healed (gross septal scars 
and/or extensive replacement fibrosis) myocardial injury may be found in 
young athletes who died suddenly [23]. 

Sudden cardiac arrest in athletes with HCM has been attributed to primary 
ventricular arrhythmias [24,25] most likely arising from the dysplastic myocar­
dium. The observation of acquired myocardial damage, either acute or in the 
setting of large septal scars, supports the hypothesis that myocardial ischemia 
intervenes in the natural history of the disease and contributes to the arrhyth­
mogenicity [23,26]. Other potential mechanisms of syncope and cardiac arrest 
in HCM include paroxysmal supraventricular arrhythmias, AV block, and 
hypothension due to inappropriate vasodilator response to exercise [25,27]. 

Arrhythmogenic Right Ventricular Cardiomyopathy 

Arrhythmogenic right ventricular cardiomyopathy (ARVC) is a heart muscle 
disorder that is characterized pathologically by fibro-fatty replacement of right 
ventricular myocardium. The disease is often familial with an autosomal domi­
nant pattern of inheritance and its most frequent clinical presentation consists 
of arrhythmias of right ventricular (RV) origin and sudden death [7, 10,28,29]. 
Since the left ventricle is usually spared, cardiac performance may be normal, 
thus allowing young affected subjects to face strenuous exercise. At macro­
scopic examination the heart of young competitive athletes dying suddenly 
from ARVC discloses no or only slight right ventricular dilatation and massive 
transmural fibro-fatty replacement of the RV muscolature (Fig. 2A) which 
accounts for aneurysms (infundibular, inferior, and apical), scarring fibrosis 
and/or large areas of very thin, translucent wall. This gross appearence of the 
RV allows definitive differential diagnosis from training-induced RV changes 
("athlete's heart"), usually consisting in global RV enlargement [22]. 
Histologically, fibro-fatty atrophy of RV myocardium (Fig. 2B) is often associa­
ted with signs of focal myocardial degeneration and necrosis with patchy 
inflammatory infiltrates [10,29,30]. The fibrosis is ofthe replacement type and 
suggests 'a post-necrotic scarring process. The arrhythmogenicity of ARVC is 
reasonably explained by the widespread, irregular disruption of the RV myocar­
dium and electrical wavefront, with inhomogeneous conduction and activation 
from site to site, which predisposes to the onset of malignant re-entrant ventri­
cular tachyarrhythmias [29] 

The propensity for ARVC to precipitate "arrhythmic" sudden cardiac arrest 
during physical exercise is most likely linked to some hemodynamic and neu­
rohumoral factors. Physical exercise has the opposite effect on right and left 
ventricle and it results in acute disproportionate increase in RV afterload and 
cavity enlargement [32-34] which, in turn, may elicit ventricular arrhythmias by 
"stretching" the diseased right ventricular musculature. Progression of the 
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Fig. 2. Sudden death from arrhythmogenic right ventricular cardiomyopathy in a 19-
year-old athlete. A&B) Gross and histologic feature of right ventricular outflow tract 
revealing remarkable fatty replacement of the ventricular myocardium. Weigert Van 
Gieson stain, original magnification x 6 

disease from the epicardium to the endocardium might account for a functional 
and/or structural sympathetic denervation (sympathetic nerve trunks travel in 
the subepicardial layer), with supersensitivity to catecholamines and enhanced 
arrhythmogenicity during sympathetic stimulation [35,36]. 

Early identification of ARVC plays a crucial role in the prevention of sudden 
fatal cardiac arrest during sport. Most athletes who died suddenly from ARVC 
had a history of subjective and/or objective signs of ventricular electrical insta­
bility, consisting of palpitations and/or syncopal episodes accompanying ven­
tricular tachyarrhythmias with left bundle branch block morphology [7]. 
Moreover, ARVC is strongly suggested by the ECG finding of inverted T waves 
in right precordial leads. Definitive diagnosis is based on the echocardiographic 
visualization of global ventricular enlargement and/or regional right ventricu­
lar structural wall motion abnormalities [37] and, in selected cases, by magne­
tic resonance imaging [38] and right ventricular angiography with endomyo­
cardial biopsy [39-41]. 
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Congenital Coronary Anomalies 

Anomalolous Coronary Artery Origin 

The anomalous origin of a coronary artery from the "wrong" coronary sinus is 
a "minor" coronary anomaly with a silent clinical course which may precipitate 
sudden and unexpected ischemic cardiac arrest in young competitive athletes 
[6,7, 11, 12,42,43]. The most frequent anatomic findings consist of both (left 
and right) coronary arteries arising either from the right or the left coronary 
sinus [42, 43]. In both conditions, as the anomalous coronary vessel leaves the 
aorta it shows an acute angle with the aortic wall and, thus, usually runs 
between the aorta and the pulmonary trunk following an early aortic intramu­
ral course, with a "slit-like" lumen [11, 12]. Pathologic examination of the ven­
tricular myocardium usually reveals signs of acute or healed ischemic damage 
in the territory supplied by the anomalous coronary vessel. Fatal myocardial 
ischemia has been related to exercise-induced aortic root expansion which com­
presses the anomalous vessel against the pulmonary trunk and increases the 
acute angulation of the coronary take-off so aggravating the "slit-like" shape of 
the lumen of the proximal intramural portion of the aberrant coronary vessel 
[11, 12,42,43]. This mechanism of myocardial ischemia is difficult to reproduce 
in the clinical setting, as shown by the occurrence of false negative ECG exercise 
testing in a young athlete who subsequently died suddenly from the above coro­
nary anomaly [11, 12]. 

lntramyocardial Coronary Course 

Although the intramyocardial course of a coronary artery has long been regar­
ded as a normal anatomical variant, recent clinical studies showed that this 
condition can lead to myocardial ischemia manifested as angina, myocardial 
infarction and sudden death [8, 12,44]. Pathological studies showed ischaemic 
damage at various stages of healing in the myocardial territory supplied by 
intramural coronary arteries [12, 45]. Effort-induced ischaemia in athletes has 
been attributed to tachycardia which increases the myocardial oxygen require­
ment and reduces the coronary flow during diastole. Other proposed mechan­
isms include vasospasm in the intramural coronary segment and the transient 
formation of platelet aggregates and/or thrombosis provoked by mechanical 
trauma of the vessel wall. An intramural coronary artery may cause ischaemic 
cardiac arrest when it follows a particularly deep and long intramyocardial 
course [12]. The ventricular myocardium surrouding the anomalous vessel may 
be dysplastic and organised to form a "sheath" encircling the intramural coro­
nary segment. This myocardial ring might cause paroxysmal obstruction of the 
intramural coronary vessel by inducing "extrinsic" prolonged constriction. 
Alternatively, the myocardial disarray and fibrosis might act as a "restrictive" 
perivascular tissue to limit the diastolic flow in the coronary segment, mostly 
during physical exercise when there is an increase of myocardial oxygen 
demand [12]. 
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Other Cardiovascular Substrates 

Mitral Valve Prolapse 

Despite its high prevalence in the general population, mitral valve prolapse 
seems to be a rare cause of sudden death in athletes [7,8]. The pathogenesis of 
the sudden cardiac arrest is still unknown; fatal coronary embolism from atrial 
platelet deposits and cardiac arrest due to malignant ventricular tachyarrhyth­
mias attributed to "valve friction" have been advanced as possible mechanisms 
[46]. Sudden death has also been correlated with ventricular electrical instabi­
lity due to an underlying, undiagnosed silent heart disease, such as conduction 
syste~ abnormalities [47], hypertrophic cardiomyopathy [46] and right ventri­
cular cardiomyopathy [48-50]. 

Conduction System Abnormalities 

Congenital or acquired isolated conduction system abnormalities may repre­
sent a concealed morphologic substrate of exercise-related sudden death [7,51]. 
In three young competitive athletes with apparently normal hearts on routine 
gross and histologic examination, the study of the conduction system by serial 
sections disclosed an accessory pathway in two (atrioventricular and nodoven­
tricular respectively) and sclerocalcific interruption of the His bundle and 
branches in one [7]. In the absence of prodromal symptoms and ECG record­
ings, premorte~ identification of these silent conduction system abnormalities 
remains a challenge. 

"Myocarditis 

Myocarditis, either in its active or healed forms, may provide a concealed myo­
cardial electrical substate for ventricular arrhythmias and exercise-related sud­
den death [6,51]. The gross appearence of the heart is not distinctive ("appa­
rently" normal heart) while histologic examination discloses foci of mononu­
clear inflammatory infiltrates with areas of myocardial necrosis; concomitant 
areas of replacement fibrosis suggests a subacute-healed form of myocarditis. 
Fatal events in athletes seems unpredictable since focal myocarditis is often cli­
nically silent and endomyocardial biopsy may fail to detect the inflammation 
because of sampling error. 

Aortic Dissection 

Spontaneous laceration of the ascending aorta with rupture into the pericardial 
cavity and cardiac tamponade is a rare cause of fatal "electromechanical disso­
ciation" during sports [6,7]. The basic heart defect is an elastic fragmentation 
of the aortic tunica media with cystic medial necrosis that may present rarely as 
an isolated histologic feature [52], but more frequently in association with isth-
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mic coartation and/or bicuspid aortic valve [53-55], or in the setting of Marfan 
syndrome [56]. 

This study was supported by the Juvenile Sudden Death Research Project of the Veneto Region, 

Venice, and by the National Council for Research, Target Project PATMA, Rome, Italy. 
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In young competitive athletes, the differential diagnosis between physiologic, 
nonpathologic changes in cardiac morphology associated with training (com­
monly referred to as "athlete's heart") [1] and certain cardiac diseases with the 
potential for sudden death represents an important and not uncommon clinical 
problem. Such crucial diagnostic distinctions often involve hypertrophic car­
diomyopathy (HCM) [2], which is the most comon cause of sudden death in 
young competitive athletes [3]. 

Distinctions between athlete's heart and cardiac disease has particularly 
important implications, since identification of a cardiovascular abnormality in 
an athlete may be the basis for disqualification from competition, in an effort to 
minimize risk for sudden death [4]. By the same token, the improper diagnosis 
of cardiac disease in a normal athlete may lead to unnecessary withdrawal from 
athletics, thereby depriving that individual of the benefits of sport. 

Differential Diagnosis Between Athlete's Heart and 
Cardiovascular Disease 

Dilated Cardiomyopathy 

In an important minority of athletes, the increase in left ventricular end-diasto­
lic cavity dimension that occurs with training overlaps which is characteristic 
of certains pathologic entities. While left ventricular cavity dimension in athle­
tes is usually in the range of 53 to 58 mm, in some individuals it may extend 
into what is regarded as. the pathological range of > 60 mm (up to 70 mm), and 
thereby resemble dilated cardiomyopathy. However, the absence of left ventricu­
lar systolic dysfunction is usually sufficient to distinguish such physiologic ven­
tricular enlargement induced by training from dilated cardiomyopathy. 
Nevertheless, the truly long-term consequences of marked left ventricular 
enlargement as part of the athlete's heart syndrome is not entirely resolved. 
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Arrhythmogenic Right Ventricular Dysplasia 

Because highly trained athletes may demonstrated right ventricular enlarge­
ment and a variety of depolarization, repolarization, and conduction abnorma­
lities on the ECG, the differential diagnosis between athlete's heart and arrhyth­
mogenic right ventricular dysplasia may arise. Identification of right ventricular 
dysplasia by echo cardiography may be exceedingly difficult, because of techni­
cal limitations in imaging right heart morphology (and assessing right ventricu­
lar function), and also because the spectrum of disease is broad [5]. 
Demonstration of right ventricular segmental or global dysfunction or substan­
tial cavity enlargement supports the diagnosis. Magnetic resonance imaging 
however, affords a more reliable noninvasive diagnosis of this condition. The 
role of myocardial biopsy in the diagnosis of right ventricular dysplasia is unre­
solved. 

Hypertrophic Cardiomyopathy 

The dilemma of clinically distinguishing between athlete's heart and structural 
heart disease most frequently arises with respect to hypertrophic cardiomyo­
pathy (HCM). While at present there is no single approach that will definitively 
resolve this question in all such athletes, several strategies are described here 
that alone or in combination offer a large measure of clarification in most 
instances for this often compelling differential diagnosis [2] (Fig. 1). The defini­
tion of HCM employed here is that of a patient (or athlete) with evidence of a 
hypertrophied and nondilated left ventricle in the absence of another cardiac or 
systemic disease that could itself produce hypertrophy of the magnitude pre­
sent in that individual [6]. 
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Fig. 1. Chart showing criteria used to distinguish 
hypertrophic cardiomyopathy (HeM) from athle­
te's heart when the left ventricular (LV) wall thick­
ness is within the shaded gray zone of overlap, con­
sistent with both diagnoses. * Assumed to be the 
nonobstructive form of HeM in this discussion, 
since the presence of substantial mitral valve systo­
lic anterior motion would confirm, per se, the dia­
gnosis of HeM in an athlete. t May involve a 
variety of abnormalities, including heterogeneous 
distribution of left ventricular hypertrophy (LVH) 
in which asymmetry is prominent, and adjacent 
regions may be of greatly different thicknesses, 
with sharp transitions evident between segments; 
also, patterns in which the anterior ventricular sep­
tum is spared from the hypertrophic process and 
the region of predominant thickening may be in the 
posterior portion of septum, or anterolateral or 
posterior free wall. t = decreased; LA = left atrial 
From [2] 
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Wall Thickness 
In the vast mayority of competitive athletes, absolute left ventricular wall thick­
ness is within normallimits( :512 mm). In some athletes, however, left ventricu­
lar wall thickness may be more substantial, 13-15 mm, unavoidably raising the 
possibility of HCM [7]. In patients with HCM, the increase in left ventricular 
wall thickness is usually marked; the average wall thickness reported in most 
echo cardiographic studies of this disease is =20 mm, and ranging up to 60 mm 
[8,9]. However, an important minority of patients with HCM show relatively 
mild left ventricular hypertrophy with wall thickness values in the range of = 13 
to 15 mm, and most of these patients are asymptomatic. Therefore, a diagnostic 
dilemma may arise in those athletes who fall into this morphological "gray 
zone" between physiological hypertrophy and HCM with maximal wall thick­
ness of 13 or 14 mm, or possibly 15 mm [2]. 

In highly trained athletes, the region of predominant left ventricular wall 
thickening always involves the anterior septum, although the thicknesses of 
other segments of the wall are similar (with differences in the range of 1 to 2 
mm). In patients with HCM, the anterior portion of the ventricular septum is 
also usually the region of maximal wall thickening; however, the pattern of 
hypertrophy is often heterogeneous, asymmetry is prominent, and occasionally 
regions other than the anterior septum may show the most marked thickening 
[8,9]. In addition, contiguous portions of the left ventricle often show strikin­
gly different wall thicknesses in HCM, and the treansition between such areas is 
often sharp and abrupt [8,9]. 

Diagnosis of HCM in asymptomatic athletes is frequently based solely on 
echocardiographic assessment of the magnitude of hypertrophy, and often of 
precise quantitative mausurements of wall thickness in a single segment or 
'region of the left ventricular wall. It should be emphasized that, in borderline 
cases, such circumstances present fertile ground for the overdiagnosis of this 
disease. 

Since a marked increase in left ventricular wall thickness often occurs 
during adolescence in patients with HCM, young athletes with HCM « 16 years 
old) may not demonstrate their maximum expression of hypertrophy until full 
physical maturation and development is achieved [10]. Therefore, an athlete 
with HCM may initially be evaluated with echocardiography when hypertrophy 
is still only mild or within the borderline range; at that point in time the diffe­
n!ntial diagnosis with athlete's heart may be difficult. However, such uncer­
tainty can be resolved by serial echo cardiographic examinations which, within 
months or years, may show more definite left ventricular wall thickening, con­
firming the diagnosis of HCM. 

Cavity Dimension 
An enlarged left ventricular end-diastolic cavity dimension (> 55 mm) is pre­
sent in more than one third of highly trained elite male athletes. Conversely, in 
patients with HCM, the diastolic cavity dimension is usually small « 45 mm), 
and is > 55 mm only in those who evolve to the end-stage phase of the disease 
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with progressive heart failure and systolic dysfunction. Therefore, in some 
instances, it is possible to distinguish the athlete's heart from HCM solely on the 
basis of left ventricular cavity dimension. However, in tho~e athletes in whom 
left ventricular cavity size falls between the extremes, this dimension alone will 
not resolve the differential diagnosis. 

BeG 
Because of the wide variety of ECG alterations present in athletes without car­
diovascular disease and in patients with HCM, the 12-lead ECG is not particu­
larly usefull in distiguishing between these two entities. However, unusual and 
bizarre ECG patterns with strikingly increased voltages, prominent Q waves, or 
deep negative T waves are probably more characteristic of HCM. 

Doppler Transmitral Waveform 
Abnormalities of left ventricular diastolic filling have been identified noninva­
sively with pulsed Doppler echo cardiography or radio nuclide angiography in 
many patients with a variety of cardiac diseases associated with left ventricular 
hypertrophy. Most patients with HCM, including those with relatively mild 
hypertrophy (i.e., that could be confused with athlete's heart), show abnormal 
Doppler indexes of left ventricular filling independent of whether symptoms or 
outflow obstruction are present. Typically, the early peak of transmitral flow­
velocity ("E" due to rapid filling) is decreased and deceleration time of the early 
peak is prolonged; the late peak (''ft:' due to atrial contraction) is increased, 
inverting the normal E/ A ratio. On the other hand, trained athletes invariably 
demonstrate normal left ventricular filling pattern. Consequently, in a trained 
athlete suspected of having HCM, a distinctly abnormal Doppler transmitral 
flow-velocity pattern strongly supports this diagnosis, while a normal Doppler 
pattern is compatible with either H CM or athlete's heart [11]. 

Ultrasonic Myocardial Reflectively (Integrated Backscatter Signal) 
Initial observations suggest that most asymptomatic (or mildly symptomatic) 
patients with HCM show increased intensity of the ultrasound signal from the 
septum and posterior free wall (including patients with mild and localized 
hypertrophy) while highly trained athletes with physiological hypertrophy 
show normal myocardial tissue reflectivity [12]. However, it is not known at 
present whether differences in the backscatter signal identified by group com­
parisons can be used to distinguish athlete's heart from cardiac disease in indi­
vidual subjects. 

Type oISport Training 
The specific nature of athletic training itself has a major influence on the type 
and magnitude of the changes in left ventricular dimensions [7,13]. For exam­
ple, in a study of almost 1000 elite Italian athletes, only about 2% had a left ven­
tricular wall thickness a 2':: 13 mm (in the gray zone between physiological 
hypertrophy and HCM), and this subset was confined to those in rowing sports 
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and cycling. Conversely, most other forms of training, including isometric (or 
power) sports such as weight-lifting or wrestling, were not associated with 
absolute increases in thickness beyond 12 mm [14]. Therefore, in assessing 
whether or not an athlete with increased wall thickness has HCM, detailed 
knowledge of the training regimen is relevant. It is also possible that the outer 
limits of left ventricular wall thickness differ in trained athletes of various eth­
nic and racial origins, although this issue has not yet been fully resolved. 

Gender 
Gender differences with regard to alterations in cardiac dimensions and left 
ventricular mass have been indentified in trained athletes. Preliminary findings 
indicate that highly trained female athletes rarely show left ventricular wall 
thicknesses that are within the aforementioned gray-zone betweeI1 athlete's 
heart and HCM. For example, in a recent report, none of 600 elite women athle­
tes had left ventricular wall thickness in the range compatible with the diagno­
sis of HCl\1( 2:13 mm) [15]. These observations suggest, therefore, that female 
athletics with "borderline" left ventricular wall thicknesses of 13-15 mm (in the 
presence of normal cavity size) are likely to have HCM. 

Regression of Left Ventricular Hypertrophy with I?econditioning 
The observation that increased left ventricular cavity size or wall thickness are 
physiological consequences of atlhetic training may be substantiated by serial 
echocardiographic examinations showing a decrease in cardiac dimensions and 
mass with deconditioning [16, 17]. Decrease in left ventricular wall thickness 
associated with deconditioning is inconsistent with pathologic forms of hyper­

. trophy (i.e., HCM). The identification of such changes in wall thickness with 
deconditioning requires: [1] compliance from highly motivated competitive 
athletes to interrupt their training; and [2] serial echo cardiographic studies of 
optimal technical quality. 

Familial Transmission and Genetics 
The most definitive evidence from the presence of HCM in an athlete with an 
increase in wall thickness probably comes from the demonstration of HCM in a 
relative [18]. Therefore, in those athletes in whom the distinction between HCM 
and athlete's heart cannot otherwise be achieved definitively, echocardio­
graphic screening for affected family members represent a potential method for 
resolving this diagnostic uncertainty. The absence of HCM in family members, 
however, does not exclude this disease since in may be "sporadic" (i.e., absent in 
relatives other than the index case). 

Recent advances in defining the genetic alterations responsible for HCM 
raise the possibility of DNA diagnosis in athletes suspected of having this disea­
se. The genetic abnormalities that cause HCM, however, are greatly heteroge­
neous [19-21].At present, mutations responsible for HCM have been identified 
in four genes located on chromosomes 1,11, 14 and 15 encoding for proteins of 
the sarcomere - i.e., cardiac troponin T, myosin binding protein C, b-myosin 
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heavy chain and a-tropomyosin. This substatial genetic heterogeneity has made 
it extremely difficult and time consuming to use techniqut:s of molecular bio­
logy for the purpose sof clinically resolving the differential diagnosis between 
athlete's heart and HeM. 
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Over the past 15-20 years there has been heightened awareness that highly trai­
ned young individuals participating in competitive sporting activities may har­
bor underlying structural cardiovascular disease [1]. The fact that many such 
athletes may have partecipated at exceptionally high levels of excellence for 
long period of time with severe cardiovascular malformations has intrigued 
investigators and the lay public [1]. Recognition that athletic field catastrophes 
may be due to a variety of detectable cardiovascular lesions has also stimulated 
intense interest in preparticipation screening [2-5], as well as issues related to 
criteria for disqualification and eligibility [6]~ 

Sudden death in young athletes is usually instantaneous and occurs predo­
mintly on the athletic field during competition or training; at present, the vast 
majority of these deaths are in men. Uncommonly, premonitory symptoms are 
evident and very rarely is the correct cardiovascular diagnosis made during life. 
Indeed, the standard preparticipation history and physical examination almost 
uniformly fails to indentify cardiovascular disease in those competitive athletes 
who ultimately die; only occasionally is a specific diagnosis made or suspected. 

Over the last several years there have been a number of surveys designed to 
define the frequency with which a variety of cardiovascular lesions cause sud­
den death in different athletic populations [7-12]. Each of these studies is 
subject to a certain degree of patient selection bias, due largely to the lack of a 
systemmatic registry available for prospective identification and tabulation of 
athletic field deaths. Most of these analyses have focused on the youth full athle­
te. Furthermore, the majority of these date sets incriminate a broad spectrum of 
diseases, encompassing virtually all lesions known to cause sudden death in 
young individuals (whether or not they are athletes) (Table 1). 

The diseases responsible for sudden death do not occur with the same fre­
quency. The most common single cardiovascular abnormality among these 
would appear to be hypertrophic cardiomyopathy (HCM), usually in the nonob­
structive form [13]. The prevalence of HCM in such study populations is in the 
range of 33% [10]. Indeed, in hospital and outpatient-based patient series, HCM 
has proved to have a predilection for young and asymptomatic individuals, 
similar to athletic populations. 
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Table 1. Cardiovascular abnormalities in 134 young competitive athletes with sudden 
death 

Primary Cardiovascular Lesions No. (%) 
of Athletes 

Hypertrophic cardiomyopathy 48 (36.0) 

Unexplained increase in cardiac masst 14 (10.0) 
("possible hypertrophic cardiomyopathy") 

Aberrant coronary arteries:j: 17 (13.0) 

Other coronary anomalies 8 (6.0) 

Ruptured aortic aneurysm§ 6 (5.0) 

Tunneled LAD* coronary artery 6 (5.0) 

Aortic valve stenosis 5 (4.0) 

Lesion consistent with myocarditis 4 (3.0) 

Idiopathic dilated cardiomyopathy 4 (3.0) 

ARVD* 4 (3.0) 

Idiopathic myocardial scarring 4 (3.0) 

Mitral valve prolapse§ 3 (2.0) 

Atherosclerotic coronary artery disease 3 (2.0) 

Other congenital heart diseasesll 2 (1.5) 

Long QT syndrome~ 

Sarcoidosis 

Sickle cell trait# 

"Normal" heart** 

1 (0.5) 

1 (0.5) 

1 (0.5) 

3 (2.0) 

Median Age 
(Range), years 

17.0 (13-28) 

15.0 (14-24) 

15.0 (12-23) 

17.5 (14-40) 

17.0 (16-31) 

17.5 (14-20) 

14.0 (14-17) 

15.5 (13-16) 

18.0 (18-21) 

16.0 (15-17) 

20.0 (14-27) 

16.0 (15-23) 

19.0 (14-28) 

13.5 (12-15) 

18.0 (16-21) 

*LAD, left anterior descending; ARVD, arrhythmogenic right ventricular dysplasia 
t Includes 1 athlete with grossly normal heart but distinctly abnormal histologic archi­
tecture with marked disorganization of cardiac muscle cells and bundles; also, 2 of the 
13 atheltes with mildly increased mass had associated tunneled LAD coronary artery. 
:j: Anomalous origin of left main coronary artery from right sinus of Val salva in 13, ano­
malous origin of the right coronary artery from left sinus of Valsalva in 2, anomalous 
origin of the left main (from between the left and posterior cusps) with acute-angled 
take-off in I, and origin of LAD coronary artery from pulmonary trunk in 1. 
§ Marfan syndrome was also present in 3 athletes with ruptured aortic aneurysm and in 
1 with mitral valve prolapse. 
II One athlete with secundum atrial septal defect and 1 with coarctation of aorta. 
~ Also had anomalous origin of right coronary artery from left sinus of Val salva. 
# Judged to be the probable cause of death in the absence of any identifiable structure 
cardiovascular abnormality. 
** Absence of structural heart disease on standard autopsy examination. 
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While HCM may be suspected during preparticipation sports evaluations by 
the prior occurence of exertional syncope, family history of the disease or pre­
mature cardiac death, or by a loud heart murmur, such features are relatively 
uncommon among all individuals affected by this disease. In addition, we not 
infrequently encounter at autopsy hearts with increased mass (and wall thich­
ness) and non-dilated left ventricular cavity suggestive of HCM, but in which 
the objective morphologic findings are not sufficiently striking to permit a defi­
nitive diagnosis of HCM. It is uncertain whether some of these cases (often 
referred to as idiopathic left ventricular hypertrophy) represent mild morpho­
logic expressions of HCM [14], unusual instances of "athlete's heart" [15] with 
non-benign consequences, or possibly examples of undetected right ventricular 
dysplasia with left ventricular hypertrophy. 

Second in importance and frequency to HCM is a spectrum of congenital 
vascular malformations of the coronary arterial tree (in about 20%), the most 
common of which appears to be anomalous origin of the left main coronary 
artery from the right sinus of Valsalva [16]. This lesion is of particular clinical 
inportance, since it is rarely identified during life, but nevertheless is theoreti­
cally amenable to corrective surgery. Coronary artery anomalies are difficult to 
identify in patients because they are not often readily identifiable by conventio­
nal noninvasive imaging technology or simply because the clinical index of 
suspicion has not been sufficiently high. Such patients may die suddenly as the 
first manifestation of their disease, or alternatively experience one or more 
episodes of syncope - presumably on the basis of acute myocardial ischemia 
caused by the anatomic bend taken by the anomalous left main coronary artery. 
Other coronary anomalies apparently responsible for youthfull athletic field 
deaths include anomalous origin of the right coronary artery (the anatomic 
mirror image of anomalous left main coronary), coronary arterial hypoplasia, 
and occasionally premature atherosclerotic coronary artery disease. 

A variety of other lesions occur as causes of sudden death in previously 
asymptomatic and competitive athletes with lesser (or relatively low) frequency. 
These include Marfan's syndrome, myocarditis, dilated cardiomyopathy, aortic 
valve stenosis, mitral valve prolapse, sarcoidosis, and arrhythmogenic right 
ventricular dysplasia. In some instances, athletes with sudden death demonstra­
te combined lesions - e.g. HCM associated with a coronary anomaly, or HCM 
with evidence of myocarditis. 

In our experience, in about 2% of cases, the standard medical examiner 
autopsy examination fails to show a cardiovascular lesion that could account for 
sudden death. It is possible that death in these athletes with a "normal" autopsy 
is due to other conditions such as long QT syndrome (which is not associated 
with structural cardiac abnormalities), drug abuse (such as with cocaine), 
occult structural abnormalities of the conduction system, or possibly undetec­
ted examples of right ventricular dysplasia. 

Certain issues related to arrhythmogenic right ventricular dysplasia [17-19] 
as a cause of sudden death in athletes are presently unresolved. As noted, stu­
dies from North American centers have focused on HCM and coronary anoma-
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lies as causes of sudden death in young athletes. Of great interest, however, 
reports from investigators from the northeastern (Veneto) region of Italy sug­
gest a much different experience in which arrhythmogenic right ventricular 
dysplasia has emerged as the predominant cardiac disease encountered as an 
explanation for sudden death in young trained athletes [9,18]. While this disea­
se is also a component of our own experience with athletic field deaths, its fre­
quency is clearly in the range of < 5% in North American reports. The explana­
tion for such discrepances is uncertain, although it is possible that the relatively 
frequent occurence of right ventricular dysplasia in a particular region of Italy 
reflects a unique genetic substrate. Furthermore, the relatively low frequency 
with which HCM is apparently responsible for sudden death in Italian athletes 
is an interesting but also a largely unresolved issue. It is possible that the long­
standing and systematic Italian national program for the cardiovascular asses­
sment of competitive athletes [4] has had the effect of identifying and disqua­
lifying disproportionate numbers of trained athletes with HCM. 

In addition to the risk for sudden death in athletes due to underlying and 
usually unsuspected cardiovascular disease, we have recently identified another 
mechanism for sudden catastrophe and cardiac arrest on the athletic field, but 
in individuals free of cardiac disease [20]. In such young athletes, blunt chest 
inpact over the heart produced either by a missile (such as a baseball) or by col­
lision with another athlete (Figure 1) may induce a lethal cardiac arrhythmia 
and instantaneous collapse. The mechanism responsible for cardiac arrest may 
be as follows: induction of a premature ventricular contraction results from the 
chest impact which in turn induces repetitive and particularly letal ventricular 
arrhythmia by virtue of a R on T phenomenon - i.e., the premature beath inter­
feres with repolarization by contacting the upstroke or peak of the T wave. Most 
of these occurrences have proven fatal, but a small number of survivors have 
now been identified, supporting the need for early recognition of the syndrome 
and prompt institution of cardiopulmonary resuscitation . 

• baseball 

• ice hockey 

o lacrosse 

Fig. 1. Schematic representation of 
the location of impact points (con­
tusions) judged to have been pro­
duced by baseballs (N=lO), a 
hockey puck, and a lacrosse ball on 
the anterior chest walls of 12 vic­
tims of commotio cordis. The esti­
mated contour of the heart is indi­
cated by the heavy line. 
(Reproduced from Maron et ai. [20] 
with permission for the New 
England Journal of Medicine) 
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The topic "Physical Exercise and Ischemic Heart Disease" can be broken down 
into two separate issues: 1) physical exercise as the primary form of effective 
prevention of ischemic heart disease and 2) the choices, limitations and benefits 
of physical exercise for a patient already suffering from ischemic heart disease. 

This paper will focus on the second issue which is of great interest due to 
the considerable number of young people affected by ischemic heart disease 
and to the widespread desire to do sports. 

The first question to ask in regard to this issue is which clinical forms of 
ischemic heart disease allow for physical exercise and which do not. 

In order to answer this fundamental question, some information is neces­
sary in regard to: 1) the nosography and clinical severity of ischemic heart 
disease; 2) the cardiovascular and metabolic effects of the various types of 
sports. 

Nosography and Severity of Ischemic Heart Disease 

The clinical manifestations of ischemic heart disease differ considerably in 
terms of symptoms and severity and include: stable angina, unstable angina, 
intermediate syndrome, myocardial infarction, chronic ischemic myocardio­
pathy, X syndrome, sudden death (see below). In addition, particular clinical 
pictures are: ischemic heart disease following revascularization procedures and 
post-thrombolysis myocardial infarction. 

1) Stress angina is defined as stable 4 weeks after its onset: it is characteri­
zed by stress-induced anginal pain with stabilized tolerance. The course of this 
type of angina is generally chronic and is the result of coronary failure caused 
by the severe stenosis (> 70%) of one or more coronary branches. 

2) All other forms of angina are defined as unstable and include: early stress 
angina, increased stress angina, angina at rest, post-infarction angina, Prinz­
metal's vasospastic angina. 

Angina at rest and post-infarction angina are the most severe. They are char­
acterized by spontaneous anginal pain often associated with prolonged ische­
mic alterations. The pathogenesis of these conditions is connected with coro­
nary failure for complicated plates associated with vasospastic phenomena. 
These forms of angina can evolve in various ways, for example: and change to 
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an asymptomatic phase or stable angina, or resulting in myocardial infarction 
or sudden death. 

3) In some cases, prolonged coronary failure causes myocardial damage not 
of the necrotic type but associated with prolonged electrocardiography and 
echocardiographic alterations, yet not involving enzymatic changes. These 
cases are defined "intermediate syndrome", they are linked with the same ana­
tomical~functional coronary aspects of unstable angina and can result in func­
tional recovery or, as is more often the case, in myocardial infarction. 

4) Myocardial infarction is caused by prolonged coronary failure due to 
thrombotic occlusion on a complicated plate. It can either be a Q infarction or 
non-Q infarction depending on its extensiveness. Myocardial infarction has an 
early mortality of 25%, operally due to arhytmia, and a late in hospital morta­
lity of 8%. The evolution of the infarction can be: recovery to an asymptomatic 
state, development of stable or unstable angina, or evolution towards a chronic 
dilated myocardiopathy. 

5) Post-infarction myocardial damage or damage caused by prolonged angi­
na can result in left ventricle dilation accompanied by extensive hypokinesis 
through a progressive process known as "ventricular remodelling": these cases 
are defined as chronic ischemic miocardiopathy. Such a process can be asymp­
tomatic in the early stages but may subsequently result in heart failure or severe 
arrhythmia, often associated with overt or silent coronary failure. The severity 
of the post-ischemic dilated myocardiopathy depends on the extent of the con­
tractile damage and the resistance to therapy. Conditions involving chronic 
decompensation and conditions presenting tachycardia or ventricular fibrilla­
tion are more severe. 

6) The last condition, characterized by stenocardial pain, is "angina 
with normal coronary arteries", called X syndrome on account of its obscure 
aspects. 

This condition is characterized by reproducible stress-induced stenocardial 
pain accompanied by electrocardiographic alterations in patients who do not 
display significant stenosis or vasospastic phenomena involving the coronary 
epicardial vessels. By definition, hypertension or diabetes must not be present 
in these cases. 

X syndrome offers remarkable resistance to anti angina treatment, but has 
an excellent quo ad vitam prognosis as it does not lead to infarction or sudden 
death. The pathogenesis remains unclear although, at least in some cases, there 
is probably vasospastic component involving the arterioles (microvascular 
angina). 

7) Sudden death represents the most severe form of ischemic heart disease. 
It can be the first and only manifestation of the disease or can complicate the 
course of other clinical conditions. Its pathogenesis is often arrhythmic, gene­
rally due to hyperkinetic ventricular arrhythmias (tachycardia or ventricular 
fibrillation) and less frequently due to hypokinetic arrhyhtmias or electro­
mechanical dissociation. 

In fortunate cases it is possible to interrupt the fatal outcome through car-
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diopulmonary resuscitation procedures and interruption of the arrhythmia by 
defibrillation; in order to do this, however, the patient must be rushed to an 
emergency unit within 4 minutes of cardiocirculatory arrest. 

8) The natural course of ischemic heart disease can be modified considera­
bly by medical treatment, and even more so by revascularization processes such 
as angioplasty or by-pass. In these patients the prognosis depends upon the 
success of the operation, previous myocardial damage, residual coronary failure 
and the potential for evolution of the coronary lesions. 

Indications and Contra-indications for Physical Exercise in 
Subjects Suffering from Ischemic Heart Disease 

The following clinical manifestations of ischemic heart disease, are considered 
contra-indications for sports activity: 1) early stress angina; 2) stable stress­
induced angina with low tolerance « 100 watts or a D.P. < 20,000); 3) unstable 
angina in the "hot phase"; 4) intermediate syndrome and infarction in the acute 
phase « 2 months); 5) chronic ischemic myocardiopathy in the symptomatic 
stage; 6) subjects resuscitated from sudden death; 7) patients operated for reva­
scularization with symptoms of heart failure, severe arrhythmias or coronary 
failure at rest or under stress with low tolerance. 

The best indications for physical exercise and sports practice in the presen­
ce of ischemic heart disease are: 1) stable stress-induced angina without high 
tolerance (> 100 watt); 2) subjects with or without symptoms of stress angina 
with high tolerance following unstable angina; 3) myocardial infarction without 
complications; 4) early asymptomatic ischemic myocardiopathy cases; 5) 
asymptomatic cases after good revascularization; 6) probably the X syndrome. 

Beneficial Effects of Sports Practice in Ischemic Heart Disease 

Through what mechanisms can sports practice show beneficial effects in 
subjects suffering from ischemic heart disease? 

Analyzing the various types of sports practiced, it is possible to distinguish 
between sports based on endurance and sports based on strength; the former 
determine circulatory modifications in relation to volume overloads, whereas 
the latter do so in relation to increases in pressure. It seems obvious that only 
endurance sports can be useful as for as ischemic heart disease is concerned; 
indeed, they generate positive hemodynamic and respiratory effects such as: a) 
brachycardia and higher oxygen intake with better exercise tolerance; b) vago­
tonia with a reduced proclivity in arrhythmia; c) metabolic effects which cor­
rect coronary risk factors like obesity, physical inactivity, overeating and dysli­
pidemias. 

The latter effect was recently extensively investigated. It has been proven 
fact that physical activity increases the muscle's use of free fatty acids, supplied 
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in part by endocellular fats or by hydrolysis of circulating lipoproteins. 
In the plasma there is a decrease in triglycerides and LDLs and an increase in 
HDL 2s that are rich in cholesterol. These effects, however, are influenced by 
aerobic physical activity only (3 sessions a week and demanding enough as to 
entail a metabolic expenditure of at least 1000 calories a week). 

In addition to these advantages, it is also worth mentioning the beneficial 
psychoiogical effects and the improvement in the level of post-infarction 
ventricular remodelling, as proven by recent Italian research studies showing a 
less altered ventricular diastolic diameter in infarctions treated with physical 
activity. 

In conclusion, post-infarction rehabilitation through physical activity 
improves quality of life by increasing exercise tolerance, facilitating the patient's 
return to work and encouraging the modification of risk factors. Whether or 
not it determines an increase in survival and a reduction in re-infarction is as 
yet unknown. 

Some fifteen years ago Vecchio and La Rovere (1982) compared 139 rehabili­
tated subjects with infarction with non-rehabilitated patients and observed a 
higher survival rate among the rehabilitated subjects; this study, however, was 
not randomized. In 1989 Harward Medical School, in collaboration with 
Hannover, Betheseda and Stanford Universities, undertook a major metanalysis 
consisting of 22 controlled and randomized studies involving a total of 2310 
patients and 2244 controls who had survived myocardial infarction 15 days to 3 
years earlier. The subjects were almost all males aged between 60 and 70. The 
treatment was physical activity, either alone or associated with pharmacological 
treatment. The end points were total and cardiovascular mortality, sudden 
death, fatal and non-fatal re-infarction. The subjects under treatment registered 
the following: a reduction in general and cardiovascular mortality and a reduc­
tion in infarctions in the first, second and third year, while sudden death was 
curbed only in the first year. No change in non-fatal infarctions was registered. 
It was not possible to establish whether these results were directly related to 
physical activity or also to other associated treatments. Therefore, there is still 
no definite evidence that physical activity and sports practice alone can deter­
mine an increase in survival and a change in coronary events in subjects suffe­
ring from ischemic cardiopathy, although they may certainly contribute along­
side other treatments to an effective secondary prevention. 

How Coronary Heart Disease Patients should Practice Sports 

Some reports of sudden death or infarction occurring during sports practice 
and the rare incidents that have occurred during ergometric tests indicate that 
physical exercise can indeed be harmful to subjects suffering from ischemic 
heart disease. From this we can infer that sports practice cannot be recommen­
ded indiscriminately. 

The sports practiced by coronary heart disease patients must have specific 
characteristics and must be carried out following specific rules. 
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Sports practice must first of all be tolerated with respect to the functional 
cardiac conditions, it must be enjoyed by patients, it must entail a sufficient but 
not excessive metabolic load « 5-7 mets) and, furthermore, it should be mea­
surable and prevalently aerobic. 

Advice on the sport to practice must be preceded by a functional assessment 
test, after which the patient must be checked during and after the specific 
sports activity. Competitive sports or sports requiring static efforts and psycho­
logical excitement should be avoided. Also team sports in which it is difficult to 
assess energy expenditure are not recommended. Furthermore, exercise should 
be avoided after meals and in bad weather conditions (temperature, humidity, 
altitude). Sports that can be practised by and recommended to ischemic heart 
disease patients are: walking or jogging up to 6 km/h, cycling on flat surfaces up 
to 16 km/h, gymnastics, golf, tennis (doubles), horseback riding (lope and trot), 
cross-country skiing on flat surfaces up to 6 km/h, rowing up to 6 km/h, swim­
ming up to 30 m/min. 

In the light of the above considerations, it is faIt that ischemic heart disease 
patients are also covered by the criteria described in 1980 in the Guideline for 
Graded Exercise Testing and Exercise Prescription (2 Ed. Lea & Febiger -
Philadelphia) which states: "people of any age can engage in considerable levels 
of physical activity providing there are no contra-indications and the program­
me is carried out in a rational way:' 
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Abnormalities of ventricular repolarization (AVR) represent one of the altera­
tions that most frequently require a detailed assessment by the sports physi­
cian. Transitory modifications of the T wave and ST segment can also be found 
in varying degrees in sedentary subjects in many physiological conditions such 
as, for example, hyperventilation, postural changes, etc. 

As far as abnormalities of the T wave present in sportsmen are concerned, 
these are found with a frequency varying from 0.5% in the general sports popu­
lation to 18% in a more selected group; they are very often associated with a 
negative clinical and instrumental examination, and only in a minority of cases 
(about 10%) with an "extreme" cardiac hypertrophy evident at echo cardiogram. 
The cardiac diseases most frequently associated with these abnormalities are 
mitral valve prolapse, hypertrophic cardiomyopathy, cardiomyopathies, espe­
cially right ventricular cardiomyopathy characterized by negative T waves in 
the right precordial leads, cardiac hyperkinetic syndrome and, much more 
rarely, conditions of volume or pressure overload of both ventricles due to val­
vular disease, congenital heart diseases or hypertension. ECG identification of 
these conditions requires complete clinical and instrumental assessment, inclu­
ding patient case-history, the clinical symptoms, an objective examination, 
single (M-mode) and two-dimensional (2D) echocardiogram and a maximal 
stress test. 

The ST segment and T wave abnormalities present at rest but more evident 
during stress, or which appear exclusively under stress, are perhaps an even 
greater problem than AVR in resting conditions. First of all these should be 
distinguished into a more frequent form, represented by the so-called "prema­
ture repolarization" (an ST segment elevation present in at least two consecuti­
ve precordial leads, associated or not with modifications of the T wave), that 
may be found in up to 50% of an unselected athlete population and clearly rela­
ted to their level of fitness, as demonstrated by their regression on discontinua­
tion of physical activity or after sympathetic stimulation [1,2]. Less frequent 
are the so-called "pseudoischaemic alterations" of the repolarization phase 
(types II and III of Taggart's classification) which concern a dyshomogeneity of 
ventricular repolarization due to modifications of neuroadrenergic tone by the 
sympathetic nerves of the cardiac system and/or by the level of circulating 
catecholamines with the possible involvement of genetic predisposition [3,4]. 
Such abnormalities may be studied by performing tests of sympathetic stimula-
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tion (with and without drugs), as well as electrocardiographic examination 
during isotonic stress tests on the cycloergometer or treadmill. Actually, the 
limited specificity of the first approach and the well known limits of the second, 
in a population such as athletes, that has a low prevalence of illness in general, 
and of myocardial ischaemia in particular, and in which additional factors, such 
as cardiac hypertrophy from training, may be responsible for false positive 
results, noticeably alters the utility of these tests. 

Similar considerations may be made for abnormalities of the ST segment 
during or after stress, not often found (9-10%), even if similar prevalence has 
been found in a population of asymptomatic male sedentary subjects [5J. 

In all the above cases there is a need for a clinical diagnostic test to identify 
any possible myocardial ischaemia, or that would exclude it with more reliable 
sensitivity and specificity than that provided by electrocardiographic examina­
tions. Perfusional 201 T1 or 99 Tc-MIBI myocardial scintigraphy does not 
appear to be a sufficiently reliable test as it can reveal abnormalities of coronary 
perfusion distribution not necessarily associated with the presence of myocar­
dial ischaemia [6J. However, studies carried out on groups of sportsmen show 
frequent perfusional defects that are not indicative of myocardial ischaemia 
and which are referred to as dyshomogeneous captation because of the increase 
in myocardial mass and/or the metabolic peculiarity of myocardial fibre cells in 
fit hearts [7J. These observations underscore the current lack of knowledge on 
the normal perfusional scintigraphies in athletes and, therefore, on the limits 
which exist between physiological and pathological findings. The need to use 
the expertise of a nuclear medicine laboratory, the high costs of these examina­
tions, the necessity for suitable technical-methodological standards, as well as 
the not easy adoption of correct interpretative criteria, underline how these 
investigations should be reserved for very particular cases and only after other 
means of investigation in the clinical-diagnostic iter have already supplied sui­
table documentation of myocardial ischaemia. 

In contrast, stress-echocardiographic imaging has diagnostic sensitivity and 
.specificity that permit its application in the sports population to assess asymp­
tomatic abnormalities of repolarization present at rest or appearing under 
stress [8,9J. 

The low prevalence of coronary disease in the population of asymptomatic 
young people could mean a lower sensitivity than that found in symptomatic 
subjects, even if in this regard there is no data relative to an appropriate num­
ber of persons. Extremely useful for clinical reasons is the integration of rever­
sible wall motion abnormalities, an extremely specific marker of myocardial 
ischaemia, the results being supplied by ECG. The high specificity and therefo­
re the reduced occurrence of false positives appears to be particularly advan­
tageous, especially in sportsmen and women over 35-40 years of age; a popula­
tion continuously increasing in number. 

The possible detection of coronary artery disease in patients with acute 
coronary ischaemic syndromes that occur during sports activities and/or the 
autoptic findings of heart disease in subjects aged over 35 years who die sud-
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denly, outline the potential of stress echocardiography for the screening of 
asymptomatic subjects in so-called "risk" age groups who are regularly engaged 
in physical activity [10-12]. In this population the detection of indicative 
markers of silent ischaemia would be extremely useful to identify subjects with 
unidentified coronary artery disease. At present, on the basis of clinical applica­
tion of Bayes' theorem, this population has a low occu~rence of heart disease. 
The predictive accuracy of stress echocardiography, although not sufficiently 
investigated, seems too low to indicate wide use of this method in the screening 
of asymptomatic subjects, the some finding as for stress electrocardiography. 

Despite the current diffusion of the method, many authors still believe that 
stress echocardiography is a procedure "for experts", to be limited to a few 
laboratories able to obtain high quality images and to get the best results from 
this technique. Even if so up to a few years ago, the method appears to have 
been remarkably changed by the widespread marketing of computerizing 
imaging systems. In fact, in recent years the use of stress echo cardiography has 
become widely established and is gaining increasing approval in its specific 
application of sports cardiology. 

More recently, the limitations associated with the difficulties in performing 
a correct echo cardiographic examination during physical exercise and/or the 
lack of attaining a suitable working load have led to the introduction of the so­
called "alternative stresses" into clinical practice. These stresses, especially used 
in the diagnosis of myocardial ischaemia, have the main objective of obviating 
the limitations of physical exercise and of inducing ischaemia through incre­
asing oxygen myocardial requests (atrial pacing for a prevalent increase in 
heart rate, catecholamine, especially dobutamine, for a prevalent inotropic sti­
mulation and, in a lesser way, of the heart rate). Ischaemia can also be induced 
by a modification in the intracoronary distribution of myocardial flow with 
induction of ischaemia through the mechanism of "vertical" or "horizontal" 
steal (dipyridamole, adenosyne, etc.). 

However, echo cardiography during pharmacological stress has not found 
extensive application in the field of sports cardiology and, in our opinion, in the 
population of subjects who practice sports activities the use of physical stress 
appears more justified. 

In conclusion, the use of stress echo cardiography should not be confined 
only to the study of ischaemic heart disease. Such an approach would be too 
restrictive to the capabilities of a method so suitable for the diagnostic defini­
tion of ventricular repolarization abnormalities sometimes accompanied by the 
painful precordial symptoms but more often quite asymptomatic. 
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Scientific evidence suggests that there is a mutual relationship between blood 
pressure and physical activity. On one hand, a high blood pressure may adver­
sely affect exercise performance, on the other dynamic exercise training seems 
to contribute to the control of blood pressure. These relationships between 
pressure and activity will be explored in this review. 

Blood Pressure and Maximal Exercise Capacity 

There is quite some evidence that a high blood pressure is associated with a 
lower peak oxygen uptake [1]. In patients with mild essential hypertension 
peak oxygen uptake for graded bicycle exercise was 20% lower [2] and the tole­
rance for progressive treadmill exercise 17% lower [3] than in age- and sex­
matched healthy normotensive controls. Amery et al [4] found that the maximal 
oxygen uptake of hypertensive patients was not significantly impaired when 
compared to normotensives, but a decline occurred with increasing severity of 
hypertension within the hypertensive group. Similarly, in 50 young and middle­
aged untreated men with essential hypertension and limited organ damage 
(WHO stages I or II), peak oxygen uptake on graded uninterrupted bicycle 
exercise was inversely related to mean intra-arterial pressure at rest (Fig 1), but 
also to age [5]. In multiple regression analysis factors such as blood pressure, 
age and weight contributed independently to the variation in maximal oxygen 
uptake. In addition, men with hypertension had a greater decrease of estimated 
peak oxygen uptake per kilogram body weight with age than normal men [6]. 
Several data suggest that not blood pressure per se, but long-term consequences 
of hypertension, which are not necessarily clinically apparent, could be respon­
sible for the reduction of aerobic power. When adolescents were studied peak 
oxygen uptake was similar in subjects with sustained essential hypertension, 
youngsters with labile hypertension and age-matched normotensive controls 
[7]. Also Wilson et al [8] observed that boys with persistently elevated blood 
pressures had normal fitness, but aerobic power was decreased in girls with ele­
vated pressures. When patients with obesity and echo cardiographic abnormali­
ties were excluded in a study on adults, oxygen consumption at peak exercise 
was similar in normotensives, mildly hypertensives and more severe hyperten­
sives [9]. In hypertensive patients without heart failure, echo cardiographic left 
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Fig. 1. Relation between peak oxygen uptake (mllmin) and mean intra-arterial brachial 
artery pressure at supine rest (mmHg) in male patients referred for hypertension. The 
relation remains significant after adjustment for age and weight (From Fagard, RH. 
Maximal aerobic power in essential hypertension. Journal of Hypertension 1988,6:859-
856 (Fig. 1)) 

ventricular mass or fractional fiber shortening at rest were not related to the 
time that graded exercise could be sustained [3]. However, hemodynamic meas­
urements during exercise revealed a shift of the cardiac function curve to the 
right in the patients with the highest blood pressure, as compared to age-mat­
ched patients with less severe hypertension, suggesting that impairment of car­
diac function without clinical heart failure could be involved [5]. Exercise capa­
city was clearly impaired after the development of overt heart failure [3]. 
Finally, maximal exercise testing evoked no impairment in younger patients 
with increased blood pressure, but showed progressively greater impairment in 
older patients with higher levels of hypertension, left ventricular hypertrophy, 
retinopathy and coronary artery disease [10]. 

Influence of Physical Training on Blood Pressure 

Many studies have been performed on the effect of dynilmic physical training 
on blood pressure. The present overview will be restricted to controlled studies 
on the effect of dynamic physical training on blood pressure, which involved 
adolescent or adult normotensive and or hypertensive subjects in whom cardio­
vascular diseases were reasonably well excluded. Details of the 36 reports and 
the main findings of the overall analysis of the 48 study groups have been 
published before [11, 12]. Most of the participants were men and the average 
age of the groups ranged from 16 to 72 years. Duration of training ranged from 
4 to 68 weeks (median = 16 weeks), with a frequency of mostly 3 weekly ses­
sions of 15 to 90 minutes each; training intensity was between 50 and 85% of 
maximal exercise testing. Table I summarizes the training-induced changes, 
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weighted for the number of participants in each group and adjusted for the 
control data. The significant increase in physical work capacity and decrease in 
heart rate demonstrate the overall efficacy of the training programs. Blood 
pressure was significantly lowered by an' average of 5.3/4.8 mmHg for systolic 
and diastolic pressure respectively. The response of blood pressure was not 
related to the change in body weight (P > 0.50), which averaged -0.84 kg. 

Table 1. Training-induced changes (weighted means, adjusted for control data) and 95% 
confidence limits of systolic and diastolic blood pressure at rest, heart rate at rest, body 
weight and physical work capacity (PWC), of all study groups combined; the number 
refers to the number of study groups for which the variable was reported. 

Net weighted 95% confidence Number of 
mean limits groups 

Blood pressure (mmHg) 
systolic -5.3 - 7.2; - 3.4 48 
diastolic - 4.8 - 6.2; - 3.4 47 

Heart rate (min-') - 6.1 - 7.3; - 4.8 36 
Weight (kg) -0.84 -1.16; -0.53 35 
PWC (%) +15.1 + 13.4; + 16.9 43 

(From Fagard RH. The role of exercise in blood pressure control. Journal of 
Hypertension 1995, 13:1223-1227 (Tab. 1 and Fig. I)) 

Results According to Baseline Blood Pressure 

The response of blood pressure differed according to the pretraining blood 
pressure level. When the 48 study groups were classified into 3 categories by the 
average pretraining blood pressure according to the 1978 criteria of the World 
Health Organisation, dynamic training was associated with a mean net change 
(95% C.L.) of -3 (-5j-1) /-3 (-4j-2) mmHg in the 27 groups with a normal avera­
ge pressure, -6 (-9j-3) /-7 (-l1j-3) mmHg in borderline hypertensive patients 
(n = 7) and -10 (-14j-6) /-8 (-l1j-4) mmHg in the hypertensive patients (n = 14). 
The suggestion that the response of blood pressure is more pronounced in the 
hypertensive patients is corroborated by the results of studies in which normo­
tensive and hypertensive patients followed the same training program. In each 
of these studies the blood pressure change was greater in the hypertensive 
patients than in the normotensivesj the weighted averages (95% C.L.) were - 13 
(-15j-11) /-8 (-10j-6) mmHg in the hypertensives and -3 (-7j+0.5) /-2 (-5j+1) 
mmHg in the normotensives. 

Results According to Study Design 

The criteria for inclusion of studies in the present meta-analysis is open to cri­
ticism. First, allocation to the active or control group, or the order of the trai­
ning and non-training periods was not always determined at random. Second, 
the subjects in the control group or in the control period were seldom seen as 
regularly as those in the training program or they were not followed up during 
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control. In addition, it should be realized that it is difficult to blind the partici­
pants to the treatment in training studies; some authors included low level exer­
cise as placebo-treatment. Figure 2 represents an attempt to analyse the results 
in 3 categories according to the study design. Several studies did not include a 
randomization procedure and in some randomly allocated studies the control 
subjects were seen only at the beginning and at the end of the control period. In 
others, allocation of the control group or the order of the periods was determi­
ned at random and the subjects in the control group or period were followed or 
contacted regularly. It can been seen in Figure 2 that studies which followed the 
more rigorous scientific criteria showed the smallest decrease in blood pressu­
re, which was not significant in normotensives but still significant in the hyper­
tensive patients, that is -7/-5 mmHg for systolic and diastolic pressure respecti­
vely. 

Results on Ambulatory Blood Pressure 

Another major criticism of the reviewed studies is that few mention that the 
investigator who measured the blood pressure was unaware of the treatment 
group or period and that special methodologies such as a random-zero sphyg­
momanometry, non-portable automated devices or intra-arterial measure­
ments were not often used for the blood pressure measurement. This problem 
can be overcome to some extent by the use of ambulatory monitoring devices. 
Though the number of studies is still limited [12], the results indicate that day-
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Fig. 2. The training-induced changes of blood pressure and 95% confidence limits 
(mmHg), in normotensives and hypertensives, weighted for the number of participants 
and adjusted for control data, according to the study design. Random: studies which 
included a randomization procedure; F-U: studies which included some follow-up of the 
subjects in the control group or period (From Fagard RH. The role of exercise in blood 
pressure control. Journal of Hypertension 1995, 13: 1223-1227 (Tab. 1 and Fig. 1» 
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time systolic pressure does not decrease when its baseline level is below 140 
mm Hg; the few reports with baseline blood pressure above this level suggest 
that physical training may induce a hypotensive response in these subjects. 
Similarly, decreases of daytime diastolic blood pressure seem to be restricted to 
groups with the higher baseline diastolic pressure. By contrast, nighttime pres­
sure did not change significantly, except for diastolic pr,essure in one study in 
hypertensive patients. The lack of an effect during sleep, when sympathetic 
activity is low, is compatible with the suggestion that sympathetic withdrawal 
contributes to the antihypertensive effect of training. 

Further Limitations of the Training Studies 

Other shortcomings include the fact that advice to keep diet and/or lifestyle 
constant throughout the study periods was only given in half of the studies; diet 
was controlled by interviews in about a quarter of the reports and 24-h urinary 
sodium excretion was assessed in a similar number. The percentage of included 
subjects who could not be analysed at the end of the study was less than 70% in 
one fifth of the study groups. As for the statistical analysis, most authors repor­
ted the significance of the response in the trained group and in the controls 
separately; the significance of the difference between the changes in the 2 groups 
was given in less than half of the studies. Furthermore, adjustment for confoun­
ding variables such as changes in weight was not often performed. 

Practical Recommendations 

Because of the possible beneficial effects of exercise on blood pressure, other 
cardiovascular risk factors, morbidity and mortality adequate progressive 
dynamic physical training is advocated for the management of hypertensive 
patients, together with nonpharmacologic measures in the mild hypertensive or 
as an adjunct to pharmacologic treatment in more severe hypertensive patients. 
Because hypertension is a risk factor for cardiovascular morbidity and morta­
lity, an exercise test may be recommended in addition to the regular work-up, 
in previously sedentary patients, particularly when other risk factors such as 
smoking, obesity or hyperlipidemia are present or when the patient complains 
of dyspnea or chest pain [l3]. 

When hypertension is detected in an athlete [14] a screening investigation is 
warranted including history, physical examination, electrocardiography, echo­
cardiography, exercise testing, eye-ground examination, urine analysis, blood 
hemoglobin, blood glucose, renal function, serum electrolytes and cholesterol. 
The decision to perform further examinations to exclude secondary forms of 
hypertension are based on the results of the screening tests, the severity of 
hypertension and the presence of target organ damage. Further management 
has to be guided according to conventional guidelines, such as the 1993 recom­
mendations of WHO/ISH [15]. The athlete should be treated by selected phar-
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macologic means when there is no doubt that this is beneficial; in areas of 
doubt, a waiting attitude is justified because 1) hypertension has not been asso­
ciated with sudden death in the young athlete, and 2) there is no evidence that 
sports affects the prognosis unfavorably. High level sports activity can be 
allowed when blood pressure is controlled and when it is not precluded or ren­
dered unwise by severe target organ damage or an underlying illness. 
Prescription of antihypertensive drugs should take into account the possible 
negative effects of diuretics, at least during short term-treatment, and particu­
larly of beta-blockers on exercise performance [1]. 
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Arterial and Venous Diseases in Athletes 

L. Pedrini, F. Magnoni 

Dept. of Vascular Surgery, Maggiore C.A. Pizzardi Hospital, Bologna, Italy, 

Vascular diseases in fit young athletes are rare. The lifestyle and metabolic 
modifications induced by physical activity reduce the risk of atherosclerotic 
lesions; likewise, muscular activity improves venous outflow. 

The vascular lesions observed after bone or joint traumas are seldom caused 
by sports and resemble those caused by other factors. Similarly, traumatic inju­
ries of blood vessels are occasionally observed in sports, but rarely can they be 
considered a particular risk of a specific sport. 

Most vascular lesions in athletes are caused by recurrent microvascular 
injuries. Anatomical abnormalities, muscular hypertrophy or static modifica­
tions of the shoulder or the spine concur to produce these lesions. 

Sport may disclose the symptoms of a vascular disease at a younger age, but 
rarely is it the main etiology of a vascular lesion. 

To simplify the description, vascular lesions have been classified in relation 
to the anatomical location and etiologic mechanism. 

Upper Limhs 

The most common pathology observed in athletes and in young people is the 
Thoracic Outlet Syndrome (TOS). All shoulder girdle compression syndromes 
have in common the compression of the brachial plexus and subclavian artery 
and vein, usually between the clavicle and the first rib (costoclavicular com­
pression) [1]. Other common causes of vascular compression are: 
- scalenus anticus hypertrophy or anomaly 
- cervical rib and/or fibrous band 
- outcome of clavicle or rib injury 
- pectoralis minor muscle 
- humeral head 

Nerve symptoms are the most frequent, followed by venous signs, which 
range from edema, stiffness of the fingers and venous engorgement in certain 
elevated positions to acute thrombosis of the subclavian or axillary vein (effort 
vein thrombosis or Paget von Schroetter syndrome). Intermittent symptoms 
often precede the onset of acute thrombosis and can be observed both at night 
and after training or a match [2]. 

Arterial symptoms range from coolness, cold sensitivity and pallor of the 
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hand on elevation to a fully developed Raynaud's phenomenon. Acute ischemia 
can be observed after the occlusion of the subclavian artery or after arterial 
embolism due to a post-stenotic aneurysm of the subclavian artery. A cervical 
rib is the most frequent cause of this lesion (Fig. 1). In many cases a thromboly­
tic therapy must be performed in the acute phase, before the treatment of the 
compression or vascular reconstruction. 

TOS has been observed in many sports involving the upper limbs (baseball, 
kayak, weight lifting, basket-ball, volley-ball) [3,4]. 

~ 

r 
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Fig. 1. Critical hand ischemia in a volley-ball player, with symptoms raised more than 15 
days before admission. a) pre-treatment angiography: subclavian artery aneurysm with 
embolic occlusion of the brachial, radial and ulnar arteries. b) angiograpy performed 
after 24 hours of intra-arterial thrombolysis with urokinase (40,0001. U.!hour). 
c) intraoperative view: subclavian artery aneurysm (c1) repaired by a ringed PTFE graft 
after the excision of the cervical rib (c2) d) post-treatment angiography: complete resto­
ration of arterial patency after aneurysm resection and thrombectomy of brachial, ulnar 
and radial arteries 
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Hand Ischemia 

Hand ischemia can be linked to arterial embolism but is more frequently secon­
dary to repeated microtraumas with digital or palmar artery occlusion. It is a 
complication of many sports such as volley-ball, hand-ball, pelota, baseball and 
frisbee. [4,5]. 

Symptoms range from Raynaud's phenomenon to acute ischemia or gangre­
ne of one or more fingers and are exacerbated by frequent abnormalities of the 
superficial or deep palmar arch [6]. 

Aortic Dissection 

Acute aortic dissection has been observed in many athletes and has often been 
the cause of sudden death during a match. It is more frequent in basket-ball 
players (tall men with a constitution similar to patients with Marfan's synd­
rome), but it has also been described during skiing practice [7]. Dissection may 
involve the abdominal aorta or a peripheral artery as in a case of iliac dissec­
tion in a weight lifter reported by Urbano et al [8]. 

Hypertensive spikes during physical stress can be responsible for the dissec­
tion in patients with medial degeneration. 

Iliac Artery 

Stenotic intimal thickening of the external iliac artery has been described in 
young competition cyclists [9] and in amateurs, whose lesions appear some 
years later. Intermittent claudication is the main symptom; the lesion can be 
confirmed by duplex scanning. 

One of the patho-physiological theories proposed suggests the involvement 
of many factors such as an increased flow, the sitting position of the cyclist and 
the links of the end of this artery to the pelvis caused by its lateral branches. 

A similar lesion has been observed in long distance runners. [10] 
Iliac artery stenosis has been described even in a 28 year old male rugby 

player [11] but in this case a post-traumatic etiology was implicated. 

Popliteal Artery 

The popliteal artery entrapment syndrome is a vascular complication observed 
more frequently in athletes than in people who do not practise sport. 

An abnormal insertion of the medial head of the gastrocnemius muscle is 
the main cause, but compression due to the tendon of gracilis, the popliteal or 
plantaris muscle, Baker's cysts or muscular hypertrophy have been reported. In 
an early stage intermittent claudication is the main symptom, but unfortunately 
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many patients have been observed after a thrombotic or embolic complication. 
Venous or nervous compression may be associate'd and in these cases pain, 
paresthesias, sensation of tension or edema have been reported. 

Also in these cases sport is responsible for muscular hypertrophy which is 
why athletes complain of symptoms at a younger age. 

Varicose Veins 

Muscular activity increases blood flow, which is responsible for the engorge­
ment of the superficial veins in athletes. These veins cannot be considered vari­
cose veins because they are linear and their valves have normal function. 

Varicose veins of the lower limbs are observed in about 5% of practising 
athletes, notably weight-lifters and wrestlers, but also in karate, judo, canoeing, 
soccer and high jump [12], possibly in people with an anatomical predisposi­
tion to varicose veins. 

Popliteal Vein 

A venous compression of the popliteal vein due to a narrow solear ring has 
been described by Servelle. The symptoms of this syndrome are leg heaviness, 
edema, varicosis of the intersaphenic veins or deep venous thrombosis. 

Muscular hypertrophy causes a further narrowing of this space and venous 
compression. We observed a solear syndrome in a high jumper, who compl­
ained of acute edema of the leg after a competition, phlebography disclosed a 
compression of the tibio-peroneal trunk induced by the dorsal flexion of the 
foot. 

Conclusions 

In conclusion, vascular complications in athletes can involve arteries and veins 
in any site, but they are rare. Adson [13] in 1947 reported that he had "never 
been called on to operate on athletes, wrestlers, boxers or football players with 
marked muscular hypertrophy or with heavy descending shoulders" probably 
because a "person who has these congenital anomalies learned early in life that 
it was painful to pursue vigorous activity and therefore avoided athletics". 
Nevertheless, the number of persons who practice sports is so great that some 
will crop up in the experience of vascular surgeons. 

Trainers and medical doctors should be aware of these possible hazards in 
order to avoid the serious complications; vascular laboratory and imaging will 
be useful to confirm the diagnosis and to choose the correct treatment. 
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Noncardiac Diseases Mimicking and! or Affecting 
the Cardiovascular System 
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It is well known that diseases of the cardiovascular system constitute the most 
frequent cause of morbidity and mortality in industrialized countries as well as 
the most frequent cause of hospitalization and invalidity. In the case of a young 
athlete who presents cardiovascular symptomatology, the first suspicion is a 
cardiac cause; this has notable psychological implication in the subject and it 
makes a precise and timely clinical solution important. In fact, we often find 
young subjects in good general health and physically very active in whom a 
contingent diagnosis of cardiopathy would gravely limit or interrupt sporting 
activity. Therefore, a careful and correct general clinical evaluation, a specific 
clinical and instrumental heart evaluation and a good knowledge of the inten­
sity and the degree of physical effort that the athlete is undergoing when the 
symptom deVelop, is of utmost importance. The principal and most frequent 
noncardiac clinical situation, but in which the cardiovascular system seems 
involved, are described below. 

Symptoms that Could Affect Cardiac Pathologies in Athletes 

Main confounding symptoms are: 
- chest pain 
- asthenia and easy tiring 
- dyspnea 
- palpitations 
- lipothymia and syncope 

Chest pain is one of the typical symptomatologic manifestations of various car­
diopathies. However, chest pain represents an alarming event even when it ori­
ginates from alterations of other organs and systems, in particular the respira­
tory system, the osteoarticular system, muscular and radicular structures of the 
thorax and of the neck and the gastrointestinal system. 
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Cardiovascular causes 

Angina in its various forms 
Myocardial infarction 
Mitral valve prolapse 
Aortic dissection 

Non cardiovascular causes 

Muscoloskeletal pain 

Cervical radiculopathy 
Joint pain (painful shoulder: bursitis 
Rotator cuff injury, biceps tendinopathy) 
Costochondral (Tietze d.) and Xiphoid pain 

Pleural pain 
Pleuritis 
Pneumothorax 
Mediastinic emphysema 

Gastroenteric disease 

Gastroesophageal reflux disease 
Cholecystitis with or without calculuses 
Peptic ulcerous disease 
Pancreatitis 

Pulmonary disease 

Pulmonary hypertension 
Pneumonia 
Pulmonary embolism 

Esophageal pathology represents the most common cause of non-cardiac tho­
racic pain, it is caused by distinctive defects of position of the esophagogastric 
junction such as the sliding hiatal hernia. In this pathologic condition, charac­
terized by the reflux of small amounts of gastric juice into the esophageal 
mucous membrane, the clinical manifestations are prevalently heartburn, 
dysphagia and retrosternal pain. The pain from abnormal stimulation of the 
sensory nerve endings of the damaged esophageal mucous membrane causes a 
painful thoracic symptomatology that could make difficult a differential dia­
gnosis with pain of cardiac origin. 

Asthenia and Easy Fatigability 

Cardiovascular causes 

Ischemic cardiopathy 
Cardiomyopathy 
Myocarditis 
Valvular alterations 
Pulmonary hypertension 
Congenital heart diseases 
Pericardial diseases 
Rhythm alterations (A-V block, etc.) 
Congenital cardiopathy with shunt 

Non cardiovascular causes 

Hypokinetic disease 
Depression (it could be the first symptom) 
Cushing disease 
Lupus (it could be the first symptom) 
Fever 
Hyperthyroidism 
Anemia 
Oxide carbon intoxication 
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The athlete frequently reports an easier fatigability that he generally describes 
as a difficulty in finishing the training session. Such problems are rather fre­
quent and generally appear in all the situations of malaise that can affect young 
people and sportsmen in particular. Viral infections are among the most com­
mon causes: they often run, particularly in the initial stage with short sympto­
matology, but they are. always accompanied by "asthen~a", this symptom beco­
mes limiting especially when the person is subjected to intense physical acti­
vity. 

Dyspnea 

Dyspnea could be defined a general way as an abnormal and disagreeable awa­
reness of breathing. It is a strictly subjective feeling. Effort dyspnea is the classi­
cal form of dyspnea of cardiac origin and is often the first manifestation of car­
diac inadequacy or of inadequate cardiac output. Sometimes in sports-medici­
ne athletes have reported difficulty in performing ample respiratory move­
ments as if the subject feels an impediment to finish the breath. This symptom 
often coincides with a state of neurotic anxiety, or more generally could be part 
of an "overtraining" syndrome sometimes considered in high level athletes. 

Lipothymias and Syncope 

Cardiovascular causes 

Aortic stenosis 
Hypertrophic cardiomiopathy 
Pulmonary embolism 
Cardiac tumors 
Cardiac tamponade 

Myocardial infarction 
Heart's rupture 
Tachycardia 
Bradycardia 
Sinus arrest or sinoatrial block 
Carotid sinus syndrome 
Complete (A-V block, etc.) 
Vascular peripheral Syncope 
Orthostatic hypotension, vaso-vagal 
Syncope 

Non cardiovascular causes 

Hypoglycemia 
Hyperventilation 
Hysteria 
Acute dyspepsia 
Prodromial phase of viral syndromes 
Heat stroke 

Syncope is a sudden and momentary loss of conscience; while lipothymia (that 
could forestall a real fainting episode) never involves a real loss of conscience 
but consists of a sudden feeling of faint, light headedness and dizziness. It is not 
infrequent that sports persons also those trained to intense physical efforts 
should experience episodes of momentary loss of conscience like lipothymia or 
syncope. Such phenomena could be brought on by situations of not perfect well 
being, such as digestive disorders or in the prodromal symptoms of a viral ill-
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ness. In this case the physical effort represent the provocative cause of the 
lipothymia and/or syncope. 

Palpitations 

Cardiovascular causes 

Arrhythmias 
Miocarditis 

Non cardiovascular causes 

Hyperthyroidism 
Anxietly 
Hyperpyrexia 
Major physical efforts 
Accession of amphetaminic 
substances 

Palpitations do not necessarily mean that the subject has a cardiac arrhythmia; 
infact they are a more frequent symptom in non cardiopathy subjects with sta­
tes of distinctive nervous system excitability (for example in hyperthyroidism 
and .in anxiety states) than in many patients with organic, even severe, cardio­
pathy. Therefore, they may have a quite benign meaning or represent alarm 
symptoms predictive of sudden death. Many non cardiac causes such as 
hyperpyrexia, consumption of amphetaminic substances, anemia, hyperventila­
tion, hypoglycemia, anxiety crises and major a physical efforts could determine 
reported symptoms like alterations of the cardiac rhythm. Therefore it is essen­
tial to give ample space to a complete and accurate anamnesis. 

Internal Diseases that Could Interest Cardiovascular System in 
Athlete 

Athletes coulP become ill with chiefly non cardiac pathologies but which in 
their course could involve the cardiovascular system to varying degrees. This 
cardiac involvment could for some disease become the dominant element of the 
clinical picture. 

Viral Syndromes: 

Viral syndromes 
Arterial hypertension 

Hyperthyroidism and Hypothyroidism 
Diabetes 

Overweight and obesity 
Drugs - doping substances 

Marfan's disease 
Electrolyte imbalances 

Influenza syndrome, recurrent viral infections of the primary airway of the 
respiratory tract (rhinovirus) and acute infections of the gastrointestinal tract 
(enterovirus) are frequent in young athletes. A greater risk probably exists in 
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these subjects compared to sedentary subjects of the same age because of 
numerous aggravating factors in the sportsman (cold exposure, life in commu­
nity, rapid changes of environmental temperature etc.) and because of increa­
sed decadence of the body's immune system in occasion of repeated and pro­
longed physical effort. In the course of these viral syndromes cardiocirculatory 
symptoms (palpitations, deep asthenia,1ipothymias etc,) and ECG alterations of 
rhythm (myocardial involvment in the same viral disease) could appear. Viral 
incoming episodes can sometimes interest the young athlete and cause a sort of 
immunodeficiency syndrome frequently interpreted as "overtraining" syndro­
me. 

Hypertension: 
It is possible that high level athletes present high blood pressure values but trai­
ned to notable entity work loads. In these cases the evaluation of the subject has 
two principal objectives: to identify secondary forms of hypertension and to 
determine the presence of hypertensive damage to other organs or systems. For 
a detailed explanation of the of the criteria to be followed in athletes, see chap­
ter ''Arterial Hypertension". 

Thyroid Function Disorders: 
The cardiac effects of alterations in thyroid function could arise from an exces­
sive or insufficient direct action of the thyroid hormones on the heart, or from 
the extracardiac action of the same thyroid hormones and their effects, parti­
cularly on lipid metabolism. Palpitations and dyspnea are frequent symptoms 
in hyperthyroidism. In hipothyroidism there are apposite cardiovascular 
haemodynamic modifications accompanied by bradycardia and reduction of 
the cardiac course. 

Diabetes: 
The cardiovascular system constitutes the first target in both insulin-dependent 
and non insulin-dependent diabetes. In this pathologic condition there can be 
alterations of the small vessels (diabetic micro angiopathy with involvement of 
capillaries, arterioles and venules); alterations of the large vessels (with the 
histologic appearance of atherosclerosis) and maybe also alterations to "diabe­
tic type" cardiomyopathy. 

Overweight and Obesity: 
Besides being associated with increased incidence of arterial hypertension (up 
to 50% of obese patients have elevated blood pressure values) and alterations of 
lipid and glucose metabolism, with increased risk of coronary disease, overwei­
ght and obesity also determine several hemodynamic modifications. The 
increase of the fat mass is linked to a proportionate increase in blood volume 
and cardiac output. These factors, if persistent, induce a chronic volume over­
load of the left ventricle. 
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Cardiovascular Symptom Induced by Drugs and Doping 
Substances 

Finally one must remember the cardiovascular alterations that can be induced 
both by drugs that are commonly thought to have express action on the cardio­
vascular system, and by substances some sportsmen use by in order to improve 
performance (doping). These represent a not insignificant event in clinical 
practice as: the "cardiovascular" effects of certain drugs are generally less 
known and so the of practice of doping is often not declared. The adverse reac­
tions to the heart are essentially alterations of contractility and/or cardiac 
rhythm; some could cause angina crises particularly in patients with reduced 
coronary reserve. Among these drugs are: 

- psychodrugs ego tricyclic antidepressants (induce a sensitization to catecho­
lamines with consequent or.thostatic hypotension and disturbances of con­
d\lction and of rhythm) 

- caffeine (rhythm alterations) 
- antistamines (prolungation of the QT with ventricular hyperkinetic arrhyth-

mias) 
- sulphamides (allergic myocarditis) 
- estro-progestins (increase of blood pressure) 
- anti-secretory drugs eg., H2 cardiac receptors blockess (hypokinetic arrhyth-

mias) 
- some anorectics ego phenfiuramina, dexphenfiuramine (considered responsi­

ble for pulmonary hypertension) 
- anabolic steroid (negatively condition the lipid profile and blood pressure) 
- cocaine (responsible for coronary spasm and adrenergic sensitization) 
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IOC Banned Drugs and their Effects on the 
Cardiovascular System 

C. Montemartini, G. Iraghi 

Divisione di Cardiologia, IRCCS Policlinico S.Matteo, Pavia, Italy 

Drugs Used for Doping Affecting the Cardiovascular System 

Doping is defined as the administration or intentional use of substances exter­
nal to the body, however they are introduced, or as measures taken by an athlete 
before or during a sporting event with the aim of artificially and illegally 
improving his sporting performance [18]. Physical performance is physiologi­
cally activated by means of the intense stimulation of all or nearly all the organs 
or apparatuses of the human body. This is particularly true for the cardiocircu­
latory system. There is no activity which does not require the immediate sup­
port of blood circulation, and so any substance capable of ergotropically 
modifying the physical performance has to act by stimulating the cardiocircu­
latory system. Many of them are normal deposit-releasing chemical mediators 
of cardiovascular ergotropic stimuli, that are usually synthesised and metaboli­
sed in the human body, but the majority are substances which are not present 
physiologically but can indirectly stimulate active cardiac and vessel receptors. 
In the first group, the stimuli are physiologically similar to those which normal­
ly occur during training sessions designed to improve gradually the responses 
of neuromodellers and so their artificial introduction into the circulation dif­
fers from normal physiology only in terms of their sudden effect and the lack of 
preparation on the part of the body as a whole; the substances in the second 
group have a reflex action which is accompanied by the large number of side 
effects which are themselves toxic for the organism. 

In 1993, the International Olympic Committee's Medical Commission drew 
up a long list of substances which includes all clinical formulas whose use, 
alone or in association with others, can be considered as doping. These sub­
stances can be broadly classified into more or less homogeneous groups that 
have different effects on the cardiovascular apparatus, but, given that these sti­
muli are not physiological, they can all cause harmful side effects which may 
have immediate or later negative influence on an athlete's health. 

Doping Classes 

A. Stimulants 
B. Narcotics 

C. Anabolic agents 
D. Diuretics 

E. Peptide hormones 
and analogues 
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Doping Methods 

A. Blood doping (as far as the category of doping methods is concerned, it can 
said that only the method of blood transfusion could have some marginal effect 
on the circulation). 
B. Pharmacologiocal, chemical and physical manipulation (the manipulations 
of the champion do not concern the present article). 

Drug Classes Subject to Certain Restriction 

A.Alcohol 
B. Marijuana 
C. Local Anesthetics 
D. Corticosteroids 
E. Beta -blockers. 

Stimulants Releasing Noradrenaline from the Depot Vesicles of the Adrenergic 
Nerves (Presynaptic Nerve Endings). 
They include substances with various clinical formulas, but they all have an 
intensive stimulating effect on the sympathetic nervous system (Table 1). 
J) Indirect sympathomimetic agents act by releasing noradrenaline into the cir­
culation. They provoke intensive sympathetic stimulation. 
2) Tryciclic antidepressant, non-selective monoamine oxydase (MAO) inhibi­
tors. 
3) Centrally acting respiratory analeptics that stimulate the sympathetic ner­
vous by reflex action. 

Table 1. A- Stimulants 

amfepramone cocaine furfenorex phendimetrazine 

amfetaminil cropropamide mefenorex phenmetrazine 

amineptine (component mesocarbe phentermine 
of Micoren) 

amiphenazole dimetamfetamine methamphetamine phenylpropanolamine 

amphetamine ephedrine methoxiphenamine pipradol 

benzaphetamine etaphedrine methylephedrine prolintane 

caffeine ethamivan methylphenidate propylhexedrine 

cathine etilamfetamine morazone pyrovalerone 

chlorphentermine fencamfamin nIkethamide strychnine 

clorbensorez fenetylline pemollne 

clorprenaline fenproporex pentetrazol 



152 C. Montemartini et aI. 

4) Analeptics and cardiokinetic agents, smooth muscle relaxants (caffeine) 
directly stimulates the cortical part of the brain and increases exercise tolerance 
and psychological performance. The circulatory effects of caffeine are: tachy­
cardia, premature ventricular beats, dilation of arterioles, vasoconstriction of 
the cerebral vascular bed. 
5) Direct sympathomimetic agents: beta-agonists, alpha/beta agonist (clorpre­
naline). The stimulation of beta adrenergic receptors leads to calcium channels 
opening with increased inotropic effect and decreased dromotropic and chro­
notropic effect. The stimulation of alpha receptors leads to vasoconstriction, 
tachycardia and increased inotropic effect. 
6) Synthetic centrally acting respiratory analeptics which have a similar action 
to those in group 3. 
7) Non steroidal anti-inflammatory drugs (NSAIDs), which have a reflex stimu­
lating action on the sympathetic system especially when used at high doses. 
They are not used for doping but they can give rise to positive results when 
tested in organic samples. 
8) Central stimulants which have the same action as the substance. 
9) Centrally stimulating alkaloids (strychnine) which increase the reflex excita­
bility of the central nervous system. They improve reflexes/muscular tone, 
strength, stimulate breath, increase arterial pressure. 

The way these substances affect the cardiovascular system depends on their 
stimulation of alpha or betal-receptors. Alpha and betal-receptors are mainly 
responsible for cardiovascular activity, whereas beta2-receptors mainly affect 
the respiratory system. The effects of stimulants on the cardiovascular system 
are due to the release of noradrenaline (Table 2). The literature describes cases 
of sudden death, major infarction and arrhythmic accidents due to the abuse of 
stimulants of sympathetic system [2,19]. 

Table 2. Cardiovascular effects of noradrenaline 

1. Activation of cardiac beta receptors 
2. Activation of vascular alfa receptors 
3. Increase or decrease of cardiac output 
4. Increase of total pheripheral vascular resistence 

5. Increase of left ventricular after load 
6. Increase of the cerebral and coronary blood flow 

7. Decrease of blood flow in all the other districts 
8. Increase of myocardial oxigen consumption 
9. Possible arrythmogenic effect 
10. The effects on sino-atrial node may be maschered by reflex vagal bradicardia 
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Analgesics And Narcotics (Table 3) 

Table 3. Analgesics and narcotics 

alfaprodine 

aniledrine 

buprenorfine 

codeine 

destromoramide 

destropropossiphene 

diamorfine (heroin) 

diidrocodeine 

dipipanone 

etoeptazine 

ethylmorphine 

levorfanolo 

methadone 

morphine 

nalbufine 

p enthazo cine 

petidine 

phenazocine 

trimepiridine 

These are substances with a morphine-like action that are not used for their sti­
mulating action, but for their principal pharmacological activity of relieving 
pain. However, their multiple side effects may also represent an ergotropic sti­
mulant by removing the impotence or functional limitations related to the pre­
sence of pain. The cardiovascular action of morphine and similar drugs is 
sustained by the inhibiting effect it has on the release of acetylcholine from 
both pre-and post ganglion fibres, which therefore hampers the propagation of 
parasympathetic stimuli. It is their euphoric effect that can be taking advantage 
of in the case of doping, but this is counterbalanced by their depressant effect 
on the respiratory centres, which are rendered much less sensitive to changes in 
CO2 and are therefore no longer capable of modifying the hypercapnea caused 
by muscular effort. At therapeutic doses, they have hardly any effect on the cir­
culation; but at high doses, they can lead to tachicardia and hypertension and, 
at the highest doses, to bradicardia and hypotension due to the depression of 
the superior centres. 

Table 4. Steroids and anabolic agents 

bolasterone 

boldenone 

clostebol 

dehydrochlormethyltestosterone 

fluoxymesterone 

mesterolone 

metandienone 

metenolone 

methyltestosterone 

nandrolone 

norethandrolone 

oxandrolone 

axymesterone 

oxymetholone 

stanozol 

testosterone 
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Steroids And Anabolic Agent (Table 4) 
1) Androstane derivatives with marked anabolic activity. 
2) Estrone derivatives without a very pronunced androgenous effect. 
3) Androgens which enhance muscle trophism and have androgenous effects. 

At high doses, these have a vasodilating effect and all of them cause water 
retention. They increase CK-B levels but without ECG changes or cardiovascu­
lar symptoms [12]. They can be cvnsidered harmless if their use is not conti­
nous [9], but cases of myocardial infarctic;m and dilatative myocardiopathy in 
athletes chronically administered with anabolic agents have been reported [19], 
and the concomitant use of cocaine increases the possibility of cardiovascular 
risks. There are reports from Australia of two athletes receiving anabolic agents 
who died during training (one of hypertrophic heart disease, the other of myo­
carditis), and two other cases of non-fatal infarction in 1988 and 1990 [11]. Use 
and effects of these substances are very uncertain [ 4]. No difference in the size 
or function of the left ventricle" was found when athletes taking anabolic agents 
were compared with controls [16]. Increases in coronary risk factors of hyper­
tension and dyslipidemia have been documented [5], and thrombosis has also 
been described [7]. Bruno has described anatomic and functional changes, con­
cluding that with regard to the cardiovascular system there are sure effects 
(hypercholesterolemia, water retent\on), probable effects (aggresiveness and 
reduction of the fatigue thresold), possible effects (arteriosclerosis), uncertain 
effects (myocardial infarction and stroke) and there has been one case of sud­
den death [13]. As it can be seen, the cardiovascular alterations due to the use "of 
anabolic agents are not specific and opinions are also discordant. 

Diuretics (Table 5) 
On the basis of their mechanism of action, these can be divided into: 
1) Carbonic anhydrase inhibitors, which depress the proximal reabsorption of 
sodium bicarbonate and therefore water discharge through sodium discharge. 
2) Potassium sparers, which antagonise the action of aldosterone by favouring 
the elimination of sodium and the recovery of potassium. 
3) Thiazides, which inhibit reabsorption in the ascending ansa and the first part 
of the distal tubules. 
4) Ansa diuretics, which inhibit sodium reabsorption in the ascending branch 
of the ansa Henle. 
5) Antialdosterone agents, which have the same effect as the substances in 
group 2). 
6) Mercurials, which inhibit the rebsorption of sodium, chloride, potassium and 
water. 
7) Sulphonamides, which have same action as the drugs in group 3). 

The cardiovascular action of diuretics is represented by a reduction in mass 
due to the loss of water and subsequent inspissatio sanguinis. The first group 
also cause acidosis and hyponatremia, with mild hypotension, hypokalemia and 
pronounced arrhytmias. At ECG, the P wave is high, there is a lengthened QTc 
interval, depressed T wave, low-voltage QRS, a lengthened P-Q interval and a 
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reduction of arterial pressure. 
Groups 2) and 5) have a minimal diuretic action and may cause hyperkalemia. 
Group 3) and 7) cause marked hypokalemia. 
Group 4) causes hipokalemia and hemoconcentration. 
Group 6), now obsolete and only for parenteral use, causes alkalosis and severe 
arrhythmias. 

Diuretics can be used in sport to reduce body weight to allow athletes to fall 
within the weight limits of those sports which have them, or to dilute and 
rapidly eliminate the doping substances in such a way that they cannot be 
found in test samples. 

Table 5. Diuretics 

acetazolamide 

amiloride 

bendroflumethiazide 

benzothiazide 

bumetanide 

canrenone 

chlormerodrin 

chlortalidone 

Hormones 

diclofenamide 

ethacrinic acid 

furosemide 

hydrochlorotiazide 

mersalyl 

spironolactone 

triamterene 

1) corionic gonadotropin, whose administration causes effects that are simi­
lar to those of the administration of testosterone 

2) Adrenocorticotropic hormone (ACTH), which is equivalent to the admi­
nistration of corticosteroids. 

3) Somatotropic growth hormone, which is very inefficient, leads to many 
side effects (allergic reactions, diabetogenic effects, acromegaly) and is little 
used because of its high cost. 

4) Erytropoietin, which regulates erythrocite synthesis. It can have the same 
effects as transfusions: that is, icrease blood mass and lead to hemoconcentra­
tion and polyglobulia, with their related effects on the circulation. 

Doping Methods 

A. Blood doping 
B. Pharmacological, chemical and physical manipulation 

Drug Classes Subject to Certain Restriction Includes Drugs or Substances that 
are Considered to have a Doping Effect Only at High Concentrations 

A) Alcohol does not have major effects on the cardiovascular system (contrary 
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to what normally believed). The most important effects of alcohol are on the 
metabolism and they only have secondary effects on circulation. Alcohol leads 
to increased levels of lactic acid, therefore determines acidosis interfering with 
the Krebs cycle and on the metabolism of the sympathetic amines. The final 
metabolite has a competitive action on the central nervous system transmis­
sion. Low doses of alcohol may reduce anxiety and therefore have a stimulating 
effect. It has a diuretic effect: the mechanism of action is a competition with the 
aldosterone system. It is considered a drug for doping only for the long lasting 
toxic effect. 
B) Marihuana is not forbidden and has very little cardiovascular effects. 
C) Local anaesthetic drugs. If used at high dose, they may have the same effects 
as analgesics. 
D) More or less the same concept applies to corticosteroids which can have the 
same effect as anabolic agents; 
E) Beta blockers may have very peculiar effect on the cardiovascular system 
since they have a depressing effect. They are not used as doping drugs except 
for particular sports. Indeed if used for therapeutic reasons it may be contrain­
dicated to practise some sports. 
Nowadays in the current clinical practice beta blockers are used be blocking 
selectively the beta! receptor. These agents could be used in athletes for thera­
peutic reasons, especially for the prevention of premature ventricular beats. 
They may be used as doping in athletes to lengthem diastolic time (in shooters) 
and to limit possible negative effects due to anxiety and aggressiveness. 
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In 1950 a special health protection law was introduced into the Italian legal 
system. According to this law professional and amateur athletes, who are regu­
larly paid or practise sporting activities generally regarded as severe and dan­
gerous, are obliged to undergo medical eligibility checks as a necessary qualifi­
cation to practise sports. This law is the result of the application of art. 32 of the 
Constitutional Law of the Italian Republic approved in 1948. 

The meaning of the constitutional provision is very clear: the health of the 
individual citizen and of the whole community is a form of public interest and 
the State must ensure citizens' health protection in all contexts of life, including 
work and sports activities. 

On the track of the constitutional provision, another law was issued, still in 
force today, the 26 october 1971 Law, n° 1099, concerning Healt Protection of 
Sporting Activities. This law extends the requirement of selected medical 
checks and periodical fitness check-up to "anyone who intends to practice or 
already practices athletic sporting activities". The health protection system, as 
regards the sporting community, has been improved through a number of 
Decrees issued by the Health Department. 

This protection system singles out four groups of the sporting population: 
agonistic, non agonistic, professional and handicapped athletes. The classifica­
tion based on the different health risks of the sporting activity which is deter­
mined by the heaviness of the activity itself. 

Anyway, all athletes and people wanting to practise sports are obliged to 
undergo preventive and periodic check ups in order to obtain a certificate of 
eligibility attesting that the patient can practise sports without running health 
risks and that he or she does not suffer from pathological affections which can 
result in illness or death. 

During the diagnosis and evaluation particular attention has to be devoted 
to cardiovascular diseases as they are the most frequent cause of athlete's death 
(sudden or non-sudden death). 

The Health Department Decrees concerning sporting eligibility, both agoni­
stic and professional, underline the fact that special attention has to be devoted 
to the evaluation of the cardiovascular system; for some sporting activities the 
certificate of eligibility requires a resting electrocardiographic exam and, some­
times, also a at stress ECG. 

The most recent provisions regarding professional athletes' sporting eligibi-
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lity have made obligatory an elettrocardiographic exam both at rest and at 
stress and a Doppler-ecocardiography. 

The above mentioned provisions introduce many precise obligations for the 
sports physician who has to evaluate a patient's physical condition. Their omis­
sion determines, in juridicial terms, the nullity of the eligibility status given to 
the athlete.!t should be noted that the Italian juridical system as relat to the 
above mentioned art. 32 of the Italian Constitution establishes the limit for 
anyone to dispose of his own life and physical integrity. 

Art. 5 of the Civil Code forbids any activity which may permanently affect a 
person's physical integrity, while articles 579 and 580 of the Penal Code punish 
the murder of the consentient and the instigation of or help in committing sui­
cide. 

Besides this general limitation, there are also some areas of activity (work, 
school, sport, etc) in which the health-care of the individual and of the commu­
nity is concretely protected by the Government through a program of preventi­
ve psycho-physical check-ups to which anybobywishing to practise such activi­
ties is subjected. 

After the check-up, the athlete can be allowed to or forbidden from perfor­
ming such activities. 

The issuing of the certificate of sport eligibility is the final and most impor­
tant step of the Government health preventive program. Consequently, the ath­
lete can practise sports activities in the context of official sport only if he is cer­
tified eligible by the sports physician. If the sports doctor does not issue the 
certificate of eligibility, then the athlete cannot start or continue practising 
sporting activities of any kind. The compulsory nature of the certificate as 
authorization to start sporting activities automatically involves the physician in 
juridical responsibility should either of the following events occur: 

1) diagnosis or evaluation error by the sports physician during the medical 
examinations necessary to issue the certificate of eligibility; 

2) damage (personal injury or death) of the athlete as a consequence of the 
physician's error. 

As regards the first event (diagnosis or evaluation error), it should be clari­
fied that the physician's error is juridically relevant only when it is done with 
malice aforethought; that is caused by unskillfulness, imprudence, negligence, 
or by non observance of coded rules of behaviour, as established in art. 43 of 
the Penal Code. 

The sports physician might run into a malice aforethought error either 
when he carries out the medical examination or in the diagnostic or evaluation 
of the examination results. 

An error made during the check up might hide clinical elements needed for 
a correct diagnosis of a disease of the· cardiovascular system or relative to 
another organ, and which would compromise the issuing of the certificate. 

Anyway, even if all proper medical examinations are carried out, the physi­
cian can still give wrong interpretation of the obtained data (diagnostic error). 

Moreover, in spite of the exactitude of the clinical procedures and of the 
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subsequent diagnosis, the sports doctor might run into an evaluation error by 
not giving appropriate importance to the diagnosed disease and authorising the 
athlete to practise sporting activities. 

As regards cardiovascular diseases, the physician's error can occur in any of 
the above mentioned phases. 

As regards the first phase, it should be noted that the omission of further 
clinical and instrumental investigations, over and above those suggested by the 
Health Department Decrees, can determine a malice aforethought error. 

In fact, the Ministerial Decrees concerning health protection in the field of 
sporting activities establish that the sports physician can prescribe further exa­
minations, in addition to the routine check ups, if there is a clinical suspicion 
which requires them. 

This provision means that the doctor is obliged to analyse in depth all clini­
cally unclear situations that might suspect the existence of a disease able to ren­
des the athlete unfit to practise any sport. 

It should be pointed out that a recent jurisprudential tendency considers the 
omission of medical tasks (diagnostic and/or healing) a crime of omission of 
dutie, when the doctor acts in the person. 

Now it is necessary to explain a fundamental characteristic of an Italian 
Public Official or Responsible of Public Service. It cannot be denied that the 
sports physician, working in the National Health Service or in stuctures asso­
ciated with it, is under all the effects of a person charged with a Public Service. 
So, it is evident that possible negligences in diagnostics can be used to formula­
te imputations for omission of duties. 

As regards the second and third phases (diagnosis and evaluation of the cli­
nical and clinical-instrumental data), cardiovascular pathology is the most insi­
dious in terms of the consequences which may arise from a diagnostic or eva­
luation error; it is well known that cardiovascular diseases are the main cause 
of sudden death among the sporting population. 

It has to be underlined that the usual diagnostic (cardiovascular) parame­
ters are not completely adequate to determine if an athlete is eligible or not; this 
is due to the particular adaptations in the athlete resulting from the performan­
ce of the sport activity. 

The need to determine different cardiovascular parameters for sport eligibi­
lity diagnosis and evaluation was considered by cardiologists at least ten years 
ago, when they drew up a number of guide-lines, similar to the American 
(Bethesda Conference) and the Italian ones (Cardiological protocols for the 
judgement of sporting agonistic fitness). 

What juridicial value can be given to such documents and, above all, how 
should the sports doctor behave regarding the indications contained in these 
documents? 

Firstly, it is necessary to say that the main aim of these documents has been 
to provide practical indications to the sports doctor in an extremely difficult 
and complex subject, on the basis of the most up-to-date scientific acquire­
ments. 
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The juridicial value of these documents can be understood from this fore­
word: talking about indications coming from authoritative scientific assem­
blies. 

Their aims are to lead the sports doctor to correct diagnostic-evaluation 
conclusions which are assimilable to dutiful codes of behaviour. 

So, generally speaking, following such indications in diagnostic-evaluation 
base, the sports doctor can trust on a presupposition of correctness of his own 
acts juridically efficacious, so that he can be safe from prosecutings for respon­
sability. 

On the contrary, just because these indications dictated by the cardiological 
protocol come from scientifically authoritative sources, and because they are 
based on parameters of prudence and caution, it is advisable for the sporting 
doctor to step aside practically, because in the hypothesis of a damage it would 
be automatically a presumption of error committed by him since he has neglet­
ted a precise indication of the guide-line. 

There is the need to clarify that in the scientific subject presumptions have 
often no bases, because in the area of sports cardiology, situations of very hard 
interpretation or not sufficiently known spread up, and in these cases the guide­
lines can not give satisfactory indications. 

The cardiologic protocols can be totally or partly dismissed by the sports 
doctor when a reasonable certainty exists, supported by uniquivocal and autho­
ritative specialistic interpretations, that the clinical situation of the athlete does 
not expose him to risks in connection with the sporting exercise. 
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