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CHAPTER 1

THE PHENOMENON OF SUDDEN DEATH

AND ITS RELATICN TO EXCERCISE






INTRCDUCTION
Coronary artery disease accounts for over 50 per cent of cardiovas-
cular deaths and about one third of all deaths in the United
states.!""®)  approximately one in five apparently healthy middle-aged
men is at risk of developing an acute myocardial infarction. The
athercosclerotic process responsible for the manifestation of coronary
artery disease probably begins in childhood.®?  The severity and
rapidity of develcopment of atherosclerosis is related te the serum
c¢helestercl level, blood pressure, cigarette smoking, parental history
of heart disease and "corcnary prene" behaviour (type A).(1'2'4'9)
Physical inactivity has also been incriminated as a contributory
factor.?? More recently physical inactivity has been addressed as an
independent and modifidable coronary artery disease risk factor.(10A-8)
The results of large-scale prevention +trials have suggested that
lowering risk factors decreases the incidence of fatal and non—fatal
myocardial infarction and gudden death, but the possible influence of
physical activity was not addressed in these studies. (11713
Cenversely, there is ample epidemiological evidence to suggest that
regular exercise protects against coronary artery disease.(*20) These
studies tend tc support regular exercise as being a preventive measure
and are mainly respcnsible for increasing participation in recreatioc-—
nal and competitive sporting activities observed especially in the
Usa. (-3 During the last 25 years, therefore, probably reflecting an
increase in leisure time, there has been an enormous rise in the
number of middle-aged Tcoronary prone” individuals engaging in
stremucus exercise. (@639 With this increasing participation in
exercize and sports have come a number of reportzs on zudden deaths
during or after strenuous exercise. 2738
This paradoxal phenomencn of superior physical performance and
unexpected death soon became the concern of public and private gports
agencies and the medical profession.
A consistent body of data has been gathered, providing evidence that
strenuous exercise could precipitate cardiac death in those with

underlying silent or unknown cardiac pathology, primarily coronary



artery disease.(% 42 consequently, these findings have led to the
develepment of strategies for subject assessment in order to reduce
the risk of cardiac death related to exercise, (#3745} However, most of
the available studies were conducted retrospectively and all were ba-
sed on necropsy findings- The mechanisms ©f these deaths therefore
remain merely speculative.®*® rurthermore, previous studies focused
mainly on sudden cardiac death, which is one aspect only of the

spectrum of acute coronarv artery diseases., W)

AIM OF THE STUDY
The present study was undertakxen in order to elucidate the
pathogenesis of exercise-related <¢orcnary events and to determine
whether or not there is a direct cause-effect relationship between
sport and these events. A sgecondary objective was to establish
whether or not habitual physical exercise also plays a protective role
in the development of coronary artery disease. Finally, an attempt
was made to identify factors or markers which could help to different-
iate sporting from sedentary people with regard to the occurrence of

acute coronary events.

STRUCTURE OF TEE THESIS
The epidemioleogy and etiolegy of exercise-related sudden death are
described in Chapter 2. Particular emphasis has been placed on the
benefits and risks of exercise, the most relevant reports on sudden
coronary death and non-fatal coronary events related to sporting
activities. A short critical review of the current hypothetical
mechanisms of sudden cardiac death associated with exertion is also
supplied. The background of the study, together with the aims and the
methedolegy used, is also reported.
In cChapter 3, the acute coronary angicgraphic findings of previocusly
healthy people who developed acute myocardial infarction and sudden
death after sporting activities are described.
In Chapter 4, the acute c<¢oronary angiographic findings of patients

with known or suspected corconary artery disease who developed unstable



angina, acute myocardial infarction and sudden death after a (normal)
exercise stress test are presented.

In Chapter 5, the clinical characteristics and ceronary angiographic
findings of previously healthy, well-conditioned people who developed
unstable angina, acute myocardial infarction and sudden ischemic
death, either during or after sport, are reported.

In Chapter &, the clinical and coronary angiographic characteristics

of healthy subjects and patients resuscitated from exercise-related
sudden ischemic death occurring during or after sport and during ox
after exercise testing are studied.

In Chapter 7, the characteristics and the acute and long-term outcome
of a group of well-conditioned men developing an acute coronary
syndrome in relation to sport are analyzed in comparison with those of
a matched group of sedentary men developing the same acute coronary
syndrome at rest.

Chapter 8 gives a general discussion of the findings of the study, its
implications and limitations. .

Finally, Engligsh, Dutch and Italian summaries are supplied.
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CHAPTER 2

EXERCISE, CORONARY ARTERY DISEASE

AND SUDDEN CARDIAC DEATH






HISTORY

In Westerrn Civilization, Hippocrates was the first to describe sudden
death over 2000 years ago:()
Kapding GAyrma mproburépy mwuxvid  EMigolTEOV  QavaTov efanivarov
oruaiver .
"Cardiac angina, more fregquent in the elderly, announces gudden
death.” The first reported case of exercise-related sudden death is
associated with the wvictery of the Athenians over the Persians on the
battlefield of Marathon (in 490 BC)}. A legendary man c¢alled
Pheidippides or Thersippos or Eukles ran from Marathon to Athens to
bring the news of victory over the Persians. The only thing he said
was "Joy! We wonl!™ and then he collapsed and died. To commemorate
this the marathon run wag established in Athens in 18%6 during the
first mondial Olympic Games- %2 The occurrence of sudden death and
its relatien to strenuous physical exertion were thus recognized asg
long as 2500 years ago-
Although during the course of the Christian era the phenomenon of
sudden death has occasionally been described or studied in its
incidental or epidemic form'® it was only at the beginning of the 20th
century that <¢oronary arteriosclerosis was recognized as one of its
major causes. (43

EPIDEMICLOGICAL STUDIES

BENEFITS OF EXERCISE
The majority of the studies relating to physical activity - not
necessarily strenuous - and the occurrence of sudden death, are
observational and retrespective. A relaticonship between occupational
activitieg and corcnary heart disease rates was first observed by
Morris and colleagues‘® who reported that physically active London bus
cenductors and pestmen who walked and cycled on the job had lower
rates of coronary artery disease and sudden death than sedentary bus
drivers and civil servants. Similar findings were reported on farm
workers in Iowa, "’ Georgia,‘® North Dakota,??, postal workerst'0-12} apa

{13-14)

longshoremen. A prospective epidemiclogical study showed that

11



the incidence of c¢oronary heart disease is lower in rural men in
Puerto Rico, who are physically more active than wurban men.¢i®
Multivariate analysis suggested that increased physical activity was a
separate protective factor against coronary events. In a retrospective
Israeli study,“é) workers in Kibbuzzim were simply classified as either
sedentary or non-sedentary and were fecllowed during 15 vears as to the
incidence rates of fatal and non-fatal coronary events. It appeared
that the relative risk of corcnary artery disease for sedentary men
was 2.5 times that for men engaged in work regquiring physical activi-
ty- The results of the Framingham study(") were complementary in that
they showed that sedentary nmen were at greater risk of coronary heart
disease. Numerocus other population studies{™®2) have also shown a
direct association between Jobs requiring low levels of physical
activity and increased risk of myocardial infarction, stroke and
overall mortality. In econtrast, several other large—scale epidemio-
logical studies(®28) psye shown no relation between physical activity
and the manifestation of coronary &isease. One study has suggested
that habitual vigorous exercise may actually be deletericus to the
heart. (27 Furthermore, although the wvast majority of the aforemen-—
tioned studies evidenced an inverse relation between job activity and
coronary artery disease, no association was noted either among civil
service employees in Los Angeles or among company employees.(zs's'” on
the other hand, recent studies have provided ceonvincing new evidence
that a high level of physical activity protects against premature
cardiac and non-¢ardiac death, even in the presence of all known
coronary risk factors.323%)

Conversely, as stressed by a review of better designed studies,
physical inactivity can be indicated as a modifiable as well as an

independent risk factor for toronary heart diseases.(7A 8

Confounding variables. The results cof the above—mentioned studies
were invalidated by a series of limitations, including: confounding
coronary risk factors that made it difficult to determine the

independent role of exercise; difficulties in assessing the level of

12



physical activity and in diagnosing coronary artery disease;¢:37 the
socio-economic status of the study groups and the related health
habits;: 3842 the presence of "coronary-prone” type A behaviour in the
sub—groups“'}“) and the possibility of genetically determined “self-
selection", whereby healthier perscns choose physically active jobs or

beceme sporters. &4

Leisure-time exercise and physical fitness. Recent studies exploring
the relation between physical activity and coronary artery disease
rate have been focused on the leisure~time activity of workers rathex
than on jcb activity. Siscovich and colleagues“g) retrospectively
determined that the risk of cardiac arrest was 55 to 65 per cent lower
in persons engaged in high-intensity physical activity than in perscns
engaged in low-intensity physical activity. raffenbarger et a1 o
anazlyzed the cardiac outcome of college alumni in relation to the
continuaticn of exercise and sporting activities. Cellege athletes
who continued exercising had a diminished risk for corcnary heart
disease. This study further showed that only current physical
activity is associated with zeduced coronary heart disease events,
even in men who were mnot particularly athletic but who became active
in later life. Conformly, several other studies®!"%) nave revealed
that middle~aged pecple engaging in vigorous leisure-time exercise
such as jogging, heavy work around the house and garden, or hill
climbing, etc., had a significantly (50 %o 30%) lower rate of acute
myocardial infarction and sudden death than did their sedentary
colleagues. Physical fitness has also been correlated with coronary
diseases and coronary xisk factors.®*’  In one study® physical
fitness status, assessed by bicycle ergometry, appeared to be
inversely related to the risk of developing an acute myocardial
infarction. This risk was further increased if “below-average™
physical fitness was associated with at least two coronary risk
factors (e.g. elevated cholesterol and blood pressure or cigarette
smoking).  Similarly, in another study, ™ those subjects who were

unable to exercise feor more than six minutes had a significantly

13



higher rate of primary corcnary events within five years. However,
this group had at least one or more coronary risk factors. Poor
fitness was further addressed as a non-independent predictor of
corenary events. %738 In one study,(S?) it was suggested that the
reduction o©f coronary disease linked with exercise might not be a
direct effect of exercise itself in that people engaged in strenuocus
leisure-time activity had a lower mean serum cholesterol level, lower
body weight and blocd pressure and smoked less. Another study‘sg) showed
that fitness was inversely related to the most important coronary risk

factors.

Exercise and coronary risk factors. Evidence has been provided by both
epidemiological and applied physiclogical studies that exercise
favourably affects some or all of the coronary risk factors.(39-68)
Exerxrcise might protect against ceronary heart disease indirectly by
attenuating corenary risk factors such as blood 1lipids, bloed
pressure, glucese tolerance and cigarette smcking. Although blood
pressure“ﬁ) and glucose tolerance appear to be directly influenced by
exercise, serum chelesterol levels are clearly dependent on lipids
intake.(® 1n addition, cigarette smoking seems to be strongly related
to perscnal habits, which in turn can be the expression of "self-
selection"®  for a healthier way of life often encountered in
exercisers. This, however, again raises the gquestion as to whether
exercisers become healthier persons or healthier persens become
exercisers. %7  Ancther important risk factor is a family history of
coronary heart disease. In a matched-pair study of marathon runners
72 it was reported that thelr paternal history of coronary disease was
40% that of non-runners, thus suggesting that the reduced coronary
events rate in runners might be due in part to decreased familial
predisposition. However, another sﬂ:.*.;w.ciyo'3J showed that a family history
of coronary disease increases the incidence of corcnary events in both
sportosmen and sedentary pecple. Therefore, exercise deces not seem to
influence the effects of +this important corcnary risk factor.

“Coronary-prone” behaviour™¥ %5 has been associated with an inereased

14



risk of coronary artery disease. However, this risk factor seems
modifiable by habitual exercise. Indeed, one study showed that the
annual Aincidence of c¢oronary events in exercising type A men was
significantly lower than that of type A men not engaging in regular
exercise. 4®
RISEKS QF EXERCISE

The occurrence of acute corcnary disease and sudden death during or
shortly following a sporting perfeormance iz a dramatic and newsworthy

event. The phencmenon, however, is rare.

Exercise~related sudden death. The incidence of exercise-related
sudden death is one jogging death/7,620 joggers, ™ 78 one death/50,C00
playing hours of rugby,{W) one death/13,000 to 26,000 person-hours of
cross—country skiing.(™?  overall, it has been calculated that one
fatal event will occur for every 887,526 hours of recreational
physical activity.ag) However, it is not known how many of the 1000
sudden deaths occurring daily in the usa‘®®) are related to strenuous
exertion. The authorities do not categorize deaths on the basis of
the activity of the deceased before death occurred. Therefore, most
reported cases of exercise-related sudden death depend on media
reports, which are likely to underestimate the true incidence of the
phenomenon, leading by consegquence to an incomplete analysis of the
problem. In a review of 22 studies®) of sudden death with either
suspected Or necropsy-proven corcnary artery disease, it was concluded
that 11 to 15% of 8,851 repcrted cases of fatal and non-fatal coronary
events were associated respectively with moderate and strenucus
exercise, ©On the other hand, the reported percentage of sudden deaths
varies consistently, depending on the volume of the study group.
(32,75,77,82°97)  p npatiomal Registry of sport related sudden death in the
Netherlands in the period 1978-1980 revealed an incidence of 103
deaths per year (or 1 death per 45,000 spoerters or per 7 million
exercise hours).!"%8)  pecording to the preliminary report of a repeat

recent national Registry in the Netherlands (1%88-1991) the percentage

of sport related sudden death has increased reaching the number of 150
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death per year.‘9™ The explanation for this increased number can be
multifactorial : increased participation in sporting activities,
improved recognition and registration of cases ete. OTR) Strenuous
exertion has not always been incriminated as a cause of sudden
death,(%) but most authors agree that it can precipitate c¢ardiac

arrest, particularly in those suffering from severe corcnary artery

disease. (8997

Exercise paradox. This view, however, does not fully explain the
paradox of exercise, namely that habitual vigorous exercise protects
against primary cardiac arrest,'® but that, if arrest occurs, it is
more likely to do sco in relation to exercise.®® This paradox was
delineated by Siscovich et al., @2 who reported that the risk of sudden
death during physical activity is higher at any level of habitual
activity than during periods of inactivity. Several other authors
aiso reported that the occurrence of sudden death during or shortly
after strenuous exertion was higher than in less physically intensive
periods.(m'89'91-92'93'99) Other authors have also remarked that the
incidence of exercise-related sudden death was almost twice as high as
would have been expected by chance or exceeded that occurring during
sleep and sedentary work . (89.1,98,100,10%) These observations are an
indicaticn that wvigorous exerticn can precipitate but also proveke the

ogcurrence of sudden death.

SUDDEN DEATE IN SPCRTERS
With regard +to cardiac abnormalities, myocarditis, hypertrophic
cardiomyepathy, congenital ancomalies of the heart or coronary
arteries, heart failure and mitral valve prolapse have been reported
causes of death in relation to exercise.'1- 1)  corcnary heart disease
accounts for about 80% of all exercise-related sudden deaths. At
least 190 reports of sudden death in sport have appeared in the

(75-79,89-97,105,112-1158} 14 some cases sudden death occurred in

literature.
previously well-trained athletes who had trained from their

youth,(ﬂ'%'1°5'115) but the majority of wvictims were middle-aged well-
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conditioned people who had exercised for one to ten years. The
majority of them had at least one corconary risk facter. Prodromal
symptoms suggestive of cardiac origin were reported in 10 to 70% of
the casez. Necropsy study revealed the presence of severe single— or
multiple~vessel <disease and, fregquently, alse myocardial scars.
Depending on the technique used, pathelogical examination of the
corcnary arteries showed either fresh sub-occlusive thrombus or acute
intimal lesion in 15 to 80% of cases. In most cases there was no
evidence of recent complete occlusion of the coronary arteries. An
extensive study on sudden death in sporters was performed by Dolmans
who, during a three-year period (1978~1980), registered in the Nether-
lands 188 cases of sudden death related to spert. In 93% of the cases
the cause of death was attributed to cardiac diseases. However, in
30% of the cases only pathological examination provided a definite
diagnosis. In this study 19 previously healthy conditioned men axe
reported in whom the diagnosis of recent or acute myocardial infarct-—
ion was made either at autopsy (N=16) or clinically (N=3).Their mean
age was 40 years (23-52) and their mean exercise time per week was
three heours for at least the preceding four yeaxrs. Fourteen of them
died during sport and the cther five within two hours after sport.
Prodromal symptoms, referred to by their spouses or relatives,were
present in eight (40%) of them. Coronary risk factors (cigarette
smoking in 14, hypertension in one and hypercholesterolemia in one)
were present in 15 (84%). However, for the majority of them no data
were available on blcod pressure and cholesterolemia. At autopsy
seven (40%) subjects showed a “recent"” and six (34%) an old myocardial
infarction. Acute myocardial infarction was diagnosed in nine (52%).
More than single-vessel coronary disease was present in 64% of the
cases, but the extent and severity of the disease was nct further
specified.

This study showed that young and middle-aged healthy moderately
conditioned men with at least one coronary risk factor can
unexpectedly develop cardiac arrest in relation to gport. A relevant

aunber (74%) of these victims of sudden death had previously had a
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non—clinically manifest myocardial infarction. (1158

SPORT AND NON-FATAL CORONARY EVENTS
Pealing with pathological data only, the question can arise as to
whether the (predcminant) finding of severe coronary artery disease is
restricted to athletes who died suddenly. A Canadian study repoxrted
that about one fourth of non-fatal acute heart disease occurs during

some form of physical activity.¢!D

This study, however, did not deal
with sportsmen and there was insufficient information about the extent
of coronary disease in the people invelved. In the literature there

have been occasional case reports on ischemic and non-fatal exercise-

related acute coronary events in athletes.

Stable angina pectoris. Ischemic cardiac disease became symptomatic
during running in five middle-aged men - well-cconditicned runners. (116"
118) Four of them were marathon runners, had a paternal history of
coronary heart disease and showed gevere single-vessel disease at cor—

onary angiography. One case had no c¢oronary risk factors and another

had gsevere two-vessel disease,

Acute myocardial infaretion. The occurrence of acute myocardial infa-
rction during or directly after wvigorous exertion, such as ruaning or
playing football, was reported in ten well-conditioned men aged betwe-

en 26 and 51 years.ms"'z‘s)

In six of them there was no detectable
coronary risk factor. Coronary angiographic study was performed in
all but one and in the acute stage of myocardial infarction in four.
In these latter subjects the coronary artery responsible for myocar-—
dial infarction was occluded. After administration of a thrombolytic
agent there was no detectable obstructive disease of the coronary
artery in three cases and a minor stenosis was present in one. In two
othex subjects respectively, minor and no evident coronary artery
disease was found at delayed coronary angiographic study. The remain-—
ing three sporters showed severe obstructive single vessel coronary

artery disease.
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Sudden cardiac ischemic death. Eight sportsmen were reported who were
successfully resuscitated from cardiac arrest occurring in relation to
sport-(”g'm?"'zaﬂzs‘) Cardiac arrest occurred suddenly or sheortly after
the onset of cardiac symptoms. An electrocardiogram following resus-—
citation showed the development of acute myocardial infarction in 7
subjects. In one of these survivors corcnary angiography was acutely
performed and showed occlusion of the culprit coronary artery. There
was no residual obstruction of the coronary artery after thrombolytic

therapy. In 6 other survivors delayed coronary angicgraphic study

showed moderate to severe single—vessel coronary artery disease.

Exercise testing and acute myocardial infarction. Acute myocardial
infarction occurring shortly after a controlled normal exercise-stress
test was reported in three men and one woman. (129132} 1n two men the
tegt was done in order to assess the result of corcnary angioplasty
procedures performed two and five days earlier.(1.132) pgoth patients

developed chest pain half an hour after completion of a normal exer—
¢cige test. Acute coronary angiography showed in both occlusion of the
previously dilated coronary artery. After failure of reperfusion
attempts, both patients underwent acute bypass surgery. In another
previocusly asymptomatic man acute myoccardial infarction developed af-
ter normal routine exercise testing.“sm Delayed corcnary angiograp-

hy showed occclusion of the culprit coronary artery. Further, exercise
was reported to have induced silent acute myocardial infawction by

coronary thrombosis in an elderly woman with diazbetes mellitus, {129

Pathophysiclogy of exercise-related coronary events.The aforementioned
findings of at least 213 middle-aged subjects show <that coronary
artery disease is associated with acute myocardial infarction and
sudden death related tc vigorous exertion. The predominant necropsy
finding of severe obstruction but non-occlusion of coronary arteries
has led to the speculation that malignant ventricular arrhythmias,
induced by ischemia - either with or without the oc¢currence of coro-

nary spasm - during exertion, could be the cause of sudden cardiac

19



death in most of the victims studied. ('3 Similarly, c¢ardiac
arrhythmias following reperfusion of previously ischemic areas was
postulated as the cause of sudden death in the post-exercise period.
(133} The hypothesis of veatricular arrhythmias was supported by a
series of indirect evidence that exercise, by way of a rise in serum
catecholamines, potassium, free fatty acids, or their interaction,
could lead to the development of c¢ardiac arrhythmias, particularly in
cigarette smokers.('33}  In contradiction to this hypothesis, it has
been shown that, although healthy sportsmen have wvariations in heart
rhythm and some degree of arrhythmias, these cannot be considered as
malignant or dangerous.('® 13}  pyrthermore, studies of survivors of
cardiac arrest hawve generally not observed any relation between the
onset of ventricular arrhythmias and physical exertion.("® Life~-
threatening arrhythmias, such as sustained ventricular tachycardia and
ventricular fibrillation, rarely occur during exercise testing in pat-
ients with coronary artery disease, even when ischemia is present.(“o'
141 as far as non-fatal corconary events assocliated with exertion are
concerned, in about 50% of cases coronary angliographv showed single-
vessel disease, and in some cases there was no evident residual
stencsis in the culprit coronary artery after reperfusion with throm-
bolytic therapy. This finding indicated the presence and prevalence

of thrombosis; a feature which associates these sporters with the
general population of patients with an acute myocardial infarction.
The prevailing opinion of the authors of the repcrted cases was that a
vigorous exercise programme fails to prevent coronary atherosclerosis

and ¢oronary events. oOne author (117

remarked that dally exercise was a
pogitive habit which can "unmask™ pre—existent coronary artery disease
at an earlier stage. Although exercise was Suspected as being ¢ontri-
butory to the occurrence of the acute coronary event, the mechanism

remained uncertain. Some authors (120,126,129,130)

hypothesized the
accurrence during exercise of a dynamic interaction between high
corcnary flow, shear stress, camaged intima, platelet aggregation and
coronary artery spasm leading to coronary thrombosis. Other authors

(122-125) rolated the occurrence of acute myocardial infarction te chest-
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trauma caused by a footkhall on the chest. Such a "trauma®, however,
is wvery common in experienced soccer players and 1s certainly not
comparable with that provoked by an automcbile accident.(™2 The cause
of the acute corconary event was not taken in association with physical

exertion.

Limitations of previous studies. Existing epidemiclogical studies
strongly suggest that habitual exercise offers protection against
coronary artery disease and associated mortality. However, the
interaction between rmultiple factors in the development and
manifestation of coronary heart disease and the unfeasibility of
extensive clinical trials make it difficult to achieve definitive
preof o©f the zreole played by physical exercise. Furthexmoxe,
paradoxically, epidemiological studies and some case reports also
suggest that strenuous exercise precipitates or provokes acute
coronary events and sudden cardiac death- The most probabkle
explanation for this paradox ié the pre-existence of severe coronary
artery disease in those subjects who develop an acute corcnary event

in relation to exercise. Therefore, physical exerticn should play
merely a precipitating ceincidental role in the manifestation of these
events. Previous studies, however, present a series of limitations.
The terms "strenuous exercise” and "habitual exercise™ are not in most
cases further specified. Very coften, the level of physical training

of the subjects inveolved and the time span of their effective training
are not clear. Furthermore, the hypotheses and conclusions of pre-
vious studies were based mainly on necropsy findings. Moreover,
necropsy study wag not performed in all reported cases, the techniques
used to examine the coronary arteries were not always comparable and

the diagnesis of "coronary death™ was not always based on necropsy or
clinical data. In addition, important clinical information, such as
level and time span of physical training and prodromal cardiac sympt-
oms, were collected from the testimonies of the spouses or relatives
of the wictims. Finally, with the exception ¢of a few well-documented

case reports on non-fatal exercise-related coronary events, previous
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studies concentrated only on the phencmenon of sudden death. However,
it is likely that the spectrum of clinical coronary syndromes, stable
and unstable angina, acute myocardial infarction and sudden death, may

also be manifest during and immediately after strenuous exertion.

BACKGROUND, AIMS AND METHODS OF THE PRESENT STUDY

Clinically unstable angina, acute myccardial infarction and sudden
cardiac ischemic death are defined as acute coronary syndromes.
Pathological studies have demenstrated that these syndromes are the
manifestation of a series of intracoronary dynamic processes derived
from fissuring or rupture of an atherosclerotic plaque.“‘”'?"“’é} Plaque
rupture c¢an lead, by intra-intimal and/or intracoronary thrombosis,
and with subsequent coronary spasm and thromboembolism, to coronary
(sub)occlusion.w'w“s) MNecropsy &and angiographic studies have shown
that the most frequent finding in patients with unstable angina, acute
myocardial infarction and sudden ischemic death jis a (sub)occlusive
thrombus and that very often an ecc.entric lesicon, consistent with
plague rupture, is found in the culprit coronary artery.(”‘}?sz’
Therefore, plague rupture is now considered tc be the most likely mec—
hanism responsible for the initiation, progression and acute manifest-
ation of the three acute coronary syndromes.-

I+ was hypothesized <+that a similar spectrum of acute coronary
syndromes might og¢cur in relation to sgporting activities (strenuous
exertion) and that the underlying mechanism would be the same. 153  The
primary aim of the study, therefore, was to collect and analyze the
clinical characteristics and the (acute)} coronary angiographic
findings of well-conditioned subjects developing an acute coronary
syndrome assoclated with sport, in order to elucidate the mechanism(s)
of these events. Analyzing these data, it might also be possible to
establish a cause-effect relationship between strenucus exertion and
acute coronary syndromes. This would suggest that exercise (and its
physiologic c¢hanges) is directly responsible for the occurrence of
these syndromes. During the period between 1984 and 1990 data were

collected on previously healthy subjects - well-conditicned and
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habitually sporting since their youth - who were admitted to three
ingtitutions with the diagnosis of unstable angina, acute myocardial
infarction or were resuscitated victims of sudden cardiac ischemic
death octurring during or within one hour!™3  afrer gporting
activities. The three institutions were located in the proximity (2
to & kms) of sports fields and sporting centres. In addition, an
attempt was made to determine whether habitual exercise differentiates
physically active from sedentary people apart from the provocation of
an acute corconary syndrome. In crder to do so, the characteristics of
a matched group of sedentary pecple developing an acute coronary
syndrome at rest were compared with those of the sporting group.
Finally, during the same period, the data of patients developing an
acute coronary syndrome related to exercise testing were also
collected and analyzed. In connection with the pathophysiology of
exercise-related coronary events, the occurrence of an acute COronary
syndrome related to a supervised exercise test can be regarded as a
semi-experimental situation, allowing important clinical and
electrocardiographic information to be cbtained and studied.The popu-
laticn gtudied comprised 57 previously healthy well conditioned sub-—
jectz and 50 patients. Definitions, treatment procedures and analysis
of clinical, laboratory and angiographic data are extensively reported
in the following chapters.
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CHAPTER 3

MYOCARDIAL INFARCTION AND SUDDEN DEATH AFTER SPORT:
ACUTE CORONARY ANGIOGRAPHIC FINDINGS

Recurrent Myocardial Infarction and Sudden Death
After Sport
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Myocardial infarction and Sudden Death After Sport:
Acute Coronary Angiographic Findings

Renze Ciampricotti, Mp, Mamdouh LH. El Gamal, ™Mb, FRCP, Johannes J. Bonnier, MD, and

Thecdorus H.F.M. Relik, mD

Thirteen patients, seven with acute myocardial infarction and six survivors of sudden
death after sport, underwent coronary angiography within 2 mean of 104 min after the
onset of symptoms. The admission electrocardiogram showed transmural myocardial
ischemia in all patients.

The ischemia-related vessel was cccluded in all cases of sudden death and in three
cases of acute myocardial infarction. Reperfusion was achieved in eight vessels: after
intracoronary streptokinase in three. after intracoronary nitroglycerin in three, and
mechanically in two. Coronary spasm was demonstrated in three vessels. and coronary
thrombi, in four. The coronary lesion was described as either concentric in two or
eccentric with irreguiar borders in eight. There was a high incidence of eccentric lesions
consistent with ruptured plagues.

The acute coronary angiographic findings of acute myocardial infarction and sudden
cdeath after sport are similar. Physical exercise can provoke myocardial infarction and
sudden death probably by inducing plaque rupture that can evoke coronary spasm,

thrombosis, or both.

Key words: coronary angiography, plaque rupture, physical exercise

INTRODUCTION

The pheromenon of acute myocardial infarction
(AMI) and sudden death (SD) related to sport is well
known, but most of our present knowledge s based on
necropsy observations. Therefore. the pathophysiology
of thesc ¢vents 15 still hypothetical [1-8]. We report the
acute coronary angiographic findings of seven patients
admitted with AMI and of six survivors of SD that
occurred after sporting activities. These findings may
help in understanding the pathophysiology of coronary
cvents related to physical exercise.

MATERIALS AND METHODS

The diagnosis of AMI was made when continuous
chest pain was present, with typical electrocardiographic
{ECG) signs of transmural myocardial ischemia defined
as ST-segment ¢levation and/or depression of 2 mm or
more in two or more contiguous leads [9]. unrelieved by
nitroglycerin (NTG) administration, Sudden death {SD)
was defined as being witnessed death that occurred
suddenly. with or without preceding symptoms. within
the first hour after exercise [8).

in the period between July 1984 and March 1987, 13
consecutive patients were admitted to our institution with
the diagnosis of AMI or as resuscitated survivors of 8D

@ 1989 Alan R. Liss, Inc.

that occurred after sporting activities. All these previ-
ously healthy subjects had exercised regularly since their
youth (cycling. jogging, soccer. volleyball) and had
participated at least once a menth in amateur sporting
competitions. Patiems with AMI were eligible for coro-
nary angiographic study if they had been admitted within
3 h after the onset of symptoms. Survivors of SD were
cligible if 1} cardiopulmonary resuscitation was started
dircetly after the onset of SD: 2) the ECG after resusci-
tation showed acute transmural myocardial ischemia, 3)
the blood pressure and rhythm were stable after resusci-
tation, and 4} the time between onset of symptoms or
collapse and admission was not Jonger than 3 h. Exclu-
sion criteria were age over 70 vears: previous treatment
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TAEBLE I, Characteristics of Patients With Acuie Myocardial Infarction (AME), and Sudden Death {SDj Alter Sport

Clinicul Agpe Spart Time to

No. __presenlation Sex. (vrs.) Smaker thriwi Prodromuty CAG
1 AMI M 42 Yes +— -~ S No 165
2 AM] M 41 Yen - 4 No 60
3 AMI M 65 No 15 No 80
3 AMI M 47 Yeu + 2 Yeu 135
5 AMI F 42 Yes + = 2 No 170
6 AM! M 4% Yoy ~ - 3 No 60
7 AMI M 49 You + 4 N 200
1 sD M 49 Yeu + o+ + 7 No 7
2 sD M 37 Yes + E No 90
3 SD M 34 No 10 Ne 60
4 sSD M 37 Yen + + 3 No 93
3 D ] 50 Yes + b Yeu S0
6 SD F 55 Yes + 4 No 100
Abbreviations: Yes+ = 10+ =+ =~ 20+« + = 30 cigarcttes a duv: hriw - hoursrweek: CAG

in min.

coronary anglography after onset af symptoms,

TABLE Il. Acute Coronary Angiographic Findings in Patients With Acule Myocardial infarction (AMI), and Sudden Death (SB)

After Sport
Chnical Morphology
No. presentation CCA Patent Reperiusion <l Jesion Thrombus ACD
! AMI LAD Yes - EL Yes Nao
2 AMI RCA No Yen, NTG i.c. E.i. Yo OM 1005
3 AMI oM No Yes, mech, 7 7 RCA 30%
4 AMI RCA You — E.L Yes No
5 AMI LAD No Yen, mech. ? b Na
[ AMI RCA Yes . SK v E.i. No No
7 AMI OM Yen —_ EL No No
i sD LAD No Yeu, SK ie. EI No No
2 sD LAD Ne Yeu. 5K i.c. C. No No
3 D Cx Ne Yes. SK i<, C. No No
4 So LAD No Yes, NTG i.c. E.L Yeu RCA 30%
5 sD LAD No Yeu. NTG ic. E.J. No RCA 100%:
3 SD LAD No No 7 7 RCA 30%

Abbrevigtions: CCA = culptit coronary antery: ACD ~ associmed coronary diseuse; 7
artery:  OM = obtuse

RCA = right

[N

coronary  artery:  Cx = circumilex
intravenously, NTG = nirroglyeering mech. =

mechamically; E.1.

with streptokinase (SK): enhanced risk of bleeding:
pregnancy; or recent cercbrovascular accident. Pro-
longed cardiopulmonary resuscitation did not constitute
an absolute contraindication for the study [10]. Informed
consent was obtzined from the patients or their relatives,

Prior to coronary anglography. all patients reccived
inravenous NTG (15 pg/min). heparin (5.000 IU),
dexamethasone (12 mg). acetylsalicylacid (300 mg). and
lignocaine (100 mg), and then the ECG was repeated. A
decision on whether to administer intravenous SK (1.5
> 10° IU in 30 min) prior to coronary angiography. in
order to reduce delay in treatment. was lefl to the
discretion of the investigator. If the ischemiz-related
coronary artery appearcd to be eccluded or subtotaily
obstructed with grade I flow (TIMI classification) [11].
200 pg NTG were administered intracoronary. followed

34

= percent of stenosis; LAD = [elt antetior descending wrery;
marginal  branch:  SK - sreptokinaser  i.¢. : intracoronary:
= eccentnc ierulan C. -~ concentric.

by a repear contrast injection. If occlusion persisted.,
intracoronary infusion of SK was started at & rate of
5.000 FU/min unul reperfusion was achieved or a total of
250.000 IU was given. Mechanical reperfusion was
directly attempted in case of failure of intracorenary SK
therapy.

The presence of coronary spasm [12] was deduced
after administration of intracoronary NTG resulted in 1}
opening of a previcusly occluded coronary artery or 2) a
dramatic improvement in the diameter and flow grade of
a subtetally obstructed coronary ariery {i.¢.. from flow
TIMI grade I-IIJ). Intracoronary filling defects were
defined as being consistent with thrombi if they appeared
spherical, ovoid. or ifrregular cutlined by the contrast
medium [13]. Mormphology of coronary artery lesions
was described following the classification of Ambrose et



Fig. 7. A: Patient 2, with acule myocardial infarction. Right
coronary angiogram. showing proximal occlusion. B: The oc-
clusion is relieved after 200 wg nitroglycerin intracoronary; an
eccentric lesion with irreguiar borders and intracoronary
thrombi are visible at the site of previous occlusien. C: Patient
1. surviver of sudden death. Left coronary angiogram, showing
an eccentric irregular lesion in the left anterior descending
artery (see arrow} after reperfusion with intracoronary strep-
tokinase.

Corenary Events After Sport

al. [14] as cither concentric or cceentric with regular
(type 1) or irregular (type I} borders. All ECGs and
coronary angiograms were reviewed independently by
three experienced cardiologists. Before discharge from
the hospital, all paticnts answered a questionnaire con-
cerning symploms prior to their cardiac accident. [13].

AESULTS

Thirtcen patients were studied, seven with AMI and
six survivors of SD. Their clinical characteristics and
acute coronary angiographic findings are listed in Tables
[ and IE, respectively. The mean age of AMI was 47.7
years. and for $D, 38.7 years. Apart from their smoking
habits. patients 1. 4. 5. and 6 with AM]I also had a family
history of coronary artery disease. Patient 7 of AMI had
a previeus history of mild untreated hypertension. Cho-
lesterol and triglyceride levels were normal in all.
Prodromal symptoms suggestive of anginal complaints
WETC PIesent in two patients. The average ume per week
spent on sporting activities was 5 h for AMI and 5.8 b for
SD. The mean interval time between end of sporting
activity and onset of symptoms was 40 min (range
10-60) for AMI and 30 min (range 10-435) for SD.
Three of the six survivors of SD {patients 2. 3. 5)
collapsed suddenly without previous symptoms. The
remaining three collapsed within 15 min after the onset
of symptoms. The dircet cause of SD was ventricular
fibrillation in five and asystole in one. The mean time
between the onset of symptoms and coronary angiogra-
phy was significantly shorter for survivors of $D (84
min) when compared with that of patients with AMI (120
min}. This difference was because victims of SD reached
the hospital more quickly. The ischemic localization on
the ECG correspeonded in all cases with the ischemia-
related coronary artery.

At coronary angiography. all but one survivor of SD
showed involvement of the left anterior descending
artery. The culprit coronary arterv was found patent in
four out of seven cases of AMI (one of which after
intravenous adminstration of SK) and was occluded in
all cases of SD. Reperfusion after intracoronary admin-
istration of NTG, indicating the presence of vasospasm
(Fiz. 1A.B). occurred in three cases. one of AMI and
two of SD. Reperfusion was further achieved in five
more vessels, after intracoronary administration of SK in
three. and mechanically in two. All patients except onc
survivor of SD developed a myocardial infarction as
determined by cnzymes and ECG changes. Coronary
morphology of the lesion was determined in ten vessels
without occlusion directly or after the administration of
NTG or SK. Concentric lesions were present in two
cases of SD, Type I eccentric lesions were found in
gight cases. five of AMI and three of SD (Fig. 1C).
Intracoronary thrombi were detected in four vessels,
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initially patent coronary arteries, or after reperfusion
with SK or NTG (Fig. 1B}. Coronary angiography
revealed further minor disease in three cases. In two
other cases. a coronary artery was occluded but com-
pletely filled by collaterals. There were no complications
related to performing acute coronary angiography and
coronary reperfusion measures.

DISCUSSION

This study has shown that the acute coronary morphol-
ogy and findings in patients with AMI and SD after sport
are similar. The pathophysiology of exercise-related
coronary events is still speculative, and there is no clesr
explanation for the delayed onser of symptoms or SD
following sporting activitics. Is there a causal relation
between sport and coronary accidents that ensue after
physical excrcise?

Numerous previous studies reported the occurrence of
SD either during sport or within | h alter sport in people
both with and without previous symptoms [ 1-8]. Before
SD occurred. the diagnosis of AMI was made in only a
few patients [1.7]. Nevertheless, a direet cause-citect
relationship between the preceding sporting activities
and the subsequent AMI and/or SD was postulated. Sport
was peinted out to be a potential precipitating factor of
SD mainly in subjects with known or asymptomatic
severe coronary artery disease [2.3]. The mest usual
finding on pathological examination was severe obstruc-
tive coronary disease. often in the presence of healed
myocardial infarcts {1-8]. However. complete occlusion
of a coronary artery was rare. It was therefore hypothe-
sized that, while coronary spasm could be the cause of
SD during sport, cardiac arrhythmias resuhting from
reperfusion of ischemic areas during sport could well be
respansible for SD after sport [8]. Although this hypoth-
esis may be valid in the case of SD within a few minutes
after the end of sport, it loses its credibility when the
onset of AMI or SD is delayed by up to 1 b after sport.
The occurrence of AMI after a normal exercise siress st
was reperted in three patients [16—18]. In two cases,
coronary angiography was acutely performed. This
showed coronary occlusion duc o thrombosis in one case
and thrombosis and vasospasm in the other [17.18].

In the present study., coronary thrombosis. spasm. or
both were responsible for coronary occlusion in five out
of six patients with SD. In a single case, the cause of
occlusion remained undetermined. In the AMI group.
indireet evidence supports thrombosis as being the cause
of occlusion in three cases and vasospasm in one.
Although the vessel was patent in the remaining three
cases, intracoronary thrombi were demonstrated in two.
In addition. study of the coronary morphology showed
predominance of eccentric Jesions (type 1I) in both AMI
and SD. This kind of lesion has been corrclated by
post-mortem coronary angiography with the pathological

finding of plaque rupture with or without intraluminal
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thrombus or intimal hemorrhage [14.19]. Recent clinical
ungiogruphic studies in paticnts with unstable angina and
AMI have suggested the same corrclatior [14]. Plaque
fissuring or rupture with a varizble degree of intimal
hemorrhage and fuminal thrombosis was found on
necropsy in up to 95% of patients with unstable angina
and AMI who died suddenly [20,21]. Thercfore. plague
rupture, by reason of its potential development of coro-
nary thrombosis. thromboembolism. and eventually
spasm, was postulated as the pathological substrate of
unstable angina. AMI, and SD [20.21].

Platelets have been implicated in the pathephysiology
of acute coronary syndromes. There are. however. con-
flicting reports about the role of exercise-related platelet
activation and release of vasoactive substances that may
causc cotonary vasospasm [22-24]. Vasospasm has been
shown to play a role in the manifcstation of coronary
artery discase [12]. Vasospasm was found at the site of
coronary occlusion in three patienis in this study. This
finding, howcver. does not imply that vasospasm was the
primary causc of AMI or SD in some patients. Coronary
spasm has frequently been demonstrated as being sec-
ondary to intimal damage [12.25-28]. Coronary spasm
has also been demonstrated during exercise in paticnts
with variant and classical angina [12.29.30]. The mech-
anism of excreisc-induced vasoconstriction of discased
segments of coronary arterics could be related o unop-
pescd a-adrenergic stimulation by circulating catechol-
amines due to local endothelial dysfunction {30.31].

It can be hypothesized that during exercise repeated
coronary vasoconstriction at the site of an atherosclerotic
plaque could lead to rupture of the plaque. which, in
trn. could initiatc a scries of dynamic intracoronary
changes Jcading to AMI and/or SD. Furthermore. since
the process initiated by plaque rupture can have a
relatively long evolution time before a clinical manifes-
tation appears. this could explain the delay between the
end of sport and the onset of symproms or SD [32],

The pathelogical observation that sub-/occlusive in-
traluminal thrombosis or intimal hemorrhgge can occur
at the site of fissuring or rupture of atherosclerotic
plagues involving & mean of S0% or less of the vessel
diameter 1s noteworthy {21.33]. This mcans thar rupture
can occur in plagues that are not expected to provoke
clinical symptoms [21]. Therefore, we suggest that the
lack of prodromal symptoms in most of our patients
could be attributed to the absence of significant coronary
stenesis prier w the coronary accident reiated w physical
exercise, We were able to substantiate this hypothesis in
a patient who developed AMI with subtotal obstruction
of a previously normal coronary artery after a normal
excrcise stress test [18]. Finally. the predominance of
intimal hemorrhage may also explain the failure of
coronmary reperfusion measures in once of our patients
[21.34].

This study does not exclude the possibiiity that the
relation between sport and the oceurrence of AMI and



SD may have been merely coincidental. Furthermore,
the data presented deal only with coronary events after
sport related 10 acute myocardial ischemia.

CONCLUSIONS

The findings at acute coronary angiography in patients
with AMI and SD after sport were similar. The predom-
inant characteristic was an eccentric coronary lesion that
is consistent with plaque rupture. It is likely that physical
exercise can provoke AMI and SD by inducing plague
rupture, which can lead to coronary thombosis, spasm,
or both, Further studies are needed to validate this
hypothesis.
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Recurrent myocardial infarction and
sudden death after sport

Renzo Ciampricotti, MD, and
Mamdouh El Gamal, MD, FRCP (Edin).
Eindhoven, The Netherlands

The occurrence of acute myocardial infarction (AMI) and
sudden death (3D} after sport in previcusly asymptomatic
individuals is well known but the pathogenesis of this
phenomenon is still hypothetical We report the unique
case of a patient who experienced two epidodes of AMI
and one of 3D after sporting activities. The acute coronary
angiographi¢ findings in this case c¢an be helpful in
understanding the mechanismi(s) of AMI and SD after
sport.

A 34-year-old man was seen at the emergency room on
July 15, 1921, because of breathlessness and cheat pain
that occurred 30 minutes after a football match. Being a
member of a veterans ¢lub, he plaved football three times
a week and exercised regularly on a racing bicycle. He
smoked 30 cigarettes a day, but there were no other risk
factors. On admission, physical examination. routine
blood investigation, and chest x-ray files were normal
The electrocardiogram (ECG) showed 2 mm ST-T eleva-
tion in leads V, to V,. He developed a non-Q wave anterior
myocardial infarction with a peak serum creatine kinase
(CK) of 700 U/ (normal up to 120 U/L). Coronary
angiography (CAG) 20 days later (Fig. 1, 4) showed no
evident obstructive disease in the left and right coronary
arteries. After discharge. a maximal exercise stress test
was normal. The patient resumed his sporting activities
and stopped smoking.

On August 7, 1984, at 2 pM, about 30 minutes after
playving football, he suddenly fainted. Onlookers immedi-
ately started cardiopulmonary resuseitation. Ambulance
personnel at 2.10 pM monitored ventricular fibrillation.
and he was promptly defibriiated. On admission, physical
examination revealed a comatose slightly cvanotic man
with inadequate spontaneous respiration. The pulse was
regular at 80/min, and the blood pressure was 120/80 mm
He. Mechanical ventilation was initiated. The ECG
showed 2 mm ST-T elevation in leads IL III, aVF and n
V., to V,. The chest x-ray film was normal. In view of AMI,
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Fig. 1. A, Left coronary angiogram 20 days after a non-Q wave anterior myocardial infarction without
evident abnormalities. B, Three vears later, 60 minutes after resuscitation from sudden death, showing
proximal occlusion of the circumflex arterv. €, Fifteen minutes after intracoronary infusion of streptoki-
nase. reperfusion has been achieved: there is a subtotal concentric stenosis. B, After angioplasty of the
segment, a steerable guide wire is still seen in the circumflex artery.

CAG was performed at 3.1¢ #m. This disclosed proximal
occlusion of the circumflex (Cx) artery (Fig. 1. B). No
change occurred after intracoronary adminjstration of 200
wg of nitroglycerin. Streptokinase was infused by the
intracoronary route at a rate of 5000 U/min. Reperfusion
resulted after 15 minutes (Fig. 1, C). Transluminal balloon
angioplasty was then successfully performed (Fig. 1, D).
The patient developed an inferoposterolateral infarction
{peak CK 1366 U/L). The ECG showed smail @ waves In
leads II. III, and aV¥. There was complete resolution of
his neurologic impairment 2 days after admission. There
were no cardiac complications, He recovered and was
discharged on oral anticoagulant therapy with a coumarin
derivative and pindolol (10 mg a day). Repeat CAG (Fig. 2.
A) 3 months later showed no evident obstructive lesion at
the site of the previous ecclusion. During follow-up, repeat
bicyele exercise tests were normal.

40

On July 22, 1956, he was readmitted because of chest
pain that started about 20 minutes after a bieycle race.
The ECG on admission showed acute anterior transmural
ischemia. CAG was performed 70 minutes after onset of
pain and disclosed a subtotal obstruction in the left
anterior descending artery (LAD) (Fig. 2, B). There was no
change after the administration of intracoronary nitro-
glycerin, Urokinase was then infused via the intracoronary
route at a rate of 10,000 U/min. After 20 minutes there was
a decrease in flow across the obstruction and poor distal
coronary filling. Balloon angioplasty was then immediate-
ly performed (Fig. 2. {}. After the procedure, the ECG
normalized. There was a maximal CX rise of 180 U/L. He
was mobilized and discharged on therapy with aspirin, 80
mg a day. In October 1987, control CAG showed no
evident obstructive disease in the Cx and LAD (Fig. 2, ).

o 2,

The left ventriculogram showed Iocalized apical hypokine-



Fig. 2. A, Left coronary angiogram 3 months after angioplasty, showing slight lumen irregularities at the
site of previous occlusion. 8, Two years later, 70 minutes after onset of pain, showing a subtotal
obstruction half way down the course of the left anterior descending artery farrow). €, After angioplasty of
the obstructed segment. D, Four months after angioplasty, showing no evident obstructive coronary
disease.

sia. The ejection fraction was 70%. During 22 months of
follow-up, repeat exercise stress tests were normal.
Although numerous studies have reported the occur-
rence of AMI and SD precipitated by sport, acute coro-
nary angiographic findings are lacking under these cir-
cumstances. The pathophysiology of AMI and SD) related
to sport i3 still unsettled.! Necropay studies have dogu-
mented that coronary disease is the most usual finding in
SD associated with sport.! In one case.” coronary thrombo-
sis was suggested as the cause of AMI after an exercigse
stress test. Coronary spasm has alse been suggested to be
the trigger respomsible for 8D after sport. However,
although coronary spasm has been documented® during or
shortly after exercise, a delayed onset has never been
deseribed. In recent necrospy studies.” it has been demon-
strated that fssuring or rupture of atheromathous
plaques, which can lead to intimal hemorrhage and coro-

nary thrombosis and/or spasm. can represent the anatom-
ic substrate of unstable angina, AMI, and SD. In a
previous angiographic study® we proposed that plaque
rupture could be the etiologic factor of AMI and SD after
sport. In the present case, coronary angiography was not
performed acutely on admission at the time of the
patient's firsy AML The episode of 5D was shown to be
related to coronary occlusion of the Cx. Reperfusion after
streptokinase indicated the presence of coronary throm-
bosis. The second AMI was due to subtotal obstruction of
the LAD. During infusion of urckinase, coronary flow
worsened, indicating progression of the obstruction.
Hypothetically this may be due to an increase in thrombus
formation despite a thrombolytic agent. On the other
hand. it is unlikely that primary thrombosis could occur in
a patient on chronic anticoagulant therapy. A more likely
explanation could be provided by a ruptured plague with
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intimal hemeorrhage leading to subtotal coronary ohstrue-
tion*® The presence of coronary spasm could not be
proved in this patient.

This report presents several unique features. First, the
recurrence of AMI and the episode of SD after sport in the
same patient has never been previously reported. This
case demonstrates a relation between sport and coronary
events that cannot further be referred to as “merely
coincidental.” Additionally. although reperfusion arrhyth-
mias have been implicated in the ocewrrence of SD after
sport.} this construction seems improbable when, as in our
case, SD is delayed. Finally, coronary thrombesis alone
cannot satisfactorily explain the angiographic findings in
our patient. According to recent observations.® either
coronary thrombosis and/or spasm with or without occlu-
sion can be the possible manifestations of the same
anatomic pathologic substrate represented by plaque rup-
ture. Although definitive proof can only be obtained at
necropsy®® we suggest that exercise-precipitated plaque
rupture with intimal hemorrhage with or without corgnary
thrombosis and/or subtotal coronary occlusion can explain
both the angiographic findings of the recurrent AMI and
8D in our patient.
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We performed coronary angiography within 95 minutes of the onset of symptoms in seven patients with
an acute coromary evenmt after an exercise stress test. The test was normal in six patients. Previous
angiography in four patients revealed no evident or moderate obstructive coronary arterial disease. After the
test, unstable angina developed in two patients, acute myocardial infarction in four and ventricular
fibrillation in one. who was successfully resuscitated. At acute angiography the coronary artery involved was
occluded in four and sub-totally obstructed in three. In three cases, coromary occlusion was due to
thrombosis. vasospasm, or both. In six vessels there was an eccentric lesion, which is consistent with 2
ruptured plague. These findimes show that physical exercise can unexpectedly provoke an acute coromary
event with sub-total or total occlusion of a previous angiographically normal or moderately obstructed
coromary artery. The mechanism is probably related to exercise-induced plague rupture which ¢an produce
coronary (sub)occlusion by coronary thrombosis. spasm. or both.

Key words: Coronary syndrome; Exercise testing: Coronary angiography

Introduction

The occurrence of unstable angina. acute
myocardial infarction and sudden death after a
normal exercise stress test is rare [1-8]. The mech-
anism(s) responsible for these events is/are still
uncertain [9). Coronary angiographic studies of
acute coronary syndromes precipitated by exercise
are still lacking, We report the ¢linical and acute

Correspondence to: Mamdouh LH. El Gamal. Dept. of
Cardiology, Catharina Hospital. Michelangelolaan 2. 5623 EJ
Eindhoven, The Netherlands.

coronary angiographic findings of seven patients
with either unstable angina or acute myocardial
infarction and after resuscitation from sudden
death which occurred after an exercise stress test
These findings can help in gaining a better insight
inte the pathophysiblogy of coronary events re-
lated to exercise.

Materials and Methods

In the period between March 1984 and Septem-
ber 1988, seven patients developed a coronary
event after an cxercise siress test. The 1est was
normal in $ix and positive in one. Coronary angio-
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graphy was previously performed in four patients.
In view of the unexpected development of acute
ischemic cardiac manifestations after the exercise
test. coronary angiography was acutely performed.

Maximal exercise tolerance was performed on a
bicycle ergometer according to a modified Bruce
protocol [10] having as end-points exhaustion,
anginal pain or myocardial ischemija on the elec-
trocardiogram. A 12-lead electrocardiogram was
recorded during and up w0 four minutes after
exercise. The blood pressure was recorded before
the test and at maximal exercise tolerance. The
exercise test was defined as abnormal (or positive)
if the patient developed anginal symptoms and /or
=1 mm ischemic ST-segment changes,

Unstable angina was diagnosed in the case of
chest pain and typical signs of myocardial ischemia
on the electrocardiogram which were relieved by
the administration of sublingual or intravenous
nitroglveerin. The diagnosis of acute myocardial
infarction was made when continuous chest pain
was present, with typical electrocardiographic signs
of myocardial ischemia unxelieved by mitroglycerin
administration, Sudden death was defined as nat-
ural unexpected witnessed death, heralded by
abrupt loss of vital signs. which occurred with or
without preceding cardiac symptoms.

All patents received intravenous nitroglycerin
(15 wg/min), heparin (5000 U) and aspirin (500
mg) prior 10 coronary angiography.

At the investugator’s discretion coronary angio-
graphy was preceded by the infusion of 1.5 % 10°
IU of streptokinase over 30 minutes in order to

TABLE 1

reduce ireatment delay, Coronary angiography was
performed via the femoral approach using stan-
dard catheters. If the ischemia-related coronary
artery was occluded 200 ug nitroglycerin was ad-
ministered intracoronary. followed by a repeat
angiogram. If occlusion was not relieved 250000
1U of streptokinase was infused intzacoronary over
50 minutes in order 1o achieve reperfusion. Mech-
anical reperfusion was attempted in case of failure
of streptokinase therapy.

The presence of coronary spasm was indicated
by the opening of a previously occluded coronary
artery after administration of intracoronary
nitroglycerin [11]. Intracoronary thrombi were
identified as spherical, ovoid or irregular filling
defects outlined by contrast medium [12]. The
morphology of coronary artery lesion was de-
scribed according to the classification of Ambrose
et al. [13] as either concentric or eccentric with
regular (type I) or irregular (type II) border. The
elecirocardiograms and cOTONAry angjograms were
independently reviewed by three experienced
cardiol ogists.

Patients

The clindical characteristics of the patients are
liszted an Table 1. There were five males and two
females with a mean age of 49.8 years (range
37-66). Four patients smoked. None of the pa-
tients had elevated blood lipid ievels, hypertension
or a family history of coronary arterial disease.
Three patients exercised regularly and participated

Chinical charactenstics of patients with a coronary event after an exercise stress test.

Patient Sex . JApe Smoker Sport Previous Exercise Time to
No. - (vr) infarction test symptoms
’ {rmin}

1 M 43 No Yes No Normal 110

2 ™M 45 Yes No No Positive 10

3 M 41 Yes No Yes L Normal 45

4 F 63 No Ko No Normal 3

3 F 54 No Yes No Normal 30

6 M 37 Yes Yes Yes 1 Normal 60

7 M 66 Yes No Yes 1 Normal 10

M = male; F-female; yr = vears; L = lateral; [ — inferior.
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Fig. 1. Patient 4. {A) Twebve-lead electrocardiogram before the exercise test. (B) Al maximal exercise tolerance. (C) After exercise,
during the third mimute of recovery, showing initiation of ventricular tachycardia (D) After spoataneous termination of the
tachycardia showing ST-segment depression in leads X1, XX and aVF and V3 10 V6.

in amateur sporting competitions, Three patients
had had a small myocardial infarction. The ex-
ercise stress test was normal in 2l but one. The
patients developed symptoms within 2 mean of 38
minutes (range 3—-110) after the end of the test. A
short description of every patient follows.

Patient . A 43-year-old man was referred for a
sCreening exercise stress test. Although he spent
about 10 hours a week in sporting activities without
complaints, he sometimes experienced a slight op-
pressive feeling on the chest on exertion. He had a
normal test and reached 120% of the normal maxi-
mal exercise tolerance. About 1 hour and 50
minutes after the test he suddenly developed chest
pain, radiating to his left arm and jaws, He im-
mediately returned to the hospital, where a repeat
electrocardiogram showed 23 mm ST-segment
elevation in leads II, III, and aVF. After failure of
sublingual and intravenous pitroglycerin, pain was
relieved and the electrocardiogram normalised
after intravenous streptokinase.

Patient 2. A 45-year-old man was admitted
because of suspicion of unstable angina without
electrocardiographic abnormalities. A coronary
angiogram revealed a 50% stenosis in the right
coronary artery. An exercise test was performed
six days later. He had a normal exercise tolerance,

but he developed slight chest pain and 1} mm
ST-segment depressions in V1 to V3. During the
recovery period the electrocardiogram normalised
and the pain was relieved. Ten minutes after the
test he developed chest pain again. An electro-
cardiogram showed 3 mumn ST-segment elevation in
leads II, III and aVF. unrelieved by nitroglycerin
adonisiration.

Patient 3. A 4l-year-old man was admitted
with a lateral myocardial infarction. Acute
coronary anglography revealed occlusion of a large
obtuse marginal branch and a 53% stenosis of the
right coronary artery. The occlusion was relieved
after adminijstration of intracoronary strep-
tokinase. He developed 2 non-Q wave lateral
myocardial infarction and.remained asymptom-
atic. Two months later an exercise stress test was
performed to assess his cardiac state. He had a
normal maximal exercise tolerance.

Forty-five minutes after the test he suddenly
developed chest pain and directly came back to
the hospital, where an electrocardiogram showed 3
mm 3T-segment elevation in leads IL Il and aVF.
The pain was not relieved by oral ard intravenous
nitroglycerin.

Patient 4. A 63-year-old female was referred
because of palpitations without syncope, unrelated
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to exercise. Although she had no anginal com-
plaints, a routine exercise stress test was per-
formed. Her exercise tolerance was 90% of the
expected value, The test was normal but during
the third minute of recovery she suddenly de-
veloped ventricular tachycardia (Fig. 1) and
fainted. The tachycardia terminated sponta-
neously after 70 seconds, just before a precordial
electric shock was given. Directly after the electro-
cardiogram showed 2 mm ST-segment depression
in leads II, I1X, aVF and V3 to V6. The patient
recovered at once but about 1 minute later com-
plained of chest pain. Electrocardiographic
changes and pain were relieved after administra-
tion of intravenous nitroglycerin.

Patient 5. A 54-year-old physically active female
underwent an exercise stress test for a periodical
sport screening. She had no anginal complaints.
She had 2 normal exercise test and achieved 150%
of her expected maximal exercise 1olerance. Thirty
minutes after the test she complained of sudden
chest pain. A general practinoner suspecied acute
myocardial infarction and called for an am-
bulance. Before the ambulance arrived she
collapsed and cardiopulmonary resuscitation was
started directly, The ambulance personnel
registered ventricular fibrillation and she was
promptly defibrillated. In the hospital an electro-
cardiogram showed 4 mm ST-segment elevation in
V2 to V6.

TABLE 2

Patient 6. This case was the subject of a previ-
ous report in this journal [8)]. In brief. & 37-year-old
male, who was admitted with a small inferior
myocardial infarction. one month later, an hour
after @ normal exercise stress test, developed an
anterior myocardial infarction with occlusion of a
previously angiographically normal left anterior
descending artery.

Patient 7. A 66-year-old man was admitted
with an acute inferior myocardial infarction and
was treated with thrombolytic therapy. He devei-
oped a non-Q wave infarction. Although he re-
mained asymptomatic, coronary anglography per-
formed ten days after admission showed a 60%
stenosis mn the middle traject of a large nght
coronary artery. Three weeks later an exercise
stress test was performed. He reached 80% of the
expected maximal exercise tolerance. The test was
normal, but ten minutes later he complained of
sudden chest pain. An electrocardiogram showed
2 mm ST-segment depression in leads I1, Il and
aVF and V4 to V6. Pain and electrocardiographic
changes were relieved after intravenous nitro-
glvcerin.

Results

The angiographic findings of the patients are
listed in Table 2. After the exercise test four

Coronary angiographic findings of patients with a coronary event after an exercise stress test.

Case no. Clinjcal Time to Coronary artery Reperfusion Morphology Thrombus
presentation CAG Prior o Alter test of lesion
{min> 1est

1 AMY 80 2 RCA 90% Alfter SK v, ER No

2 AMI 50 RCA 50% RCA 100% Yes, SKic. El Yes

3 AMI 50 RCA 55% RCA 100% Yes, NTG i.c. =11 Yes

4 UA 60 7 IM 90% ER No

5 5D 90 ? LAD 100% No ? ?

5 AMI 95 LAD 0% LAD 100% Yes, NTG ic. El Yes

7 Ua 45 RCA 60% RCA 95% ER No

AMI = acute myocardial infarction; UA = unstable angina; SD) = sudden death: RCA = right coronary artery: LAD = left anterjor
descending artery: IM = intermediate artery; % = per cent of stenosis; CAG = coronary angiopraphy; SK = streprokinase; Lv, =
intravenous; i.¢. = intracoronary; NTG = nitroglveerint ER = eccentrie regular: EI = eccentric irregular.
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Fig. 2. Padent 3. {A) Right coronary angiogram showing a moderate proximal stenosis

. (B) Two months larer, 95 munutes after 2

normal exercise test. showing proximal occlusion. (C) Reperfusion is achieved after 200 pg nitroglycerin intracoronary: an eccentric
irregular lesion and intracoronary thrombi are visible at the site of previous occlusion.

patients developed an acute myocardial infarction,
two patients developed unsiable angina and one
was admutted after being resuscitated from sudden
death. The mean time between the onset of symp-
toms and the performance of corenary angiogra-
phy was 67 minutes {range 435--95),

The ischemic localisation on the electrocardio-
gram after the exercise test corresponded in all
cases with the ischemia-related coronary artery. At
coronary angiography four vessels were occluded:
in three cases of acute myocardial infarction and
in the case of sudden death. The remaining three
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vessels, including one after intravenous strep-
tokinase therapy. were patent and showed severe
obstruction. Reperfusion resulted in twe of the
four occluded vessels after intracoronary adminis-
tration of nitroglycerin (Fig. 2) and in one after
intracoronary streptokinase. One vessel remained
occluded in spite of all attempts to achieve reper-
fusion. Coronary morphology was determined in
six vessels with less than 100% obstruction either
directly or after reperfusion. In all vessels an
eccentric lesion was present, in three with regular
(type I) and in three with irregular {type I} borders
{Fig. 2). Intracoronary thrombus was visualised in
three vessels after reperfusion cither with strep-
tokinase or mitroglycerin (Fig. 2). In four cases
previous coronary angiographic study showed no
evident or moderate obstructive disease of the
vessel which was mmvolved m the coronary event
after the exercise test (Fig. 2). The percentage of
increase of lumen obstruction of these four vessels
after the exercise test varied from 35 to 100%.

Discussion

The occurrence of acute myocardial infarction
and sudden death in relation to exercise stress
testing has been reporied in the literature in only a
few cases [1-8]. An extensive survey of 518448
exercise tests has shown a myocardial infarction
rate of 3.58 and a mortakity rate of (.5 per 10000
tests [14]. Nevertheless, the development of an
acute coronary event in assoclation with a nermal
exercise test is still rare [1.4.5.7.8].

The pathophysiology of a coronary syndrome
after normal responses to an exercise Stréss test
and without <¢lectrocardiographic evidence of
myocardial ischemiz is still hypotheucal. In one
case of acute myocardial infarction after a normal
exercise test coronary thrombosis was indicated as
being responsible for the asymptomatic occlusion
of a right coronary artery [7]. [t has been demon-
strated by Davies, Thomas and Falk that coronary
thrombosis is almost exclusively the result of an
acutely damaged intima [15.16]. These authors
showed that plaque figsuring or rupture represents
the pathological substrate of acute and sub-acute
coronary {sub)occlusion. The occurrence of rup-
ture of an.atheromatous plaque can lead to a
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serics of dynami¢ intracoronary changes resulting
in thrombosis. intimal haemorrhage, thromboem-
bolisation and spasmn, thereby creating the condi-
tions for coronary (subjtotal occlusion.

The presen: report has shown that unstable
angina, acute myocardial infarction and sudden
death can develop after normal and positive ex-
ercise stress testing. Acute coronary anglographic
study showed in three cases coronary occlusion
which was due to thrombosis. spasm or both. In
one case vessel patency after intravenous strep-
tokinase suggesied prior thromboesis. In two other
cases the presence of coronary spasm was indi-
rectly demonstrated by the relief of chest pain and
normalisation of the elecirocardiogram after in-
travenous nitroglycerin. Persistence of vessel oc-
clusicn after intravenous and intracoronary
nitroglycerin excluded the presence of spasm as an
actiological factor in these patients. The mor-
phology of the coronary lesions was ecceniric in
ail cases, either with regular (type I) or irregular
(type II) borders. These lesions have been corre-
lated at necropsy and in clinical angiographic
studies with ruptured plaques. with or without
intraluminal thrombosis [13.17). Furthermore, in
four patients (patients 2, 3, 6. 7) coronary angiog-
raphy was previously performed and showed no
evident or moderate obstructive disease of the
vessel which was involved in the coronary event
after the exercise test. In these four vessels the
increase in stenosis up to complete occlusion after
the exercise test was related to coronary spasm,
thrombosis or both. and was associated with an
eccentric lesion consistent with plaque rupture.
These cases are in accordance with the necropsy
findings of Davies and Thomas [15] that rupture,
leading to (sub)total coronary occlusion, can occur
in plagues which involve 50% or less of the vessel
diameter.

It has been stated that the electrocardiogram
can fail to detect myocardial ischemia during ex-
ercise [10].

This report clearly demonstrates that the elec-
trocardiogram did not show myocardial ischemia
during exercise. doubtless because ischemia was
not present. At the very momen: the patients
developed symptoms. typical signs of myocardial
ischemia were also detected on the electrocardio-



gram. Consequently, the sudden onset of symp-
toms implies a sudden sub-total or total impair-
ment of coronary flow, The latter can, in turn, be
the result of an equally sudden change or the
culmination of changes initiated during exercise in
the coronary artery involved. It can therefore be
hypothesised that in our patients during exercise
an acute intimal change occurred which led to the
manifestation of a coronary gvent after exercise.
The trigger responsible for such an acute intimal
change during exercise could be vasospasm.

Active vasospasm has been observed during
exercise in patients with variant and classic angina
[11.18.19] and is probably related to unopposed
a-adrenergic stimulation by circulating catechol-
amines due 10 abnormal endothelial reactivity of
the diseased segment of the coronary artery [20.21].
We suggest that in our patients acuve repeated
vasospasm during the exercise test could have
induced fissuring or rupture of a plaque which led
10 coronary (sub)occlusion after exercise. The dy-
namic changes evoked by plaque rupture can
evolve over a relatively long period of time before
coronary (sub)occlusion occurs [22). In a previous
coronary angiographic study we proposed that
plaque rupture could be the precipitating factor of
acute myocardial infarction and sudden death after
sporting activities [23). The development of a large
intimal hemorrhage as a consequence of plaque
rupture can also explain the failure of reperfusion
measures in one of our patients [15.24].

In addition, the course of patient 2 indicates
that clinica! judgement remains of major impor-
tance in spite of reassuring coronary angiographic
findings. In the case of unstable angina an ex-
ercise test is avoided in order 10 prevent unneces-
sary deleterious consequences for the patient [3.6].
An “unstable” coronary lesion or a damaged in-
tima (i.e, after coronary angioplasty} can abnorm-
ally react to the physiologic changes evoked by
exercise which are potentially capable of pro-
ducing coronary occlusion [2.6,10.21,23.26].

It is also noteworthy that in patient 4 ventricu-
lar tachycardia ensued before myocardial is¢hemia
was symptomatic or regisiered on the electro-
cardiogram (Fig, 3). This case of “aborted™ sud-
den death shows that the first manifestation of
sudden ischemia can be a life-threatening arrhyth-

mia and suggests a similar sequence for the oceur-
rence of sudden death related to exercise in people
without previous symptoms.

In conclusion, our findings show that unstable
angina. acute myocardial infarction and sudden
death can occur unexpectedlv after a normal ex-
ercise test in patients with previous moderate or
even no evident obstructive coronary artery dis-
ease. The underlving mechanism is most prebably
related to exercise-induced plaque rupture which
can produce coronary (subjocclusion by coronary
thrombosis. spasm. or both. A similar mechanism
may be responsible for the acuie coronary events
related 10 sport in previously asympiomatic peo-
ple.
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Exercise-induced plaque rupture producing
myocardial infarction

Renzo Ciampricotti and Mamdouh El Gamal
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A 37-year-old man with unstable angina was subjected to coronary angiography. The right
coronary artery showed a minor proximal stenosis, but there were no obstructive lesions in the
left coronary artery. He developed a small inferior infarction. He was asymptomatic il
re-admission 1 month later, 1 hour after z normal exercise test, with anterior myocardial
infarction. Acute coronary angiopraphy <howed sub-total occlusion of the left anterior descend-
ing artery. The occlusion was partially relieved after intracorenary injection of nitroglycerin.
Intracoronary infusion of streptokinase had no further cffect. Balloon anpioplasty was then
successfully performed. It is sugpested that stress-induced plague rupture with intimal hemor-
rhage and secondary spasm resulted in sub-total occlusion of the left anterior descending artery
producing the second myocardial infarction.

(Key words: plague rupture; exercise; myocardial infarction)

Introduction

The pathophysiology of excrcise-related myocardial infarction and sudden cardiac death is
still uncertain. We report the case of a patient with recusrent infarction in whom the second
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episode. 1 hour after a normal exercise test. was associated with sub-total ocelusion and
vasospasm of a previcusly angiographically normal coronary artery. Qur observations of this
exceptional case suggest that exercise-induced plaque rupture can lead to the development of
myocardial infarction. This report may help in the understanding of the mechanism(s) bv
which physical exercise can precipitate infarction.

Casc Report

A 37-year-old man was admitied to the coronary care unit on 4 February 1984, with chest
pain of 2 hours duration. He smoked 20 cigarettes daily but there were no other risk factors.
On examination the venous pressure was normal. the pulse regular 75 /min and the blood
pressure 130,780 mm Hg. The rest of the physical examination was not informative. The chest
X-ray examination was normal. The electrocardiogram showed inferior ischemia (Fig. 1A)

Fig. 1. ECG on [irst admission showing slight ST-elevation in leads 11, 1IT and aVF (A): normalisation
after 0.3 nitroglveerin sublingually (B): inverted T-waves in I 11 and aVF 1 day later compatible with a
limited inferior myocardial lesion (C). ECG on second admission, 1.5 hours alter a normal exercise test
showing $T-elevation in 1, 11, aVL and V2 1o V6 (D} reduction of ST-clevation after nifedipine 20 mg
buccally (E}: after a few minutes ingrease of $T-segment elevation and ventricular (ibrillation {F).
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Fig. 2. Left coronury angiogram showing a patent lelt anterior descending, artery (A) and a right coronary
with minimal proximal stenosis (B). Left coronary angiogram on second admission. showing an eccentric
sub-total proximal occtusion of the left anterior descending artery (C): partia) relief of occlusion after 600
4. nttroplycerin intraceronary {D): after anmoplusty of the obstructed sepment: steerable guide wire still
in the left antertor descending artery (Ej: 3.5 months alter angioplasty. showing a minor cccentric lesion
at the site of the previous occlusion (F).



Fig. 2. continued.

Witroglyeerin 0.3 mg sublingually relieved the pain prompilyv. A second electrocardiogram
was normal (Fig. 1B). A diagnosis of unstable angina was made and cardiac catheterisation
was performed 1.5 hours after admission. There were no obstructive lesions in the left
coronary artery (Fig. 2A). The right coronary artery showed a minor proximal stenosis but no
signs of intracoronary embolisation (Fig. 2B). Vasospastic angina was suspected and he was
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Fig. 2. continued.

treated with nifedipine 40 mg daily. On 5 February a peak serum ereatine kinase of 356 U /1
(normal up to 120 U /1) and minor electrocardiographic changes (Fig. 1C) were compatible
with the diagnosis of a limited inferior myocardial infarction. The patient was mobilised and
discharged on therapy with nifedipine. An exercise test was performed on a bicycle ergometer



n § March 1984 at 4.00 p.m. He had a normal exercise tolerance (200 watts): maximal heart
rate and blood pressure were respectively 170 beats per minute and 200/90 mm Hg. The
end-point was exhaustion but he had no anginal complaints. The 12-lead clectrocardiogram
recorded during and upto 4 minuetes after exercise remained normal. At 535 pam. he
developed severe chest pain that was not relieved by 1 mg sublingual nitroglycerin. He was
admitted at 343 p.m. An clectrocardiogram showed transmural anterier ischemix (Fig, 1D).
Pain was completely relieved after twe doses of 10 me niledipine were administered
sublingually in 5 minutes. Ventricular fibnllation occurred shortly afterwards and he was
clectrically defibrillated. A subsequent tracing showed reduction of ST-segment elevation
(Fig. 1E), An intravenous nitroglycerin infusion 10 pg/min was then begun.

A few minutes later the patient experienced chest pain onee again that was not r¢lieved by
sublingual nitroglycerin and nifedipine and ventricular fibrillation recurred (Fig, 1F). He was
promptly defibrillated. In view of the cevolving anterior myocardial infarction. coronary
angiography was performed at 7.00 p.m. This showed a sub-total proximal occlusion of the
lelt anterior descending artery with very slow distal filling (Fig. 2C). After intracoronary
mjection of 600 pg nitroglvcerin partial relicl of the occlusion occurred with improved low
and complete distal filling of the vessel (Fig. 2D). Streprokinase was then infused into the left
coronary artery at a rate of 5000 Uy /minute. for 50 minutes. withowt further reliel of the
obstruction. Transluminal coronary angoplasty was then successfully performed (Fig. 2E)
The patient developed an anterior myocardial infarction. His serum plasminogen activity
(96%) and coagulation parameters were normal. A repeat bicyele exercise test on 22 June
1984 was normal. Cardiac cathetensation was performed 0.3 hour after the exercise test. The
left ventriculogram showed localised apical akinesia. The ¢jection fraction was 67%. The left
anterior descending artery showed a minor eccentric lesion at the site of the previous
occlusion (Fig. 2F). The right coronary lesion was unchanged. The patient is still doing well
23 months following angioplasty.

Biscussion

Coronary spasm Is present In some cases of myocardial infarction in the early hours 1]
The first infarction in our patient was probably precipitated by vasospasm of the right
coronary artery. Prompr relief of pain after administration of nitroglveerin sublingually and
the presence of a minor stenesis in the artery support this hvpothesis [1]. Plague rupture with
secondary spasm and microscopic coronary embolisation cannot. however, be excluded [2.3].
The second infarction occurred after a normal exercise test. Two case reports [4.5] have
already documented the occurrence ol infarction shortly alter a normal exercise test but in
both cases the state of the coronary arteries prior to the infaret was unknown. In our patient
there was no angiographic evidence of obstructive lesions in the left coronary artery 1 month
before the second infarct. On admission reliel of pain after sublingual nifedipine (oliowed by
ventricular fibrillation and slight S5T-segment changes suggested the presence of spasm.
Coronary angiography revealed a subtotal occlusion of the left anterior descending artery.
The second coronary angiogram performed alter latracoronary adminiswration of niwo-
glyeerin showed improvement In corenary patency and in forward flow. These changes were
consistent with relief of spasm at the site of the occlusion {1]. Administration of intracoronary
streptokinase had no further effect on the coronary obstruction. Failure of streptokinase
therapy in the presence of normal coagulation parameters and presumably a fresh thrombus
is very unusual [5].

Intra-intimal hemorrhage can produce a sumular angrographic appearance [2.3] that will
not reselve after administering streptokinase. Two possible mechanisms can be implicated in
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the occurrence of the second myocardial infarct, (1) Physical exertion precipitated spasm
which in turn caused endothelial damage with subsequent platelet aggrezation and thrombus
formation [1]. Spasm has been described during or shortly after exereise. A delaved onset is
unltkelv, (23 Exercise precipitated rupture of an atheromatous plaque with intimal hacmor-
rhage which cvoked local spasm resulting in sub-total coronary occlusion. Davies and
Thomas [2] and Falk [3] have recently demonstrated that almost all infaret related coronary
arteries showed fissuring or rupture of atheromatous plagues which can result in intimal
hemorrhage. thrombosis. thrombo-embolism or spasm. thereby representing the pathological
basis of unstable angina, myocardial infarciton and sudden death. The dvnamic changes
inttiated by plague rupture may have a rapid or relatively long evolution thus explaining the
defay between the ead of the sporting activity and the onset of symptoms or sudden death.
Our case allows us to conclude that exercise can precipitate myocardial ‘infarction with
occlusion of a previously patent coronarv artery. Prior angiographic knowledge of the
coronary gnatomy supported our diagnosts of plague rupture as the underlving cause.
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CHAPTER &

CLINICAL CHARACTERISTICS AND CORONARY ANGIOGRAPHIC
FINDINGS OF PATIENTS WITH UNSTABLE ANGINA, ACUTE
MYOCARDIAL INFARCTION AND SURVIVORS OF SUDDEN ISCHEMIC
DEATH OCCURRING DURING AND AFTER SPORT

Recurrent acute myocardial infarction during sport






Reprinted from AMERICAN HEART JOURNAL, St. Louis

Vol. 120, No. 6, pp. 1267-1278, December, 1990, (Printed in the US.A)

(Copyright © 1990, by Mosby-Year Book, Inc.)

Clinical characteristics and coronary
angicgraphic findings of patients with unstable
angina, acute myocardial infarction, and
survivors of sudden ischemic death occurring

during and after sport

The clinical characteristics and coronary angiographic findings of 42 well-conditioned subjects
with an acute ischemic event related to spert are reported. Five patients had unstzble angina, 25
had acute myecardizl infarction {AMI), and 12 were resuscitated victims of sudden ischemic
death, Twenty-two events occurred during sport {group A} and 20 atter sport (Group B). There
were two women and 40 men. The mean age was 45 years {range 25 to 5§5). Twelve out of 30
patients who smoked cigarettes had an adjunctive rizsk factor for coronary artery disease. Twelve
others (28%) hag no identifiable risk factor. Prodromal cardiac symptoms were detected in three
patients {group A). Two patients had previous myocardial infarction {group B). Coronary
angiegraphy was performed acutely in 35 patients. The distribution of the ischemia-related
coronary artery was ¢comparable in both groups. The lesion morphology of 35 culprit coronary
arteries was deseribed as concentric in six patients and eccentric with regular borders (type )
lesion) in 17 and irregular borders (type i lesion) in 18. Eccentric lesions consistent with ruptured
plaques prevailed in both groups. Associated coronary artery disease was present In 10 patients.
There was no relationship between the number of risk factors and the extent of diseased
coronary arterles. Clinical characteristics and coronary angiographic findings of patients with
unstable anginz, AMI, and sudden death either during or after sport are similar and indicate &
common pathogenesis. The probable mechanism of a coronary event related to sportis
exercise-induced plaque rupture. in most instances such an event is unexpected and
unpradictable. 1deantification of some subjects at risk Is possible. (Am Heany J 1990:120:1287)

Renzo Ciampricotti, MD, Mamdouh El Gamal, MD, FRCP (Edin),
Theodorus Relik, MD, Rob Taverne, MD, Jan Panis, MDD, Johannes de Swart, MD,
Berry van Gelder, BE, and Lucia Relik-van Wely, MD. Terneuzen and

Eindhoven, The Netherlands

Although reports on sudden death in relation to
sporting activities are numerous,'? there are no
studies that relate the occurrence of unstable angina,
acute myocardial infarction (AMI), and sudden death
to physical exertion. The current opinion is that in
middle-aged people the majority of sudden deaths
associated with sport are due to preexistent silent
severe coronary artery disease.”!” However, since
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acute coronary anglographic studies in this setting
are lacking and most of our present knowledge is
based on necropsy findings, the pathogenesis of acute
ischemic syndromes related to sport is still spec-
ulative.l-17

The purpose of this study was to report the clini-
cal characteristics and acute coronary angiographic
findings of well-conditioned, habitually sportive sub-
jects with unstable angina or AMI and those resusci-
tated from sudden death that occurred during and
after sport. Documentation and analysis of these data
may establish a direct cause-effect relationship be-
tween sport and coronary events and may elucidate
the underlying pathogenesis. It was also postulated
that, physical exercise being the common denomina-
tor, coronary findings and coronary morphologic fea-
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Table 1, Clinical characteristics of patients with unstable angina. AMI. and sudden death during sport (group A)

Tirme
Time {min) to Time
Ciinical Age Risk: Sport Type of (min) to sudden fmin} to
No presentation Sex  {yr) fectors thriwk) sport Prodromate  symptoms® deatht CAGH
1 TUA M 56 C.HE 5 Cycling No 40 100
2 UA M 52 No [ ice shating No 10 120
3 AMI M 50 No 6 Tee skating No 30 30
4 AMI M 41 C.F 4 Soceer No 60 110
3 AMI M 33 C 6 Squash Ne 30 100
[ AMY M 45 C.F 4 Hockey No 25 140
7 AMI M 31 C 4 Handball No 20 90
8 AMI M 45 C 8 Tennis No 30 90
9 AMI M 54 C 3 Tennis No 20 120
10 AMI M 51 C. Chel 6 Tennis No 20 120
11 AMI M 52 No 10 Cyveling No 30 120
12 AMI M 64 C.H 3 Tennis No 20 180
13 AMI M 34 No ki Soccer No 20 120
14 AMT M 52 H 10 Cycling No 30 20
15 AMI M 25 No 3 Jogging No 40 130
15 AMI M 47 C. Chol 2 Soccer No 15 T
17 D M 46 C 10 Cyeling No 40 20 30
18 5D M 48 No 6 Soccer No 20 0 60
19 SD M 45 c 3 Volleybail No 30 0 80
20 Sk M 39 No g Tennis No 30 0 100
21 sD M 4% No 4 Tennis No 45 i3 bt
22 5D M 55 H 9 Tennis No 10 0 1

Ua, Unstable angina; 8D, sudden death: C, cigarette smoking: H, hypertension; F, family history of coronary artery discase; Chol, high cholesterol level;

CAG. coronary angiography.

“ After ntart of sport.

tAfter onset of symptoms.
tCoronary angiography deloyed.

tures of unstable angina, AMI, and sudden death may
be similar. Therefore it was hypothesized that the
underlying mechanism was probably the same.!® In
addition, it may be possible 1o detect markers that
identify subjects at risk for a coronary event related
to physical exertion.

METHODS

Patients. During the period between July 1984 and
March 1989, a total of 42 consecutive subjecta—well-
trained. conditioned sportsmen and women—were admit-
ted to our three institutions with a diagnosis of unstable
angina or AMI or as resuscitated vietims of sudden death
that oceurred in relation to sporting activities. All of these
previously bealthy subjects. most of whom were members
of veterans’ sports clubs, had exercised regularly since their
youth (10 to 45 years}, and although they were not athletes
or professionals, most of them participated at least once a
month in: veteran sporting competitions. The sporting ac-
tivities included cyeling, ice skating, soecer, squash, hand-
ball. tennis, jogging, volleyball, hockey, and badminton
(Tables [ and II). Besides their regular sporting and com-
petitive activities, they alsc enjoyed leisure-time physical
exercise and 40% were employed in jobs that required
heavy physical exertion.

Clinical definitions. A corenary event was considered to
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be related to physical exertion if it occurred during exercise
or within the firat hour thereafter.®® Unstable angina was
diagnosed in the case of Intermittent chest pain and typ-
ical ECG changes (defined as ST segment elevation or de-
pression, negative T waves in two or more leads, or both),
which were at least temporarily relieved by the adminis-
tration of sublingual or intravenous nitroglycerin and were
not associated with any increase in serum enzyme levels.
AMI was diagnosed when continuous chest pain, lasting
longer than 30 minutes, was associated with 2 mm ST seg-
ment elevation and/or depression in two or more contigu-
ous leads,’® unrelieved by sublingual and intravenous ad-
ministration of nitroglycerin, together with an inerease in
serum glutamic oxaloacetic transaminase and/or serum
creatine phosphokinase and creatine kinase MB fractions.
Sudder death was defined as unexpected natural witnessed
death. heralded by the abrupt loss of vital signs. which oc-
curred either with or without preceding symptoms during
exercise or within the first hour thereafter.?®

Eligibility for the study. Patients with unstable angina
and AMI were eligible for the study if they were admitted
within 3 hours after the onset of symptoms. Survivors of
sudden death were eligibie if (1) cardiopulmonary resusci-
tation was initiated immediately after the onset of sudden
death and did not last longer than 20 minutes; (2) the ECG
after resuscitation showed acute transmural ischemia: (3)



Table 0. Clinical characteristics of patients with unstable angina, AMI, and sudden death after sport {group B)

Time Time to Time
Clinical Age Risk Sport Type of {min) to sudden  (min) to
No.  presentation  Sex  (yr)  factors  (hrfwk} sport Prodromata  symptoms* death? CAGH
1 TUA M 49 C 4 Badminton No 15 90
2 UA M a0 C 6 Tennis Yes 15 120
3 UA M 49 C 4 Badminton No 15 ki
4 AMI M 42 C.F 4 Jogging Ne 60 165
5 AMI M 40 c 4 Cycling Ne 45 80
3 AMI M 63 No 15 Cuycling Ne 20 80
T AMI M 47 C. F 3 Cyeling Yeu 60 145
] AMI F 42 C.F 2 Volleyball No 20 170
9 AMI M 438 C. F 3 Soccer No 10 60
10 AMI M 49 C.H 4 Tennis No 60 200
11 AMI M 52 No 10 Jogging No 15 120
12 AMI M 51 No 7 Jogping No 15 180
13 AMI M 38 C.F [ Soccer No 30 200
14 AMI M 46 Cc 5 Soccer No 10 140
15 sD M 48 C 7 Cycling No 10 15 70
16 sSD M 37 o 3 Soceer No 45 1] 90
17 SD M 34 No 10 Soccer No 30 Q 60
18 sD M 37 C 3 Cyeling No 45 15 95
1% ) M 59 Cc g Cuweling Yes 20 0 90
20 5D F 55 C 4 Cyeling No 30 15 100

UA. Unstable angina: 8D, sudden death: C, cigarette smoking: H, hypertension: F, family history of coronary artery disease; CAG, coronory angicgraphy.

*Afier the end of sport,
TAfter onset of symptoms.

the time between the onset of symptoms or sudden death
and admission was not longer than 3 hours, (4) the patient
remained in a stable hemodynamic condition without
recurrent life-threatening rhythm disturbances, and (5) on
physical and chest x-ray examination there were no de-
tectable traumatic complications related to cardiopulmo-
nary resuscitation. The all-group exclusion criteria were (1)
age over 70 years, (2) previous treatment with streptoki-
nase, {3) enhanced risk of bleeding. (4) pregnancy, and (5)
recent cexebrovascular accident. Informed consent was ab-
tained from the patients or their relatives.

Procedure and angiographic definitions. A single-lead
ECG registration was made by ambulance personnel in all
victims of sudden death at the time of cardiopulronary
resuscitation. Coronary angiography was performed in all
instances. At the beginning of the study patients under-
went acute coronary angiography. At a later stage coronary
angiography was delayed {within 1 week) in those patients
in whom there was a definitive resolution of symptoms
and/or ischemia shortly {(within 30 minutes) after thera-
peutic measures were begun (see below). Al patients
received intravenous nitroglycerin (15 pg/kg/min.), hep-
arin {5000 U). aspirin {250 mg). and dexamethasone (12
mg) before coronary angiography. The ECG was repeated
after 5 minutes. If transmural myocardial ischemia per-
sisted, at the investizator’s discretion coronary angiogra-
phy was preceded by the infusion of 1.5 X 10° U of strep-
tokinase over 30 minutes to reduce treatment delay. Pro-
longed cardiopulmonary resuscitation did not constitute a
contraindication for administration of streptokinase.?l 2
The angiographic anterograde coronary flow through the

obstruction was assessed by means of the grading system
of the Thrombolysis in Myocardial Infarction (TIMI)
trial® (grade 0, no anterograde flow; grade I, penetration of
contrast medium beyond the obstruction without distal
flow:; grade II, slow anterograde flow with distal visualiza-
tion of the coronary artery; grade III, normal flow.) Coro-
nary arteries showing anterograde flow grades 0 and I were
considered to be occluded.

At angiography if the ischemia-related coronary artery
appeared to be occluded, 200 ug of nitroglycerin was
administered intracorcnarily, after which coronary angiog-
raphy was repeated. Intracoronary infusion of streptoki-
nase was then started at a rate of 5000 U/min until a total
dose of 250,000 U was given. Mechanical reperfusion and
balloon angioplasty were immediately attempted at the in-
vestigator's discretion in case of coronary occlusion or af-
ter failure of intracoronary streptokinase therapy.

The presence of coronary spasm?* was deduced after in-
tracoronary administration of nitroglvcerin resulted in
opening of a previously occluded coronary artery (i.e.. from
TIMI grades 0 and I to IM). Intracoronary filling defects
were defined as being consistent with thrombus if they ap-
peared spherical, ovoid. or irregular outlined by contrast
medium.? According to the classification of Ambrose et
al.. the morphology of coronary artery lesions was de-
scribed as either concentric or eccentric with regular (type
I} or wregular (tvpe II) borders. Eccentric lesions were
considered to be consistent with ruptured plaques with or
without thromhosis.

Quantitative determination of residual stenosis after
reperfusion wad performed by measuring the stenotic seg-
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ment and comparing it with an adjacent normal segment
proximal and distal to the lesion on an end-diastolic frame
in at least two different angiographic projections.

All ECGs and coronary angiograms were reviewed inde-
pendently by three experienced cardiologists. Laboratory
determinations of hemoglobin, renal and liver function,
electrolytes, platelet count, fibrinogen and prothrombin
time, and cholesterol and triglyceride levels were per-
formed twice in all patients. Before discharge 2ll patients
anawered a questionnaire concerning symptoms before
their cardiac event1%27.28

RESULTS

The 42 patients studied were divided into two
groups depending on whether their events occurred
during (group A) or after (group B) sport. Their ¢lin-
ieal characteristics are listed in Tables I and II,
respectively. There were 22 events during sport: two
patients with unstable angina, 14 with AM]J, and six
survivors of sudden death. There were 20 events af-
ter sport: three patients with unstable angina, 11 with
AMI, and six survivors of sudden death. The mean
age of group A was 46 years (range 25 to 64) and of
group B 46.5 years (range 34 to 65). Two of the 42
patients were women.

Coronary risk factors. Twenty-nine patients (69%}
smoked cigarettes (10 to 30/day). Four patients
(9.5% ) had a history of mild untreated hypertension.
Seven patients (16.6%) had a family history of cor-
onary artery disease. Only two patients (4.7%) had
elevated cholesterol levels. Twelve patients (28.5%)
had no identifiable risk factors for coronary artery
disease; 18 (42.8% ) had one, and 12 (28.5% } had two.

There was a similar distribution of risk factors in
both groups (20 in group A, 22 in group B). There was
no significant difference between the two groups with
respect to specific risk factors. Coagulation parame-
ters and results of other laboratory investigations
were normal in all patients.

Sport-related events. The mean duration of sporting
activities per week was 5.9 hours for group A and 5.6
hours for group B. The mean interval between start-
ing sporting activities and the onset of symptoms
(group A) was 27.9 minutes. The mean time between
the end of sport and the onset of symptoms (group B)
was 28.5 minutes. Eight of the 12 victims of sudden
death collapsed suddenly without previcus symp-
toms. The remaining four collapsed within 20 min-
utes after the onset of symptoms. Before resuscita-
tion asystole was monitored in one and ventricular
fibrillztion in 10 victims of sudden death. In a single
patient (No. 20 In group A), no arrhythmia was reg-
istered. This patient regained consciousness after 4
to 5 minutes of cardiopulmonary resuscitation before
the arrival of the ambulance.
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Prodromal symptoms suggestive of anginal com-
plaints were detected in only three patients. Between
the two groups there was an equal distribution of
events that occurred with almost equal frequency in
the morning and In the afternoon. Most sudden
deaths, however, occurred in the afternoon (out 12).
All patients participated in sport at a usual prede-
termined time of day.

Coronary angiography. The mean total time be-
tween the onset of symptons and acute coronary an-
giography was similar for both groups (107 minutes
in group A; 115 minutes in group B). Coronary
angiography was delayed in three patients in whom
symptorns and/or ECG signs of ischemia disappeared
shortly after administration of nitroglycerin or in-
travenous streptokinase.

The coronary angiographic findings of group A are
listed in Table III and those of group B in Table IV,
The ischemic localization on the ECG corresponded
in all but one patient (no. 15 in group A) with
obstruction or occlusion of the expected ischemia-
refated coronary artery. In two patients (Nos. 5 and
19 in group B) the ECG showed small Q waves indi-
catling, respectively, an old lateral and an inferior in-
farction. The left anterior descending artery was in-
volved in 21 patients, the right coronary artery in 15,
and the circumfex or obtuse marginal branch in six.
The distribution of the culprit coronary artery was
comparable in both groups. The left anterior de-
scending artery was the vessel more often involved
and significantly so in victims of sudden death as a
whole (8 out of 12 patients). The ischemia-related
coronary artery was patent but severely obstructed in
the five patients with unstable angina,

Reperfusion measures. In AMI and sudden death as
a whole, 22 vessels without prior thrombolytic Inter-
vention were occluded and four were patent. The re-
maining 11 vessels were patent after intravenous ad-
ministration of streptokinase. Reperfusion resulted
after intracoronary administration of nitroglycerin in
five previously occluded vessels: three of sudden
death and two of AMI (Fig. 1). Reperfusion was
achieved in 12 other occluded vessels after intracor-
onary administration of streptokinase.

Mechamical reperfusion and coronary angioplasty
were performed in two vessels. Two other vessels re-
mained occluded despite attempted reperfusion. Ina
single patient in whom ischemia was relieved after
intravenocus administration of nitroglycerin, the ves-
sel was occluded but filled through collaterals (No. 22
in group A).

Coronary stenosis. Determination of the degree of
stenosis of 37 patent and (nonmechanically) reper-
fused culprit coronary arteries showed an obstruction



Table i Coronary angiographic findings of patients with unstable angina, AML. and sudden death during spert
(group A)

Clinical Stenosis  Morphology
No. presentation CCA  Patent  Streptohingsc Reperfusion (%) of lesion Thrombus ACD
1 UA LAD Yes  No 95 ER No No
2 UA Cx Yes No 99 C. No No
3 AMI LAD No Intracoronary No 100* No
4 AMI RCA No Intracoronary  Yes 75 El Yes No
5 AMI LAD No Intracoronary  Yes 85 ER No No
6 AMI LAD No Intracoronary Yes 90 EI Ne No
7 AMI RCA No No Yes, intracoronary NTG 45 ER No No
8 AMI RCA No Intracoronary  Yes 30 EI Yes No
9 AMI RCA  Yes  Intravenous 95 Cc No No
190 AMI 1LAD Ne Intracoronary  Yes 90 EI Yes RCA 70%
Cx 76%
11 AMI LA Neo Intracoronary Yes 75 El Yea No
12 AMI RCA  Yes Intravenous 90 EI Yes No
13 AMI LAD  Yes Intravenous 99 EI No No
14 AMI LAD No Intracoronary  Yes a5 ER No No
15 AMI RCA  Yes Intravenous 0 No
16 AMI LAD  Yes  Intravenous 20 T No No
17 5D RCA No No Yes, intracoronary NTG a5 El Yes No
18 8D Cx No Intracoronary VYes 85 C No LAD 50%
19 3D LAD Ne Intracoronary Yes 60 ER Yes No
20 8D RCA Yes No 95 EI Yes No
21 sD LAD  Yes  Intravenous 40 ER Ne No
22 SD LAD No No No 100 No

UA, Unstable angina;: 3D, sudden death; CCA, culprit corgnary artery:; ACD, associated coronary discase; LAD, Left anterior descending artery: RCA, right
coronary artery: Cx, eircumflex artery; NTG, nitroplyccring Bl eccentrie irregrular; ER, eccentrie regular; C, concentric.

"Fitled by collaterals.

1Contrast medium filling o small wall uiceration.

Table V. Coronary angiographic findings of patients with unstable angina, AMI, and sudden death after sport (group
B)

Clinical Stenosts  Morphology
No. presentation CCA  Patent Streptokinase Reperfusion %) of lesion Thrombus ACD
1 UA RCA  Yes Ne 85 ER No LAD 70%
2 UA RCA Ye Ne 75 ER No No
3 Ua RCA  Yes No 90 EI No LAD 75%
4 AMI LAD  Yes No 99 EI Yes No
5 AMI RCA No No Yes, intracoronary NTG 56 EI Yes MO 100% *
6 AMI oM No Intracoronary  Yes, mechanical 30% 7 ? RCA 50%
7 AMI RCA Yes No 95 El Yes No
3 AMI LAD No Intravenous Yes, mechanical 307 ? ? No
9 AMI RCA  VYes  Intravenous 80 EI No No
10 AMI OM Yes No 95 EI No No
11 AMI LAD  Yes  Intravenous 60 ER No No
12 AMI LAD  Yes Intravenous 90 ER No No
13 AMI Cx ¥Yes  Intravenous 95 ER No No
14 AMI RCA  Yes  Intravenous 85 C No LAD 40%
15 sD LAD Neo Intracoronary Yes 60 ElI No No
18 SD LAD No Intracoronary Yes 65 C No No
17 5D Cx No Intracorenary Yes 95 C No No
18 5D LAD No No Yes. intracoronary NTG ] El Yes RCA 30%
19 3D LAD No No Yes, intracoronary NTG 85 EI No RCA 100% *
20 SD LAD  No Intracoronary No 100+ RCA 40%

UA, Unstable angina: SD, sudden death; CCA, culprit coronary artery; ACDH, aswociated coronary disease; LAD, left anterior descending: artery RCA. right
corgnary artery; Ux, ¢ircumflex artery; OM, obtuse margingl; NTG, nitroglyveering EI eccontric Irregular; ER, eccentric regular; €, concentric.

“Filled by collaternls.

tAflter coronary angioplasty.
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Fig. 1. Patient 17 in group A (sudden death during sport). A, Right coronary angiogram showing prox-
imal occlusion. B, Oeclusion is relieved after intracoronary administration of 200 ug nitroglycerin. Eceen-
tric irregular lesion with intracoronary filling defects consistent with thrombi (arrows). €, Forty minutes
after Intracoronary infusion of streptokinase most thrombi have disappeared.

of more than 90% in 12 patients; between 80% and
90% in 12; between 70% and 80% in three; between
50% and 65% In five, between 30% and 45% in four,
and no obstruction at all in a single patient (after in-
travenous streptokinase). In 11 patients treated with
streptokinase before coronary angiography, the re-
sidual stenosis of the culprit vessel was between 30%
and 98 % In fve instances; between 60% and 85% In
three, and between 0% and 40% in three. Overall a
minor to moderate stenosis (0% to 85%) was found
in 23.8% of patients.

Coronary thromposis and lesion morphology. Intra-
coronary filling defects consistent with thrombi were
detected in 12 vessels {28%), either in subtotally ob-
structed coronary arteries or after reperfusion with
streptoltinase or nitroglycerin (Figs. 1 and 2). Cozo-
nary morphology was determined in 35 vessels with
less than 100% and more than 20% obstruction di-
rectly or after treatment with nitroglycerin, strep-
tokinase, or both. Concentric lesions were present in
six patients, type I eccentric lesions in 11, and type
I eccentric Iesions in 18. In cach group a type I ec-
centric Jesion was the prevailing coronary morpho-
logic feature (Figs. 1 and 2.

&8

Additiona] findings. Results of coronary angicgra-
phy also showed associated coronary artery disease in
10 patients (23.8%): two-vessel disease in nine pa-
tients and three-vessel disease in one. The athero-
sclerotic obstruction of the nonculprit coronary ar-
tery was 70% to 75% in three patients and between
30% and 50% in five. In the remaining two patients,
who had ECG evidence of a previous small myocar-
dial infarction, the vessels were occluded with com-
plete collateral filling. There were no differences in
the angiographic findings between the two groups.
All patients, with the exception of those with unsta-
ble angina and two survivors of sudden death (No. 22
in group A; No. 19 in group B), had a myoecardial in-
farction as determined by ECG and/or enzyme
changes. There were no complications related to
acutely performed coromary angiography, throm-
bolytic therapy, and mechanical reperfusion mea-
sures in all patients.

DISCUSSION

The present study is the frst comprehensive report
on acute ischemic syndromes related to sport. It
shows that the clinical characteristics and the coro-



Fig. 2. A, Patient 4 in group B {acute myocardial infarction after sport). Left coronary angiogram show-
ing proximally in left anterior descending artery subtotal eccentric obstruction (arrow) with intralurminal
filling defect suggestive of thrombus and poor antegrade flow. B, Patient 15 in group B (sudden death after
sport). Left coronary angiogram after.reperfusion. 30 minutes after intracoronary administration of strep-
tokinase, showing proximal subtotal obstruction in left anterior descending artery (black arrow). Morphol-
ogy of lesion is eccentric irreguiar. Left anterior descending artery is distally oceluded (white arrow). G,
Fifteen minutes after further administration of streptokinase. cbhstruction has been diminished and distal

occlusion has been relieved.

nary angiographic findings of patients with unstable
angina, AMI, and sudden death during and after
sport are similar; it demonstrates a relationship be-
tween the perforrnance of sporting activities and the
occurrence of a coronary event; and it suggests a
common pathogenesis for the ischemic¢ syndromes
related to sport.

The dramatic occurrence of a coronary event in
association with sport in previously healthy people
raises several questions about the underlying patho-
genesis. The mechanism through which sport may
induce or precipitate a coronary event is still specu-
lative, and there is no explanation for the time delay
before the unexpected onset of symptoms or sudden
death after sport. A related social problem is the
identification of potential candidates for unstable
angina, AMI, or sudden death in the physicaily active
population.

Pathogenesis of acute coronary syndromes. Unsta-
ble angina, AML, and sudden death are clinically de-
fined as acute coronary syndromes, and there is

pathologic evidence that they are just different man-
ifestations of 2 common acute coronary process. 231
Results of necropsy and angiographic studies have
shown that the most frequent finding in patients with
sudden death and AMI is a (sub)occlusive throm-
bus.?% The most likely mechanism responsible for
the initiation and progression of ¢oronary thrombo-
sis is plague fissuring or rupture. Plaque rupture with
varying degrees of intimal hermorrhage and luminal
thrombosis was found on postmortem examination in
85% of patients with unstable angina and AMI who
died suddenly.’"3? Therefore plaque rupture, hy
causing intimal hemorrhage, dynamic thrombosis,
thromboermbolism, and (eventually) spasm, was pos-
tulated as the common anatomic pathologic sub-
strate of the three acute 1schemic syndromes.
Previous siudies. Almost all previous reports on
acute ischemic events related to sport are based on
postmortern findings and generally concern patients
who died suddenly, either during or within 1 hour {or
longer) after sport.1"'7 In only a few patients the di-
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agnosis of AMI was made after admission to the hos-
pital or before sudden death occurred.- 1% %17 §port
has been incriminated as a cause of sudden death
mainly in middie-aged people with severe (silent)
coronary artery disease. Stenotic coronary arteries
with or without acute intimal changes, thrombosis, or
both was the most usual finding on pathologic exam-
ination in this setting. Remarkably severe obstruc-
tion but not total occlusion of the coromary arteries
was found in most patients. Both of these latter
findings led to the speculation that although coro-
nary spasm could be the cause of sudden death dur-
ing sport, cardiac arrhythmias resulting from reper-
fusion of previously ischemic areas may be responsi-
bleforsuddendeath after sport. Coronary thrombosis
was indicated as being responsible for sifent AMI di-
rectly after an exercise test in a 61-year-old worman
with diabetes.5”

Present study. The present report has demon-
strated that coronary thrombosis spasm, or both were
responsible for coronary occlusion in most of the pa-
tlents with sudden death and AMI. Indirect evidence
of thrombosis was given by coronary patency in 11
patients treated with intravenous streptokinase be-
fore coronary anglography. Intracoronary thrombi
werTe visualized in 28% of patients with AMI and
sudden death. Furthermore, our data show that in
unstable angina, AMI, or sudden death a specific
predominant morphology of the culprit coronary ar-
tery was found in the form of eccentric lesions types
I and II, which are comsistent with plague rupture
with or without intraluminal thrombus.?® 3.3 Ip
more than 75% of our patients there was isolated
single-vessel disease.

Coronary risk factors. Findings in numerous studies
have shown that a high percentage of subjects over
the age of 30 years in whom exercise-related sudden
death occurs have (severe) atherosclerotic coronary
artery disease, very often in association with one or
more coronary risk factors."1" In addition, endurance
exercise does not seem to reduce the coronary risk of
middle-aged people with a positive paternal history
of coronary artery disease.’® % In our patients the
prevalence of cigarette smoking was comparzable to
that reported in other studies. However, other risk
factors, such as family history of coronary artery dis-
ease, hypertension, and elevated serum cholesterol,
levels were often not present. Furthermeore, although
the majority of patients had atleast one coronary risk
factor, 23.8% did not. This finding indicates that
even healthy sporismen should not be considered
immune to coronary disease and sport-related coro-
nary events, 1% 558

Fixed stenosis, prodromata, and plague ruplure. In-
asmuch as thrombotic coronmary (subjocclusion is
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generally found in the presence of atherosclerotic
plagues, the question is whether an important steno-
sis wag preexistent to the coronary event associated
with sport. This observation is obviously related to
the previous occurrence of symptoms. In fact, with
the exception of silent ischemia, an important coro-
nary stenosis is expected to cause anginal complaints
during strenuous physical exercise. In contrast to our
experience, previous studies have reported a high
percentage of prodromatz in victims of sudden
death.}17- 2728 Thig diserepancy can be explained by
the fact that our resuscitated victims of sudden death
testified themselves. It is conceivable that in other
studies the testimony of the relatives could have been
influenced by the knowledge of the cause of death.
Conversely 1t has been noted by other investigators
that many sportsmen have a tendency to deny or ig-
nere symptoms.t

With regard to symptoms related to exercise, a di-
rect or delayed onset of unstable angina, AMI, and
sudden death, respectively, implies a corresponding
sudden change in coronary flow or the culmination of
several coronary changes leading to impairment of
flow. Results of recent pathologic studies have shown
thatsubocclusive Intraluminal or intraintimal throm-
bosis can occur at the site of fissuring or rupture of
atherosclerotic plagues involving a mean of 50% or
less of the vessel diameter.®™ *° Consequently rupture
can develop In plaques that may not be regarded as
clinically relevant. Considering the limitations of an-
giography in evaluating the “fixed stenosis™ of acute
coronary lesions (e.g., plagues can be enlarged by in-
tramtimal hemorrhage®), the present findings
showed a minor to mederate (up to 65%) residual
stenosis after reperfusion in more than 30% of pre-
viously occluded coronary arteries.

Therefore we can reasonably suppose that a sig-
nificant number of cur patients did not have previ-
ous symptoms, most probably because they did not
bhave a severe coronary stemosis. Symptoms must
have developed as soon as a sudden change in behav-
icr and flow occurred in the culprit coronary artery.
We propose that this change was most likely repre-
sented by exercise-precipitated plague rupture. Rup-
ture of a minor or moderate atherosclerotic plaque
can subsequently lead %o coronary subocclusion
through thrombosis, spasm, or both. Recently we
were able to substantiate this hypothesis by the
demonstration of subtotal occlusion of a previously
normal or moderately stenotic corcnary artery shortly
after 2 normal exercise stress test in four patients.*®
In two previous reports we also propose that plague
rupture could be the etiologic factor of AMI and
sudden death after sport.*s ™

Platelets. Platelets have been implicated in the



participation of acute coronary syndromes.*™*7 The
role of exercise-related platelet activation in the
manifestation of acute coronary disease is still con-
troversial and speculative. There have been conflict-
ing reports on exercise-related inhibition or activa-
tion of platelet aggregation. ™% However, evidence
has been produced that activation and aggregation of
platelets occurs if the endothelium fails to function
properly, as when it is damaged by disruption of an
atheromatous plague,31-33.47

Vasospasm. Coronary reperfusion after intracoro-
nary administration of nitroglycerin in five of our
patients demonstrated the presence of coronary
spasm at the site of occlusion. In three of five patients
with coronary spasm there was also evidence of cor-
onary thrombi. Furthermore, in five patients with
reperfusion after intracoronary streptokinase and in
one patient with coronary spasm the residual ob-
struction ranged from 30% to 65%, indicating that
either coronary spasm or thrombosis or both played
a major role in the development of coronary occlu-
sion.

These findings, however, do not indicate that cor-
onary spasm was the etiologic factor.?.535% The
presence of vasospasm in the setting of acute coro-
nary artery diseases® seems to be the result of the
changes evoked by a damaged intima.3% 47 However,
the occurrence of primary coronary vasospasm has
been documented during or shortly after exercise in
patients with or without evidence of coronary
atherosclerosis.2* %% In one study coronary vaso-
constriction was demonstrated during dynamic exer-
cise because of active vasospasm.”® The mechanism
of exercise-induced narrowing of diseased coronary
arteries could be related to unopposed a-adrenergic
stimulation by eirculating catecholamines as a result
of segmental endothelial dysfunction.® 57

Vasomotion and plaque rupture. Inasmuch as phys-
ical exercise can induce vasospasm of a diseased cor-
onary segment, one can hypothesize that coronary
vasomotion may represent the trigger responsible for
plague rupture, If during exercise vasoconstriction
oceurs at the site of an atherosclerotic plague, where
normal wall properties are diminished or abolished,
the repeated kinking of the vessel could cause intimal
plaque fissuring or rupture. This event can take place
at the site of a minor or moderate coronary
stenosis.3* 1

As a result of plagque rupiure a series of dynamic
changes can be initiated involving intraintimal hem-
orrhage and/or luminal thrombosis and/or intracor-
onary embolization and/or spasm, or all of them, with
the potential of producing the clinical manifestation
of unstable angina, AMI, and sudden death.?? If the
dynamic changes evolve, leading to subtotal corenary

occlusion, this process can develop rapidly or over a
relatively short peried of time.*! This characteristic
can explain both the sudden onset of pain or death
during exercise and the time delay before the onset
of symptoms after sport. Therefore the culmination
of temporary clinically silent coronary changes initi-
ated by exercise-induced plague rupiure can be
responsible for the delayed manifestation of coronary
events after exercise.

Implications. The use of ECG stress testing for the
detection of subjects at risk among physically active
asymptomatic people has important limitations.5™59
In addition, AMI and sudden death may occur
despite normal results of exercise tests and little or
no angiographic evidence of coronary arterioscle-
rosis.> % Our present data and previously reported
fAndings suggest that no severe coronary disease was
present in a significant number of cur patients before
their last sporting activity. Exercise itself, by induc-
ing a series of intracoronary changes, probably pro-
duced the necessary conditions for an acute coronary
event. Such an event may therefore be considered
unexpected and unpredictable. This hypothesis may
partially justify the absence of symptoms and the in-
ability of the ECG to show myocardial ischemia dur-
ing a stress test, and it may also explain the low per-
centage of prodromata encountered in our patients.
Cur findings do not diminish the usefulness and the
role of periodic ECG exercise stress testing in detect-
ing silent ischemia in well-trained, middle-aged
people.? ¢ However, the incidence of false positive
test findings in sportsmen can be bigh (25%).5¢ Nev-
ertheless, the value of exercise ECGs can be increased
when their sensitivity is also increased.’% 876 Fur-
thermore, it is very Important to inform people
engaged In sporting activities about the possible oc-
currence of cardiac symptoms.”® From the epidemi-
ologic point of view there is no reason to discourage
sport or heavy physical work or leisure-time activity,
which can help in preventing premature death even
in the presence of all known coronary risk
factors.” ™ Qur finding of coronary occlusion in al-
most all survivors of sudden death cannot support
the hypothesis that reperfusion arrhythmias are the
cause of these deaths.

Limitations of the study. The most significant limi-
tation is the lack of a control group of nonconditioned
people with unstable angina, AMI, and sudden death
for comparison. Second, the data presented may not
be representative for all patients with exercise-
related coronary events, considering the fact that we
only studied subjects with myocardial ischemia. We
do not have comparative acute data on resuscitated
vietims of cardiac arrest resulting from tramsienmt
myocardial ischemia or other coronary or myocardial

71



causes.™ ™ Third, our results do not necessarily
demonstrate a direct cause-efect relationship be-
tween sport and coronary events. We did, however,
encounter a subject with recurrent AMI and sudden
death after sport™ in whom the relationship could
hardly be considered merely coincidental. Fourth,
the absence of prodromal symptoms in most of our
patients does not exclude the possibility that silexnt
ischemia occurred before their coronary event.

Finally the suggestion of plague rupture as the
likely cause of exercise-related coronary syndromes
are based on a descriptive analysis of coronary
lesions. However, a good correlation has been dem-
onstrated between postmortem angiography and the
pathologicfinding of plague rupture and thrombus 3
Findings in recent clinical angiographic studies have
suggested the same correlation in patients with
unstable angina and AMIZ3* Predominance of
either intraluminal thrombosis or initial hemorrhage
was probably responsible for the inability to visual-
ize eccentric lesions in all patients.?s 340 Predomi-
nance of intimal hemorrhage may also explain the
failure of reperfusion attempts in two patients.?> 77

Conclusions. This study constitutes the first acute
coronary angiographic demonstration of a continu-
ous spectrum of acute ischemic events related to
sport. The predominant coronary feature of acute
syndromes related to sport is an eccentric lesion that
is often associated with thrombosis and less fre-
guently with thrombosis and vasospasm. Physical
exercise, probably through coronary spasm, may in-
duce plague rupture, which in turn can lead to cor-
onary (sub)occlusion precipitating an acute coronary
event. Such an event is in most instances unexpected
and unpredictable. However, early recognition of rigk
factors for coronary artery disease and periodic eval-
vation can identify high-risk subjects. The mecha-
nism proposed its hypothetical and needs to be val-
tdated by further studies.
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RECURRENT ACUTE MYOCARDIAL INFARCTION DURING SPORT

Renzo Ciampricotti and Rob Taverne.
Department of Cardioclogy, De Honte Hospital,

Terneuzen, The Netherlands.

ABSTRACT

A 48 year old well conditioned man developed acute myocardial infarction
{(AMI) twice during sporting activities.
Right coronary angiography after the first AMI showed a proximal moderate
gtenosis and five months later, after the second AMI, a subtotal obstructi-
on distally at the site of pricor slight lumen irregularity. This case sug—
gests a causal relationship between sport and the occurrence of acute
coronary events.

INTRODUCTICN
Numerous reports have focused on the occurrence of cardiac arrest and non-—
fatal acute corcnary events related to sport (1-3). Severse obstructlve
corconary artery disease is the predominant pathological finding in middle-
aged wvictims of sport related sudden death (1,2). However non evident or
miner obstructive disease was shown in some survivors of exercise-related
acute coronary syndromes (3,4). The mechanism of these events still remains
inconclusive. We report the case of a conditioned man who developed acute
myocardial infarction (AMXI) twice during sport. The findings in this case
can help us to understand the cccurrence of acute coronary events related
to vigorous exercise.

CASE REPORT
A 48-year old previously healthy man was admitted because o¢f chest pain
which started while playing wolleyball, Although he used to play more often
during his youth he was now engaged in ccompetitions for at least 2 hours a
week and raced on his bicyele 20 km a day. He smoked 5 cigarettesa a day for
3 years but had no other coronary risk factors nor prodromal symptoms

suggestive of angina pectoris. On admission physical examination and
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routine investigations were normal. The electrocardiogram {(ECG) showed ST
segment elevation in leads II,III, aVF,%L,avL,vV5,V6. In view of acute
myocardial infarction (AMI) the patient received 1.5%x10% U streptckinase
intravenously over 45 min, about 20 min. after the onset of symptoms. Aftex
30 min. there was relief of pain and nermalization of the ECG. He developed
a non-Q wave myocardial infarction with a peak serum creatine phosphokinase
(CPK) of 359 U/l (normal < 210 U/l) and had an uncomplicated course. After
discharge an exercise stress test was normal and the patient remained
asymptomatic. Corenary angiography was performed 4 months later for
assessment of coronary risk before allowing him to resume sporting activi-
ties. The left coronary artery showed no evidence of obstructive disease.
The =zight coronary artery (Fig.la) showed proximally a moderate irregular
lesion and slight lumen irregularities in the periphery. The patient
resumed his sporting activities. He zemained asymptomatic until 5 months
later when he developed again chest pain during a bicycle race. He was
readmitted because of recurrent infero-lateral AMI. About 1 hour after the
onset of symptons he received 1.5%10° U urokinase intravenously ocver 15
min. Seventy min. later pain was relieved and the ECG normalized. The
patient developed a non-Q wave myocardial infarction with a peak serum CPK
of 860 U/l. Corconary angiography, six days later, showed an unchanged left
coronary artery and in the right coronary artery a subtotal congentric
lesion proximal to the c¢rux (Fig 1bk). Balloon angioplasty of this lesion
was successfully performed. During 11 months follow—up the patient is still
doing well. Repeat exercise stress tests were normal but he has not resumed

his sporting activities. A

Fig 1 Right coronary angiograms after thrombolytic therapy for recurrent acute myocardial infarction
(AM1) during sport. After the first AMI: proximelly 2 moderate irreguiar lesion and distally slight
lumen irregularities A. Five months Llater, after the second AMI: distally there is a subtotal stencsis
B.

76



DISCUSSION

This report emphasizes the paradox of healthy physical performance and the
abrupt occurrence of an acute coronary event. The recurrence of AMI during
sport in the same subject has not been previcusly reported. The present
case is complementary to our previous report of recurrent AMI and sudden
death after sport (4). Some clinicopathclogic and epidemiclogic studies
have shown that sudden death occurred during or immediately after strenous
exertion more often than expected by chance (5). Although in previous
patheclogic studies sport-related sudden ischemic death was associated with
severe coronary artery disease (1,2) in the present case, as in some others
(3-4}, a moderate stenosis was shown in the culprit coronary artery after
thrombolytic therapy. This finding indicates that severe coronary artery
disease is not a prerequisite for sport-related ischemic events.

Conversely, in our patient, after the second BMI a severe obstruction was
present at the site of a previous slight stencsis. Intraintimal haemorrhage
agsociated with plague rupture can explain the angiographic finding of
subtotal vessel obstruction inspite of thrombolytic therapy (4,6). 3an
alternative explanation could be that the minor stenosis had increased
leading, c¢oincidentally during spert, to the ceocurence of the second AMI.
Howewver, the absence of anginal symptoms prior to both events and <the
corcenary angiographic findings after the first AMI support the clinical
suggestion of exercise-precipitated acute coronary occlusicon for beth
events.

Although some conditioned previously healthy subjects can unexpectedly
develop an acute coronary syndrome associated with gport, the mechanism of
these events is still hypothetical ({4). Moreover, it is unknown how many of
these subjects are potential candidates for a recurrent event after
resuming sporting activities. Therefore, it can be premature and unjus-
tified to advise patients who experienced acute myccardizl infarction
during or shortly after sport to refrain from their sporting activities.

In this category of patients regular medical control with periodic exercise
stress-testing could identify subjects at risk and prevent the recurrence

of coronary events.
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CHAPTER 6

CLINICAL AND ANGIOGRAPHIC OBSERVATIONS ON
RESUSCITATED VICTIMS OF EXERCISE-RELATED
SUDDEN ISCHEMIC DEATH






Clinical and Angiographic Observations on
Resuscitated Victims of Exercise-Related
Sudden Ischemic Death

Renzo Ciampricotli, MD, Rob Taverne, MD, and Mamdouh EI Gamal, MD

The clinical and angiegraphic findings of 17 re-
suscitated victims of exercise-related sudden
ischemic death are reported im zn aflempt to efu-
cidate the mechanism(s) of these deaths. Ten
survivers developed cardiac arrest during or af-
ter sporling activities (group A) and 7 others
during or after an exercise stress test (group B).
There were 15 men and 2 women. The mean age
of group A was 46 years and of group B 55
yvears. Coronary risk factors, as well as previous
amgina and myocardial infarclion, were more fre-
quent in groug B. Onfy 3 of the 17 survivors had
anginal symptoms before sudden death. Sudden
death in group A was associated with acute
myecardial infarciion in 8 and unstabie anginz in
2 and was associated in group B with acute
myocardial infarction in 2, unslable angine in 3
and sitent ischemia in 2. Coronary angicgraphy
was acutely performed in 15 patients. in most
patients the ischemia-reizied coronary artery
was totally or subtotafly eccluded. Chnical and
angiographic findings indicate that exercise-re-
fated sudden ischemic death was due fo an acute
coronary event—in most cases unexpected and
unpredictable. 12 is sugzested that exercise-in-
duced infracoronary changes were probably re-
sponsible for the devefopment of acute coronary
(subrecciusion and sudden death.

{Am J Cardisl 1991;68:47-50)
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urnerous pathologic studies have shown that
sudden death in subjects >40 years old is

i ¥ mainly associated with coronary artery dis-
case.’~* Therefore, myocardial ischemiz is believed to
be essential in precipitating most episodes of sudden
death. Physical exercise has been indicated as a contrib-
uting factor in the occurrence of a relevant number of
sudden deaths,** The current opinton is that subjects
prone to developing exercise-related sudden death have
either known or unknown preexistent important coro-
nary artery disease.”"!* The precise pathophysiclogic
aspects of these cardiac arrests still remain uncer-
tain.'$~¥ Furthermore, exercise-related sudden death
very often occurs unexpectedly and without prior warn-
ing symptoms in previously healthy subjects. This study
attempts to elucidate the mechanism(s) of exercise-re-
lated sudden ischemic death.

METHODS

Patients: The study population comprised 17 pa-
tients, resuscitated victims of cardiac arrest. Ten pa-
tents {group A) survived out-of-hospital sudden death
related to sporting actvities and 7 patients (group B)
were resuscitated from sudden death occurring during
or after an exercise stress test. All but 1 of group A
patients had neither a medical history nor symptoms
suggestive of angina pectoris. All group A patients were
well-conditioned, habitually sportive subjects. In group
B. 5 of 7 patients had a history of angina or myocardial
infarction. The patients underwent exercise stress test-
ing for screening of cardiac disease (n = 2), evaluation
of anginal complaints (n = 2), or routine controi of
ischemia >1 meonth after myocardial infarction (n =
3). Coronary risk factors in group A patients were ciga-
rette smoking in 5 and hypertension (diastolic blood
pressure >90 mm Hg) in 1: in group B patents. they
were cigarette smoking in 5 and hypercholesterolemia
(>240 mg/dl) in 2. Sudden death occurred in group A
patients during sport in 6 and after sport in 4. In group
B patients, sudden death occurred during the exercise
test in 1 and thereafter in 6.

Definitions: Myocardial ischemia detected on the
clectrocardiogram was defined as >1 mm ST-segment
elevation or depression in =3 contiguous leads.’ Un-
stable angina was diagnosed when myocardial isch-

81



emia, lasting >135 minutes, was relieved at least tempo-
rarily after intravenous administration of nitroglyeerin
and was not associated with an increase in serum cre-
atine kinase MB fractions. The diagnosis of acute myo-
cardial infarction was made when myocardial ischemnia
lasted >>30 minutes and persisted after intravenous ad-
ministration of nitroglycerin, together with an increase
in serum creatine kinase MB fractions and either with
or without development of new Q waves on the ¢lectro-
cardiogram. Silent or asymptomatic myocardial 1sch-
emja was diagnosed as electrocardiographically detect-
ed Ischemia lasting for =1 minure in conscious patients
without an increase in serum c¢reatine kinase MB frac-
tiens. Sudden ischemic death was defined as being un-
expected witnessed death heralded by cardiocirculatory
and respiratory arrest that occurred during or within 1
hour after physical exertion. related to electrocardio-
graphically detected myocardial ischemia. Resusaitated
victims (survivors) of sudden death were patients in
whom cardiopulmonsary resuscitation with or without
medical or electrical intervention, or both, reestablished
cardiac activity and circulation.

Procedures: The exercise stress test was performed
on an upright bicycle ergometer, using a meodified
Bruce protocol®® A 12-ead electrocardiogram was
continuously meonitered during the test and up to 4
minutes after it. Blood pressure was measured every 2
minutes during and after the test and at maximal exer-
cise tolerance. After informed consent was received
from patients or their relatives, coronary angiography
was performed in patients with acute myocardial in-
farction within 90 minutes and in patients with unstable
angina within 3 hours after resuscitation, but was de-
layed (within 3 days) in patients with silent ischema.
Selective coronary and left ventricular angiography was
performed using standard techniques. The left and
nAght coronary arteries were visualized in 22 different
views, Quantitative determination of coronary stenosis
was made by comparing the stenotic segment with an
adjacent normal segment proximal and distal to the le-
sion. The degree of collateral filling of an occluded cor-
onary artery by ipsilateral or contralateral collateral
vessels was determined according te the classification of
Cohen et al*! (from grade 0 [no collateral vessels] to
grade I1I [complete filling of the vessell). All electrocar-
diograms and coronary angiograms were blindly re-
viewed by 3 experienced cardiologists. The ischemia-
related coronary artery was identified when the
ischemic localization on the clectrocardiogram corre-
sponded with the anatomic region that was shown to be
supplied by a (severely) diseased coronary artery.

RESULTS

Patient data: The arrhythmis monitored at resusci-
tation for group A was ventricular fibrillation in &,
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asystole in 1 and undetermined in 1; for group B. it was
ventnicular fibrillation in 3, ventncular tachycardia or
flutter in 3 and asystole in 1. In group A patients, sud-
den death occurred duning or after sport without symp-
toms in § and preceded by anginal complaints a few
minutes before collapse in 2. Symptoms or cardiac ar-
rest. or both, cccurred in 4 patients, 20 to 45 minutes
after the end of sporting activities. After resuscitation, §
patients were shown to have acute myocardial infare-
tion, whereas 2 presented with unstable angina. In
group B sudden death occurred with directly preceding
anginal complaints in 2 patients with out-of-hospital
cardiac arrest who were shown to have acute myocardi-
al infarction after resuscitation, 60 and 435 minutes, re-
spectively. after a normal exercise test. Three patients
collapsed shortly (3 and 4 minutes) after z normal ex-
ercise test, but developed unstable angina after resusci-
tation. Two patients had sifent ischemia before cardiac
arrest occurred. but there was no evidence of ischemia
on the eclectrocardiogram after resuscitation. The
ischemic localization on the electrocardiogram corre-
sponded in all cases with obstruction or occlusion of the
expected ischemia-related coronary artery.
Anglographic data: The coronary angiographic
findings of group A and B patients i relation to diag-
nosis and electrocardiographic changes during and after
exercise testing are listed in Table L. group A: At coro-
nary anglography, all corcnary arteries were occluded,
except In 2 patients whose arteries were patent after
intravenous administration of streptokinase before angi-
ography. In these 2, reperfusion most probably oc-
curred before catheterzation, as suggested by the nor-
malization of the ST segments on the clectrocardio-
gram after streptokinase therapy. In the 2 patients with
unstable angina, the corcnary artery was occluded but
filled by collateral supply. Associated coronary artery
discase was present in 2 patients, 1 of whom had previ-
ously had a small myocardial infarction. Reperfusion
and revascularization were successfully performed in all
but 2 patients {znos. 5 and 6}, Cne (no. 3), who had an
occluded, collaterally filled coronary artery, was treated
with a 3 blocker. One to 2 months after resuscitation, a
symptom-limited exercise stress test was normal in all
patients. GrouP B: No abnormal responses were ob-
served during the exercise test in all but 2 patients who
had ischemia on the electrocardiogram without anginal
complaints. At coronary angiography. 2 patienis with
acute myocardial infarction (nos. | and 2} had occlu-
sion of the infarct-related coronary artery. [n the pa-
tient with partial collateral filling of the occluded ar-
tery, attempts to reperfuse the vessel were unsuccessful.
This patient had a positive exercise test 3 months later,
Of 3 patients who developed unstable angina (nos. 3 to
5). 2 had severe stenosis and | an occlusion of the isch-
emia-related coronary artery. In the latter, the artery



TABLE [ Electrocardiographic and Coronary Angjographic Data of Survivers of Sudden Ischemic Death Related to Sport (group A) and
o Dxercise Testing {group B)
T PCPR
Pt. No. ECG ECG Diagnesis IRCA % of $tenosis ACD Previgus AM|
Group A
1 — STHA UA LAD 100" Rlght 100% |
2 — STTA UA LAD 100 0 Q
3 — STTA AMI LAD 100 a 2
4 —_ §TTA AMI LAD 160 o] 0
5 — STLA AMI Lc 100" o] 0
& — STTA AMIE LAD 40" ¢] 0
7 — STTA AMI Right G5 0 a
8 — STTA AN LAD 100 0 9]
g — STLA AMI LC 100 LAD S50% o]
10 — STTA AMI Right 100 0 0
Group B
1 N STTA AMi LAD 100 Right 30% 0
2 N STTA AN LAD 00 Right 40% o]
3 N ST A UA I a0 o] a
4 N 8T | At UA M 99 LAD 80%, right 50% A
5 N STt UA Right 100" 0 |
G STIL N £l oM 99 Right 50% |
7 STTI N 81 Right 100! o] 0
=After stroplokinase therapy.
Comgiletaly and ‘partally illed by collateral flow.
A = antenor; ACD = assotiated coronary disease: AMI = acute myocadial infarction; ECC = clectrocardiogram; ET = cxercise testing; | = Inferlor: IM = intermed|ate artory:
IRCA = Ischemlatrc\ated coronacy artery; L > Jateral; U\D': lett anterlor descending artery; LC = left circumflex arlcrg; N = normal; OM = obtuse marginal artery; PCPR =
pasteardiapulmenzry resuscltation: S| = sdent schemsa, ST T and | = ST-sonment elevation and depression; UA = unstable angloa,

was [illed by collateral supply. Of the 2 patients with
asymptomatic ischemia (nos. 6 and 7). 1 collapsed at
almost maximal predicted exercise tolerance, while the
other collapsed during the recovery perlod after further
increase of asymptomatic 1schemia. In both cases, there
were no signs of ischemiz on the electrocardiogram af-
ter resuscitation. One patient had subtotal occlusion
and the other total occlusion of the corenary artery -
volved. There was complete collateral filling of both
vessels, Three patients (nos. 1, 3 and 4) underwent re-
perfusion of the ischemia-related coronary artery, while
the other patients were treated with a 8 blocker. One to
3 months after resuscitation, all but 1 patient {no. 2)
had a repeat normal exercisc test. The distribution of
(sub)occluded arteries was similar in both groups of pa-
tients, with sudden death occurring either during or af-
ter exertion, In both groups, left ventricular angio-
graphic study revealed localized hypokinesia or akinesia
corresponding 1o the infarct- or ischemia-related coro-
nary artery. There were no ventricular abnormalities
related to the culprit coronary artery in 4 patients with
unstable angina and in the 2 patients with silent isch-
emia. There were no complications associated with the
performance of coronary and left ventricular angio-
graphic studies in any patients.

DISCUSSION

A considerable percentage (varying from 10 to
60%) of all sudden deaths has been reported as occur-
ring during or after moderate and high-level physical
activity.®* In people aged >30 years, exercise-related

sudden death is generally associated with 1- or multi-
ple-vessel coronary artery disease and frequently also
with myocardial scars.™-é Pathological examination of
the coronary arteries revealed either fresh subocclusive
thrombi or zcute intimal lesions in 15 to 80% of

. cases.)-15 However. acute coronary angiographic stud-

ies in this setting are lacking™ and the pathophsiology
of exercise-refated sudden death remains speculative,'®
The present study shows that exercise-related sudden
death can be caused by an acute coronary event that
clinically can present as unstable angina, acute myocar-
dial infarction and transient silent ischemia. The 2
groups of patients studied had in common the unex-
pected development of sudden death related to physical
exertion. Furthermore, clinical and electrocardiographic
data of patients having an exercise test provided infor-
mation helpful in understanding the mechanism of
these deaths.

With regard to sudden death associated with unsta-
ble angina and acute myocardial infarction, the patients
undergoing the exercise test did not have ischemia and
had no complaints. After the test there was a time de-
lay before the development of ischermia, symptoms znd
sudden death. In the victims of sudden death related to
sport, when symptoms occurred, either during or after
sport. they ensued just before the development of cardi-
ac arrest. The question relevant to the pathophysiology
is how to explain the unexpected onset of symptoms or
sudden death, or both. The finding of ischemia after
resuscitation following 2 normal exercise test indicates
that the onset of symptoms or sudden death, or both,
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were due to sudden (subjtotal impairment of ceronary
flow. Acute coronary angiography in patients with un-
stable angina and acute myocardial infarction con-
firmed this expectation. Exercise can provoke active va-
somotion of diseased coronary arteries with activation
of platelet aggregation and impairment of coronary
flow.232* [t can also be hypothesized that active repeat-
ed coronary spasm during exercise can provoke fissur-
ing or rupture of atherosclerotic plaques, leading to cor-
onary (sub)occlusion by intraintimal hemorrhage
or intracoronary thrombus formation. or both, 222326
Recently. exercise-induced plague rupture was suggest-
ed as the mechanism of coronary (subocclusion after a
normal exercise test in 4 patients with previously nor-
mal or moderately narrowed coronary arteries.”” Al-
though silent ischemia is a usual finding in survivors of
sudden death, life-threatening ventricular arrhythmias
rarely occur during exercise testing.2*-30 Cardiac arrest
was related 10 exercise-induced silent ischemia in 2 of
our patients. The disappearance of ischemia after resus-
citation implied restoration of myocardial perfusion.
Their angiographic findings suggest that acute silent
ischemia and cardiac arrest occurred as a result of
acute coronary (sub)occlusion. The collateral filling of
the vessels avoided myocardizl damage, restored myo-
cardial function and relicved ischemia on the electro-
cardiogram. The clinical and angiographic findings of
the resuscitated victims of this study sugpest that exer-
cise itself unexpectedly induced intracoronary changes
responsible for coronary (sub)occlusion. The observa-
tions of this study are limited by the lack of a control
group of survivors of sudden death uvarelated to exer-
cise. Furthermore, no electrophysiologic study was per-
formed 1o exclude ¢nhanced electrical instability.

Aclmowiedgment: We are indebted 10 Mary Neij-
zen-Cragg for help in preparing the manuscript.
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ABSTRACT
The role of habitual exertion in the development and manifestation of
atherosclerctic coronary artery disease is still undetermined. We compared,
in a case-control study, 35 well-conditioned men developing acute coronary
syndromes related to sport with 36 sedentary men with the same coronary
syndromes occurring at rest. The mean age of the study subjects was 48
years (range 25-65). There were 8 patients with unstable angina, 46 with
acute myocardial infarction and 18 survivors of sudden ischemic death. The
cases exercised on average 6 hours per week for at least 10 years. Corcnary
angiography was performed in all patients within 4 hours after the onset of
symptoms. Sporting subjects had less risk factors than their sedentary
counterparts: fewer of them smoked (56% vs 95%) or had cheolestercl levels =
240 mg/dl (12% wvs 56%, both p < 0.05). Prodromal symptoms were more
prevalent among sedentary subjects (48% vz 9%, p < 0.04). In addition,
sedentary patients more often had multiple vessel coronary artery disease.
(73% vs 28%, p < 0.02} None of the sporting subjects died in-hospital
compared to 3 sedentary subjects: 10 sedentary and 5 active patients
underwent by-pass surgery during hospital stay. There were no differences
batween the two groups with regard to site, merpholegy and presence of
thrombus of the culprit artery and diameter and dominance of all coronary
arteries. After 2 year fecllow-up new coronary events had occurred more
frequently in sedentary subjects (10 vz 6). This study Jdemonstrates a
common pathogenesis for acute coronary syndromes related and unrelated to
sport. However, the precipitating factor(s) for syndromes related to sport

may ke different. Regular wvigorous exertion 1is associated with less
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coronary risk factors and extent and severity of corconary artery disease,
but c¢an unexpectedly provoke an acute coronary syndrome in some conditioned
people.

INTRODUCTION

Coronary artery disease is the main cause of death related to exercise in
middle-aged people (1-11). Whilst a protective effect against corconary
disease and death has been attributed to regular physical activity (12-18),
conversely ac¢ute myocardial infarction and sudden death have been associa-
ted in strict relation to vigorous exertion (19-32). However, these
observational studies did nct provide definitive evidence of a favourable
influence o¢f physical exercise on coronary artery disease nor were they
able to establish a causal relationship between exertion and acute coronary
events.

On the other hand physical inactivity can be reasonably regarded as an
independent and modifiable coronary risk factor. (32a)

Recently a continuous spectrum of acute ischemic events was demonstrated in
association with physical exercise and exercise-induced plague rupture was
hypothesized as the mechanism of these events (33-34). However, plague
rupture is a common angicgraphic and pathelogical feature in patients with
acute coronary syndromes (35-37). The present study compares the clinical
and acute coronary angiographic characteristics of 36 conditioned men to
those of 36 sedentary men, with acute corcnary syndromes cccurring respec—
tively in relation to sport, and at rest- This analysis may detect peculia-
rities proper to physically active people and clarify the mechanism of
acute corchnary events associlated with vigorous exerticn.

METHEODS

Patients. 7The study was designed as a case-control study with 36 ¢ases and
36 control subjects (Table 1). The cases were well trained, conditioned
previously healthy men who were admitted for acute coronary syndromes
occurring during or within the first hour following sport activities in a
five year periocd frem 1985 to 1990, Coronarxy angiography was performed
within 4 hours after the onset of symptoms. The cases exercised on average

6 hours per week for at least 10 years. The controls were selected from
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admissions at the same hospitals during the identical time period. They
were matched with regard to sex, age, previous health, ccoronary syndrome,
date of admission {within one vyear), c¢oronary angiography within 4 hours
after the onset of symptoms, but differed from the cases in that they were

all not physically active and their coronary syndromes occurred at rest.

TABLE 1 BASELINE CHARACTERISTICS

Group Sporting Sedentary
N 38 36
Sex M M
Age (years)

25 - 40 11 13
41 = 355 22 20
56 - 65 3 3
Diagnosis

ua 4 4
AMI 23 23
sD 9 9

AMI = acute myccardial infarction; M = male; UA = unstable angina; SD = sudden death.

Admission diagnosis. Unstable angina was diagnosed when chest pain,
associated with ST-T segment changes on the electrocardiogram was relieved
at least temporarily by sublingual or intravenous administration ©of nitro-
glycerin. The diagnosis of acute myocardial infarction was based on the
persistence of chest pain and = 2 mm 5T-segment elevation and/or depression
in twe or more contiguous leads on the electrocardiogram despite the
administration cf intravenous nitroglycerin (39). Survivors of sudden
ischemic death were those patients, resuscitated from unexpected natural
witnessed death, occurring either with or without preceding symptoms, with
electrocardiographic evidence of ischemic changes compatible with acute
myocardial infarction. The laboratory diagnosis of myocardial infarction
was made in the presence cof a typical pattern of cardiac enzymes elevaticn.
The maximal serum creatine level was registered.

Treatment protocol. Immediately following admission all patients received

intravenous nitroglycerin (> 15 ug/kg/m), heparine (5.000 U), aspirin (250
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mg) and dexamethasone (12 mg)- The electrocardiogram was repeated after
five minutes. If transmural myccardial ischemia persisted, at the discreti-
on of the investigator, coronary angiography was in scme cases preceded by
the intravenous infusion of 1.5 x 10% U of streptokinase over 30 nminutes.
2t angiography, if the ischemiaz~related coronary artery was found to be
occluded, 0.2 mg of nitroglyecerin wag administered intracorconarily and
corcnary angiography was repeated. Intracoronary infusion of streptokinase
was then started at a rate of 5000 U/min. until a total dese of 250,000 U
was given. Mechanical reperfusion and balloeon angioplasty were immediately
attempted in case of coronary occlusion or after failure of intracoronary
gstreptokinase therapy.

Clinical and angiographic data. Laboratory determinations of haemoglobin,
renal and liver function, electrolytes, platelet count, £fibrinogen and
prothrombin time and total cholestercl levels were performed twice in all
patients. Hypercholesterclemia was defined as a total serum cholesterol
level 2 6 mmol/l (= 240 mg/dl). During their hospital stay all patients
answered a questionnaire related to their family history of coronary artery
disease, smoking habits and symptoms before their cardiac event. Both
typical and atypical anginal complaints were classified as angina pectoris
(40-41). The time of onset of symptoms or sudden death was also recorded
(42,43). All electrocardiograms and ceoronary angiocgrams were reviewed by
three experienced cardiologists, independently and blinded to the clinical
data. Disagreement was resolved by consensus.

The ischemia-related coronary artery was identified by the correspondence
between electrocardiographic changes, corconary angiographic findings and
left ventricular wall motion abnormalities, or both. The presence of
coronary spasm was deduced when intraccronary administration of nitro-
glycerin resulted in cpening of a previcusly occluded coronary artery (44).
Intracoronary £illing defects were defined as bkeing consistent with
thrombus if they appeared spherical, ovoid, or irregular outlined by con-
trast medium (45). The morphology ©f corcnary artery lesions was described
as elither concentric or eccentric with regular or irregular borders.
Eccentric lesions were considered to be consistent with ruptured placgues

with or without thrombosis (36,37). The lesion morphology was determined
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directly in patent vessels or directly after reperfusion achieved with
nitroglycerin or streptokinase.

Quantitative determination of diameter stencsis or residual stenosis of
patent and ncon—mechanically reperfused culprit coronary arteries was made
by measuring the stenctic segment and comparing it with the mean of normal
segments proximal and distal to the lesion on an end-diastolic frame in at
least two different angiographic projectionz. The pregence and sgeverity of
stenoses in other vessels of the coronary system was alse recorded. The
site of occlusicon or obstruction on the culprit corcnary artery was defined
in proximal, mid, and distal segments. The luminal diameter of the corcnary
arteries was measured directly beyond their origin in the same standardized
angiographic view, using as reference the true size of the c¢oronary cathe-
ter. Vessel dominance was defined as left, or right, or balanced, depen-
ding on whether the ramus descendens posterior and most posterolateral
branches stemmed respectively from the left circumflex branch or the right
coronary artery or both (46). The grading of ipsilateral and contralateral
collateral filling of (sub)occluded coronary arteries was determined as
O{nc collaterals) up tc grade III {(complete filling of the vessel) (47).
Data analysis. Continuocus variables were compared using Student's t test. P
values < 0.05 were considered significant. 0dds ratios were calculated to
compare categorical variables. The precision of the odds ratios is descri-
bed with 93% confidence intervals (48).

RESULTS

Cliniecal characteristics. The c¢linical characteristics of the 72 patients
(36 sporting group, and 36 sedentary group) are summarized in Table 2.
Significant differences were observed between the two groups with regard to
smoking habits, hypercholesterolemia, prodromal symptoms and time of
occurrence of +the coronary syndrome. Hypertension was borderline and
untreated in 6 out of 7 sportsmen, but regquired treatment in 10 out of 11
patients of the control group. Eight sportsmen had no identifiable risk
factors. An old, apparently silent myocardial infarction was detected in 2
patients of the sport group and in 5 of the sedentary group. The mean time
interval between the onset of symptoms or sudden death and coronary

angiography was shorter in the sporting group (119 min. vs 151 min.) Chest
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pain preceded the development of sudden death in all patients of the
control group, but in only three subjects of the sporting group. The mean
cardiopulmonary resuscitation time was longer in the control group (20 min.
vs 12 min.), as well as the number of defibrillations (3.5 wvs 2.3). The

distribution of the lecalization of ischemia on the electrocardicgram was

TABLE 2 CLINICAL CHARACTERISTICS

Group Sporting Sedentary OR 95% CI
N 36 36

ECG ischemia

Anterior 56% 48% 1.40 0.50,3.9

Diastolic BP

= 90 m Hg 20% 31% 0.55 0.16,1.84
Cholesterol

= 240 mg/1l 12% 56% 0.10 0.02,0.38
Family CAD 25% 39% 0.52 0.17,1.60
Cigarettes

smoking 56% 95% .07 0.01,0.39
Prodromata 9% 48% 0.10 0.02,0.44

Time ogcurrence
events (hours)

& ~ 12 37% 75% 0.19 0.1, C.6

BP = blood pressure; CAR = coronary artery disease; CI = confidence Tnterval; OR = odds ratio.

similar in both groups. In the sporting group 13 events occurred betwesen 9
a.m. and 12 a.m., while 23 events took place between 2 p.m. and 7 p.m.
sudden death occurred in all but one in the afternoon. BAll patients
exercised at a set time o©of the day. In the control group mest events
cccurred early in the morning and in the evening. Sudden death occurred in
all but two in the morning.

Culprit coronary artery and clinical outcome. The reperfusion measures and

the patients‘*clinical ocutcome are listed in Table 3. The distribution of
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the culprit corenary artery was similar in both groups. All but 7 patients
of both groups admitted with evolving myoccardizl infarction were treated
with intravenous or intracoronary streptokinase or both. In three sportsmen
reperfusion resulted after intracoronary administration of nitroglycerin,
indicating the presence of coronary spasm. Most occluded vessels were
reperfused after intracoronary streptoxinase administration or mechanically
(N=7). Four vesgels remained occluded despite reperfusion attempts.

The patlents admitted with transmural myocardial ischemia developed a
myocardial infarction, excepted two sportsmen resuscitated from sudden
death. Peak creatine phosphokinase level in thege patients was not diffe-

rent between the two groups.

TABLE 3 CULPRIT CORONARY ARTERY AND CLINICAL OUTCOME

Group sSporting Sedentary
Nt 36 36
Streptokinase * 28 30
Ischemia related CA

LAD 17 1%
LCx g 2
Right 14 15
Patent ls 13
Occluded 18 23
Reperfused 17 20
CPK*% 31 34
PTCA 21 20
CABG 5 10
Death G 3

AMI = acute myccardial infarction; CA = corenary artery CABG = bypass surgery: CPKT = elevated
creatine phospokinase; LCx = left circumflex artery; LAD = left anterior descending artery; OM =
obtuse marginal artery; PTCA = coronary angioplasty: UA = unstable angina; SD=sudden death: *
=intravenous and intraceronary, or both.

Coronary angioplasty was performed in more than 50% of patients of both
groups. Ten patients of the control group underwent corcnary bypass surge-
ry, compared to five patients of the sporting group. Three survivors of
sudden death of the control group died in hospital. Two of these due to
recurrent untreatable ventricular fibrillation, 3 hours and 12 days after

initially succesful angioplasty. The third patient died ten days after
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admission
COronary
coronary

arterieg

of irrevergible cerebral damage due to hypoxia.
angicgraphic data. The main findings of the analysis of the
anéiograms are listed in Table 4. 7The size of the coronary

was similar in both groups with the exception ocf the right

coronary which was larger in the sport group. The number of patients with

single-vessel disease was sgignificantly higher in the sporting group, while

a significantly higher number of patients of the sedentary group had 2- orx

3- vessel disease.
TABLE 4 CORONBRY ANGIOGRAPHIC DATA
Group Sporting sedentary p value
N 36 36
Size of CaA*(mm)
LMS 4.30%20.44 4.27x0.44 0.90
LAD 3.37x0.54 3.22x0.44 0.20
LCx 2.90x0.44 2.91z0.62 G.%0
Right 3.50+0.58 3.10+0_.64 0.02
OR 98% CI
Multiple vesgsel
disease 28% 73% 0.15 0.15,0.46
Lesions non=-CCA
stenosis »>20% 36% 78% 0.2 0.1,0.5
CCA Residual**
stenosis <100% 3l% 73% 0.25 0.1,1.2
Multiple lesions
CCh stenosis »20% 14% 39% 0.3 0.1,0.9
CCA = culprit coronary artery; Cl = confidence interval; LAD =left anterior descending; LCx = left
circumflex: LMS = left main stem; OR = odds ratie; * = data are presented as mean = standard
deviation; ** = after non - mechanical reperfusion.

The severity of the stenosis of the diseased non-culprit coronary arteries

as well as the presence of multiple lesions in these wvessels was also

significantly higher in the sedentary group. The residual stenosis of the

culprit coronary artery after non-mechanical reperfusion was determined in

29 vessels of the sport group and in 26 vessels of the sedentary group.
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Among sporting pecple there was a tendency tc show less severe residual
stenoses. The number of multiple lesions of the culprit artery was signifi-
cantly lower in the sporting group. The distribution of veéégl dominance
between the twe groups was not different. Collateral filling was demcnstra-
ted in almost 50% of (sub)occluded culprit corconary arteries of both
groups. There was grade III collateral £illing in 60% of these vessels. The
distribution of the site of the lesion in the culprit artery was almost the
same in both groups (proximal in &0; mid in 9; distal in 3). Determination
of the lesion morpheology ©f the culprit arteries showed a similar high
prevalence {>85%) o©of eccentric lesions in Dbeth groups. Thrombi were
detected in 30 culprit arteries with a similar incidence in both groups.
Follow~up. After a mean follow-up of 24 months (range 6-62), the occurrence
of new coronary events and the necessity for corconary angioplasty and
coronary bypass surgery was more frequent in the control group (N=10) as
compared to the sporting group (N=£). Repeat coronary angiographic study in
almeost 50% of patients of bkoth greoups showed that re-stenosis (40% Lo 70%)
of the culprit coronary artery, as well as the development ox increase of
cbstructive disease (40% to 100%) in other vessels, was more freguent in
the control group (12 vs 6). Twe to three months after their discharge from
hospital, 18 non-surgical patients of the sporting group partially or fully
had resumed their previous sporting activities. All but one of these pa-
tients remained in good health during follow-up.

DISCUSSION

This study demeonstrates a common pathogenesis for the occurrence of acute
corcnary syndromes related and unrelated to spert and shows that sporting
people have a different c¢linical and coronary angiographic profile compared
to sedentary pecple. Speorting people had fewer coronary risk factors and
less extent and severity of corcnary artery disease. Morecver, the cobserva-
tions in this study are consistent with a better acute and long term
ocutcome with regard to survival, recurrence cf corcnary events, need for
revascularization precedures and development and progression of coronary
artery disease among the sporting population. Previous studies have
demonstrated that habitual physical activity has a favourable influence on

coronary risk factors and corconary death (12-18,48-52). Exertion and its
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protective effects can be partially related to self-selection of subjects
for a healthy vigorous life style. In this context 1t is noteworthy that
50% of the sportsmen in this study did not smoke and that those who resumed
sporting activities had a better long term outc¢ome. Therefore self-selecti-
on may play a role but this appears to be inherent to the subjects themsel-
ves. On the other hand, fewer risk factors, or even their abgence, did not
preserve these people from an acute corcnary event. Qur findings support
the view that regular exercise does not prevent but significantly reduces
the extent, severity and progressicn cf coronary artery disease. Severe
multivessel disease has also been detected in endurance runners (21,53).
Coronary disease can be regarded as an age related phenomenon in middle-
aged pecple with at least cne coronary risk factor, or when no other cause
is known (21,29-32,53,54).

This study raises the gquestion as to whether, in view of the different
characteristics, the pathophysiology cof acute coronary syndromes related
and unrelated to sport is also different. It is well known that most acute
corcnary syndromes occur at rest, Is the relationship bketween sporting
activities and coronary events a mere ceincidence? In numerous studies a
considerable percentage of all coronary accidents and sudden deaths have
been reported as occurring in direct relationship with moderate and high
level physical activity {20-34,53-54).

According te the present analysis, sperting and sedentary pecple share
common findings concerning the ischemia related corcnary artery, such as
the presence of thrombus, site and morphcleogy of lesions, which indicate a
common pathogenesis (plague rupture) for coronary (sub)occlusion. There is
ample c¢linical and pathological evidence that the acute c<oronary syndromes
are the manifestation of dynamic intra-coronary processes which result from
the rupture or fissuring of an atherosclerctic plague (35-37). Plague
rupture can lead to coronary {sub)occlusion through intimal haemorrhage and
luminal thrombesis (37). The factors responsible for plague rupture remain
elusive, but are related to a circadian rhythm depending on neurchormonal
physiologic changes, which in turn could influence haemodynamic forces on
site (35,41,42). With regard to physical activity, there is no direct

evidence that exercise can precipitate plagque rupture. Exercise is associa-
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ted with a substantial rise in serum catecholamines and with increased
platelet count and activation (55-57). Catechclamines as well as platelets
can induce vasoconstriction of a diseased segment of a coronary artery; the
former by unopposed a—adrenergic stimulation due to endothelial dysfunc-
tion, the latter by releasing thromboxane A2 and serotonin after adherence
to an atherosclerotic plague (58-60). Therefore, it <an be hypothesized
that exercise-induced vascconstriction may be the trigger responsible for
plague rupture (33,34,58,59). although the pathogenesis of acute coronary
events related and unrelated to physical exertion appears to be the same,
the precipitating factor({s} and the mechanism(s) envclved may be different
for exertion-related events.

The present study presents a number of arguments in favour of a cause-
effect relationship between sporting activities and the occurrence of an
acute corcnary event. Firstly, the group of sportsmen clinically represents
a very different population tec that of sedentary people. Secondly, in the
majority of these patients the absence of prodromal symptoms dencted the
suddenness and unpredictability of the coronary event. Moreover, the time
of which the ischemic coronary event occurred did not feollow a circadian
pattern but was c¢learly related to a normal individually predetermined
exercise time. Therefore, as was suggested by previous studies, the
peculiarity of being activity-related events should not be regarded as
being merely coincidental (20-34).

It has already been reported that endurance vigorous exercise both protects
against coronary artery disease and is a potential provoker of acute
coronary syndromes (27) but the reason for the susceptibility of some
conditioned people te develop a coronary event in relation to exercise
remains unsettled.

The generalizability of the results of the present study is limited by the
selection of the patients studied and may not apply to a population of
occasional and uncoditioned and not previocusly healthy sporters.

The findings of this study define the coronary benefits and risks of spor-
ting activities that relate to the ccourrence of acute coreonary syndromes.
our data indicate that, whilst endurance exercise is asscociated with less

coronary artery disease, vigorous exertion itself can precipitate an acute
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CHAPTER 8

GENERAL PRISCUSSION
In this thesis the role of physical exertion on the development and
manifestation of atherosclercotic coronary artery disease and sudden cardiac
igchemic death was investigated in previously healthy well cenditioned
pecple and in patients with coronary artery disease. This study shows the
first clinical and angiographic demonstration of a continucus spectzrum of
acute coronary sSyndromes related to exertion and provides the largest
series of acute coronary angiographic findings in resuscitated victims of
sudden cardiac ischemic death. In the following paragraphs some final
general comments will be made and the main limitaticons of the study
together with the recommandations for areas of future investigation will be
indicated. At the end a hypothesis will be presented suggesting a haemody-—
namic mechanism for the develcopment of exercise-related acute coronary

syndromes.

Study group composition.
Numerous previcus studies have reported on small or large series of sudden
deaths related to sport (1-21). In some cases only the diagnosis of acute
" myocardial infarction coculd bhe made either before sudden death occurred or
after successful resuscitation (10,14,18,21-32). In the majority of
reported series the main cause of sudden death was attributed to cbstructi-
ve coronary artery disease. However, in the vast majority of instances the
diagnosis was made a posteriori on the basis of necropsy findings. It is
not known how often the diagnosis of coronary or cardiac death was made
only because no other abnormalities were found. Therefore, a causal relati-
cn bhetween the necropsy f£indings and the suspected cause of death was
thought highly probable but could never be demonstrated. This factor of
uncertainty led to variocus speculations about the mechanism cof these
deaths. Furthermore, the majority of these victims of sudden death were
either unconditioned people who started sporting at middle age or well

conditioned but exercising only for a few years. The level of physical
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exercise very often was not mentioned, nor whether exercise was habitual. A
considerable number of patients were known with cardiac disease or previous
myocardial infarction, or other systemic diseases.

This study, in order to avoid confounding variables, was designed to
investigate a specific population of well conditioned habitually sportive
healthy people who had exercised more or 1less continuously since their
youth. This pepulation is believed to¢ represent the ideal example of
healthy life style, with a lower incidence of coronary artery disease and
death. It was this pepulation who survived unstable angina, ag¢ute myocardi-
al infarcticon and cardiac arrest that constituted the main part of this
study. Clinical and laboratory data could therefore be obtained without
uncertainty in these patients. Furthexmere, coronary anglographic study, in
most cases in the acute stage, was performed in all patients. This provided
detailed information of their coronary status and identified the artery
responsible for the ischemic event. The high selection of this study
limited the number of subjects included. It was further attempted to gather
and analyse the clinical and coronary anéiographic findings of unexpected
acute corconary ischemic events occurring during or directly after a
supervised exercise stress test. These in-hopital findings were compared
with those of out-of-hospital events in crder to achieve a better insight
into the mechanisms of exercise-related acute <¢oronary syndromes. Finally
comparing a group of conditioned people with a group of sedentary people
{with regard to the occurrence of an acute coronary event related to gport
er at rest) it was attempted to identify differences or similarities, and
peculiarities or characteristics which could elucidate the development of
coronary artery disease and the pathogenesis of acute corcnary events in

reélation to exerticn, and identify subjects at risk for such an event.
Causes and mechanisms of exercise-related sudden death.

The occurence ©f sudden death related to moderate and heavy exertion has

been attributed to various cardiac and non cardiac causes, both in athletes

and in physically active people.

Cardiac amnd nom-gardiac causes. Myocarditis, idiopathic hypertrophic
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obstructive and non-obstructive cardiomyopathy, congenital anomalies of the
heart or corcnary arteries, rupture of the heart or the aorta, congenital
or acquired valvular disease, fibromuscular dysplasia of the sinus or
atrioventricular node artery, heart failure and heat stroke account for the
reported causes of death during exercise not associated with cbstructive-
atherosclerctic coronarv artery disease (19,33-32). In one occasion
unilateral absence of kidney and subarachnoid haemorrhage have also been
repoerted (7). The mural left anterior descending corcnary artery has also
been implicated in sudden exerticnal death : in one case of acute myocardi-
al infarction in a 20~year-cld national-class swimmer during training swim
(39=-40) and in one case of wventricular fibrillation in a 15-year-old
professicnal soccer player {40A). A woman resuscitated from ventricular
fibrillation during a session of *‘aerobic*‘dancing was found to have a
myxomatous mitral valve with prolapse (41). Taken overall, exercise-related
mortality in patients younger than 35 years of age is mainly due to non-
atherosclerctic coronary artery disease (17). The proposed mechanisms
respensible for these deaths have generally been accepted as more or less

evident.

Silent ischemia. The reported studies also indicate that victims of sudden
death due to causes other than coronary artery disease are not likely to be
successfully resuscitated. cConversely, the vast nmajoerity of survivors of
out-of-hospital cardiac¢ arrest show obstructive coronary arxtery disease
{42). Because acute myocardial infarction is not always present in survi-
vors of cardiac arrest, silent ischemia has been proposed as a possible
mechanism. Silent ischemia was detected in a large number of survivors of
cardiac arrest (42). However, this finding does not differentiate survivors
of exertion -~ and neonexertion-related cardiac arrest (42). The concept of
silent ischemia implies the preexistence of gevere corcnary artery disease.
However even though severe disease is pregsent the provocation of silent
ischemia during exercise testing is generally not associated with life
threatning arrhythmias (42-44). It is probable that the og¢currence of
silent ischemia in the presence of a stable coronary lesicn may not be

sufficient to cause cardiac arrest. On the contrary, silent ischemia as a
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result of acute impairement of coronary flow can have mere profound
haemodynamic effects and provoke electrical instability. A significantly
higher incidence of exercise-induced ventricular arrhythmias was observed
in survivors of cardiac arrest with three vessel coronary artery disease
and compromised left ventricular function {45). However it is unlikely that

this population would engage in haevy physical exercise.

Arrhythmias and metabolism. The occurrence of sudden death in relation to
sporting activities has often been explained by cardiac arrhythmias.
Accelerated idioventricular rhythm as well as first and seccnd degree
atrioventricular block is seen frequently in trained athletes and are of no
prognostic importance {46,47). During exercise, ventricular arrhythmias as
ectopic beats, ccouplets and galvos are apparently not more frequent among
healthy athletes and conditioned people than in healthy sedentary people
(48,49). However the develcpment and nature of rhythm disturbances may be
different in subjects with coronary artery disease (45,50)}. Metabolic and
neurohunmoral influences assoclated with exercise may precipitate or
contribute tc an arrhythmia. The rise in serum catecholamines associated
with sporting activity may cause myocardial ischemia and arrhythmias
{45,51). Plasma potassium increase during exercise has also been implicated
as a cause of arrzhythmias (52). Furthermore, high catecholamine levels may
remain elevated after exercise (53) and may interact with the correspondin-
gly increased free fatty acids to produce arrhythmias and thrombosis in
patients with severe obstructive coronary artery disease (54-56). Such a
mechanism may be responsible for sudden death after exercise. Smoking by
increasing serum free fatty acids and catecholamines may play an additional
role in the genesis of arrhythmias (57,58). However these hypotheses have
never been confirmed in a ¢linical setting. In one study it was demonstra-
ted that a high c¢oncentration of c¢irculating free fatty acids is not
implicated in the genesis of arrhythmias in experimental myocardial

infaretion (59).

Other mechanisms. Thermal sStress, such as taking a hot shower after

exercise, may also result in increased heart rate and arrhythmias (60). The
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hypothesis is that increased vencus pooling in the muscles and skin may
cause a diminished cardiac return and myccardial ischemia (60). Hyperpy-
rexia and heat stroke, observed in rumners not taking adequate amount of
water during marathon running, c¢an cause localized sub-endccardial necrosis
(61-63). Occasionally the ‘‘trauma‘‘' caused by a football on the chest in
experienced soccer players has been indicated as the cause of acute

myocardial infarction and sudden death (26-30).

Coronary scleresis. Although aforementioned hypothetical mechanisms can
explain the occurrence of a number of deaths, there is patholecgical
evidence of severe stenosis or occlusion of at least cne major COronary
artexy in the majority of victims of sudden death associated with sporting
activities (1-18). B controversial observation consists with the finding of
no important or even no evident obstructive coronary disease in some young
survivors of exercise related myocardial infarction and sudden death
(24,25,28,30,31)- A similar finding has often been reported in young
patients after myocardial infarction (64). It is regrettable that in these
cases the lack of analysis of the circumstances surrounding acute myocardi-
al infarction dees not allow us to make any comparison or conclusion.
Reasonably, acute myocardial infarction and acute ischemia can be regarded
as the most likely cause of sudden death when it occurs during of directly
after vigorous exercise (65-68). Large epidemiologic and pathologic studies
support this wiew (16,65-70). When patholegical examination of the coronary
arteries was performed, this showed either fresh sub-occlusive thrombus or
acute intimal lesion in 15% to 80% of cases {1-18,70-75}. This discrepancy

is amply explained by the different techniques used at necropsy studies.

Coronary spasm. Alternatively exercise-related coronary spasm has been
postulated to cause temporary occlusion cof those corcnary arteries that
appeared patent and free of thromki at postmortem examination. Therefore,
it was suggested that reperfusion of previously ischemic areas after relief
of <oronary spasm caused cardiac arrest. Although this mechanism remains
hypeothetical, corcnary spasm has been demonstrated during exercise testing

in patients with coronary artery disease and in patients with wvariant
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angina (76-78). However, the occurrence of coronary spasm and myocardial
ischemia in this setting is generally not associated with cardiac arrhythm-
ias (76). Corconary spasm has also been implicated as the etioclegic factor
in some cases of sudden death, but it is still controversial whether its
role in unstable angina and acute myccardial infarction is primary or
secondary, or both (79). There is evidence that coronary spasm can occcur as
a result of release of thromboxane A2 and serotonin after activation of
platelets (80-82) as in the case of intimal disruption - a common pathelo-
gical finding in patients whe died after unstable angina and acute myocar=

dial infarction (83-85).

Platelets and haemostasis. It has been demonstrated that exercise influen-
ces factors important for the inibition and initiation of thrombosis. One
of the relevant haemostatic factors is platelet activity. Platelets may be
activated after adherence to an athercsclerotic plague thereby releasing
thromboxane A2 and serotonin (81). By <conseguence a reduction of the
coronary lumen can occur by mechanical obstruction and by induction of
vascconstriction. Exercise has also been demonstrated to induce platelet
activation in young survivors of exercise-related myocardial infarction
(86). Platelet count, adhesicon and aggregation c¢an increase in patients
with exercise-induced myocardial ischemia (87-89). Controversially platelet
aggregability can be inhibited by moderate-intesity phvsical exercise in
overweight men (S0}. Fibrinolysis, measured as decrease of plasminogen
activator inhibitor, increased in sporters and in people engaged in a
training program as compared to inactive pecple (91-93). The increasged
fibrinclysis was more manifest in people who stopped smcking and lost
welght during the training periocd ({93). However, although fibrinolysis
increased no systemic effects could be measured {91). The increased
fibrinoclytic activity may theoretically help to prevent thrombotic proces—
ses. However, this may not he the c¢ase in acute coronary events when
endothelial disruption activates a c¢oagulation cascade which can annullate
both the intrinsic and the enhanced fibrinelytic activity induced by
exercise (94-96). From a clinical therapeutical angiographic, angioscopic

and patholeogical point of view thrombosis is the predominant finding in
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unstable angina, acute myocardial infarction and sudden ischemic death {83-
85,95-99)}. Thrombosis plays a -predominant role in acute coronary (sub)

occlusion.,

Plague rupture. Plague fissuring or rupture with a variable degree of
intimal haemocrrhage and luminal thrombosis and periferal embolisation is a
common f£inding in patients with unstable angina and acute myocardial
infarction who died suddenly (98}. Bngicgraphic and angioscopic studies in
patients with unstable angina and acute myoccardial ianfarction consistently
showed the presence of ruptured plagues with intraluminal thrombosis (97—
99). Plague rupture is being considered as the patheological substrate for
the initiation and progression of the acute coronary syndromes. With regard
to sudden death early spontaneous coronary recanalization may explain the
absence of cocclugsive thrombus in all cases examined postmortem. However it
is peossible that the arterial segment corresponding to the plagque rupture
develops occlusive spasm in response to vasoconstrictor substances released
by intraluminal and intraintimal thrombus formation. Therefore postmortem
relief of spasm may zlso be invoked to explain the absence of total
occlusicn. Self-limiting plague rupture with mural thrombus has also been
found in 10% of non-cardiac victims of sudden death indicating that this
alteration can be guite f£frequent in the general population (84). 7The
mechanisms responsiple for the initiation of plague rupture are still
speculative (100). A circadian wvariability has been demonstrated for the
cccurrence of acute myocardizl infarction and sudden dJdeath probably
reflecting a physiclogical increase of fibrinogen, catechclamines and
rlatelet aggregability (101-2). These physiclogic changes can increase the
chance of rupture of an atherosclerotic plague. The structure and chemical
composition of the plague may also play a role (108). Overall, in view of
the rhytmic moticn, smooth muscle tone, distending pressure and neurchormo-
nal physiolegic changes to which the coronary arteries are continuously
subjected, it is not surprising that plague rupture may occur at the place
of atherosclerotic segments (100). Strenous exercise is expected to enhance
most of (if not all) the above mentioned factors thereby increasing the

possibility of plague rupture. Furthermore numercus epidemiclogic studies
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indicate that the occurrence of exercige-related sudden death does not
follow a circadian rhythm suggesting a causal relation between exertion and

cardiac arrest (16,567-569).

value and limitations of the present study
Observational and epidemioligic studies have had the merit to focus on the
phenomenon ©f coronary artery disease and coronary death related to
exercise. It was stated that a significantly increased risk of death was
associated with exertion in middle aged men and especially in the unfit.
Numerous reports have further focused on the occurrence of sudden death in
relation to spert and indicated coronary artery disease as the main finding
and most probable cause of death. The presumed explanations regarding the
mechanism(s) by which exertion can induce or precipitate sudden death
remalin in many aspects hypothetical and speculative (1-18,67-6%). Further-
more the precise role of (regular) exercigse in the development and manife-

station of coronary artery disease still remains undefined.

This study demonstrates in the first place that exertion ¢an be associated
with sudden death, acute myocardial infarction and unstable angina. It was
also shown that these three clinical acute coreonary syndromes c¢an occur
during exercise as well as within one hour after it. The time delay of one
hour after exercise is arbitrary but considered to maintain the assocliation
with the coronary event (103). Furthermore a relation between exercise and
acute coronary events was demonstrated in previcusly healthy subjects as
well as in patients with known or suspected corconary artery disease.

A series of new cbservations can be derived from the analysis of the
findings and data achieved with this study. An acute coronary event related
to sport is in most cases unexpected. Although also in the general popula-
tion such an event is very often unexpected, prodromal symptoms in exerci-
sers were significantly less frequent. One could observe that sporters
often deny their symptoms. Because of the lack cof prodromal symptons such
an event can also be considered as unpredictable. In the cases reported in
relation to exercise testing the development of a corcnary event was alsc

unexpected but not unpredictable in every case.
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In this study the corcnary artery responsible for the acute event was
identified. Further, it was shown that in almost 25% of the culprit
arteries, after ncon-mechanical reperfusicn, there was a minor to mederate
residual stenosis. Clinically, such a degree of obstructive disease is not
expected to provoke ischemia and symptoms. The lack to show angicgraphical-—
ly a minor stenosis in a higher percentage of cases can rely on persistence
of intraccronary thrombi or intimal haemorrhage (84). Nevertheless in
sporters the degree of residual stencosis of the culprit artery was less
than that found in an age-matched group of sedentary people. The low
percentage of prodromal symptoms can relate to the finding of minor
residual stenosis of the culprit artery and lead to the conclusion that
exercise can induce abrupt (sub)occlusicn of a previously mcederately
diseased coronary artery. A clinical demeonstration of this occurrence was
made possible in a few patients after an exercise stress test. These
findings also support the initial hypothesis of a causal relation between
sport and acute corcnary events. Although the guestions of why that day and
why at that time a coronary event occurred remain unanswered, the relation
©of these events to exertion was direct and indicated a causal relationship.
In other studies a statistical analysis of these events showed that they
occurred in relation to exercise significantly more often than expected by
chance. The recurrence of acute coronary events in relation to sport in twe
cases in this study demonstrates that the relation cannot be further
regarded as merely coincidental.

This study also demonstrated that pecple engaged in regular sporting
activities have less coronary risk factors and less extent and severity of
coronary artery digeagse than their sedentary coetanecus companion. This
shows that regular wvigorous exertion protects against coronary atheroscie—
rotic disease and death but does nct render the subjects immune to them.
Coronary artery disease can be reduced but not arrested by habitual
physical exercise. In some previous reports it has been shown that obstruc-
tive coronary disgease can even occur in highly trained people (18-22-32).
This applies both for people with and without ceronary risk factors as
shown alsc in this study.

The present study provides the first acute coronary angiographic demonstra-
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tion of a continuous spectrum of acute coronary events related and unrela-
ted to sport. The coronary angiographic findings were similaxr and suggested
a common pathogenesis. However althcugh the pathogenesis is likely to be
the same, the precipitating facteor(s) ({pathophysiology) may ke active
throughout other mechanisms in sport-related syndromes.

Az far as sudden death is concerned this study showed that exercise-related
cardiac arrest can rely on an acute ccronary event, irrespective of the
clinical presentation after resuscitation (unstable angina, acute myocardi-
al infarction or no ischemia). It was demonstrated that exercise — related
silent ischemisa can precede cardiac arrest and that the electrocardiogram
can be normal after restoration of the circulation. Therefore the diagnesis
of sudden ischemic death may be missed in the presence of a normal electro-
cardiogram after resuscitation. In such circumstances coronary angiography
is recommended. Conversely it was also demonstrated that no ischemia was
detectable on the electrocardiogram Jjust prior to the occurrence of
exercise-related cardiac arrest and that acute ischemia was pregent after
resuscitation. These two possible manifestations seem to depend on collate=
ral filling of the culprit wvessel subject tc acute {sub) occlusion and

prcbably related to the evolution of the acute lesion itself.

Sudden ischemic cardiac death. Some data of this study may alsc shed some
more light on the mechanisms of cardiac arrest in acute transmural myocar—
dial ischemia. In experimental studies it has been shown that both acute
corcnary occlusion and reperfusion can trigger the occurrence of ventricu-
lar fibrillation (105). The pathological finding of peripheral coronary
thrombo-embolisation, with or without corcnary occlusion, in wvictims of
sudden ischemic death has been ascribed as a cause of wventricular arrhyth-
mias and cardiac arrest (84,85-106=-107}. These ocbervations however are
based on nmaterial of patients who died hours or days after the onset of
acute myocardial infarction. Furthermore an undetermined series of post-
mortem changes can o¢ccur. In this study, in both the patients admitted with
the diagnosis of acute myocardial infarction or as resuscitated from
cardiac arrest there was acute transmural ischemia on the electrocardio-

gram. The predeminant finding at acute coronary angiocgraphic study was
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occlusion of the culprit artery. Patent vessels were found after prior
administration of thrombelytic therapy. Other parameters such as wvessel
diameter and dominance, culprit c¢oronary artery, site of occlusion,
morphology of lesion and presence of thrombus were similar in patients with
acute myocardial infarction and cardiac arrest, either in sporters and in
sedentary pecple. Thus, no coronary angiographic differences were found in
patients with acute myccardial infarction irrespective of the occurrence of
cardiac arrest. Therefore it is not unreasonable +to suggest that the
development of cardia¢ arrest might just rely on enhanced individual
myocardial instability. This electrical instability may be manifest during
the episode of acute ischemiz but may not ke proveocable at a later stage
when ischemia is not present. Corcrary occlusion, rather than reperfusion,

seems the trigger responsible for sudden ischemic death.

Cerebral outcome after cardiac arrest. It is interesting to note the
excellent cerebral recovery ¢f all but one resuscitated victims of out-of-
hospital cardiac arrest in this study. Although these patients were in coma
on admission, after cardico=-pulmonary resuscitation lasting approximately a
mean cof 20 minutes, they had a complete cerebral recovery. Besides this
study the author and his colleagues had the same experience with a larger
number of survivors of sudden ischemic death (108-110). A similar experien-
ce has also been recently reported by others (11l). It is noteworthy that
the gingle patient who died of cerebral complicaticons did not receive
thrombolytic theraphy. There is suggestive experimental evidence that early
antithrombotic cor thrombolytic therapy after resuscitation can promote post

ischemic neuronal recover (112-113).

Limitatiens. In this Study an attempt has been made to increase our
understanding of +the development and manifestation of coronary artery
ischemic disease in relation to sporting activities. Therefore the subject
of this study only represents a small part of the body of possible causes
responsible for the phenomencn of exercise-related sudden death. The
findings of coronary (sub)occlusion and the angiographic evidence of plague

rupture do not necessarily exclude other possikilities in the pathogenesis
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of an acute coronary event in the patients of this study. However, determi-
nation of the causal role of other factors (hydration, free fatty acids,
hyperthermia, enhanced thrombosis etc.) is difficult and their precise role
is still hypothetical. In the patients of this study there were no abnorma-
lities detected on routine blocd examination and kasic haemostatic tests
were nermal. As regards to coronary artery diseases the cbservations made
in this study might not necessarily apply to all cases of acute corconary
syndromes related to exertion. Indeed the study selection comprised a group
of well trained habitually sportive people (which has not been previously
reported in the literature). Therefore the results presented may not apply
to occagional, unconditioned and not previously healthy people developing
an acute corcnary syndrome related to sport. In this study and in previous
reports by others it has been perhaps arbitrary to assume that events
cccurring (within one hour) after exertion still are related to it.
Limiting the study group teo coronary events occurring during exertion could
avoid a series of confeounding variables connected with the post—exercise
pericd {(thermal stress of hot shower, smoking and release of free fatty

acids, emotional stress etc).

Genaral conclusion. The three acute coronary syndromes, unstable angina,
myocardial infarction and sudden death, can be associated with sport and
have a common pathogenesis. Aoute ¢orcnary syndromes related to sport can
occur in previously healthy well conditioned young and middle~aged people
with or without corcnary risk factors. In this population the occurrence of
an acute coronary event is very often unexpected and unpredictable. Sudden
death related to exercise can be due to acute coronary (sub)occlusion also
in cases that acute corcrary envolvement 1is not clinically evident. A
Preexistent severe stenosis is not a prerequisite for developing an acute
coronary event in relation to sport.

With regard to the culprit coronary artery in acute c¢oronary syndromes
there are no differences whether their occurrence is related or unrelated
to sport. The basic pathologic coronary lesion is likely to be the same:
plagque rupture. The precipitating factor may be different. In wview of our

findings the hypothesis of exercise-induced plague rupture is at present
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the most probable mechanism. People engaged in regular sperting activities
belong to the healthy population, have less corconary risk factors and in
cage of coronary accidents have 2 more favourable clinical outcome. Regular
exercise is associated with less severity and extent of atherosclerctic
coronary artery disease and therefore has a coronary protective effect.

There is convincing evidence of a causal relationship between sport and
acute coronary events. It remains unknown why some subjects are prone to

develop such an event.

Areas of future research and recommendations. At present, the study of the
phenomenon of sudden cardiac ischemic death and other coronaxy syndromes
rglated to vigorous exertion is hampered by inadequate attention being paid
to the problem by sports—governing bodies and by the relative indifference
of physicians to the circumstances preceding the development of an acute
coronary syndrome. A national registry of all coronary syndromes occurring
during and directly after sporting activities is expected te result in the
same limitations of previcus reports and epidemiologic studies. Although a
better insight might be provided inte the real impact of sport on the
provocation of coronary events this will not help to elucidate the mecha-
nism(s) of these events nor help to indentify subjects at risk. The
approach of performing (acute) corcnary angiography in this study has
proved to provide original and important information by means of which new
light c¢an be shed on the pathogenesis of exercise-related acute coronary
events. Therefore, future studies should achieve all clinical and corcnary
angiographic data of sporting people developing a corcnary syndrome.

In view of the low percentage of coronary events in the sporting population
(in the Netherlands approximately 150 deaths per year. 1132) a prospective
large—scale comparative study between sporting and non-physically active
people is unlikely to be feasible, because of the ocrganization needed and
high costs reguested. However it should be investigated whether an interna=-
ticnal cooperation could be able to crganize and finance such a prospective
study. Future observatiocnal and clinical studies should relate to clearly
defined habitual exercisers cor well conditioned people versus sedentary

people. Attention should also be paid to the occurrence of acute coronary
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events unrelated to exercise in the sporting population.

The identification among sporting people of subjects at risk for a coronary
event related to sport remains the main problem. Therefore, education about
the kind of cardiac symptoms and their early recognition is of paramount
importance for sporting people. A medical check-up should be mandatory for
all individuals aged 30 years and older who intend to start sporting. An
exercise stress testing should bhe routinely performed. Regular control
should be regquired for those people with known c¢oronary risk factors.
Sporters should be encouraged to stop smoking and have hypertension and
hypercholesterolemia treated. Survivers of myocardial infarction and sudden
death related and unrelated tec sport should undergc coronary angiography
and heart catheterization prior to resume or initiate sporting activities.
They should be advised by a sport-physician and a cardiclogist both for
competitive and recreational sporting activities. After resuming sport
these people should ke followed—up very carefully because of the pogsibili-

ty of recurrence.
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BEXERCISE - INDUCED PLAQUE RUBPTURE

A hemodynamic hypothesis

The basic lesion of athercsclerosis is the intimal plague. Fissuring or
rupture cf an atherosclerotic plaque can lead to both progression of
chronic atherosclerosis and episcdes cf acute ceoronary thrombosis with the
potential development of acute ischemic syndromes (100). The concept that
atherosclerotic plaques underge rupture has been c¢learly defined by recent
patholegical, angiographic and angioscopic studies (97-99). Rupture is
unlikely to occur only in severely ocobstructive plagues (98). Some angio-
graphic studies in patients treated with thrombolytic therapy for acute
myocardial infarction have shown that after reperfusion the underlying
lesion had less than 70% diameter stenosis in the majority of cases {100).
Furthermore coronary occlusicn can occur at sites where the degree of
preexisting stencsis is 50% or less of the vessel diameter — as it has been
substantiated from necropsy and clinical sgtudies in which angiograms taken
some days cr months before an acute coronary event were available (98,114,

117,118). The identification by postmortem angiograms of eccentric stenosis
with ragged outlines and intraluminal filling defect consistent with plague
rupture and thrombus has drawn attention that identical appearances were
present in angiograms of patients with unstable angina, acute myccardial
infarction and in some resuscitated wvictims of sudden ischemic death
{100,109,115,118). Therefore plague rupture is considered as the patholo-
gical basis of the three acute coronary syndromes (98). Necropsy studies
allowed the identification of three distinct stages in thrombosis associa-
ted with plague rupture (Fig. 1). The first is an intimal <tear with
thrombotic mass (platelets) within the intima but without intraluminal
thrombesis. The second i1s assoclated with a mural thrombotic compeonent that
projects ocut through the rupture into the arterial lumen. In the final
stage the thrombus (mainly fibkrin and red blcod cells) within the lumen
hecomes occlusive. Mural non occlusive thrombesis are generally associated

with distal emboli of small platelet thrombi (106,107).
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A B (o4
Plague rupture Mural and intra- Coclusive intralumi-

luminal thrombus nal thrombus

Fig 1 Schematic representatien of the three stages in thrombosis associated with plague rupture. A,
Inital plaque rupture. B. Rupture leads to intraintimal and intraluminal mural thrombosis. C.
Rupture results in occlusive thrombosis. (Adepted from Reference 93).

Such mural thrombi have also been observed by angloscopy in wvive in
patients with unstable angina and at angiography in patients with unstable
angina, acute myocardial infarction and survivors of sudden ischemic death
{99,109,119,120). Platelet adhesion and thrombus formation by releasing
vascactive substances can induce corcnary wvasospasm which in turn can
reduce coronary blood flow in situ and enhance the progression of thrombus
formation (121-123)., Rupture of an atherosclerotic plague can initiate a
series of hemostatic coagulative processes and dynamic vasoactive changes
which c¢an lead to coronary (sub) occlusion and the manifestation of an’

acute coronary event. (Fig. 2).

Plague rupture

1
Intraintimal thrombosisi* Coronary (sub) occlusion
sSD i
UR " Vasocenstriction

Intraluminal thrombosis <

sD <+ \\

Coronary empolisation -~ Corenary (sub) occlusion

Fig 2 Schematic representation of the proposed relation between ¢linical coronary syndromes and
dynamic changes evoked by plaque rupture, Plague rupture by intraintimal and introluminal thrombosis
and vasospasm and embolisation of the combination of all of them can lead to coronary (sub)
occlusion with development of unstable angina (UA), acute myocardial infarction (AMI) and sudden
death (SD). (Adapted from Reference %8).
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The mechanism of plagque rupture is unknown. Pathological studies have
revealed that atherosclerotic plagues are commonly composed of a crescent-
shaped mass of lipids separated from the vessel lumen by a fibrous cap
(98). The commonest site of tearing is where the cap is attached to the
normal vessel wall and it seems that eccentric plagues are more likely to
rupture (124-126). In a =small proporticn of intimal tears lipid pool was
not inveolved. Computer modelling for analysis of simulated vessel walls
containing plagues of different configuration and biochemical properties
showed that a cap overlying an area of 1lipid pool is subjected to high
concentration of stress which c¢an contribute to intimal tearing (124).
Beside structural and merphologic properties an increase of shear rate in
the area of stenosis, anatomic changes of the vessel during each cardiac
contraction and changes in coronary artery tone or pressure have also been
suggested as possible factors that can lead to plagque rupture (100,126).
Therefore the possibility of rupture of an athercsclerctic plagque may also
depend on external mechanical influences. Moreover the above mentioned
experimental model (124) can apély to plagques that clearly protrude into
the vessel lumen but does not explain why rupture alsc occurs in moderately
obstructive plagues (100). There is however additional evidence that
athercsclerotic segments of corcnary arteries have an aknormal vasodilator
function, probably related to a deficiency in the production and releasze of
endothelium - derived relaxing factor (127). In this regard the intracore-
nary administration of the vascdilator acetylcheline to patients with minor
or severe obstructive disease resulted in vasoconstriction (128). Similarly
diseased corcnary arteries have impaired vasodilator responses to adenosine
dipheosphate as well as increased vasoconstrictor response to serotonin and
thromboxane A, (129). Therefore it appears that atherosclerosis is associa-
ted with an abnormal wvasoconstrictor response to physioclogically mediated
neurchumoral stimuli. This abnormal response may be important in the
pathogenesis of corcnary wvasospasm. Platelet adhesion and activitation at
the site of damaged endothelium may play a contributing rele by releasing
vagsoactive substances. Recent studies have also shown that cardiac sympa-
thetic nerve stimulation by dynamic or isometric exercise can produce

vagsoconstriction of diseased coronary arteries (130-133). Exercise is
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associated with a rise in serum catechclamines (134) and in some patients
the abnermal vasoconstrictory effect can be reduced or abolished by nitro-
glycerin (131) as well as by a-(135) and B~ blockade {136). Unopposed o~
adrenergic stimulation due to endothelial dysfunction of diseased vessel
segments appears to be responsible for the abnormal wvascconstriction.
During exercise the high rate of bending and twisting of the diseased
coronary artery during each cardiac¢ contraction and the related occurrence
of vasoconstriction may enhance stress within the plagque creating conditi-
ons favourable for the development of plague rupture. Intrinsic characte-
ristics of the athercsclerotic lesion in combination with external hemo—
dynamic mechanical forces acting on the plague itself may contribute to its
rupture. Therefcore it is nct unreasoconakble to hypothesize that exercise may
induce rupture of an atherosclerctic plague with the potential of develo-
ping coronary (sub) occlusion and the clinical manifestation of one of the

acute coronary syndromes (Fig. 3).

Exercise
. -~ \) s
Release of catecholamines Platelet adhesion - activation

Endothelial disfunction
of atherosclercotic segment
¢
Abnormal vascoconstriction
+
Plague Rupture

Fig 3 Schematic representation of the proposed mechanism by which exercise, through release of
cathecolamines and platelet activationh, may provoke abnormal vasoconstriction of a diseased vessel
segment thereby inducing plague rupture.

This hypothesis can explain the suddenness of corconary events during or
after exercise, the paradox of these events, the clinical presentation and
the coronary angiographic findings of the patients described in this
thesgis. Such a mechanism may also explain why rupture occurs in moderate
relatively nonprotruding plagues. This hypeothesis may alse give a raticnale

for the occurrence of coronary events either during or after exercise. If
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exercise induces or provokes plague rupture, the intracoronary dynamic
changes set in motion can be either self-limiting or have a fast or
relatively slow evolution. The rate of evolution of these intracoronary
changes can explain respectively the cccurrence of a coronary event during

and after sport (Fig. 4).

Exercise
3
Plague Rupture
1
Intracoronary dynamic¢ changes
L

self limiting

Fast evolution Slow evolution
+ 1
Coronary events Coronary events
during spoxt after sport

Fig 4 Schematic representation of the proposed hypothesis by which exercise-induced plagque rupture
may explain the cccurrence of acute coronary events related to exercise depending on the evolution
of the intracoronary thanges initiated by the plaque rupture itself.

At present there is no direct evidence that hemodynamic forces or stimuli
related to exercise can provoke plague rupture. Therefore, this hypothesis
and the proposed mechanism are speculative. Intensive clinical and experi-

mental investigation in this area is necessary-
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SUMMARY

Acute ischemic coronary disease is the major cause cof death in Western
Civilization. A considerable number of sudden deaths and coronary events
have been related to sporting activities. However, the mechanism of these
deaths and events is still elusive.

In Chapter 3 a group of subjects with acute myocardial infarction and a
group of subjects resuscitated from sudden death occurring after sport were
studied. Their clinical and coronary angiographic data, together with the
morphological analysis of the culprit coronary artery, suggested that the
findings of both groups and, by consequence, the pathogenesis of their
coronary events, were similar. It was further concluded that exercise might
provoke coronary (sub)occlusion by inducing rupture of an atherosclerotic
plague. However, it could not be excluded that the occurrence of myocardial
infarction and sudden death was merely coincidental. Twe subjects were des~
c¢ribed who developed respectively recurrent acute myocardial infarction and
sudden death after sport, and recurrent acute myocardial infarction during
sport. These cases showed that some subjects are susceptible to developing
a coronary event in association with exertion and that the asscciation may
not be merely coincidental.

In Chapter 4 the clinical, electrocardiographi¢ and angiographic findings
are reported of seven subjects who developed an acute corcnary event after
an exercise test which was normal in six cases. In four patients corcnary
angiography prior to the test showed either minor ©r no evident obstruction
of the coronary artery, which appeared totally or sub-totally cccluded
after the test. This finding suggested that exercise induced plagque
rupture, which in turn led to coronary (sublocclusion. The time delay
between ending a normal exercise test and the development of symptoms could
also be explained by a delay in the terminal evolution of a coronary
process initiated by plague rupture. The findings concerning one of these
subjects were extensively described in a case report. Another observation
was that development of an acute coronary event with ceoronary (sub)occlusi-

on is not necessarily related to pre-existent severe obstructive disease of
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the coronary artery.

In Chapter 5 the question was addressed as to whether there were comparable
findings among 42 middle-aged subjects whe developed unstable angina, acute
myocardial infarction and sudden ischemic death either during or after
sport. The second gquestion referred to the pathogenesis of these events.
The third question was whether subjects at rigk could be identified. Most
subjects had no prodromal symptoms. Almost one third had no coronary risk
factors. Acute coronary angiographic study showed similar findings among
subjects with differing coronary events either during or after sport,
suggesting a common pathogenesis. The lack of differences bhetween acute
myocardial infarction and sudden ischemic death (coronary occlusion was the
most common finding) did not support the wiew that reperfusion arrhythmias
were the cause of sudden death. Since in most instances the coronary event
was unexpected and unpredictable, it was deduced that identification of
subjects at risk might be pessible, though very difficult. About 75% of
subjects had single-vessel coronary digsease and more than 38% showed a
minor +«o moderate (up te 65%) residual stenosis after reperfusion of
ogecluded coronary arteries. This latter finding integrated the conclusion
drawn in Chapter 4 that a minor stenosis can constitute the basis for
(sub)total coronary occlusion. Exerxrcise-precipitated plague rupture was
indicated as the probkable mechanism of the acute <¢oronary events.-

In Chapter 5 a comparison between sudden ischemic death occurring during or
after sport and during or after an exercise test showed that exertion can
precipitate sudden <death by provoking an acute coronary event. It wag alsc
demongstrated that the clinical manifestation of sudden death can rely on
silent ischemia, unstable angina and acute myocardial infarcticn. These
differences depended on the process responsible for (sub)complete interrup-
ticn of flow and the presence of collateral circulaticon of the coronary
artery involwved. Arrhythmia deriving from acute temporary or persistent
igchemia due to an acute coronary event rather than reperfusion was the
cause of sudden death.

In Chapter 7 relevant ¢linical and ¢oronary angiographic differences were
shown between conditioned and sedentary people developing an acute coronary

syndrome related and unrelated to exerticon. Sporting people had fewer
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coronary risk factors, extent and severity of coronary artery disease and a
better short—-and long-term clinical outcome. Analysis of the culprit
coronary artery did not show differences between the groups. This indicated
a common pathogenesis for acute corcnary syndromes related and unrelated to
gport. However the precipitating mechanism(s) may be different for sport
related events. This comparison defined the benefits and risks of exercise
and underlined the paradox of exercise unexpectedly causing an acute
coronary syndrome in previocusly healthy people. Identification of subjects

at risk does not seem te be easily achievable.

SAMENVATTING

Acute ¢oronaire hartziekte is de belangrijkste doodsoorzaak in de westerse
landen. Een beduidend aantal wvan plotselinge doden en acute coronaire
hartziekten werd in verband gebracht met sportbecefening, alhoewel het
mechanisme van het overlijden en de coronaire ziekten hypothetisch blijft.
In dit onderzoek zijn nieuwe waarnemingen wvan de klinische en acute
coronaire angiografische bevindingen van gezonde goed getrainde mensen en
van patienten beschreven die onstabiele angina pectoris of een hartinfarct
deormaakten, of geresusciteerd werden wegens cardiale dood ontstaan
respectievelijk tijdens of na het sporten en tijdens of na een inspannings-
cnderzoek. Br werd aangetcond dat de bkevindingen bij deze mensen en
patienten overeen kwamen. Het meest waarschijnlijke mechanisme wvoor de
acute coronaire episodes was een door inspanninggeinduceerde ruptuur wvan
een atherosclerotische plagque. (Hoofdstukken 3,5). Dit wordt ondersteund
deor de bevinding dat lichamelijke inspanning (sub)occlusie van een wvan
tevoren normaal of matig stenctisch coronaire wvaten kan wveroorzaken
(Hoofdstukken 4,5). Verder werd aangetoond dat pletselinge dood bij fysieke
activiteit kan worden veroorzaakt door ventriculaire ritmestoornissen op
grond van dJoor inspanning geinduceerde myccard ischemlie (Hoofdstuk 6).
Tenslotte (Hoofdstuk 7), sportbeoefenaars hadden minder c¢oronaire risico
factoren en minder ernstige corcnaire vaatziekte. Voor aan sSport en niet
aan sport gebonden acute corcnaire hartziekte geldt dezelfde pathogenese.

De luxerende factor kan evenwel wverschillen. Het ontstaan van een acuut
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coronalr syndroom in relatie tot sgportbecefening blijft in de meeste

gevallen onverwacht en onvoorspelbaar.
SOMMARIO

Le malattie coronariche acute (angina instabile, infarto acuto e morte
instantanea - le cosidette gindromi coronariche acute) rappresentanc la
principale causa di morte nelle nazioni occidentali. Una percentuale
importante di morti e di malattie coronariche acute accade in relazione ad
attivita' gportive. Tuttavia il meccanismo responsabile di queste gindromi
coronariche acute non € angora ben chiarificato. Queste studic riporta
nuove osservazioni cliniche e corcnarico angicografiche di scggetti sani e
sportivi e di pazienti con sindromi corcnariche acute occorrenti rispetti-
vamente in relazione ad attiviti sportive e ad una prova da sforzo. Si &
dimostrate che le caratteristiche coronarico-angiografiche &i questi
soggetti e pazienti sono simili. Incltre si & ipotizzateo che l'esercizio
fizico possa provocare la rottura di una placca aterosclerctica inducendo
cos\i una delle sindromi coronariche acute (Capitoli 3,5). Questa ipotesi
viene rafforzata dall‘osservazione che 1l'esercizio fisico puB provocare
l'occlusione di arterie coronariche precedentemente normali o moderatamente
stenotiche (Capitoli 4,5). In riguardc alla morte instantanea associata
alleo sforzo fisico si & dimostrate che guesta pus essere causata da
disturbi ritmici wventricclari dovuti a ischemia miocardica. Quest® ultima
puE risultare da occlusicne coronarica acuta proveocata dellesercizio
stesso (Capitolc 6). Infine {Capitolo 7), i benefici dell‘esercizio sono
stati definiti in contrapposizione al rischio paradossale dell‘esercizio di
provocare una sindrome coronarica acuta. Soggetti fisicamente attivi hanno
meno fattori di rischio coronarice {¢colestercolo, usc di tabacco, ipertensi-
one) e numero e grado di stencsi corconarica inferiori rispette ai scggetti
sedentari. La patogenesi (sviluppo) delle malattie coronariche acute in
relazione all‘esercizico ¢ a riposo e* la medesima. Tuttavia la causa puo®
esgere diversa nel ¢aso di attivita® fisica. L‘'occorrenza della morte
instantanea, Iinfarto acuto e angina instabile in relazicne all‘esercizio

fisico rimane nella maggioranza dei casi inaspettata e imprevedibile.
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