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GENERAL INTRODUCTION 

There are two major reasons for cardiological evaluation of patients with a 
cerebral ischemic event. First of all the heart may be the cause of this cerebrovas­
cular event. Cardiac investigations can be directed towards finding a potential 
embolic source in the heart [1, 2, 3, 4, 5] or detecting causes of cardiogenic 
circulatory insufficiency leading to prolonged cerebral hypoperfusion [6]. 
Secondly, there is the fact that atherosclerosis is a generalized vascular disorder, 
which probably explains the existence of a strong association between cerebral 
and cardiac ischemic disease, as shown by many previous studies [7, 8, 9, 10, 11, 
12]. Patients with a cerebral ischemic event have a high monaliry rate (6% per 
year) and myocardial infarction is the most common cause of death among these 
patients [8, 13]. 

Treating a patient with a cerebral ischemic event without looking for possible 
cardiac causes, or without trying to prevent future cardiac events, can therefore 
not be justified. Bearing in mind the great number of parients in the Western 
world affected by cerebrovascular events [14, 15, 16], the social and financial sa­
vings for society would be tremendous if a rational, comprehensive and cost­
effective plan for investigation and therapy with respect to the cardiological 
evaluation of these patients could be established. Such a plan is only feasible 
when neurologists and cardiologists collaborare. The following thesis is the result 
of such an interdisciplinary cooperation. 

Chapter I discusses some basic medical principles and philosophical con­
siderations thar one should be aware of when studying the relarionship between 
the brain and the heart. This introductory chapter also provides a survey of the 
results of cardiological evaluation of patients wit.ll cerebral ischemic events to 

dare. 
Chapters II and III deal wit.ll various cardiac investigations and t.lleir possible 

role in t.lle detection of intracardiac causes of cerebrovascular accidents. In 
Chapter II transesophageal echocardiography is compared with precordial 
echocardiography with respect to its accuracy in detecting intracardiac sources 
of emboli in patients with TIA or minor ischemic stroke. Chapter III describes 
the value of transmittal flow analysis by pulsed Doppler for the identification of 
patients at risk of cardioembolic stroke in chronic non-valvular arrial fibrillation. 
Cardioembolic risk assessment may become quantifiable by means of this non-
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invasive and relatively cheap technique and its quantitative results can be compa­
red over a period of follow-up. 

Chapter IV compares hemostatic parameters of patients with a cerebral 
ischemic event with or without atrial fibrillarion and patients without previous 
cerebral ischemia. 

In Chapter V the background and the design of the Dutch TIA Trial [17] are 
described. 

In Chapters VI and VII the prevalence and predictive significance of clinical 
and electrocardiographic signs of ischemic heart disease are described in patients 
with a transient ischemic artack or minor ischemic stroke; the study population 
consisted of the patients who participated in the Dutch TIA Trial [17]. 

Finally a review of the current literature is presented in order to provide some 
insight into the question whether secondary prevention of major cardiac ischemic 
events may require a different dose of aspirin from that for secondary prevention 
of recurrent ischemic stroke (Chapter VIII). 

The General Discussion, using the findiogs discussed in the previous 
chapters. intends to determioe which cardiac investigations should be done in pa­
tients with a cerebral ischemic event and we dwell on the need of interdisciplioa­
ry cooperation in the diagnosis and treatment of patients with cerebral ischemia. 
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CHAPTER I 

INTRODUCTION 

Atherosclerosis is a generalized vascular disorder, the etiology of which is not yet 
fully understood. Atherosclerotic cerebrovascular and coronary heart diseases are 
some of the greatest problems the national health services in the Western world 
are faced with. The cardiologist is concerned mostly with the aspects of 
atherosclerosis in the heart, whereas the neurologist deals with its manifestations 
in the brain. It is not surprising therefore, that a great overlap exists between the 
work of the neurologist and that of the cardiologist, when both are dealing with 
patients suffering from atherosclerotic disease. Supraspecialization in each of the 
two fields does not facilitate conununication between these two specialists. 
Cooperation in the investigation of atherosclerotic manifestations in both 
specialties would probably disclose similatities as well as differences, which 
might bring about a better clinical understanding and consequently a more 
rational treatment of atherosclerotic disease both in the brain and in the heart. 

Natural history studies of patients with a transient ischemic attack (TIA) or 
ischemic stroke have shown a 5% risk of death by ischemic heart disease per 
year, a rate which exceeds that of patients with angina pectoris [1, 2, 3, 4]. 
Patients with asymptomatic cervical bruits even have a higher risk of cardiac 
ischemic events than of stroke [5]. An ischemic event in the brain may also be 
the fust manifestation of an already existing intracardiac embolic source, which 
in the Western world is mostly caused by ischemic bean disease (non-valvular 
atrial fibtillation, myocardial infarct, congestive heart failure) [6, 7, 8]. 

Dia.,onostic techniques in one field of atherosclerosis have proved their value 
for detection and prediction of ischemic events in the other field. Early studies 
of the Framingham group as well as some other more recent studies have shown 
that the ECG, quite a typical cardiological investigation, has a high predictive 
power for subsequent stroke in patients with cerebral ischemic events [9, 10]. In 
reverse, it has also been reponed that electrocardiographic changes, arrhythmias, 
and even myocardial datnage result from cerebro-vascular events [11, 12, 13]. 
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Considering these correlations between hean and brain in atherosclerotic disease 
it is only to be expected that therapies for atherosclerosis both in (extra)cerebral 

and in coronary vessels have common aspects. An exatnple is the secondary 
prevention with antiplatelet agents of cerebrovascular as well as coronary 
thrombotic events [14, 15, 16, 17]. Another example is the recent introduction of 
thrombolytic therapy in the acute phase of stroke [18, 19], which therapy has 
already been widely accepted by cardiologists because of its clear benefit in the 
acute phase of myocardial infarction [20]. 

Notwithstanding the similarities between atherosclerosis in the hean and in the 
brain, differences, of course, must exist, because hean and brain are different 
organs with different histology and physiology. It is not surprising therefore, that 

different regimens of treatment are used in both fields. However, it is not known 
whether some of these differences in treatment are based upon fundatnental 
differences between specific properties of the hean vs. the brain or whether they 
are the consequence of a lack of communication between neurologists and 
cardiologists. Up till now for example, neurologists have generally used a dosage 
of 300 mg aspirin a day for the secondary prevention of cerebrovascnlar events 
caused by atherosclerosis [21], whereas most cardiologists use only 100-160 mg 
aspirin a day for the secondary prevention of coronary atherosclerosis [14]. 1bis 
difference in dosage of aspirin may be caused by the difference in properties 
between the coronaries and the (extra-)cerebral atteries. Another reason for this, 
however, may be that these doses were established on the basis of large clinical 
trials which were designed separately in both fields. 

The aim of this thesis is to approach the clinical and epidemiological aspects of 
patients with cerebral ischemic events, while recogoizing the existence of bean­
brain interactions in atherosclerotic disease [22]. The general idea is that the 
organism shonld be considered as a whole; the philosophical term for this idea 
is 'holism' [23, 24, 25]. In biology the holistic idea can be confirmed by the 
existence of generalized diseases such as atherosclerosis [26, 27, 28]. A cerebral 
ischemic event can be considered as a 'Gestalt'. 1bis 'Gestalt' consists of a 
figure and a background [21]. In the figure the special or local relationship of 
atherosclerosis with one patt of the organism is expressed: in cerebral ischemia 

the brain is the affected organ. The figure, however, may never be considered 
apatt from its background. In brain ischemia, the background is formed by 
atherosclerosis existiog in the whole organism; coronary sclerosis is pan of this 
background. The extent to which the specific or local charaCter of an event 
manifests itself, depends on the influence of the local event on the phenomenon 
as a whole and vice versa. 
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The appearance of cerebral or cardiac manifestations of atherosclerotic disease 
is not only determined by the individual response of an organism to the disease 
but also by the specialist who is looking at the individual patient. The neurologist 
and the cardiologist looking at the same symptoms see different things when 
examining a patient with brain ischemia, even if the cardiac symptomatology may 
be more serious and prognostically worse [24]. Recognizing the permanent 
interaction between heart and brain, interdisciplinary study and treatment of 
patients with brain ischemia may overcome some of the lintitarions that occur 
when each discipline examines those patients separately. 

Recognizing and investigating heart-brain interactions in atherosclerotic disease 
will eventually lead to the development of a structural, common plan for 
diagnostic procedures and therapies for both the neurologist and the cardiologist 
in their treatment of patients with brain ischemia. The realization of such a 
common plan is not only mandatory because of the scientific-philosophic premise 
that the organism is a whole, but also for ethical reasons. Both the neurologist 
and the cardiologist are not treating an abstract illness but a sick individual, who 
is of course the same for both specialists. Treating a patient with brain ischemia 
without recognizing the relation to the heart and without trying to prevent 
probable future cardiac ischemic events besides recurrent stroke, cannot be 
justified. Recent studies revealed an increased incidence of stroke in the 1980s 
after a decline in the 1970s [29, 30] and no difference in survival after transient 
ischemic attacks during 2 years of follow-up between the 1970s and 1980s [31]. 
The incidence of stroke as well as the survival after stroke are strongly related 
to the heart, as stated before. In order to achieve a decline of stroke incidence 
and prolong survival after stroke in the 1990s; a thorough investigation of the 
cardiac status in stroke patients is needed; treatment of their coronary artery 
disease is indicated, maybe even if it is still asymptomatic [3, 22], as well as 
appropriate prevention of cardioembolism [7]. 

The heart as a possible cause of cerebral ischemic events 

Cardiac causes of cerebral ischemic events are either the presence of an embolic 
source in the heart or the occurrence of cardiogenic circnlatory insufficiency 
leading to prolonged cerebral hypoperfusion. The presence of an intracardiac 
embolic source can be suspected from the clinical history (for example, recent 
myocardial infarction), physical examination (for example, mitral stenosis) or 
from electrocardiography (for example, atrial fibrillation), but the clinical 
diagnosis is mostly lintited [7] and cannot be made on the basis of neurologic 
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clinical criteria either [32]. It is thought, thai one in six ischemic strokes can be 
attributed to cardiogenic embolism [6]. Visualization is necessary to confum the 
presence of such an intracardiac source of embolism. The most practical and non­
invasive tool for its detection is echocardiography [33]. Even after finding a 
cardiac source of embolism in paxients with a cerebral ischemic event, 25% of 
these cases have coexistent other identifiable causes of stroke [6, 34]. Numerous 
studies have shown that very little additional informaxion about a cardiac source 
of embolism is provided by precordial echocardiography if clinical exantinaxion 
and electrocardiography of patients with cerebral ischemic events did not reveal 
cardiac abnormalities already [6, 7, 8, 35, 36]. The routine use therefore, of 
precordial echocardiography in paxients with a cerebral ischemic event does not 
seem necessary. Transesophageal echocardiography on the other hand has clear­
cut potential advantages compared to precordial echo for the detection of 
intracardiac sources of embolism [37, 38, 39, 40]. It is, however, an invasive 
investigation and a strict indication for the cardiac work-up of paxients with 
cerebral ischemic events stili has to be established. When cerebral 
thromboembolism is suspected as coming from the heart or when neurological 
examination does not reveal extracardiac causes of stroke, transesophageal echo 
may be more useful than precordial echo and should certainly be considered in 
young stroke victims [7, 39]. Intracardiac thrombi are located mostly in the left 
atrium (especially in the left axrial appendage) [41, 42], which can be far better 
visualized by transesophageal than by precordial echo [37, 38]. 

The main cardiac causes of prolonged cerebral hypoperfusion are rhythm and 
conduction disturbances. Several studies have shown thai these cardiac causes of 
cerebral ischemic events are relaxively rare [43, 44]. It is not surprising therefore, 
thai 24-hour Holter monitoring does not add much information compared with 
clinical exantination and electrocardiography in the search for a cardiac cause of 
cerebral ischemic events [8, 35, 45]. Cerebral hypoperfusion from heart pump 
failure sometimes occurs during cardiac surgery, especially in patients with recent 
stroke [46], and can be prevented by adequaie hemodynamic peroperative 
monitoring. A recent transesophageal study of Katz et al. [47], however, showed 
thai not hypoperfusion but displacement and detachment of frail, protruding 
atherosclerotic material in the aortic arch appears to be the most important cause 
of stroke in patients undergoing cardiac surgery. 

The association between cerebral ischemic events and ischemic heart disease 

As stated above, the second imponant reason for cardiological evaluaxion of 
paxients with cerebral ischemic events is the high prevalence of ischemic heart 
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disease in these patients, reflecting the fact that atherosclerosis is a generalized 
vascular disorder. The 6% per annum long-term mortality from heart disease 
among these patients is three times as high as the 1-2% annual monality atnong 
comparably aged persons without hean disease [1, 3, 4]. It even surpasses the 
3-4% per annum cardiac mortality among patients with angina pectoris. A 
transient ischemic anack or stroke should therefore not only be considered as a 
harbinger of cerebral infarction but also as a wanting signal of death from 
myocardial infarction. 

It is not yet known which patients with cerebral ischemic events are likely to 

suffer a major cardiac event. Patients with pre-existent cardiac ischemic disease 
will probably have the highest cardiac risk. The detection of ischemic hean 
disease depends on the specificity and sensitivity of the cardiac investigations. 
Thallium scintigraphy has been reponed to detect signs of ischemic hean disease 
in almost 65% of patients with cerebro-vascular events [48]. Even in 
cerebrovascular patients without angina or previous myocardial infarction 
dipyridatnole-thallium myocardial scintigraphy showed abnormalities in 60% of 
these patients. These abnormalities were prognostic for shon-term perioperative 
cardiac complications [49]. Considering the high incidence of ischemic stroke in 
the Western world, the cost of routine thallium scintigraphy in all patients with 
stroke would be enormous. It is uoknown whether the findings of cardiac 
thallium scintigraphy in stroke patients have more predictive power for cardiac 
events occUtring in the months or years after the stroke, than other, more readily 
accessible, cardiac investigations [50]. Ideally, one should use the safest, most 
reproducible, and easiest method to detect associated ischemic hean disease in 
patients with stroke, and one should know whether patients with the highest 
cardiac risk can be identified by these screening tests. Also, in this era of cost 
containment, effons should be directed towards effective and affordable screening 
tests. 
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Abstract 

Using both precordial and transesophageal echocardiography, we studied 72 
consecutive patients with a recent unequivocal transient ischemic attack or 
nondisabling stroke to determioe the relative value of the two techniques for 
detecting potential intracardiac sources of cerebral emboli. Group 1 (n=53) 
patients had no clinical abnormalities, and group 2 (n=19) patients had abnormal 
cardiac findings on clinical examination. In group 1, precordial echocardiography 
detected an abnormality in only one patient (aortic valve thickening) but 
transesophageal echocardiography defined morphologic abnormalities in five 
patients (one with a left atrial appendage mass lesion, one with aortic dissection, 
one with mitral valve prolapse, one with a mitral leaflet mass lesion, and one 
with aortic valve thickening). In group 2, both precordial and transesophageal 
echocardiographic smdies were normal in 13 patients, while both were abnormal 
in the remaining six patients. Five of these six patients had pathologic left atrial 
and/or left ventricular dilatation, but only transesophageal echocardiography 
defined a left atrial appendage thrombus in two of the six. The sixth patient had 
mitral chordal rupture, seen on both precordial and transesophageal echo­
cardiography. In addition, in 32 of the 72 patients transesophageal echo­
cardiography identified widespread thoracic aortic atherosclerotic plaques not 
visualized by precordial echocardiography. We conclude that transesophageal 
echocardiography significantly increases the yield in visualizing potential 
intracardiac sources of emboli compared with precordial echocardiography. 
However, the precise clinical value of the former in the management of such 
patients requires further study as the number of abnormal transesophageal 
echocardiographic findings is not high and a causative relation with transient 
ischemic attacks cannot be proven. (Stroke 1990; 21: 560-565). 

Introduction 

Cardiologic investigation of patients who have suffered a transient ischemic 
attack (TIA) or minor stroke is often undertaken because the bean can be the 
cause of the TIA. Until now, several methods of cardiologic investigation 
(clinical history, physical examination, electrocardiography, Holter monitoring, 
and two-dimensional precordial echocardiography) have been used in such 
patients. Previous studies have shown that the additional information provided by 
Holter monitoring [1, 2] and precordial echocardiography [2, 3, 4] is limited, and 
therefore these investigations should be requested only in appropriately selected 
patients [3, 5]. Two-dimensional precordial echocardiography in particular has 

15 



been shown to be of little value in those TIA patients aged > 45 years whose 
clinical cardiac findings are normal [2, 3, 4]. 

Compared with precordial echocardiography [6], transesophageal 
echocardiography has clear-cut potential advantages in the investigation of such 
patients since both the left atrium and appendage can be visualized [7], pathology 
of the ascending aona and aortic arch can be detected [8], and good-quality 
images may be obtained in patients with problems such as emphysema, obesity, 
and assisted ventilation. However, this technique has a major disadvantage in that 
there may be inadequate visualization of the cardiac apex. 

Because of the stated advantages, we compared the clinical values of 
transesophageal and precordial echocardiography in the cardiologic work-up of 
TIA patients. 

Suhjects and Methods 

Seventy-two consecutive patients with recent TIA or minor stroke were admitted 
to the hospital for neurologic evaluation and subsequently entered into a 
prospective study carried out between May 1987 and March 1988. Twenty-four 
patients were female and the other 48 were men; their age varied between 24 and 
73 years (mean 60.2). Two neurologists independently established a definite 
clinical diagnosis of TIA or non-disabliog stroke [9] defined as the sudden onset 
of a focal neurological deficit in a specific vascular distribution. Patients with 
possible migrainous events, seizures and vague or non-focal neuwlogic symptoms 
were excluded. 

All patients underwent computed tomography and laboratory investigations 
to exclude cerebral ischemia from causes other than artery-to-artery or cardiac 
embolism as well as disorders mimicking cerebral ischemia Laboratory 
investigations included the erythrocyte sediroentation rate (if >30 mrn/hr, then 
also antinuclear factor), hemoglobin, hematocrit, platelet count, fibrinogen, 
glucose concentrations, hepatic and renal function, and syphilis serology. 

Of the 72 patients, 20 had a TIA and 52 a minor stroke. Sixty-three ischemic 
events were located in the territory of the carotid artery and the other nine in that 
of the venebrobasilar artery. Carotid angiography was performed in 27 patients, 
who were all < 70 years of age and in whom cardiac investigations revealed no 
abnormality that could have caused the cerebral ischemic event. 

The interval from the onset of neurologic symptoms until the cardiologic 
evaluation vatied between 1 day and 3.5 weeks (mean 8 days). The cardiologic 
evaluation consisted of a clinical history and a physical examination, both carried 
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out by the same cardiologist, a 12 lead electrocardiogram and a chest roentgeno­
gram. 

After this cardiologic evaluation, we divided the patients into two groups. 
Group 1 patients had no cardiac abnormalities detected, and group 2 patients had 
cardiac abnormalities. Table 1 shows the criteria used for cardiac abnormalities. 
Group 1 (n=53) contained 15 patients with TIA and 37 patients with minor 
stroke; in group 2 (n=19), there were six patients with TIA and 13 patients with 
stroke. 

Table 1. Cardiac abnormalities on clinical examination. 

Investigation 

Clinical history 

Physical examination 

Electrocardiography 

Chest roentgenography 

Finding 

Angina pectoris 

Previous myocardial infarction 

Heart rhythm disturbances requiring medical treatment 

Signs of heart insufficiency 

Organic heart munnur 

Ventricular ex1rasystoles (>10/Ilrin.) 

Atrial fibrillation 

Old myocardial infarction 

Ischemic repolarization disorders 

Atrial fibrillation 

Ventricular extrasystoles (>10/min.) 

Cardiac enlargement (cardiothoracic ratio >50%) 

All 72 patients underwent precordial and transesophageal echocardiography on 
the same day, each by a different investigator. After obtaining informed consent, 
we recorded the precordial echocardiogram with a Toshiba SSH 65 A imaging 
system (Tokyo, Japan) using 2.5 and 3.75 mHz probes and performed 
transesophageal echocardiography using a 5.6-mHz phased-array transducer 
developed at the Thoraxcenter, Rotterdam (type HP-TEE) and interfaced with a 
Hewlett-Packard 7200 imaging system (Palo Alto, California). Introduction of the 
esophageal probe was performed after local anesthesia with a 5% lidocain topical 
spray. No prior sedation was given. 

Transesophageal echocardiography was performed systematically and lasted 
generally for approxinuttely 15 minutes. After introduction, we manipulated the 
probe until it was located in the stomach, and then we recorded a series of cross­
sectional short-axis-of-the-left-ventricle views. The probe was pulled back within 
the esophagus until a proper four-chamber view was obtained. In this section we 
focussed attention on the mitral valve and its chordae and visualized the aottic 
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valve and the aortic root, orienting the probe superiorly. Further withdrawal of 
the probe superior placement allowed us to record a series of cross-sections 
through the left atrium just above the mitral valve. This manipulation allowed a 
complete evaluation of the interatrial septum and left atrial appendage, and with 
further manipulation good visualization of the maio pulmonary artery was 
obtaioed. We then rotated the probe through 180 degrees toward the posteriorly 
located descending aona. By pulliog the probe slightly upwards, we were able 
to make sequential cross-sections of the descending aona and ultimately scanned 
the aortic arch and ascending aona. 

Results 

Transesophageal echocardiography was well tolerated in all 72 patients, with no 
resulting complications. One patient had bulbar palsy, but introduction of the 
probe in this patient produced no problems. Results are summarized in Table 2. 

Table 2. Cardiac abnormalities detected by precordial and transesophageal 
echocardiography in 72 patients with transient ischemic attack or 
nondisabling stroke. 

Precordial Transes21:hag:eal 

Group Abnormali!l n AbnonnaliEr n 

1: No cardiac abnonnalities on Aortic valve sclerosis Aortic valve sclerosis 
clinical examination (N=53) without stenosis without stenosis 1 

Left atrial appendage mass 
les10n 

Aortic dissection 
(localized m aonic arch) 

Mitral valve prolapse 

Mass lesion on mitral 
leaflet 1 

Ascending, arch and 
descendirig aortic plaques 22 

2: One or more clinical cardiac Left atrial and/or left Left atrial and/or left 
abnormalities (N=19) ventricular dilatation 5 ventricular dilatation 5 

Mitral valve chordal Mitral valve chordal 
ruprure rupture 1 

Lett atrial appendage mass 
Ies1on 2 

~ntaneous echo contrast 
ect in left alrium 4 

Ascending, arch and 
descendirig aortic plaques 10 
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Figure 1. Transesophageal echocardiogram in patient with clinical cardiac 
abnormality. Mass lesion clearly visible in left atrial appendage, 
suggesting thrombus (arrows). Ao = aona; LA= left atrium; LAA = 
left atrial appendage. 

All 53 patients in group 1 had a normal precordial two-dimensional echo­
cardiogram except for one patient who had abnormal thickening of the aortic 
valve. There was no increase in peak blood flow velocity over the aortic valve 
on Doppler examination in this patient. Transesophageal echocardiography 
revealed abnormalities that could predispose to TIA in five patients. These 
abnormalities consisted of a left atrial appendage mass lesion, a very localized 
dissection within the aortic arch, a mitral valve prolapse (in a patient < 45 years 
old), a mass lesion attached to the left atrial side of the posterior mitral leaflet, 
and thickening of the aortic valve in one patient detected also by precordial echo­
cardiography. The patient with the left atrial appendage mass lesion had no 
history of atrial fibrillation, and the left atrium was not enlarged. 
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Figure 2. Transesophageal echocardiogram in patient with clinical cardiac 
abnormality. Spontaneous echo contrast effect indicating slow blood 
flow is present in left arr:ium (arrows). Ao = aorta; LA = left atrium; 
LAA = left arr:ial appendage. 

Of the 19 patients in group 2, both precordial and transesophageal echo­
cardiograms were normal in 13. Of the remaining six patients, five had left atrial 
and left ventricular dilatation on both precordial and transesophageal echo­
cardiograms and were in arr:ial fibrillation. Transesophageal echocardiography 
detected a left arrial appendage mass lesion suggesting thrombus in two of these 
five patients (Figure 1), and in fout of the five a spontaneous echo contrast effect 
indicating slow blood flow was seen (Figure 2). The sixth patient, known to have 
an old myocardial infarction, had a mitral chorda tendinea ruptute of the anterior 
leaflet seen on both precordial and transesophageal echocardiography. 

In group 1 as well as in group 2, precordial and transesophageal echocardio­
graphic findings did not differ significantly between patients with TIA and those 
with minor stroke. 
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Figure 3. Transesophageal echocardiogram. Aortic wall irregularities (arrows) 
typical of atherosclerotic plaques. AAo, ascending aorta; AAr. aortic 
arch. 

In 32 of the 72 patients, ttansesophageal echocardiography identified diffuse 
aortic wall irregularities typical of atherosclerotic plaques (Figure 3), confirming 
the frequent presence of associated vascular disease in TIA parients. In group 2, 
10 of the 19 parients showed such aortic wall irregularities. 

Discussion 

Using transesophageal imaging, Daniel et al. [10] recently showed that the heart 
is a frequent potential source of systemic emboli. However, in parients with TIA 
or minor stroke, an intracardiac source of embolism is only one of the possible 
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causes. Atherosclerotic lesions in the intracranial or exrracranial territories of the 
carotid or venebrobasilar arteries can lead to anery-to-anery cerebral embolism 
and probably represent the major cause of cerebral ischemia. 

It has been demonstrated that in TIA patients aged > 45 years precordial two­
dimensional echocardiography does not offer additional information about 
possible intracardiac sources of emboli beyond that provided by the clinical 
cardiac examination [2, 3, 4, 5]. Half of all left atrial thrombi are lintited to the 
appendage [11, 12, 13]. Precordial echocardiography rarely visualizes this 
structure, and the technique is especially insensitive in detecting appendage 
thrombi. This may explain its low yield of intracardiac thrombi in TIA patients. 
Transesophageal echo offers advantages for detecting mass lesions in the left 
atrial appendage [7] and ascending aorta [8] because the improved signal-to-noise 
ratio and increased frequency of the transducers lead to high-resolution, and high­
quality images. 

Among group 2 patients, rransesophageal echocardiography detected a left 
atrial appendage mass lesion in two and a left atrial spontaneous echo contrast 
effect in four. The latter may be an indicator of increased thrombo-embolic risk 
[14]. These findings did not change our standard therapeutic management policy, 
which consisted of anticoagulation therapy in patients with significant dilatation 
of the left ventricle or left atrium. In TIA patients in group 1 (n=53), additional 
information potentially relevant for their management was found in five patients 
(10%) by transesophageal echocardiography, while precordial echocardiography 
was positive in only one patient. 

The finding of mitral valve prolapse is of interest because this entity may 
have a role in cerebral ischemia, at least in patients< 45 years old [15], as in our 
study patient. Transesophageal echocardiography is especially valuable in 
distinguishing a benign mitral valve prolapse from a pathologic, complication­
prone one. In the latter, subsequent sequential ultrasound studies of the mitral 
valve seem useful in predicting valve complications [2, 16]. 

Our results suggest that when echocardiography is considered in TIA patients 
without clinical cardiac abnormalities, they should undergo transesophageal rather 
than precordial echocardiography. These results agree with the findings of a 
recently published comparative study of precordial versus rransesophageal 
echocardiography in young patients with TIA [17]. In TIA patients with some 
clinical cardiac abnormalities, precordial echocardiography often better evaluates 
the cardiac abnormality because of improved visualization. Transesophageal 
echocardiography may provide additional, purely morphologic information, but 
in every case where this occurred, the new information had no therapeutic 
consequences and gave no additional information compared with clinical 
examination and precordial echocardiography. 
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Our study had some definite limitations. Since it was not performed before the 
TIA, we may have missed the embolic source. Also, because of the delay 
between onset of the TIA and transesophageal echocardiography, any intracardiac 
thrombus could have been dissolved by anticoagulation therapy [18]. Another 
reason for the low yield of intracardiac thrombi may be that transesophageal 
echocardiography does not adequately visualize the left ventricle apex, where 
such thrombi can exist. However, small apical thrombi may be just as easily 
missed by precordial echocardiography. Recent publications [19] suggest a high 
prevalence (in some studies up to 20%) of a patent foramen ovale in patients 
with stroke. We began our study l year before these publications, and we did not 
carry out echo contrast and Doppler investigations of the atrial septum and left 
atrial appendage [20]. We think that it seems mandatory from now on to include 
such studies during tansesophageal echocardiogaphy to look for a patent foramen 
ovale and the possibility of paradoxical embolism. 

In our study, transesophageal echocardiography showed 32 (44%) of the 72 
TIA patients to have widespread atherosclerotic lesions in the aona, which 
confirms the frequent presence of associated atherosclerotic vascular disease in 
TIA patients reported by other authors [21, 22, 23, 24]. Such atherosclerotic 
lesions in the ascending aorta and beginning of the aortic arch can cause an 
embolism, which gives rise to a TIA or minor stroke. 

We conclude that in TIA patients without apparent clinical cardiac abnormalities, 
transesophageal echocardiogtaphy significaotly increases the yield of potential 
intracardiac sources of embolism compared with precordial echocardiography. 
However, the overall yield of potential intracardiac sources of emboli detected 
by transesophageal echocardiography in these patients remained relatively small 
(10%), and it is not clear whether the findings were merely an associated 
abnormality or a direct cause of the TIA. Transesophageal echocardiogtaphy 
detected a higher percentage yield of potential intracardiac sources of emboli in 
TIA patients with a clinically apparent cardiac abnormality than in those with 
clinically normal cardiac findings. However, this extra clinical information was 
of little relevance to clinical decision-making in this series. 

Ackoowledgemems: We are indebted to Ron van Domburg and Han Meeder for 
assistance in the analysis of the data and to Tineke van de Kolk for assistance in 
the preparation of the manuscript. 
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Introduction 

Recent studies have indicated that 6% to 24% of ischemic strokes are associated 
with atrial fibrillilrion [1, 2, 3]. Population-based studies indicate a fivefold 
increased risk in patients with non-valvular atrial fibrillilrion (NV AF) when 
compared to their age-matched controls [4, 5, 6, 7]. Autopsy data support a 

cardiac sautee of embolism for the majority of these NV AF-related strokes, 
mostly a thrombus located in the left atrium [8, 9] and confioed to the appendage 
in 50% of patients [10, 11]. Transesophageal echocardiography (TEE) allows 
excellent visualization of the left atrium and its appendage [12, 13, 14] and is 
currently considered the method of choice for assessment of cardioembolic risk 
in patients with NV AF. However, not all patients with NV AF carry the same risk 
of cardioembolic stroke. An eularged left atrium carries a higher risk and can be 
detected by precordial echocardiography [15, 16] while transesophageal echo­
cardiography indicates a higher incidence of cardioembolism in patients with 
spontaneous echocardiographic contrast in the left atrium (SCLA) [14, 17, 18]. 

Eulargement of the left atrium and/or SCLA are both reflections of impaired 
emptying of the left atrium. In the absence of mitral valve disease emptying of 
the left atrium is directly dependent on the diastolic function of the left ventricle. 
Transmittal flow analysis by Doppler technique is an excellent, non-invasive, and 
relatively simple method for assessing the diastolic function of the left ventricle 
[19, 20]. Abnormal transmittal flow patterns have also been found to be 
associated with the presence of left ventricular thrombi [21]. 

The aim of this study is to compare precordial and transesophageal 
echocardiography and transmittal Doppler velocity patterns in chronic NV AF pa­
tients with or without a TlA or ischemic stroke. 

Metlwds 

Study patients. Seventeen consecutive patients with chronic NV AF who had 
suffered a recent uneqnivocal transient ischemic attack (TIA) or minor ischemic 
stroke (group A) were compared with seventeen patients with chronic NV AF but 
without ischemic stroke (group B). Patients were marched by sttatified sampling 
for age and sex. Group A consisted of 8 women and 9 men with a mean age of 
72.9 years (sd. 5.9), group B of 8 women and 9 men with a mean age of 70.7 
years (sd. 7.7) (table 1). Patients under 50 years of age, and patients with a 
significant degree of handicap (Rankin score :::: 3) at the time of study, were 
excluded. Two neuto!ogists independently established the definitive clinical dia­
gnosis of TlA or non-disabling ischemic stroke, defioed as the sudden onset of 
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a focal neurological deficit in a specific vascnlar distribution. Patients with 
possible migrainous events, seizures and vague or non-focal neurological 
symptoms were excluded. 

Non-valvular atrial fibrillation (NVAF). Non-valvular atrial fibrillation (NV AF) 
was defined as presence of fibrillaTing atrial waves documented on ECG with 
absence of p-waves and no evidence of mitral valve disease by precordial echo­
cardiography. Pulmonary venous flow patterns on TEE examination were used 
to exclude blunted systolic flow and/or reversed systolic flow [22]. Patients with 
a history of paroxysmal atrial fibrillation were also excluded. Chronicity of the 
atrial fibrillation was assumed on repeat documentation on two occasions with 
a 3 months interval. Considering the latest results of trials concerning anti­
thrombotic treatment in patients with NV AF [23, 24, 25] and in order to match 
the two groups for factors which probably interfere with cardioembolic risk, pa­
tients treated with oral anticoagulants were not included. 

Investigations. All patients in both groups underwent a cerebral CT-scan and 
laboratory investigations to exclude cerebral ischemia from causes other than 
artery-to-artery or cardiac embolism, and disorders that might look like cerebral 
ischemia. CT-scan was also performed to exclude patients, with silent brain 
infarction, which is not uncommon in NV AF patients [26, 27]. Laboratory 
investigations included the erythrocyte sedimentation rate (if over 30 mm per 
hour, then also ANF was measured), hemoglobin, hematocrit, platelet count, 
fibrinogen, glucose, hepatic and renal function, syphilis serology. 

All patients underwent precordial two-dimensional (2D) and M-mode 
echocardiography with pulsed Doppler. With the subject in the left lateral 
decubitus position the anteroposterior diameter of the left atrium was measured 
in end-systole with 2D and M-mode by means of a left ventricular longitudinal 
projecrion through the left parasternal window. Measurements of the internal 
diameter and wall thickness of the left ventricle were made at end-diastole. Left 
ventricular mass was calculated with the followiog formula: Left ventricular mass 
(in grams)= 1.04 ((LVID+VST+PWT)3 -(LVID)3 -13.6, where LVID denotes the 
left ventricular internal diameter, VST the ventricular septal thickness, and PWT 
the posterior wall thickness. To correct for differences in heart size in subjects 
of different body size, the left ventricular mass (in grams) was divided by the 
length (io meters). The cut off values for left ventricular hypertrophy were 143 
g per meter io men and 102 g per meter io women [28]. 

Pulsed wave Doppler was performed with a Toshiba SH 165 usiog a 2.5 MHz 
transducer. 
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Figure 1. Precordial echocardiographic apical four cha.mber view and pulsed 
Doppler recording of transmittal flow with the sample volume placed 
at the tips of the mitral valve leaflets (arrow). LA= left atrium; LV= 
left ventricle. 

Transmittal flow velocity was recorded with the sample volume placed at the tips 
of the mitral valve leaflets in the apical four chamber view (Fig 1) [19, 29]. The 
transducer was angled until flow signals demonstrating the greatest peak flow 
velocity were recorded. Recordings were made at a paper speed of 50 mm/s for 
velocity measurements. Flow velocity integrals, or areas in centimeters under the 
flow velocity curve, were calculated by a computer-aided digitizing system. The 
time velocity integral (TVI) of transmittal flow in diastole was determined at 10 
different RR-intervals within one minute of registration and the results were 
plotted on a graph showing TV! (in em) versus heart rate. For all patients TVI 
at a heart rate of 80/min was extrapolated from the line, which was the best fit 
of the TV!'s at 10 different RR intervals within one minute of registration (fig 
2). Patients with left ventricular thrombus on precordial echocardiography were 
excluded, because further TEE information in these patients generally would not 
change the therapeutic choice for oral anticoagulation. 
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Figure 2. Time velocity integral of mitral inflow at 10 different heart rates, as 
measured by pulsed Doppler. TVI= time velocity integraL 

A transesophageal echocardiographic study (TEE) was performed with a Toshiba 
SH 165 echocardiography imaging system using a 5-Hz transducer in all patients 
and this included an echo contrast study and a colour Doppler examination. Echo 
contrast study was done by peripheral venous injection of 0.9% NaCl solution to 

exclude a patent foramen ovale [30]. Special attention was given to the blood 
flow in the left atrial appendage, from which Doppler flow velocity measure­
ments were done. The mean peak velocity in the left atrial appendage was 
calculated as the mean of peak velocities duriog 10 consecutive beatS (fig 3). Left 
atrial spontaneous echo contrast was diagnosed when dynamic smoke-like echoes 
within the atrial cavity, with a characteristic swirling motion distinct from white 
noise artifact, were present; when spontaneous contrast was suspected, gain 
settings were decreased to exclude signal-to-noise artifacts [18, 31]. The presence 
or absence of spontaneous echo contrast was determined independently by two 
observers without knowledge of the clinical data In all patients 24-hour 
ambulatory ECG monitoring was performed [32]. 

30 



Figure 3. Pulsed Doppler flow measurements in left atrial appendage during 
ttansesophageal echocardio-graphy. The sample volume is located at 
the entrance of the atrial appendage (arrow). Ao= aona; LA= left 
atrium. LAA= left atrial appendage. 

Statistical metiwds. The baseline characteristics and echocardiographic findings 
in both groups were compared by means of the chi-square test for categoric 
variables and by means of the student T -test for continuous numeric variables. 
A p-value <0.05 was considered statistically significant. 

Results 

Clinical history, physical examination, chest X-ray and ECG did not reveal 
important differences between the two groups; results of 24-hour ambulatory 
ECG monitoring were also similar in both groups (table 1). The absolute or 
indexed end-systolic diameter of the left atrium did not differ signi_ficantly 
between the two groups. There were no significant differences with respect to 
end-diastolic left ventricular volumes or presence of left ventricular hypertrophy 
(table 2). Presence of spontaneous echo contrast effect in the left atrium (SCLA) 
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was more often seen by TEE in patients with minor ischemic stroke or TIA, than 
in patients without (9 pts versus 2 pts; p=0.028; table 2). TEE also identified 
cliffuse aortic wall irregularities typical of atherosclerotic plaques in all the NV AF 
patients with a cerebral event, and only in 11 NV AF patients without a cerebral 
event (p=0.024; table 2). 

Table I. Baseline characteristics. Group A: NV AF pts with stroke or TIA and 
Group B: NV AF pts without stroke or TIA 

(group A) (group B) p 

(n=!7) (n=17) 

sex 8 women/ 9 8 women/ 9 

men men 

age 72.9 (SD:5.9) 70.7 (SD:7.7) NS 

Clinical History 

previous myocardial infarct 4 9 NS 

angina pectoris 3 3 NS 

previous heart failure 2 6 NS 

history of hypertension 11 7 NS 

peripheral vascular disease 0 NS 

diabetes mellirus 2 3 NS 

smolcing 5 NS 

Chest X-ray 

CT-ratio >50% 9 9 NS 

Electrocardiogram 

infarct-pattern 1 3 NS 

repolarization abnormalities 10 9 NS 

L VH (Casale criteria) 7 6 NS 

24-hour ECG monitoring 

ventricular pauses >2.5 sec 1 3 NS 

short non-sustained ventricular tachycardias 3 4 NS 

L VH= left ventricular hypertrophy: SD= Standard Deviation 
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In patients with SCLA the mean peak velocity in the left atrial appendage was 
significantly lower than in those without SCLA: 0.12 m/sec (SD=0.02) versus 
0.21 m/sec (SD=O.OS)(fig 4). 

SCLA was not seen in any patient on precordial echocardiogram. However, 
when the diameter of the left atrium measured by precordial echo was combined 
with measurement of the mitral time velocity integral (TVI), all patients with 
SCLA had a corrected base-index LA-diameter of 24 mm or more and a TVI of 
less than 10 em when corrected for a heart rate of 80/min (fig 5). SCLA was 
absent in 6 patients with left atrial size, corrected for base index, > 24 mm and 
time velocity integral of mitral inflow by pulsed Doppler < 10 em. So, in our 
study, the sensitivity for detection of SCLA by precordial echo with pulsed 
Doppler was 100% and the specificity was 74%. 
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Figure 4: Relation between presence or absence of spontaneous echo contrast in 
the left atrium and mean peak velocity of flow in left atrial appendage. 
LAA-flow= mean peak flow velocity in left atrial appendage; SCLA= 
spontaneous echo contrast in left atrium. 
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Discussion 

In this study, SCLA by TEE was signllicantly more common in NV AF patients 
with ischemic stroke than in those without cerebral ischemia (table 2). This 
finding is in agreement with results of recent TEE studies in NV AF patients with 
signs of cardioembolic stroke [17, 18]. SCLA reflects diminished blood flow 
velocity resulting in physical layering of red blood cells [18, 33, 34], both 
predisposing to thrombosis. In our study SCLA was indeed associated with 
diminished Doppler flow velocity in the left atrial appendage (fig 4). 

Left atrial size is a poor risk marker of occurrence of cardioembolic stroke 
in NV AF patients [35, 36]. 
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Figure 5: Relation between presence or absence of spontaneous echo contrast in 
the left atrium and combined measurement of left atrial size, corrected 
for base index, and time velocity integral of mitral flow at heart rate 
of 80/min. LA= left atrium; BSA= base indexSCLA= spontaneous 
echo contrast in left atrium. 
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Correction of left atrial size for base index or for height of the patient offers a 
simple yet more accurate means of assessment of normalcy of the left atrial 
dimension [37]. However, in our study this correction gave only a slightly better 
differentiation between patients with or without cerebral ischentia (table 2). 
Enlargement of the left artium is considered to predict cardioembolism, since left 
atrial enlargement is an indirect sign of stasis of blood in the left artium. Correc­
tion of the left atrial size for base index ntight be more appropriate, but besides 
this indirect structural characterization of stasis of blood in the left artium, it 
seems more adequate to use Doppler flow analysis to estimate - on the basis of 
functional criteria - the presence of stasis in the left atrium. In the absence of 
stenosis of the ntitral valve, stasis of blood in the left atrium is caused mainly by 
reduced left ventricnlar diastolic function resnlting in elevated diastolic filling 
pressure causing incomplete emptying of the left artium. Transntitral pulsed 
Doppler flow patterns are widely used for determination of left ventricnlar 
diastolic function and are indirect markers of elevated left atrial pressure [19, 20]. 
In a recent in vitro model of ntitral filling Flachskarnpf et al. demonstrated that 
the stiffer the atrial and ventricular chambers, the more rapid the deceleration of 
transntitral flow [38]. Our finding of a correlation between reduced TVI and 
SCLA is in accordance with their results. On the basis of our findings, we pro­
pose to use TVI as criterium of flow stasis predisposing for thrombus formation 
in the left artium. Ao earlier pulsed Doppler flow study showed a strong 
association between decreased ventricular inflow velocities and presence of left 
ventricular thrombus [21]. Correlation between TVI and left atrial flow does not 
exist in the presence of ntitral valve pathology and in our study these patients 
were excluded. 

Combining the deterntination of increased base index corrected left atrial size 
with low transntitral blood flow velocity gives a good correlation with presence 
of SCLA by TEE with sensitivity of 100% and specificity of 74% (fig 5). 

TEE is a senti-invasive relatively expensive investigation and NV AF has a 
high prevalence in the western world, especially in the elderly. If measurement 
of left atrial size combined with TVI would allow reliable identification of NV AF 
patients with increased cardioembolic risk, then precordial echocardiography with 
pulsed Doppler is a more practical method in NV AF patients and obviates the 
need for TEE studies. Moreover, absence of an intracardiac thrombus on TEE 
will not exclude the possibility that a cardiac thrombus has just been embolized 
or small intracardiac thrombi are missed on TEE [39]. 
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Table 2. Differences in precordial and transesophageal echocardiographic 
findings and Doppler flow measurements. Group A; NV AF patients 
with stroke or TIA and Group B: NV AF patients without Stroke or 
TIA 

Precordial echocardiography 

endsystolic LA~size (mm) 

LA-size corrected 

for base index 

enddiastolic LV -size (mm) 

LVH (grim) 

mitral TV! (em) 

Transesophageal echocardiography 

spontaneous contrast in LA 

thrombus in LA 

patent foramen ovale 

aortic wall irregularities 

mean peak velocity 

LAA (rn!s) 

Group A 

(n=l7) 

48.4(SD: 4.6) 

2.56(SD:0.23) 

55.9(SD: 6.0) 

166.5(SD:40.0) 

9.06(SD:2.24) 

9 

3 

0 

17 

0.17(SD:0.06) 

Group B 

(n=l7) 

45.l(SD: 3.4) 

237(SD:0.27) 

65.0(SD: 7.4) 

143.0(SD:33.2) 

9.5l(SD:l.98) 

2 

0 

0 

11 

020(SD:0.07) 

p 

NS 

NS 

NS 

NS 

NS 

0.028 

NS 

NS 

0.024 

NS 

LA= left atrium; LAA= left atrial appendage; LV= left ventricle; L VH= left ventricular hypertrophy; 

SD= standard deviation; TVI= time velocity integral. 

Estimation of mitral TVI corrected for a pre-determined heart rate, and 
measurement of left atrium size do not only require less sophisticated investi­
gation, but also allow assessment of cardioembolic risk in NV AF patients in a 
more quantitative and standardized way during follow-up. Detection of SCLA by 
TEE is a subjective way of describing stasis in the left atrium, and depends on 
the definitions used and on the gain setriog of the echocardiography-machine. 
This causes considerable inter-observer variability, limiting comparison of 
repetitive measurements over time. 

Measurement of TVI combined with left atrium size by standard precordial 
echocardiography with pnlsed Doppler would be practical in large clinical trials 
evaluating optimal antithrombotic prophylaxis in NV AF patients. NV AF patients 
with a combination of low TVI and large LA might profit most from oral 
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anticoagulant treaonent whereas aspirin or other antipla!elet therapy may prove 
to be insufficient in these patients as the mechanism of cardioembolic risk is 
blood stasis. Prevention of thrombosis by stasis of blood is probably better 
achieved with anticoagulants than with antiplatelet-drugs [40]. As altered Doppler 
diastolic mitral flow profile is suggested to be a primary biologic effect of ageing 
[41], this may be the explanation why in the SPAF-study patients over 75 years 
appeared to benefit less from aspirin [ 42]. However, long-term use of oral 
anticoagulant therapy, especially in elderly patients, is not without bleeding risk 
[43]. The net gain or loss in efficacy rate of anticoagulant treaonent in patients 
with NV AF depends not only on the expected risk reduction of stroke, but also 
on the major bleeding rate [23, 44]. With further use of combined measurements 
of TVI and LA-size it might be possible to determine cut-off points of cardioem­
bolic risk, where antiplatelet therapy should be replaced or supplemented by 
anticoagnlant therapy. The effect of anticoagulant therapy might even be reflected 
by changes in TVI, as anticoagnlation could dintinish blood viscosity thereby 
increasing blood flow velocity [34, 45]. 

The significantly higher prevalence of aortic wall irregnlarities detected by 
TEE and typical for atherosclerosis, in the NV AF patients with stroke or TIA, 
suggests that these patients not only have a higher risk for cardioembolic events 
when compared to the NV AF patients without cerebral event, but they also 
harbour more extensive atherosclerotic disease. Thus, the chance of artety-to­
artety embolism from carotids [46] or the aortic arch [47, 48] may also be higher 
in NV AF patients with cerebral ischemic events. This suggests thar combined 
treaonent of oral anticoagnlation with an antiplatelet regimen could be the 
treaonent of choice for the secondary prevention of stroke in NV AF patients after 
the occurrence of a cerebral ischemic event. 

Limitations of the study. A potential critique may be that the use of NV AF 
patients without previous stroke as control group for cardioembolic risk 
assessment, does not exclude the possibility that some of these patients may have 
a stroke in the near future. During a mean follow-up of 12 months, however, no 
NV AF patient in the control group suffered a cerebral ischemic event. 

The other limitation of our study is that not all strokes may have been of 
cardioembolic origin. Clinical criteria for the diagnosis of stroke by cardiogenic 
embolism are unreliable [49, 50, 51, 52]. However, autopsy data revealed a 
cardioembolic cause in 75% of NV AF patients with stroke [8]. Some strokes in 
our patients could have been caused by artety-to-artety embolism, mainly from 
the carotid arteries or from the aortic arch [47, 48]. This seems a reasonable 
assumption when considering the high prevalence of aortic wall irregnlarities 
detected by TEE. 
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Despite the potential critique and limitations mentioned above and the small size 
of our study population some significant differences were found. Larger 
prospective studies in NV AF patients will be needed to strengthen our observati­
ons. 

Clinical relevance. Our study suggests that TEE is the method of choice for 
detection of spontaneous echo contrast in the left atrium (SCLA), which in our 
study as well as in that of others was found to be significantly correlated with the 
occurrence of cardioembolism in patients with NV AF. However, precordial 
echocardiography with pulsed Doppler including combined measurement of left 
atrial size, corrected for base index, and time velocity integral of the mitral flow 
at a normalized heart rate, is sensitive and specific for presence of SCLA. 
Cardioembolic risk assessment in patients with NV AF may become quantifiable 
based on functional parameters from precordial echo/Doppler investigation. It has 
the advantages of being non-invasive, cheaper and more versatile; it can be per­
formed routinely during follow-up and, the quantitative results can therefore be 
compared on a regular basis. 

The higher prevalence of diffuse aortic wall itregularities, typical for 
atherosclerosis, in patients with NV AF and ischemic stroke or TIA compared 
with its prevalence in NV AF patients without cerebral ischemic events suggests 
a more extensive atherosclerosis in the former patients. Thus not ouly the cardia­
embolic risk but also the risk of artery-to-artery embolism from carotids or aortic 
arch seems to be higher in these patients. 

We acknowledge the technical assistance of Mrs Annette van Straaten and Mrs 
Christa Wijnhorst from the echocardiography department of the Holy Ziekenhuis 
in performing the echocardiographic and Doppler studies. The contribution of 
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Introduction 

A cerebral infarct in patients with non-valvular atrial fibrillation (NV AF) is 
considered to be caused by cardiogenic embolism in 50-71% of the cases [1, 2]. 
Cerebral thrombo-embolic events from artery-to-artery embolism are probably 
also common; as NV AF is more prevalent in the elderly, carotid lesions are often 
found in the same patient [3] and NV AF is often a marker of atherosclerosis in 
general [4]. 

Not all patients with chronic NV AF have the same risk of stroke. In recent 
studies, clinical features such as congestive heart failure, previous arterial 
thromboembolism and history of hypenension were shown to be associated with 
a high risk of thromboembolism to the brain [5]. Other risk factors for 
thromboembolism can be identified in these patients with standard precordial 
echocardiography by measurement of the adjusted left atrial size and the left 
ventricular function [6]. Hemostatic disorders may also predispose to 
cardioembolism [7, 8]. A recent study suggested that in patients with acute 
cardioembo!ic stroke increased levels of markers of hemostatic activity are useful 
indicators of recurrent embolization in the near future [9]. Increased plasma levels 
of thrombin-antithrombin ill complexes (TAT) aod prothrombin fragment 1+2 
(Fl+2) have been shown to be sensitive markers for thrombotic activity in 
humans, aod laboratory tests for the measurement of these factors have recently 
become available [7, 10, 11, 12]. 

The aim of our study was to determine and compare the prevalence of 
hemostatic hyperactivity, defined by increased levels of TAT aod Fl +2, in 4 
groups of patients: patients with or without transient cerebral ischemia, both with 
or without chronic NV AF. Comparison of these 4 groups may result in the 
identification of a subset of patients with atrial fibrillation aod an increased risk 
of cerebral ischemia 

Subjects and methods 

We defined the 4 patient groups as follows. Group A consisted of NV AF patients 
with recent TIA or minor ischemic stroke. Five patients were female and 9 
patients were male aod their average age was 73.4 years (SD 4.3 ). The diagnosis 
of TIA or minor ischemic stroke was independently established by two 
neurologists. CT scan aod laboratory analysis were performed to exclude non­
ischemic causes of the neurological deficit. Patients were included only if they 
were independent in activities of daily life, because in patients who are (partially) 
immobile the analysis of hemostasis might be influenced by venous thrombosis. 
Groups B, C aod D were the control groups, which were matched for age and 
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sex. The first control group (group B) consisted of 14 patients with recent minor 
stroke or TIA, who were in sinus rhythm; 6 patients were female and 8 were 
male and their average age was 67.6 years (SD 5.4). Clinical history revealed no 
attacks of rapid, irregular palpitations, and 24-hour ambulatory 

electrocardiographic recordiog in these patients did not show episodes of 
paroxysmal atrial fibrillation. Rankin scores and CT -scan lesions found in this 

control group did not differ from those in the NV AF patients with recent cerebral 
ischemia (group A). Group C consisted of 14 patients with chronic NV AF with 
neither a clinical history of TlA or minor stroke, nor of peripheral arterial 
embolism. There were 6 females and 8 males in this group and their average age 
was 71.4 years (SD 6.4). All patients in group C were exarnioed by a neurologist 
and aCT -scan was performed to exclude the presence of 'silent' brain infarcts, 

which is not uncommon in chronic atrial fibrillation [13]. The third control group 
(group D) was used as reference group to represent normal individuals, matched 
for age and sex, with neither previous cerebral ischemic event nor atrial 
fibrillation. This group consisted of 14 elderly volunteers, who visited the 

dermatology outpatient clinic of our hospital for minor skin lesions. There were 
6 females and 8 males in this group and their average age was 70.0 years (SD 
5.6). The volunteers had no clinical history of coronary or cerebrovasculat events 
and used no medication. CT -scans were not performed in these patients. None of 
the patients in group D had signs of previous myocardial infarction or 
repolarization abnormalities on a standard 12 lead electrocardiogram at rest. 

Two blood samples were taken at different times in all patients. In the 
patients with recent cerebral ischemia (groups A and B) blood samples were 
taken one and two months after the cerebral ischemic event in order to avoid 
hematological abnormalities caused by the acute event itself. Venous blood was 
collected atraumatically from an antecubital vein with minimal stasis by means 
of a 19-gauge butterfly; blood was drawn in plastic syringes containing 3.8 % 

sodium citrate (9:1, v/v). Plasma for hemostatic analysis was obtained 
immediately by centrifugation and stored at -20 oc until the time of measurement. 
The plasma concentration of prothrombin fragment 1 +2 (FI +2) was measured by 
means of the commercially available immunoassay Enzygnost Fl +2 

(Behringwerke AG, Germany). Thrombin-antithrombin ill complexes (TAT) in 
plasma were measured with Enzygnost TAT (Behringwerke AG, Germany), an 
enzyme-linked immunosorbent assay (ELISA). The reference range of TAT 
concentrations for normal subjects, established in earlier repons [14], is 1.0-4.1 

ng/mi; for Fl+2 the reference values are 0.44-1.11 nmol/1 [15]. Other 
hematological and hemostatic measurements were also performed: such as 
hematocrit, hemoglobin, thrombocytes, fibrinogen, bleeding time and APTT. The 
laboratory personnel was unaware of the patient's group assignment. 
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All patients in groups A, B and C were already on longrerrn treannent with 
aspirin or had been put on it after their cerebral ischemic event (groups A and 
B); the doses varied between 80 and 300 mg/day. Patients on oral anticoagulants 
were not included because of the known effect of these drugs on hemostasis [26]. 
In group D, all patients were asked to take 80 mg of aspirin a day for 5 days, 
after a loading dose of 160 mg on day L Blood samples for hemostatic analysis 
were taken before and after these 5 days of aspirin ingestion. In all patients of 
groups A, B and C, precordial echocardiography was performed; patients in 
whom an intraeardiac thrombus was found, were excluded from the study because 
they were subsequently put on oral anticoagulation. 

Informed consent. This study and informed consent procedure were approved by 
the Committee of Ethics of the Holy Ziekenhuis Vlaardingen. 

Statistical methods. We used the paired T -test to see whether the first and second 
plasma measurement within the groups differed. Student T -test was used in all 
other comparisons. A two-sided p-value < 0.05 was considered staristically 
sigoificant. 

Results 

No statistically significant differences were found between the TAT and Fl+2 
levels at first and second measurement in the patients with recent TIA or minor 
ischemic stroke, whether in atrial fibrillation or sinus rhythro (Fig 1 and Fig 2). 
In group A the mean TAT value at first measurement was 3.01 versus a second 
mean TAT value of 2.56 ng/ml (p=0.35); the first mean F1+2 value was 1.44 
versus a second mean F1+2 value of 123 nMol/l (p=0.08). In group B the first 
mean TAT value was 3.44 versus a second mean TAT value of 2.70 ng/ml 
(p=0.36); the first mean Fl+2 value was 1.67 versus a second mean F1+2 value 
of 1.43 nMol/l (p=0.19). When the first and second measurements of TAT and 
F1+2 were combined for both groups with cerebral ischemia, no statistically 
sigoificant difference was found between patients with or without NV AF: the 
mean TAT value in group A was 2.79 versus 3.07 ng/ml in group B (p=0.55) and 
the mean Fl +2 value in Group A was 1.33 versus 1.55 nMol/l in group B 
(p=0.28). In control parients without cerebral ischemia, again uo differences in 
TAT and F1+2 levels could be found between patients with atrial fibrillation or 
in sinus rhythro: mean TAT in group C was 2. 7 4 versus 2.42 ng/ml in group D 
(p=0.21), and mean Fl +2 in group C was 1.05 versus 0.92 nMol/l in group D 
(p=0.14). 
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Figure 1 TAT levels at first and second blood sampling in the four different 
groups. AF=atrial fibrillation; SR=sinus rhythm. 
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Figure 2 Fl +2 levels at first and second blood sampling in the four different 
groups: AF=atrial fibrillation; SR=sinus rhythm. 
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Figure 4 Mean values of Fl +2 in the four different groups according to age 
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In control group D, TAT and F1+2 plasma levels did not change significantly 
before and after ingestion of 80 mg aspirin/day over a period of 5 days. The 
mean TAT value was 2.35 and 2.49 ng/ml (p=0.43), and the mean F1+2 value 
was 1.09 and 1.00 nMol/1 (p=O.lO) resp. 

When all patients with recent cerebral ischemia (groups A and B) are 
compared with all patients without history of previous cerebral ischemia (groups 
C and D), irrespective of their cardiac rhythm, significantly higher F1+2 values 
were found in the former group (mean F1+2 1.44 versus 0.98 nMol/1; p<O.OOl). 
The TAT values did not differ significantly between patients with or without 
previous cerebral ischemia (mean TAT 2.93 versus 2.58 ng/ml; p=O.l9). 

In patients with NV AF taken separately, a significantly higher level of Fl +2 
was found also if previous cerebral ischemia had occurred; mean Fl +2 level in 
group A was 1.33 versus 0.92 nMol/1 in group C (p=0.02). No significant 
differences were found between the mean TAT values of groups A and C (2. 79 
versus 2. 7 4 ng/ml; p=0.87). 

If patients were divided according to age, those over 70 yrs in all groups had 
higher mean values of TAT (2.90 ng/ml) than those under 70 yrs (2.57 ng/ml); 
this difference was not staristically significant (p=0.24) (Fig 3). The mean levels 
of Fl +2 were also higher in patients over 70 yrs (1.32 nMol/1) than in those 
under 70 yrs (1.07 nMol/1). This difference was statistically significant (p=0.03) 
(Fig 4), in group D alone however, the values seemed to be similar for both age­
groups. 

Discussion 

We found hemostatic activity that may indicate a prethrombotic state in a 
proportion of patients one or two months after a transient ischemic attack (TlA) 
or minor ischemic stroke, irrespective of whether they had chronic non-valvular 
atrial fibrillation or sinus rhythm [8, 16, 17]. 

Earlier studies also showed that levels of markers of hemostatic activity were 
increased in some patients with cardioembolic stroke, especially in those with 
recurrent embolism [9]. Several other investigators also reponed a strong 
relationship between atherosclerosis and hemostatic activity [17, 18, 19]. This 
may explain why we found similar hemostatic abnormalities in stroke patients 
with atrial fibrillation or sinus rhythm, despite a possible difference in the 
pathogenesis of stroke; in patients with atrial fibriJlation cerebral ischemia is 
mostly anributed to eatdioembolism, whereas the cause of stroke in patients with 
sinus rhythm but without cardiac source of potential embolism is thought to be 

49 



mainly anery-to-anery embolism [2, 20]. On the other hand, our findings may 
also indicate that the cause of a TIA or minor stroke in NV AF patients is not 
only cardioembolic, but may also result from artery-to-anery embolism as in 
strOke patients without apparent source of cardioembolism. Our findings suggest 
a relation between hemostatic activity and the degree of atherosclerosis by the 
age-related increase of hemostatic markers Fl +2 and TAT in the different patient 
groups (figure 3 and 4), since atherosclerosis is strongly dependent on age. Ono 
et al. also found an age-related increase in TAT and other hemostatic marker 
levels [21]. The normal distribution for TAT, F1+2, and probably for other 
recently developed markers of hemostatic activity should therefore be corrected 
for age. 

In our study patients Fl+21evels were more often increased than TAT levels 
in patients with recent cerebral ischentia; Fl+2 ntight be a more sensitive marker 
for hemostatic activity in these patients than TAT. A higher sensitivity of F1 +2 
compared with TAT as a marker for prethrombotic state has been suggested in 
earlier reports [22, 23]. 

The strong relationship between increased levels of markers for hemostatic 
activity and age ntight explain to some extent why aspirin compared with 
anticoagulants did not show any significant benefit for secondary prevention of 
stroke in two large clinical trials in patients with NV AF over 75 yrs [24, 25]. It 
is not likely that aspirin will have a significant effect on the cleavage of the 
prothrombin molecule by activated factor X, which is the process actually 
measured in the determination of Fl+2 levels [15]. The Fl+2 and TAT values 
of the volunteers in our study (group D) did not significantly change after 
ingestion of 80 mg aspirin for 5 days. The value of this finding, however, is 
lintited by the fact that aspirin was taken for only a few days and by the normal 
values at onset of hemostatic parameters in this group. 

Several large clinical trials in patients with non-valvular atrial fibrillation have 
demonstrated the efficacy of oral anticoagulants in the prevention of stroke in 
NV AF patients [24, 25]. Other studies have shown a marked decrease of Fl +2 
levels in patients who were anticoagulated with warfarin or heparin [11, 26]. If 
F1+2 is indeed a strong marker for hemostatic activity, and if increased 
hemostatic activity predicts recurrent stroke [17, 27], then one of the reasons for 
the greater benefit of anticoagulants, compared with aspirin, for secondary 
prevention in NV AF patients with previous TIA or minor ischentic stroke could 
be the presence of increased hemostatic activity in at least a subset of these 
patients. Our findings also provide a possible rationale for anticoagulant therapy 
in the prevention of recurrent stroke in patients with recent cerebral ischentia who 
are in sinus rhythm, since the levels of hemostatic markers in patients with 
cerebral ischemia were sintilar, irrespective of the presence of atrial fibrillation. 
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The value of anticoagulation for these patients has not yet been established in 
clinical trials. 
Our results differ from those of Gustafsson et al. who neither found hemostatic 
abnormalities in stroke patients with sinus rhythm, nor differences in hemostatic 
function between NV AF patients with or without previous stroke [28]. The 
explanation may be that they measured hemostatic parameters other than TAT 
and Fl+2, since especially Fl+2 is considered more sensitive for hemostatic 
activity in these patients. In agreement with our srudy Boysen et al. did not find 
a significant difference in TAT complexes between NV AF patients and controls 
[29]. They did find subtle changes in some other coagulation factQrs between 
NV AF patients and controls. In their srudy, however, no cleat distinction could 
be made between NV AF patients with or without previous stroke, since they did 
not perform a CT -scan in all patients to exclude silent brain infarction. 

Despite the small size of our srudy groups our results do suggest that the 
hemostatic parameters TAT and Fl+2 have to be measured repeatedly. In the 
groups of patients with TlA or minor stroke several of them showed significantly 
increased levels of TAT and/or Fl+2 at only one of the two times. Significant 
dynamic fluctuations of TAT levels were not seen during daytime in healthy 
subjects in an earlier srudy [30], but these fluctuations may occur with longer 
intervals, especially in patients with atherosclerotic disease, in whom periodic 
exacerbation of atherothrombotic activity is known to occur. Several studies 
recently discussed the existence of a prethrombotic state [7]; this condition has 
been evoked in patients with recent stroke, but on the basis of only a single 
measurement [21, 31]. 

Our study has some limitations; the higher plasma levels of Fl +2 in patients with 
recent TlA or minor ischemic stroke, whether in atrial fibrillation or in sinus 
rhythm, compared with patients without previous stroke, may srill have been 
caused by the recent thrombotic event [32]. However, the elevations ofF1+2 and 
TAT levels in the stroke patients in our study did not show a consistent decrease 
between the second and the third month after the stroke. 

Another qualification is that our findings of increased hemostatic function in 
patients with recent TlA or minor stroke may be valid for older patients only; the 
mean age of the patients in our groups was 70 years. Ono et al. found that the 
differences of TAT and D-dimer levels between patients and healthy controls 
increased with age [21]. In our srudy, even with a limited number of patients, a 
relationship of TAT and Fl+2levels with age was also suggested. Larger studies 
are needed to confirm whether the hemostatic hyperactivity we found also applies 
to younger patients with recent stroke. 
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CHAPTER V 

THE DUTCH TIA TRIAL: 
BACKGROUND AND DESIGN 

Transient ischemic attacks (TIAs) are the major precursors of stroke [1] and may 
he considered waroiog sigoals of death from myocardial infarction [2]. The 
discoveries that most TIAs are caused by thromboembolism [3], and that aspirin 
is a powerful inhibitor of platelet aggtegation [4] has led to the hypothesis that 
this drug might prevent stroke and other cardiovascular complications in patients 
with TIAs [5]. This has been confirmed by a number of randomized controlled 

clinical trials [6, 7, 8, 9]. Most studies have also included patients with prolonged 
attacks (RINDs) and partial strokes [6, 7, 8]. An overview of all trials has shown 

that antiplatelet agents - mostly aspirin- decrease the odds of non-fatal stroke by 
27% (SD 6%) and of non-fatal myocardial infarction by 32% (SD 5%). The odds 
offatal vascular complications are decreased by 15% (SD 4%) [10, 11, 12]. The 
lowest dose of aspirin that was proven to be effective was 300 mg [8]. 

During the past years new developments have generated new hypotheses. In the 
fitst instance, further clarification of the biochemical effects of aspirin has led to 

the expectation that lower doses of aspirin migbt be equally effective or even 
better. Aspirin mediates its antiplatelet effects by inactivation of the enzyme 
cyclooxygenase [13]. This enzyme is present in platelets, where it controls the 
production of thromboxane A2, a powerful promotor of platelet aggtegation. It 

is also found in endothelial cells, where it regulates the production of 
prostaeyclin, which has precisely the opposite effect [14]. Clearly, the latter effect 
of aspirin - inhibition of an antiaggregant agent - is uodesirable. Recent studies 
have shown that platelet cyclooxygenase is more susceptible to aspirin than 
vessel wall cyclooxygenase [15, 16]. The production of thromboxane A2, as 
measured by the serum level of the stable metabolite thromboxane B2, is 
suppressed by more than 90% by daily doses between 20 and 50 mg of aspirin 
[17, 18, 19, 20, 21, 22, 23]. Bleeding time is prolonged by doses over 30 mg 
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[21]. The synthesis ofprostacyclin, as measured by its urinary metabolite 6-keto­
PGF, shows unchanged excretion with aspirin doses up to 35 mg [20, 21, 24] and 
is partially suppressed by 50 mg [25]. The extrarenal production of prostacyclin 
is not spared even with 20 mg aspirin per day [22]. Thus, 20 mg aspirin/day is 
the minimum dose for inhibition of the synthesis of thromboxane, 30 mg for 
prolongation of bleeding time, and both these low doses have a slight but 
transient effect on the production of prostacyclin. 

A second development was the most widely recognized importance of ischemic 
heart disease as the most life threatening complication in patients with 
cerebrovascular disease [2, 6, 8, 26, 27]. Death from heart disease is estimated 
at 1.5-5% per year, which is even slightly higher than in patients with angina 
pectoris [2]. In addition 1-2% of patients suffer a non-fatal myocardial infarct [6, 
7, 8]. The discovery that betablockers decrease monaliry after myocardial 
infarction by 20% (95% confidence interval 15-30%) [28] has led to the 
hypothesis that this benefit might also apply to patients with cerebrovascular 
disease. 

Aims of the study 

Two main hypotheses were tested in patients with TIAs or a partial stroke: 

1. 30 mg Aspirin/day is more effective than 300 mg in preventing death and 
disability or, more specifically, the occurrence of vascular death, non-fatal 
stroke, non-fatal myocardial infarction, or retinal infarction. 

2. 50 mg Atenolol is more effective than placebo in preventing these same 
events. 

A subsidiary aim of the study is to investigate the prognostic imponance of 
several variables, including the nature and time course of the ischemic attack, 
vascular risk factors, age, sex, blood pressure, ECG and various types of ischemic 
lesions on the CT -scan. 
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Entry criteria 

Transient ischemic attacks. 
Time course: the symptoms should develop within a few seconds, should not 
progress from one pan of the body to another in an orderly march, and should 
last between 1 minute and 24 hours. 
Nature: 1) loss of vision (black or grey) in one eye, completely or in the upper 
or lower half; 2) language disorder; 3) weakness or clumsiness on one side; 
4) loss of vision on one side, involviog both eyes; 5) bilateral weakness, 
simultaneously or separately, or symptoms iovolving the face on one side and the 
body on the other; 6) combinations of vertigo, diplopia, dysphagia, sensory loss, 
misdirections of limbs, or drop attacks. 
TIAs should not include loss of consciousness, convulsions, incontioence or 
prominent headache. 

Partial strokes. 
The mode of onset and nature of symptoms should be as specified above for 
TIAs, and the degree of disability should not be so severe that preventive 
treatment is not realistic. 

To be included, patients should be independent io most activities of daily 
living, corresponding to grade 3 or better on the modified Rankin scale [29]: 
Grade 0. no symptoms at all. 
Grade 1. no siguificant disability despite symptoms: able to carry out all usual 

duties and activities. 
Grade 2. slight disability: unable to carry out some previous activities but able 

to look after own affairs without assistance. 
Grade 3. moderate disability: requitiog some help but able to walk without 

assistance. 
Grade 4. moderately severe disability: unable to walk without assistance or 

unable to attend to own bodily needs without assistance. 
Grade 5. severe disability: bedridden, incontinent and requitiog constant nursiog 

care and attention. 

Exclusion criteria 

I. Last ischemic attack more than 3 months ago. 
II. Forms of cerebral ischemia which are unlikely to have been caused by 

arterial thromboembolism from atherosclerosis: 
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A. Precipitation of attacks by standing, turning of the head or wanning 
of the face. 

B. Migraine, or attacks exactly resembling an aura of migraine previously 
experienced, or scintillating scotomas not preceded by migraine. 

C. Age under 40 years, unless relevant lesions of the carotid artery have 
been demonstrated. 

D. Changes in hean rhythm, directly related to the attack (clinical 
diagnosis or ECG). 

E. A source of embolism in the heart (atrial fibrillation, valve disorders, 
transmural myocardial infarcts less than 4 weeks old). 

F. Hematological disorders: persistent anemia (Hb 6.0 mmol/1 or less), 
polycythemia rubra vera (Ht 0.60 or over), thrombocytosis (500 x 
109/l or over), thrombocytopenia (100 x 109/1 or less). 

G. Vasculitis (SLE, atteriitis temporalis, polyaneriitis nodosa, lues, herpes 
zoster ophtahrticus ). 

ill. Disorders that mimick cerebral ischemia: 
A. Intracranial hemorrhage, tumor cerebri, subdural hematoma. 
B. Hypoglycemia (2 mmol/1 or less) during the attack. 

IV. Situations likely to confound interpretation of the trial results: 
A. Cerebral infarction in the past with disabling residual deficits 

(Modified Rankin scale grade 4 or worse). 
B. Myocardial infarction within the past month. 
C. Malignant tumor likely to cause death within a few months. 
D. Likelihood of poor patient compliance. 
E. Patient does not speak Dutch fluently (an ioterpreter does not solve 

this problem). 

V. Disorders possibly exacerbated by acetylsalicylic acid: 
A. Chronic renal failure (creatioine over 150 mmol/1). 
B. Liver failure. · 
C. Peptic ulceration (proved; within the past three years). 
D. Abnormal bleeding tendency (e.g. hemophilia, thrombopathia). 
E. Intra-cranial hemorrhage io the past. 
F. Asthma bronchiale. 
G. Patients already taking antiplatelet drugs for other reasons. 
H. Patients already taking acetylsalicylic acid for other reasons. 
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VI. Disorders possibly exacerbated by betablockers: 
A. Frequency of heanbeat 50/min. or less. 
B. PQ-time on ECG 0.25 second or more. 
C. AV-block of the 2nd or 3rd degree. 
D. Hypotension (diastolic blood pressure less than 80 mm.Hg.). 
E. Decompensatio cordis (heart/thorax ratio on chest X-ray of 0.65 or 

over). 
F. Asthma bronchiale or chronic bronchitis. 
G. Diabetes mellitus. 
H. Myasthenia gravis. 
I. Rayoaud' s disease. 
J. Intermittent claudication. 
K. Patient already taking betablockers and having to continue. 

Mandatory investigatwns 

Blood tests: hemoglobin, hematocrit, platelet count, erythrocyte sedimentation 
rate, blood glucose, serum creatinine, hepatic enzymes, syphilis 
serology. 

Chest X-ray. 
ECG. 
CT -scan of the brain. 

Evaluation treatment 

1. All events will be analyzed on an "intention to treat" basis. Thus, all 
randomized patients, including those withdrawn from study medication and those 
who are non-compliant, will be followed until the end of the study. This includes 
randomized patients who should have been excluded according to the study 
protocol (protocol violations). An additional analysis will be undertaken in which 
these patients as well as those who did not receive the full treatments will have 
been removed ("explanatory analysis"). In accordance with the intention-to-treat 
principle, patients should be kept on the study treatment as much as possible. 
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2. Analysis of events 

Primary measures for analysis: 
Death and disability (measured by means of the modified Rankin scale), from 
all causes. 

Secondary outcome events: 
Vascular death. 
Non-fatal stroke. 
Non-fatal myocardial infarction. 
Retinal infarction. 

3. The above analyses will also be performed for each of the subgroups defined 
by the following major prognostic variables: 

sex 
age 
presence of ischemic hean disease 
presence and type of cerebral infarction on CT (cortical, lacunar, borderzone) 
degree of handicap at entry. 

Cardiac characteristics of the patients with a transient ischemic attack or minor 
stroke in the Dutch TIA Trial 

Patients with a definite or probable cardiac source of embolism were excluded. 
A cardiac source of embolism was ruled out by clinical and electrocardiographic 
(ECG) findings only. Although cenainly not all stroke patients with a cardiac 
source of embolism were excluded, further cardiac investigations such as 
precordial echocardiography or 24-hours Holter monitoting wonld not have 
excluded many more patients, because these investigations do not provide much 
additional information about the presence of cardiac causes of stroke, as stated 
in earlier chapters and by others [30, 31, 32]. 

The exclusion of patients with probable cardiac causes of their cerebral 
ischemic event resulted in a population of patients in whom, in most cases, the 
cardiac disease has only a relation of association with the brain ischemia. It must 
be realized therefore, that the results of our study cannot be extrapolated to all 
patients with a cerebral ischemic event, because they include those with 
cardiogenic embolism [33]. About one in six cerebral ischemic events can be 
attributed to cardiogenic embolism [30]. 
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On the other hand, the patient selection in the Dutch TIA Trial gives the 
opponunity to discover to what extent atherosclerotic manifestations in one organ, 
in casu the brain, may reflect, respectively predict, present and furore 
atherosclerotic manifestations in another organ, in casu the hean, and vice versa. 

Another consequence of the patient selection in the Dutch TIA Trial is that 
the future cardiac risk in these patients is expected to be lower than in the whole 
population of patients with cerebral ischemic events. For example patients with 
recent myocardial infarction were excluded and it is known that the cardiac risk 
is higher in the first months after a myocardial infarction [34, 35]. Another 
exclusion criterion was atrial fibrillation, which can often be regarded as a 
manifestation of depressed left ventricular function, another important risk factor 
for future cardiac events [36, 37]. Patients were also excluded, if they were 
already taking antiplatelet drugs and/or betablockers and had to continue. In the 
Netherlands many patients with overt ischemic hean disease receive aspirin 
and/or betablockade for secondary prevention and they could therefore not be 
included in the trial when sufferiog a TIA or minor stroke. 

These considerations relating to the cardiac characteristics of the patient 
population of the Dutch TIA Trial are taken into account in the interpretation of 
the results of the Trial (Chapter VI and VII). They reflect the necessity to be 
aware of the premisses and methodology upon which a study is inherently based 
[38, 39]. 

For participants and committees of The Dutch Trial Study, see Appendix . 
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CHAPTER VI 

PREVALENCE OF ISCHEMIC HEART DISEASE IN 
PATIENTS WITH A TRANSIENT ISCHEMIC 
ATTACK OR MINOR ISCHEMIC STROKE. 

Gheorghe AM Pop MD®, Peter J Koudstaal MDt, Han J Meeder MD*, Ale 
Algra MD1\, Anet C van Latum MDt, Jan van Gijn MD~ on behalf of the Dutch 
TIA Study Group+. 

®Department of Cardiology, Holy Ziekenhuis, Vlaardingen, tDepanment of 
Neurology, Erasmus University, Rotterdam, *Department of Anesthesiology, 
University Hospital Rotterdarn-Dijkzigt, ~University Department of Neurology, 
Utrecht, The Netherlands.+ The other investigators and the participaring centers 
of the Dutch TIA Trial are listed in the Appendix. 
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Introduction 

A strong association between cerebral ischemic events and co-existent coronary 
artery disease has been established in various clinical repons, autopsy series and 
epidemiological surveys [1, 2, 3, 4]. TIA patients have a relatively high monaliry 
rate (up to 6% per year) and myocardial infarction is the most common cause of 
death. One study reponed a 6% per annum long-term monality from hean disease 
alone in patients with TIA or minor stroke, which is three times as high as the 
1-2% annual monaliry among persons of comparable age without evidence of 
atherosclerotic disease [5], and which is even higher than the 3-4% per annum 
monaliry among patients with angina pectoris [6, 7]. A TIA or minor stroke 
should therefore be considered not only as a sign of future cerebral infarction but 
also as a warning signal for major cardiac events [8]. A probable explanation for 
this high cardiac event rate may be the presence of preexisting but asymptomatic 
ischemic hean disease in many patients with TIA or minor stroke [9, 10]. On the 
other hand, a recent study showed a good long-term prognosis in those patients 
with transient ischemic attacks or minor stroke who had normal cerebral, cardiac 
and hematological findings [ll]. So not all patients with TIA or minor stroke 
seem to have the same risk. It might be possible to identify a subgroup of 
patients with high risk for major cardiac and recurrent cerebral events by means 
of the clinical history and ECG. 

Our aim was to study the prevalence of ischemic hean disease as defined by 
clinical history and standard 12lead electrocardiography in the 3150 patients with 
TIA or minor ischemic stroke who participated in the Dutch TIA Trial [12]. In 
addition we have addressed the question whether specific subgroups of cerebral 
ischemic events are associated with a relatively high rate of ischemic hean 
disease. 

Patients and methods 

Study patients. The original cohon for this study included the 3150 patients 
admitted to the Dutch TIA Trial, who had a TIA or minor ischemic stroke 
between March 1986 and March 1989. A detailed description of the design, 
inclusion criteria, data acquisition, data management and follow-up of the Dutch 
TIA Trial has been published earlier [12]. The results concerning the dose of 
aspirin have been separately published [21]. Patients with a definite or probable 
cardiac source of embolism were excluded by clinical and electrocardiographic 
(ECG) findings; patients were excluded if they had suffered myocardial infarction 
within the previous month, presented with atrial fibrillation, or had a valvular 
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heart defect. Patients in whom dismrbances of heart rhythm or intra cardiac 
conduction occurred in close relation to their neurological symptoms were also 
excluded. After randomization twenty-three patients were excluded because they 
were found to have a cerebral hemorrhage, rumor or other non-ischemic cause. 
Another hundred and six patients were excluded because the randomization elec­
rrocardiogram was missing or incomplete. Of the 3021 remaining patients 1050 
(35%) were female and 1971 (65%) were male. Their ages ranged from 33 to 92 
with a mean of 65.1 years (SD: 9.9). 

Neurological definitions and metiwds. A TlA was defined as an episode of 
temporary and focal cerebral dysfunction, presumably of vascular (occlusive) 
origin, rapid in onset (no symptoms to maximal symptoms in less than 5 minutes 
and usually less than 1 minute) and lasting less than 24 hours. Minor ischemic 
stroke was defined as symptoms persisting for more than 24 hours, either 
resolving within 6 weeks (RIND), or persisting deficits though with retained 
independence in the activities of daily life (non-disabling stroke; Rankin scale 3 
or less [11, 13]. Laboratory investigations were performed in order to exclude 
causes of focal neurological deficit other than atheromatous arterial disease and 
included the erydrtocyte sedimentation rate, hemoglobin, hematocrit, platelet 
count, fibrioogen, blood glucose, blood tests for liver enzymes and renal function, 
and syphilis serology. Computed tomography (CT) of the brain was required in 
all patients except those with transient monocular blindness. All CT -scans were 
reviewed by at least two neurologists without knowledge of the patient's clinical 
symptoms and past history. Cerebral infarcts were defined as well-defined radio­
lucent lesions, and were subdivided into small deep lesions, cortical end zone 
infarcts, and borderzone infarcts. 

Cardiological definitions and metiwds. Cardiological exantination of all patients 
consisted of clinical history, chest roentgenogram and a standard 12 lead resting 
electrocardiogram. In the clinical history, information was obtained about 
previous myocardial infarction, angina pectoris, risk factors and associated 
diseases such as hypertension, diabetes mellitus or intermittent claudication as 

well as about any history of vascular surgery (coronary bypass, carotid 
endarterectomy and peripheral vascular surgery). The blood pressure was 
measured and the cardiothoracic ratio on the chest X -ray was calculated. The 
electrocardiograms were interpreted independently by two physicians, without 
know ledge of the clinical history of the patient. An unrecognized myocardial 
infarct was considered to be present when electrocardiographic criteria for 
myocardial infarct were fulfilled (see below), whereas neither the patient nor the 
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attending physician were aware of the occurrence of a coronary anack in the past 
[14]. 

Electrocardiographic criteria [15, 16]. Assessment of the morphology, duration 
and amplitude of the QRS complex and P and T wave was done by panem 
recognition without the use of magnification procedures. The different 
abnormalities were defined as following. 1) Left intra-atrial conduction delay 
expressed as increase of left atrial P terminal force in Vl (PTF): if the area of 
the terminal negative deflection of the P wave in Vl is more than 3 msec.m V 
[17]. 2) Left ventricular hypertrophy (LVH) according to Sokolow (voltage­
criteria only): the sum of the amplitude of the S wave in lead V1 or V2 and the 
R wave in lead V5 or V6 is more than or equal to 3.5 mV (given that the patient 
is more than 40 years old) [18, 19]. 3) Intraventricular conduction abnormalities 
[20]: 3A) complete left or right bundle branch blocks; 3B) nonspecific 
intraventricular block. 4) Infarction pattern criteria [16]: 4A) anterior: any Q 
waves in lead V2 or Q waves in V3 and V 4 that are more than 0.03 sec; also 
significant loss of R wave amplitude from V1 to V2 or V3; 4B) lateral: the Q 
waves in lead I, avL, V5 or V6 must be more than 0.03 sec; a more than 50% 
loss of R wave amplitude in V5 and/or V6 would also satisfy the criteria for 
infarction; 4C) inferior-posterior: Q waves more than 0.03 sec in duration in leads 
ill and A VF (a broad Q wave or even a QS pattern in lead ill alone is 
insufficient); a tall R wave, with an R/S ratio of 1 or more and a R duration of 
more than 0.04 sec in Vl. 5) Ischemia [15]: SA) ST abnormalities: horizontal ST 
elevation or horizontal or downsloping ST depression equal or more than 0.1 m V 
deep and 0.08 sec long after completion of the QRS in the absence of hyper­
trophy or conduction disorders; 5B) T wave abnormalities: symmetric T wave 
inversions at least 0.1 mV deep, positive symmetric T waves at least more than 
50% of R wave-amplitude. 

Data analysis. Baseline characteristics in subsets of patients were compared by 
use of a chi-square or Fisher exact test, whichever was appropriate. A two-sided 
p-value < 0.05 was considered statistically significant. 

Results 

The history revealed a previous myocardial infarction in 10% of the patients and 
10% angina pectoris; 16% had at least one of these conditions. Smoking, 
hypenension, diabetes mellitus and intenninent claudication were present in 
45%, 42%, 8% and 6%, respectively. Standard 12 lead electrocardiography 
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showed a pattern of myocardial infarction in as many as 14% , while 19% 
showed ST-T wave abnormalities suggesting ischemia; left ventricular 
hypertrophy criteria were present in 12% of the patients. 

When the data from the history were combined with the ECG criteria for 
myocardial infarction, men had suffered myocardial infarction, both clinically 
recogoized and clinically unrecogoized, more often than women: 22% (95% 
CI:20-24) versus 14% (95% CI:12-16), respectively (table 1). The frequency of 
myocardial infarcts, both recognized and unrecognized, increased with age in 
both sexes. The proportion of unrecogoized myocardial infarcts in relation to all 
myocardial infarcts was particularly high in women (62%, versus 45% for men; 
p<0.001). The proportion of unrecogoized myocardial infarcts did not increase 
with age, neither in men nor in women (table 1). 

Table 1. Frequency of unrecogoized and all myocardial infarcts among 3021 
patients with TIA or minor stroke according to age and sex. 

sex I age 

Men 

40-54 
(n=338) 

55-69 
(n~672) 

71:70 
(n~61) 

Total 

(n~1971) 

Women 

40-54 
(n~!39) 

55-69 
(n~259) 

71:70 
(n~6S2) 

Total 

(n~1050) 

any myocardial 
infarct 

n(%; 95% Cl) 

42(12; 8.9-15.9) 

124(19;15.5-21.4) 

263(27;24.5-30.2) 

429(22;19.9-23.6)' 

9( 6; 3.0-11.9) 

36(14; 9.7-18.1) 

103(16;13.0-18.6) 

148(14;12.0-16.2)' 

p' 

< 0.001 

0.016 

Cl=confidence interval. '=£hi-square test. 'p<0.001. 'FNS. 

unrecognized 
myocardial infarct 

n(%; 95% Cl) 

20( 6; 3.7- 9.0) 

57( 8; 6.5-10.8) 

114(12; 9.8·13.9) 

191(10; 8.4-11.1)' 

6( 4; 1.6- 9.2) 

23( 9; 5.7-13.0) 

63(10; 7.5-12.2) 

92( 9; 7.1-10.6)' 

p' 

0.003 

NS 
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Table 2. Prevalence of smoking, history of hyperlipidemia, diabetes, 
hypenension, intermittent claudication and/or peripheral vascular 
surgery in patieots with clinically unrecogoized or recognized 
myocardial infarcts. 

risk factors or associated umecognized recoc 
vascular disease myocardial infarct myocar al. infarct 

(n=283) (n=294) 
p' n (%) n (%) 

smoking 138(49%) 113(38%) 0.012 

history of hyperlipidemia 9( 3%) 20( 7%) 0.047 

diabetes 34(12%) 30(10%) 050 

hypertension 143(51%) 134(46%) 0.23 

intermittent claudication and/or 23( 8%) 44(15%) 0.010 
peripheral vascular surgery. 

• Chi-square test. 

Table 3. Comparison of clinical and electrocardiographic signs of ischemic 
heart disease between patients with and without symptoms of 
peripheral atherosclerosis . 

history of ischemic heart disease 

angina 

CABG 

myocardial infarct 

any of these 

yes 
<= 173) 

n 

42 

8 

44 

66 

electrocardiogram infarct-pattern or ischemia 

myocardial infarct 43 

ST -depression 24 

negative T wave 30 

conduction disturbances 

left intra-atrial conduction delay 89 

QRS ®ration> II 0 ms 6 

left ventricular hypertrophy (Sokolow) 

voltage criteria only 23 

symptoms of peripheral atherosclerosis 

(%) 

(24) 

( 5) 

(25) 

(38) 

(25) 

(14) 

(17) 

(51) 

( 3) 

(13) 

no 
(n=2848) 

n 

240 

52 

250 

426 

383 

238 

275 

1292 

145 

350 

(%) 

( 8) 

( 2) 

( 9) 

(15) 

(13) 

( 8) 

(10) 

(45) 

( 5) 

(12) 

<0.001 

0.022 

<0.001 

<0.001 

<0.001 

0.018 

0.002 

0.14 

0.44 

0.77 

... Symptoms of peripheral atherosclerosis include presence of intermittent claudication and/or history 

of peripheral vascular surgery; • Chi-square test. 
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Table 4 Prevalence of characteristics related to ischemic heart disease on the 
basis of clinical history and ECG in patients with TIA or minor stroke. 

TlA (n= 955) Minor stroke (n=2066) 

n (%) n (%) p" 

history of ischemic heart disease 

angina 95 (10) 187 ( 9) 0.43 

CABG 27 ( 3) 33 ( 2) 0.02 

myocardial infarct 91 (10) 203 (10) 0.80 

any of these !58 (17) 334 (16) 
0.79 

electrocardiogram 

infarct-pattern or ischemia 

myocardial infarct 121 (13) 305 (15) 0.12 

ST -depression 73 ( 8) 189 ( 9) 0.!7 

negative T wave 84 ( 9) 221 (11) 0.11 

conduction disturbances 

left intra-atrial 

conduction delay 381 (<Ul) 1000 (45) <0.001 

QRS duration> 110 ms 9 ( I) 25 ( I) 0.52 

lift ventricular hypertrophy (Sokolow) 

voltage criteria only 93 (10) 280 (14) 0.003 

.. Chi-square test. 

Patients with wrrecognized myocardial infarcts more often smoked and less often 
had symptoms of peripheral vascular atherosclerosis than patients with known 
myocardial infarct; a history of hyperlipidemia, diabetes and hypertension was 
equally common in the two groups (table 2). 

In 61% of the patients who stated to have suffered previous myocardial 
infarction, an infarct panern was not (or no longer) present on the ECG. 
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Patients with peripheral atherosclerosis included those with presence of 
intermittent claudication and/or history of peripheral vascular surgery. Patients 
with symptoms of peripheral vascular sclerosis more often had a history of 
ischemic heart disease and ECG abnormalities suggesting myocardial infarction 
or ischemia than those without (table 3). A myocardial infarct, either recogoized 
or unrecognized, was diagnosed in 67 (39%) of the patients with peripheral 
vascular disease. 

Patients with minor ischemic stroke or RIND did not have a history of 
ischemic heart disease more often than patients with TIA. All ECG abnormalities 
however, were more common (table 4). 

Comparison of electrocardiographic signs of ischemic heart disease between 
patients with and without any infarct on the CT -scan at entry (irrespective of 
appropriateness to the qualifying event, type or site) showed that most ECG 
abnormalities were significantly more common in patients with a cerebral infarct 
(table 5). 

Table 5. Comparison of electrocardiographic signs of ischemic heart disease 
between patients with and without presence of infarcts on CT-scan. 

Infarct-pattern or ischemia 

myocardial infarct 

ST -depression 

negative T wave 

conduction disturbances 

left intra-atrial 

conduction delay 

QRS duration> l!O ms 

left ventricular hypertrophy (Sokolaw) 

voltage criteria only 

• Chi-square test. 

72 

cerebral infarct on cr -scan 

yes 

(n=1202) 

n 

189 

124 

133 

606 

59 

177 

(%) 

(16) 

(10) 

(ll) 

(50) 

( 5) 

(15) 

no 

(n=1696) 

n 

223 

128 

162 

728 

87 

!86 

(%) 

(!3) 

( 8) 

(10) 

(43) 

( 5) 

(ll) 

p· 

0.057 

O.Oll 

021 

<0.001 

0.86 

0.003 



Discussion 

The high rare of previous myocardial infarction diagnosed on the basis of clinical 
history and ECG (22% in men and 14% in women) in patients with TIA or minor 
stroke is remarkable, but in concordance with previous findings [22]. In 150 
patients with acute stroke Goldstein also detected an increased frequency (20%) 
of pathologic Q waves compared with the electrocardiographic records of 150 
age- and sex-marched controls. A striking finding in out study was that in about 
half the patients of our study population the myocardial infarction was previously 
unrecognized ( 62% in women and 45% in men). The term 'untecognized' is 
used and not 'silent', because some myocardial infarctions may have caused 
symptoms, though so atypical that neither the patient nor the physician (if consul­
ted) suspected myocardial infarction. In the Framingham Heart study the 
proportion of previously unrecognized myocardial infarction among all myo­
cardial infarcts was smaller; in patients with a mean age of 65 years about 38% 
of all infarcts in women and 30% in men [14]. The high rare of unrecognized 
myocardial infarcts in out study might be a general characteristic of patients with 
TIA or minor stroke and may contribute to the higher risk for cardiovascular 
events in these patients as compared with patients of the same age without 
cerebrovascular disease. The presence of any myocardial infarct is associated with 
an increased risk of heart disease, especially with sudden death [14, 23, 24]. A 
recent study by Di Pasquale et al. demonstrated a high prevalence of silent 
ischemic heart disease even in cerebrovascular patients without angina or 
previous myocardial infarction as defined by electrocardiogram or 
echocardiogram [10]. 

Patients with an unrecognized myocardial infarct showed a similar 
cardiovascular risk profile as patients with known myocardial infarction, except 
for smoking (table 2). This similarity in risk profile may explain the finding of 
others thar patients with unrecognized myocardial infarct have the same prognosis 
with regard to recurrences and mortality as patients with recognized myocardial 
infarct [14, 23, 24]. The prevalence of peripheral vascular disease was less in 
patients with unrecognized infarcts; 'painless' cardiac ischemia might be 
associated with less pain from ischemia in the extremities or complaints of inter­
mittent claudication may have alened physicians earlier than otherwise to the 
presence of myocardial ischemia. 

The frequency of peripheral arterial sclerosis (5. 7%; 95% CI: 4.9-6.6%) in our 
study population is much higher than thar in the general population [25, 26], 
which again confirms thar the episode of cerebral ischemia that qualified the 
patient for out study often is just another manifestation of a process of 
generalized atherosclerosis. The patients with symptoms of peripheral 
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atherosclerotic disease more often had a history of previous myocardial infarction 
or an infarct on ECG than those without symptoms of peripheral vascular 
sclerosis (relative risk 2.16; 95% CI: 1.76-2.65) (table 3). This is consistent with 
previous findings that patients with evidence of cerebral as well as peripheral 
atherosclerosis are at highest risk for future cardiovascnlar events [25, 26, 27, 
28]. 

Patients with stroke or RIND more often had electrocardiographic abnormalities 
than patients with TIA as a qualifying event (table 4). This higher frequency of 
electrocardiographic abnormalities might explain, at least in pan, why some 
smdies have found a higher rate of subsequent cardiovascular events in patients 
with a minor stroke than in those with a TIA [29, 30, 31, 32, 33]. Patients with 
infarcts on the CT -scan on entry had more electrocardiographic abnormalities 
than those without (table 5). The extent of ischemic damage to the brain probably 
depends on the severity of the same diseases that also affect the heart, as it is 
associated with a proportional increase of electrocardiographic markers for 
cardiac ischemic damage. In brain ischemia these rwo main common diseases are 
atherosclerosis and anerial hypenension; on the ECG infarct pattern and 
repolarization abnormalities are typical for coronary sclerosis and left ventricular 
hypenrophy is a typical consequence of longstanding anerial hypenension in the 
absence of valvular hean disease. Left intra-arrial conduction delay can be a 
consequence of both diseases. 

The high rate of disappearance of electrocardiographic evidence of an old infarct 
in our smdy population is comparable with the findings of Woods et al. [34]. 
Besides this, in our smdy group the myocardial infarcts often occurred several 
years earlier, which is associated with a higher probability of disappearance of 
Q waves [35, 3 6]. Furthermore, some of the myocardial infarcts included in the 
clinical history were cenainly non-Q wave infarctions, which generally cannot be 
recognized on later ECGs. In most studies 15-21% of all myocardial infarctions 
are non-Q wave infarctions [37, 38]. Finally, the history of myocardial infarction 
in the Dutch TIA Trial depended on what the patient told the neurologist, and 
was not necessarily supponed by clinical or laboratory evidence of true 
myocardial infarction in the past. 

Patients with a probable source of embolism in the hean were excluded in our 
study. Inclusion of presumed cardioembolic events might have shown an even 
higher rate of myocardial ischemia This would also have affected the frequency 
and type of TIA or minor stroke at entry, as infarcts caused by embolism from 
the hean are rarely of the lacunar type [39, 40] and are generally large and of 
end zone distribution [ 41]. 

74 



In conclusion, a high prevalence of ischemic heart disease was found in patients 
with cerebral ischemia, using the relatively simple and inexpensive methods of 
clinical hisrory and standard electrocardiography. We had reason to suspect 
previous myocardial infarct in 22% of men and in 14% of women. Myocardial 
infarctions had often not been recognized earlier and were detected only on the 
electtocardiogram. Among patients with transient cerebral ischemia we could 
identify the following factors associated with an increased rate of myocardial 
ischemia, clinically or on ECG; neurological deficits lasting for more than 24 
hours, evidence of infarction on CT scanning, and a history of peripheral vascular 
disease. It is these patients in particular, whom might benefit from further 
cardiologic evaluation and treatment. 

Acknowledgements: we are indebted to Francine van Vliet for all her 
administrative work in the Dutch TIA Trial and to Ruud Lechtenberg for his 
assistance in reading all the ECG's. 
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Introduction 

Numerous epidemiological. clinical and autopsy studies have shown a strong 
association between cerebrovascular atherosclerosis and coronary sclerosis [1, 2, 
3, 4]. Therefore, transient ischemic attack (TIA) or minor ischemic stroke are not 
only a warning sign of recurrent stroke, but also of myocardial infarction and 
cardiac death [5, 6]. The problem arises how the increased risk of subsequent 
cardiac complications can be assessed in individual patients who have suffered 
a TIA or minor ischemic stroke. If a high-risk group can be identified, more 
aggressive diagnostic or therapeutic measures may be warranted in these patients. 
In the presence of normal cerebral, cardiac, and hematological findings, the long­
term prognosis of patients with transient ischemic attacks was shown to be good 
[7], but recently we identified several clinical and paraclinical abnormalities as 
being predictors of subsequent major vascnlat events [8]. 

Since most of the major cardiac complications in patients with TIA or minor 
stroke are ischemic, patients who already suffer from ischemic bean disease 
probably have the highest risk Besides clinical history, the resting 12 lead 
electrocardiogram (ECG) offers a relatively simple, non-invasive and inexpensive 
tool for the detection of ischemic hean disease. The sensitivity and specificity of 
these ECG parameters vary with the population under investigation [9, 10, 11] 
and can be considered as relatively high in patients who are older and have 
suffered a TIA or minor stroke. 

Our present prospective study was designed to evaluate the predictive value 
of clinical history and electrocardiogram at rest in patients with recent TIA or 
minor ischemic stroke, with regard to the occurrence of cardiac death or 
myocardial infarction. In addition we also investigated whether the presence of 
ischemic hean disease in these patients signified an increased risk of recurrent 
cerebral ischemic events [1, 8, 12]. 

Patients and methods 

Study patients. The original cohort for this study consisted of the 3150 patients 
enrolled in the Dutch TIA Trial between March, 1986 and March, 1989 within 
3 months of a TIA or minor ischemic stroke. A detailed description of the design, 
patients, data acquisition and follow-up of the Dutch TIA Trial has been reported 
previously [13, 14]. According to history, clinical examination or electro­
cardiographic (ECG) investigation patients with a definite or probable source of 
embolism in the hean were excluded. A cardiac source of embolism was 
suspected in patients who suffered a myocardial infarction in the preceding 
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month, who presented with atrial fibrillation or who had a valvular hean defect. 
Patients with arrhythmias or conduction disturbances in close relation with their 
neurological symptoms were also excluded. The follow-up period of the patients 
ended in June 1990 and lasted from 1 year to 52 months with a mean of 2.7 
years. No patient was lost to follow-up. 

Outcome events 
Cardiac outcome events were defined as nonfatal myocardial infarction and 
cardiac death; cardiac death included sudden death, fatal myocardial infarction 
or death from congestive hean failure. Sudden death was defined as unexpected 
cardiac death occurting within one hour after onset of symptoms, or within 24 
hours given circumstantial evidence. Myocardial infarction had to be documented 
by at least rwo of the following characteristics: a history of chest discomfort, 
specific cardiac enzyme levels more than rwice the upper limit of normal, or the 
development of Q waves on the standard 12 lead electrocardiogram. 
Cerebrovascular outcome events included fatal or non-fatal recurrent ischemic 
stroke. For the diagnosis of non-fatal stroke, relevant clinical features persistiog 
for more than 24 hours had to correspond with a new infarction or a hemorrhage 
on a repeated CT scan. lf sudden and focal neurologic deficits without CT 
changes (or in the absence of a CT scan) caused an increase in handicap of at 
least one grade on the modified Rankin Scale, the event was also classified as a 
stroke. All outcome events were independently classified by at least three 
members of the Auditing Committee for Outcome Events, without knowledge of 
the patients' treattnent assignments. 

Baseline characteristics 

Neurological definitions and methods. At entry, transient ischemic attack (TIA) 
was defined as an episode of temporary and focal cerebtal dysfunction, presu­
mably of vascular (occlusive) origin, lastiog less than 24 hours whereas the 
cerebral dysfunction in minor ischemic stroke persisted for more than 24 hours. 
Patients with stroke had to be independent in most of their activities of daily life 
(Rankin <3) (non-disabling ischemic stroke) [15]. Laboratory investigations were 
also performed in order to exclude other causes of focal neurological deficit and 
included the erythrocyte sedimentation rate, hemoglobin, hematoctit, platelet 
count, fibrinogen, blood glucose, blood tests for liver enzymes and renal function, 
and syphilis serology. 
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Cardiological definitions and methods. Cardiological baseline examination of all 
patients consisted of clinical history, measurement of blood pressure, chest X-ray 
and 12 lead electrocardiogram at rest. In the clinical history, information was 
obtained about presence of previous myocardial infarction, angina pectoris, as 
well as risk factors or relevant diseases such as hypenension, diabetes mellitus, 
intermittent claudication, or vascular surgery (coronary bypass, carotid 
endanerectomy and peripheral vascular surgery). On the chest X-ray the 
cardiothoracic(CT)-ratio was calculated. The electrocardiogratns were interpreted 
independently by two cardiologists without knowledge of the clinical history of 
the patient. A myocardial infarct was considered 'unrecognized' if clinical history 
of the patient did not reveal an infarct but criteria for its presence were found on 
the standard ECG. The term 'unrecognized' is used and not 'silent', because 
some myocardial infarctions may very well have caused symptoms, though so 
atypical that neither the patient nor the physician (if consulted) suspected 
myocardial infarction. 

Electrocardiographic criteria [16, 17, 18] used were as follows: assessment of 
the morphology, duration and amplitude of the QRS complex and of the P and 
T wave was done by pattern recognition without recourse to magnification 
procedures. The different abnormalities were defined as follows: 1) Left intra­
atrial conduction delay expressed as increase in left atrial P terminal force in Vl 
(PTF): if the area of the terminal negative deflection of the P wave in Vl is more 
than 3 msec.mV [19]. 2) Left ventricular hypenrophy (LVH). 2A): Sokolow 
(voltage-criteria only): the sum of the amplitude of the S wave in lead V1 or V2 
and the R wave in lead V5 or V6 is more than or equal to 3.5 mV (given that the 
patient is more than 40 years old) [20, 21]. 2B): Casale: For men, at all ages, 
L VH is suggested by QRS voltage alone when the R wave in lead a VL and the 
S wave in lead V3 total more than 3 5 m V. L VH is suggested when this voltage 
exceeds 2.2 m V in men under age 40 years, if the T wave in lead Vl is positive 
(>0 m V) and in men 40 years or older, if the T wave in lead Vl is at least 0.2 
m V. For women at all ages L VH is suggested when the R wave in lead a VL and 
the S wave in lead V3 total more than 2.5 m V. L VH is suggested when this 
voltage exceeds 1.2 m V in women under 40, if the T wave is positive in lead V1 
(>0 m V) and in women over 40, if the T wave in lead Vl is 0.2 m V or greater 
[22, 23]. 3) Left ventriculat strain: downsloping ST depression with T wave 
inversion of at least 0.1 mV in the lateral leads V5 or V6 and/or in the standard 
leads I and a VL with or without the voltage criteria of left ventricular 
hypenrophy mentioned above [20, 24, 25]. 4) Intraventricular conduction 
abnormalities [26]. 4A): complete left or right bundle branch blocks; 4B): 
nonspecific intraventricular block. 5) Infarction pattern criteria [17, 18]. SA): 
anterior: any Q waves in lead V2 or Q waves in V3 and V 4 that are more than 
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0.03 sec; also significant loss of R wave amplitude from Vl till V2 or V3. 5B): 
Lateral: the Q waves in lead 1, aVL, V5 or V6 must be more than 0.03 sec. A 
more than 50% loss of R wave amplitude in V5 and/or V6 would also satisfy the 
criteria for infarction. 5C): Inferior-posterior: Q waves at least 0.03 sec in 
duration in leads ill and a VF (a broad Q wave, even a QS pattern in lead ill 
alone, is not diagnostic of infarction). A tall R-wave, with an RJS ratio of 1 or 
more and an R duration of at least 0.04 sec in Vl. 6) Ischemia [16, 18]. 6A): ST 
aboormalities: horizontal or downsloping ST depression 0.1 mV deep and 0.08 
sec long after completion of the QRS in the absence of hypemophy or 
conduction disorders. 6B): T wave abnormalities: symmetric T wave inversions 
at least 0.1 m V deep, positive symmetric T waves at least more than 50% of R 
wave-amplitude. 7) QT interval prolongation (QT-corrected): QT interval was 
considered to be prolonged if QT interval measured in standard leads I, IT and ill 
was more than 440 ms, corrected for heart rate [27]. 8) Premature ventricular 
beats (PVC): extrasystoles with wide QRS, uoifocal or multifocal, without fixed 
relation to P waves and not felt to be nodal in origin. 

Data analysis 

In the univariate analysis we calculated the hazard ratio to define the risk of 
cardiac and cerebral ischemic events; 95% confidence intervals were used to 
describe their precision. Hazard ratios were obtained by means of the Cox 
Proportional Hazard Model (EGRET Statistical Package)[28, 29]. Hazard ratios 
may be interpreted as relative risks. If the 95% confidence interval did not 
include the !.0, the association of the respective variable with the risk of 
suffering a cardiac or cerebral event was considered statistically significant at a 
5% level (p<0.05). 

The aim of the multivariate analysis was to predict event free survival from a set 
of independent (risk) factors within the baseline characteristics. Only those 
characteristics were taken into the multivariate analysis, which were statistically 
significant at a 5% level in the univariate analysis. Variables selected from 
univariate analysis were sequentially entered into the model using a stepwise 
approach until no remaining candidate variable met a significance level of 0.1 0. 
Variables were selected following the order in which clinical information became 
available. Hence, the first model was based on demographic characteristics, 
clinical history and chest X -ray, whereas in the second model ECG data were 
included. Independent risk factors from the first multivariate model were included 
in the second model only if the probability (p) value for inclusion was <0.10. 
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Results 

Of the initial cohort of 3150 patients 3021 were finally included for analysis. 23 
Patients had been inappropiately entered in the trial, because the eventual 
diagnosis was, for instance, a brain tumor or mysasthenia gravis; they were 
excluded from analysis. In 96 patients no ECG was available or the ECG was 
incomplete. In 10 patients a permanent pacemakerrhythm was present, which did 
not permit standard interpretation of the QRS complexes and the repolatization 
pattern. 1054 Patients were female and 1976 were male. Ages ranged from 33 to 
92 years with a mean of 65.1 years (SD 9.9). 

In Table 1 the incidence of cardiac and cerebrovascular outcome events is shown. 
Table 2 shows the presence of a myocardial infarction on ECG to be predictive 
for subsequent cardiac and cerebral events, whether the infarct has been clinically 
manifest or not. 

Table 1. Distribution of outcome events between March 1986 and June 1990 
in 3021 patients with TIA or minor stroke from Dutch TIA Trial of 
whom complete electrocardiograms were available at entry. 

cardiac death or non.fatal myocardial infarction* 189 (6.3%) 

sudden death 82 (2.7%) 

fatal or non· fatal stroke* 261 (8.6%) 

* whichever event occurred first 
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Table 2. Univariate hazard ratios for cardiac or cerebral vascular events in 
patients with a recognized myocardial infarct, an unrecognized 
myocardial infarct or those without myocardial infarct either in clinical 
history or on ECG. 

CD or non-fa!al MI SD Stroke 

HR' HR' HR' 

(95%CI) (95%CI) (95%CI) 

Myocardial infarction 3.1 2.8 13 

recognized (n=294) (2.2. 4.4) (1.6 • 4.8) (0.9 • 1.9) 

unrecognized (on ECG only) 2.2 2.7 1.4 

(n=283) (1.5 • 33) (1.5 • 4.7) (1.0 - 2.0) 

CD--eardiac death; SD=sudden death; :MI=myocardial infarction: HR=hazard ratio; CI-=confidence 

interval; # Calculated from the ratio of event rates in which the rate in the patients without infarction 

in clinical history nor on ECG was taken as reference. 

Prediction of cardiac and cerebral events by univariate analysis 

The occurrence of a cardiac event in our study population was predicted by male 
gender, age (>65 yrs), diabetes, presence of peripheral vascular disease, past 
myocardial infarction and current angina (Table 3). An eularged cardiothoracic 
ratio on chest X-ray was also predictive for cardiac events. A history of 
hypertension did not predict a cardiac event. Abnormalities on the electro­
cardiogram were subdivided according to presence of ischentia or infarct, 
conduction or rhythm disturbances and the presence or absence of left ventricular 
hypertrophy. Most of the ECG abnormalities were shown to have predictive 
power for cardiac events (table 3). 

Except for male gender, diabetes and corrected QT intervals on ECG, the 
relation of all the other above-mentioned characteristics to the risk of sudden 
death was sintilar to that of cardiac events in general (Table 4). The ECG 
characteristics showed slightly higher hazard ratios for sudden death than for 
cardiac events in general. A higher risk for fatal and non-fatal stroke was found 
in males and patients over 65 years, patients who smoked and in those who 
suffered from peripheral vascular disease. Especially diabetes was strongly related 
with the risk of recurrent fatal or non-fatal stroke. No significant relation was 
found between occurrence of a cerebral event and history of hypertension or 
myocardial infarction, or current angina. Several ECG abnormalities had a 
predictive power for cerebral ischentic events (Table 5). 

85 



Table 3. The occurrence of cardiac events (cardiac death or non-faral 
myocardial infarction) in relation to selected clinical and 
electrocardiographic characteristics in univariate analysis. 

characteristics 

male gender 

age> 65 yrs 

vascular risk factors or disease 

smoking 

diabetes 

hypertenSion 

periph.vascular disease 

history of ischemic heart disease 

past myocardial infarction 

angina pectoris 
coronary bypass surgery 

chest X-ray (Cf ratio >50%) 

standard 12 lead electrocardiogram 

infarct-pattern or ischemia 

any infarction 

anterior infarction* 

inferoposterior infarction* 

lateral infarction* 

ST depression 

negative T wave 

conduction and rhythm disrurbances 

atrial conduction delay 

QRS duration> 110 msec 

QT-correc!ed 

pvc 

left velllricular hypertrophy 

Sokolow (voltages only) 
Sokolow with LV st:r:rin 

Casale criteria 

%CDch+ %CDch· HR* 95%-CI# 

138/1971 51/1050 15 1.1 • 2.0 

128/1613 61/1408 1.9 1.4 • 2.6 

86/1355 103!1666 1.0 

24/239 165/2782 1.8 

89/1260 100/1761 1.2 

17/173 172/2848 1.7 

41/294 

34/282 

51 60 

28/303 

53/426 

29/235 

29/211 
6/ 36 

25/262 

37/305 

112/1381 

19/151 

23/267 

19/164 

35/373 

18/117 

25/118 

148/2727 2.8 

155/2739 2.2 

184/2961 13 

161/2699 15 

136!2595 2.4 

136!2595 1.9 
136/2595 23 

136!2595 2.1 

164!2759 1.8 

152!2716 2.4 

77/1640 1.7 

170/2870 2.1 

166/2754 1.7 

170/2857 2.2 

15412648 I. 7 

171/2904 3.0 

164/2903 3.8 

0.8 • 1.3 
1.2. 2.8 

0.9 • 1.7 

1.0 • 2.8 

2.0. 3.9 

1.6. 33 

05. 3.2 

1.0. 23 

1.7 . 3.3 

13. 2.8 
1.5 . 3.4 

0.9. 4.8 

1.2. 2.7 

1.7. 3.4 

13. 2.2 

13 • 3.4 

1.1 • 2.6 

1.1 - 2.6 

!.2 • 2.5 

19 • 4.9 

25. 5.8 

%CDch+. rate of cardiac events dm::ing follow-up in patients with characteristic present; o/oCDch-, rate 
of cardiac events during follow-up in patients with characteristic absent; HR. hazard ratio (may be 
interpreted as relative risk); CI, confidence interVal; PVC, premature ventricular beat * versus no 
myocardial infarction. 
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Table 4. Univariate analysis of the relative risk for sudden death in relation to 

selected clinical and electrocardiographic characteristics. 

characteristics %CDch+ %CDch- HR* 95%-CI# 

male gender 55!1971 27/1050 1.1 0.7. 1.7 

age> 65 yrs 63!1613 19!1408 3.1 1.8 • 5.1 

vascular risk factors or disease 

smoking 32/1355 50/1666 0.8 05 • 1.2 

diabetes 8/239 74/2782 1.4 0.7. 2.8 

hypertension 38!1260 4411761 1.2 0.8 • 1.9 

periph.vascular disease 9/173 73(2848 2.1 1.1 . 4.2 

history of ischemic heart disease 

past myocardial infarction 16/294 66(2727 23 1.4. 4.0 

angina pectOris 14/282 6812739 2.1 1.2. 3.7 

coronary bypass surgery '2J 60 80(2961 1.2 03-4.8 

chest X-ray (CI' ratio > 50%) 16/303 66(2699 2.2 13 . 3.7 

standard 12 lead electrocardiogram 

infarct-pattern or ischemia 

any infarction 29/426 53(2595 33 2.1 • 5.2 

anterior U..farction* 16/235 53(2595 23 13 • 4.1 

inferoposterior infarction* 19/211 53(2595 3.7 2.2 • 6.2 

lateral infarction* 3/ 36 53(2595 1.8 0.6. 6.0 

ST depression 14/262 68(2759 2.4 13. 4.2 

negative T wave '2J 60 80(2961 1.8 1.0 • 3.3 

conduction and rhythm disturbances 

atrial conduction delay 53!1381 29/1640 2.1 13. 3.3 

QRS duration> 110 msec 9/ !51 73(2904 23 1.2 • 4.6 

QT -corrected 8/267 7412754 13 0.6 . 2.8 

pvc 9/ !64 73(2857 2.4 1.2. 4.7 

left ventricular hypertrophy 

Sokolow (voltages only) 18/373 64(2648 2.1 13 • 3.6 

Sokolow with LV strain 9! 117 73(2904 3.6 1.8 . 7.1 

Casale criteria 12/ 1!8 70(2903 4.1 2.2. 75 

%CDch+, rate of sudden death during follow-up in patients with characteristic present; %CDch-, rate 
of sudden death during follow-up in patients with characteristic absent; HR, hazard ratio (may be 
interpreted as relative risk); CI, confidence interVal; PVC, premarure ventricular beat; * versus no 
myocardial infarction. 
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Table 5. Univariate analysis of the relative risk for fatal or non-fatal stroke in 
relation to selected clinical and electrocardiographic characteristics. 

characteristics %CDch+ %CDch· HR* 95%-CI# 

male gender 187/1971 74/1050 1.4 1.0 . 1.8 

age> 65 yrs 17211613 89/1408 1.8 1.4. 23 

vascular risk factors or disease 

smoking 119/1355 14211666 1.0 0.8 • 1.3 

diabetes 45/239 216/2782 2.7 1.9. 3.7 

hypertension 120/1260 141/1761 1.2 0.9 • 1.5 

periph.vascular disease 22/173 239/2848 1.6 1.0. 24 

history of ischemic heart disease 

past myocardial infarction 29/294 23212727 1.2 0.8 • 1.8 

angina pectoris 27/282 234/2739 1.6 0.8 • 1.7 

coronary bypass surgery 5! 60 256/2961 0.9 0.4. 2.3 

chest X·ray (CI' raJio > 50%) 32/303 22912699 13 0.9 • 1.8 

standard 12 lead electrocardiogram 

infarct-pattern or ischemia 

any infarction 51/426 210/2595 1.5 1.1 . 21 

anterior infarction* 34/235 210/2595 1.9 13.27 

inferoposterior inf. * 22/211 210/2595 1.2 0.8 • 1.9 

lateral infarction* 3/ 36 210/2595 0.8 0.2. 24 

ST depression 35/262 226/2759 1.8 13.26 

negative T wave 33/305 228/2716 1.4 0.9. 20 

conduction and rhythm disturbances 

atrial conduction delay 153/1381 108/1640 1.7 13-22 

QRS duration > 110 msec 19/151 24212870 15 0.9 • 24 

QT-corrected 33/267 228/2754 1.7 1.2. 2.4 

pvc 14/164 247/2857 !.! 0.6 • 1.8 

left ventricular hypertrophy 

Sokolow (voltages only) 43/373 218/2648 15 1.1 • 21 

Sokolow with LV strain 13/117 248/2904 1.4 0.8. 25 

Casale criteria 17/ 118 244/2903 1.8 !.! . 29 

%CDch+, rate of fatal or non-fatal stroke during follow-up in patients with characteristic present; 
%CDch-, rate of fatal or non-fatal stroke during follow-up in patients with characteristic absent; HR. 
hazard ratio (may be interpreted as risk); CI, confidence interVal; PVC, premature ventricular beat; * 
versus no myocardial infarction. 
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Prediction of cardiac and cerebral events by multivariate analysis 

For the multivariate analysis a stepwise approach was used, in which the usual 
order of accumulation of data was followed. Patient characteristics as sex and age 
are always available and are supplemented with details of the clinical history and 
information from chest X -ray (Model 1 ). In model 2 the different ECG 
abnormalities were added to the multivariate analysis. 

Table 6. Multivariate analysis by Cox proportional hazards analysis of risk 
factors for cardiac events (cardiac death or non-fatal myocardial 
infarction) resulting from clinical history, chest X-ray and standard 12 
lead electrocardiogram. 

characteristics 

demographics 

male sex 

age> 65 yrs 

vascular risk factors or disease 

diabetes 

history of ischemic heart disease 

past myocardial infarct 

angina pectoris 

standard 12 lead electrocardiogram 

infarct-panem or ischemia 

anterior infarction* 
negative T wave 

conduction and rhythm disrurbances 

QRS duration> 110 msec 

pvc 

left ventricular hypertrophy 

Casale criteria 

Modell 
HR(95%CI$) 

15 (1.1 • 2.1) 

1.9 (1.4 • 2.5) 

1.7 (1.1 • 2.7) 

2.1 (1.4. 3.0) 

1.6 (1.1 • 2.4) 

Model2 
HR(95%CI$) 

15 (1.1 . 2.1) 

1.6 (1.2 . 2.2) 

1.6 (1.1 . 2.5) 

15 (1.0 . 2.2) 

1.5 (1.0 • 2.3) 

1.7 (1.1 • 2.7) 

1.6 (1.1 • 2.4) 

15 (1.0 • 2.5) 

2.0 (1.2. 3.2) 

32 (2.0 • 4.9) 

HR., Hazards ratio; Ct confidence interval; $ Calculated as the 95%-CI for the hazards ratio; >io versus 
no myocardial infarction 
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For cardiac events age (>65 yrs) and male sex were strong predictive variables, 
independent of all other characteristics, as was the presence of diabetes, a history 
of past myocardial infarction and current angina pectoris. ECG characteristics 
such as anterior myocardial infarction, negative T waves, premature ventricular 
heats and Casale criteria for left ventricular hypertrophy were shown to be 
independent predictors of cardiac events (table 6). For sudden death only age 
(>65 yrs), presence of infarction, premature ventricular beats, or left ventricular 
hypertrophy on ECG were found to be significant risk factors (table 7). 
Independent risk factors for recurrent stroke were male gender, age (>65 yrs), 
diabetes, and on ECG the presence of anterior infarction, ST depression, atrial 
conduction delay and prolonged QT interval (table 8). 

Table 7. Multivariate analysis by Cox proportional hazards analysis of risk 
factors for sudden death resulting from clinical history, chest X-ray 
and standard 12 lead electrocardiogram. 

characteristics 

demographics 

age> 65 yrs 

clinical history 

past myocardial infarct 

chest X-ray (CT ratio > 50%) 

standard 12 lead electrocardiogram 

infarct-pattern or ischemia 

anterior infarction* 

infero-posterior infarction* 

conduction and rhythm disturbances 

atrial conduction delay 

pvc 

left ventricular hypertrophy 

Sokolow with LV straffi panern 

Casale criteria 

Modell 
HR(95%CI$) 

2.8 (1.7 - 4.7) 

2.1 (12- 3.6) 

1.8 (1.0 - 3.1) 

Model2 
HR(95%CI$) 

25 (15 - 43) 

2.9 (1.7 - 5.2) 
2.4 (13 - 4.6) 

1.5 (0.9 - 2.4) 

2.0 (1.0 - 4.0) 

2.1 (0.9 - 4.7) 

2.4 (12 - 4.9) 

HR. Hazards ratio; CL confidence interval; $ Calculated as the 95%-CI for the hazards ratio; * versus 

no myocardial infarction. 
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Table 8. Multivariate analysis by Cox proportional hazards analysis of risk 
factors for fatal and non-fatal stroke resulting from clinical history, 
chest X-ray and standsrd 12 lead electrocardiogram. 

characteristics 

demographics 

male sex 

age> 65 YJS 

vascular risk factors or disease 

diabetes 

standard 12 lead electrocardiogram 

infarct-pattern or ischemia 

anterior infarction* 

ST depression 

conduction and rhythm disturbances 

atrial conduction delay 
QT -corrected 

Modell 
HR(95%CI$) 

1.6 (1.2 - 2.1) 

1.8 (1.4 - 2.3) 

2.7 (2.0 - 3.8) 

Model2 
HR(95%CI$) 

1.6 (1.2- 2.0) 

1.7 (13 - 2.2) 

2.6 (1.8 - 3.5) 

1.5 (1.0 - 2.1) 

1.5 (1.1 - 2.2) 

1.5 (1.1 - 1.9) 

1.4 (1.0 - 2.0) 

HR. Hazards ratio; CI. confidence interVal; S Calculated as the 95%-CI for the hazards ratio; * versus 
no myocardial infarction 

Discussion 

The rate of cardiac and cerebrovascular events in the Dutch TIA study population 
(5.3 per 100 person-years) is similar to that in the UK-TIA trial (5.0) [30] and 
lower than in the ESPS 1 study (8.0) [31]. 

Our hypothesis that major cardiac ischemic events occur mainly in patients 
with pre-existing ischemic heart disease was confirmed by the predictive power 
of several clinical and electrocardiographic features reflecting myocardial 
ischemia which were present at the intake in the study. Clearly more extensive 
cardiological investigation including tests such as echocardiography or 
perfusionscintigraphy are more accurate and sensitive in detecting ischemic heart 
disease adding further prognostic information [32, 33, 34]. However, these 
investigations are complex and expensive. Futhermore, in an eldery population 
with TIA or minor ischemic stroke the prevalence of ischemic heart disease is 

1 European Stroke Prevention Study 
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already high, decreasing the incremental information obtained with these tests 
above clinical history fu"ld ECG [35]. In this regatd, it is i.'llportant to mention 
that in a recent retrospective study that used a stepwise multivariate model for 
the determination of predictive variables for cardiac death in patients with stroke, 
it was found that the clinical history of a previous myocardial infarct and/or Q­
waves on the ECG are better indicarors than echocardiographic abnormalities of 
left ventricular wall motion [36]. 

An interesting fi."lding in our study population was the high prevalence of a 

previous myocatdial infarction and more patticularly the high proportion of an 
unrecognized myocardial infarction (Chapter 6). Goldstein also reponed a higher 
incidence (20%) of pathologic Q waves in a series 150 patients with acute stroke 
as compared with the ECG findings in age- and sex-marched controls [37]. Our 
patients with an unrecognized infarct had an increased risk for subsequent catdio­
vascular events comparable with thar of patients with a known infarct. Other 
ECG variables characteristic for ischemia, i.e. ST depression and T wave 
abnormalities, with or without symptoms, also had an increased risk of future 
cardiovasculat events. Thus, it appeatS that silent myocardial ischemia has the 
satne prognostic significance as symptomatic ischemic hean disease [38, 39]. 
These findings are in accordance with a recent analysis of the Fratningham data, 
in which the presence of ECG abnormalities other than Q waves were potent 
predictors of long-term prognosis [40]. 

Signs of left ventricular hypertrophy (L VH) on ECG are recognized 

prognostic markers for subsequent cardiovascular events [41, 42, 43]. The most 
likely explanation is that in these patients hypertrophy is an indicator of some 
cardiac damage as a result of longstanding anerial hypertension. It is rematkable 
that even in univariate analysis history of hypertension was not an important 
predictor for either cardiovascular or cerebrovascular events. Hypertension ouly 
becomes a predictor if it is associared with left ventricular hypertrophy on the 
ECG. In multiva,-iate analysis LVH on the ECG did not remain an independent 
risk indicator for recurrent stroke. We used a simplified Sokolow definition for 
L VH, in which ouly voltage criteria of the precordial leads were included. The 
addition of repolatization abnormalities (LV strain) to the Sokolow voltage 
criteria increases the predictive power, probably by increasing the specificity for 
L VH [25]. The Casale criteria include voltage measurements from the standard 
leads, repolarization abnormalities in VI, and a correction for sex and age. These 
criteria have an increased specificity for diagnosing the presence of L VH [22, 
23]. Our findings confi.= the more predictive power of the Casale criteria. 

In several studies no correlation between an increased P terminal negative 

force in VI (PTF) and the presence of left atrial enlargement as detected by 
echocardiography was found [44]. The PTF usually results from intra-atrial 
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conduction abnormalities lengthening the pathway of the impulse. Left atrial 
enlargement may be another factor. Our study, as well as previous studies [19, 
45] show that the presence of PTF is a predictor of subsequent cardiovascular 
events. In our study population we excluded cardiac sources of emboli. Therefore 
PTF more likely reflects an intra-atrial conduction delay in the absence of 
significant left atrial enlargement. Sir1ce such a conduction delay may be a 
marker of atherosclerosis it may explain why it is a predictor of future cardio­
vascular events, similar to other intra-cardiac conduction abnormalities such as 
left bundle branch block [45, 46]. 

Except for age (>65 years), of all the clinical parameters the ECG variables 
were the best predictors for the occurrence of sudden death. This was also one 
of the findings in the Franlingham Study especially in patients with known 
corona.ry hean disease [47]. It is conceivable by means of the ECG a group of 
patients, in whom signs of cardiac or cerebral ischemia exist, can be identified 
who might benefit from betablocking treatment to prevent sudden death [49, 50, 
51]. 

Coronary atherosclerosis is one of the manifestations of atherosclerotic vascular 

disease. It is therefore not surprising, that the ECG, being a sensitive and specific 
tool for the detection of myocardial ischemia in patients with TIA or minor 
ischemic stroke, has predictive power for recurrent ischemic stroke, another 
manifestation of atherosclerosis. Population studies have indicated the prognostic 
significance of corona.ry disease for stroke in patients who had not yet suffered 
a cerebrovascular event [1, 12]. Anterior location of the myocardial infarction had 
the highest risk for recurrent stroke in our study. The higher incidence of left 
ventricular thrombi in infarcts located in the anterior wall is a likely explanation 
[52, 53, 54]. With the unexpected finding of higher recurrence of stroke in 
patients with repolarization abnormalities such as ST -depression or prolonged QT 

interval the question arises whether these repolarization abnormalities might be 
a (temporary) consequence of cerbral ischemia rather than a sign of pre-existent 

atherosclerotic disease. It is known that electrocardiographic changes can be 
found in the acute phase of cerebrovascular events, especially when they are 

hemorrhagic [55]. The ECG changes might reflect the extent of cerebral damage 
and therefor relate to the risk of recurrent stroke [8]. 

We excluded patients with potential cardiac sources of embolism and/or receiving 
antiplatelet therapy. Therefore the results of this study cannot be extrapolated to 
all patients with TIA or minor ischemic stroke [56]. 
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This study indicates that patients with recent TIA or minor ischemic stroke with 
signs of ischemic hean disease, revealed by clinical history or standard ECG at 
rest, have a higher risk for major cardiac events and recurrent cerebral ischemic 
events. The existence of such a high-risk subgroup could explain the increased 
cardiac and cerebral risk in the TIA or minor stroke patients as a whole. 
Screening patients with TIA or ischemic stroke for hean disease is therefore 
important not ouly to detect potential cardiac sources of embolism, but also to 
identify patients with a high risk for future cardiac and cerebral ischemic events. 
The practical issue is which preventive measures can decrease this risk. A more 
extensive diagnostic work-up and preventive measures by drug therapy might be 
warranted in these high-risk patients, but properly controlled prospective studies 
are needed to resolve the issue. 

Aclawwledgments: we are indebted to Francine van Vliet for all her 
administrative work in the Dutch TIA Trial and to Ruud Lechtenberg for his 
assistance in reading all the ECG's. 
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introduction 

Atherosclerosis is a generalized vascular disorder and it is the most important 
pathogenetic factor both in ischemic heart disease and in ischemic stroke [1, 2, 
3, 4]. It is not surprising therefore, that the occurrence of transient ischemic 
attacks or stroke may be a harbinger of future ischemic coronary events and vice 

versa [5, 6]. 
Several differences, however, between cardiac and cerebral ischemic events 

can be identified. The incidence of ischemic stroke does not run parallel with the 
incidence of coronary events; in Japan the incidence of stroke in comparison with 
that of coronary heart disease is much higher than in Western Countries [7], and 
over the past few years the incidence of stroke in Western countries showed a 
much greater decline than that of ischemic heart disease [8, 9]. The same risk 
factors operate in both clinical entities, although with differing impact; arterial 
hypertension is by far the most powerful risk factor for stroke [9, 10, 11, 12], 
whereas hypercholesterolemia and family history play a relatively more important 
role in the pathogenesis of coronary heart disease [11, 13, 14, 15, 16]. 

These epidemiological differences between coronary and cerebral vascular 
events may be explained in various ways [17]. Even though both cerebra- and 
cardiovascular disease may be predominantly atherosclerotic, differences in 
structure of the vessel wall between the (extta)cerebral and the coronary 
vasculature might explain a different reaction to atherosclerosis [4, 25, 18]. 
Furthermore, the pathogenesis of atherosclerosis may be different; shear stress 
seems to play an important role in the coronaries, which are continuously subject 
to the contractions of the heart [19], but in the carotid arteries and brain arteries 
blood flow may be more laminar. Fmally, the classification of cerebrovascular 
events may be too crude because of the inclusion of events with greatly differing 
pathogenesis. Studies of both atherosclerotic and non-atherosclerotic origin are 
included [20, 21, 22] and if atherosclerotic pathogenesis is considered, it might 
affect different sites of the vascular tree [23, 24]. 

Blood platelets are an important factor in the process of atherosclerosis [26, 
27, 28], and antiplatelet therapy is used in both primary and secondary prevention 
of myocardial as well as cerebral ischemia. Differences also occur in this respect; 
the risk reduction of cardiac ischemic events through aspirin is not equal to the 
risk reduction obtained for cerebral ischemic events. This difference seems to 
depend on the patient's history of prior cardiac or cerebral events [29, 30, 31]. 
In the development of acute coronary syndromes, factors that ate not directly 
influenced by aspirin, such as vasoconstriction, might play an important role 
whereas in acute cerebral ischemia these factors may be less predominant [32, 33, 
34, 35]. 
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Not only the preventive effect of aspirin per se may differ for cardiac or cerebral 
ischemic events, but also the required dose. In this review we shall present 
current evidence and opinions about the 'ideal' dose of aspirin for secondary 
prevention of cerebral or cardiac ischemic events, resulting from different clinical 
studies and trials in the field of neurology and cardiology in the past decades. 

Aspirin dose for secondary prevention of atherosclerosis in neurology and 

cardiology over the years. 

For centuries salicylic acid has been used as an antipyretic agent and the 
acetylated form, which caused less irritation of the stomach, was developed as 
early as 1853. In 1968 O'Brien found a specific inhibitory effect of aspirin on the 
aggregation response of platelets, even in doses as low as 150 mg [36, 37]. In 
1971 Vane and his colleagues detected that aspirin was an inhibitor of platelet 
aggregation by acetylation of cyclo-oxygenase [38]. 

Very low doses of aspirin (<100 mg daily) still inhibit more than 95% of the 
production of the aggregating substance thromboxane A2 in platelets by 
inactivation of the enzyme cyclo-oxygenase, whereas the production of prostacy­
clin, which takes place in endothelial cells and which has an antiaggregation 
effect, would be little affected, at least with doses below 40 mg [39, 40]. As 
early as in 1984 therefore, cardiologists studied doses as low as 80-160 mg/day 
which were subsequently shown to be equally effective as higher doses in 
patients with unstable angina [41] and in the prevention of sclerosis in coronary 
bypass grafts [ 42, 43]. At that same time, neurologists were treating ischemic 
manifestations of atherosclerotic disease in the brain with doses as high as 1000 
mg/day, on the basis of the first large trials in such patients [44, 45]. After the 
results of the UK-TIA Trial had been published in 1988 and it was shown that 
there seemed to be no difference in the preventive effect between doses of 300 
and 1200 mg [46], the widely accepted dose of aspirin for secondary prevention 
in patients after TlA or minor ischemic stroke became 300 mg/day in Europe. 
This dose was still higher than the dosis of 80-160 mg/day aspirin commonly 
used in prevention of ischemic heart disease at that time. 

In 1985, Weksler et al. published a clinical study concerning low dose aspirin 
( 40 mg) in 23 patients with recent cerebral ischemia. They found no difference 
in the effect on the platelets of these patients compared with higher doses of 
aspirin [ 47]. However, only after publication of the results of two large, 
prospective, randomized clinical trials, the Dutch TIA Trial and the Swedish 
Aspirin Low-dose Trial, neurologists gradually seem to be getting convinced of 
the preventive effects of very low doses of aspirin. The Dutch study showed that 
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30 mg aspirin/day was indeed at least as effective as 283 mg!day in the 
prevention of vascular events [48]. The Swedish study showed that a low dose 

(75 mg/day) of aspirin sigojficantly reduced the risk of stroke or death in patients 
with cerebrovascular ischemic events compared with placebo treatment [ 49]. Thus 

neurologists seem to have overtaken the cardiologists, in that many now 
recommend the lowest dose of aspirin, between 30 mg (Dutch TIA Trial) and 75 
mg (Swedish SALT Trial). Cardiologists as a rule still use between 80 and 160 
mg for secondary prevention in ischemic heart disease [29,30, 50]; this latter dose 
regimen corresponds with the daily aspirin dose of 1-2 mg!kg for prevention of 
pregnancy-inducedhypertension and pre-ecclaropsiain the field of obstetrics [51]. 

The remaining difference in dosage does not seem logical at first sight, 
because both cerebral and cardiac ischemia are caused mainly by atherosclerosis, 
with increased platelet aggregation as one of its deleterious consequences. The 
differences in dosage regimens over the years may result from reluctance of both 
cardiologists and neurologists to extrapolate beyond their own discipline; in both 
fields large trials with aspirin were separately conceived, and the results were 
published at different times. The question arises whether the difference between 
the current cardiological dose (80-160 mg) and the neurological dose (30-75 mg) 
is only historically determined or whether there is some true rationale. 

Differences between (extra)cerebral and cardiac vascular atherosclerosis? 

A rationale for the different dosage regimens in these two fields may be found 
in a different dose-effect relation of aspirin in the relatively small coronary 
arteries compared with the considerably larger carotid, venebral, and basilar 
arteries. In 85% of the cases of acute myocardial infarction, no hemodynamically 
irnponant lesions, that is, with a degree of stenosis of less than 75 % of the 
diameter, are found in the coronary arteries [52, 53]; in contrast, occurrence of 
ipsilateral stroke in patients with carotid stenosis seems to be relared to the 
severity of the stenosis in both symptomatic and asymptomatic patients [5, 54, 
55]. These differences suggest a more irnponant role for syndromes of 
accelerated atherosclerosis in the coronaries than in the ( extra)cerebral arteries 
[56], and the dosage of aspirin may need to be higher during these episodes. 

Also, development of collateral circulation in the coronary vasculature when 

severe stenosis is present, may occur more often than in the large ( extra)cerebral 
arteries. 

Alternatively, it might not be the anatomical difference in vasculature but 

rather a difference in the pathophysiology of atherosclerosis and plarelet 
aggregation that determines the difference between (extra )cerebral arteries and the 
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coronaries. Shear stress, for example, which is known to be an important stimulus 
for plarelet aggregation, may be higher in coronary arteries. The higher shear 

stress in the coronaries is caused by their smaller size and the circumferential 
tensile stress, resulting not ouly from the intrinsic musculaJ:Ure of the arteries 

themselves but also from the contraction of the heart [19, 27, 28, 56, 57]. 

Ramatonga et a!. [58] discovered thar aspitin does affect the plru:elet response to 

shear forces, but thar this requires higher doses than 300 mg/day, suggesting a 
mode of action probably different from thar of interference with thromboxane 
formation. 

Is sparing of prostacyclin synthesis possible, with low doses of aspirin? 

In 1985, Pru:rono et a!. showed that in patients with acute myocardial infarction 
the antiaggregating effect on plarelets of aspitin in a dose of 50 mg/day was 
stable over time and similar to the effects of 324 mg!day [59]. They were 
therefore among the first investigarors to urge the need for large, prospective 
clinical trials to validare the use of low doses of aspitin [39]. In the same study, 
after pooling dru:a from each treatment, it was noted, however, thar the inhibition 
of tromboxane production achieved with 324 mg ASNday was significantly 
greater (P<0.05) than the inhibition obtained with 50 mg!day [59]. In a larer 
study, the same group of investigarors examined patients with unstable angina 
and they observed that very low dose aspitin (20 mg!day iv) profoundly suppres­
sed platelet cyclooxygenase activity, but that the residual enzyme activity (<5%) 
was sufficient to generare thromboxane B2 levels in excess of control values in 
appoximarely 17 % of all patients [60]. 

Besides the observation thar very low doses of aspitin (<50 mg daily) still 
inhibit more than 95% of the production of the aggregru:ing substance 
thromboxane A2 in plarelets, the argument for the use of very low dose aspitin 
was thar the production of prostacyclin, which takes place in endothelial cells and 

which has an antiaggregru:ing effect, would be little affected, ar least with doses 
below 40 mg [39, 40]. Nevertheless, FitzGerald eta!. found thar even with doses 

of 20 mg aspitin twice daily bioselectivity for inhibition of thromboxane 
synthesis is more difficult to achieve in the elderly; higher falls in prostacyclin 

synthesis by this very low dose of aspitin were seen in elderly patients, both with 
or without vascular disease, than in young volunteers [63]. 

Recently, Force and colleagues concluded from their experiments that the 
aspitin-induced decrease in prostacyclin levels may be unavoidable, because it 

arises not from cyclooxygenase inhibition in endothelial cells but from a 
reduction of endoperoxide formation by plarelets, which is an inherent feaJ:Ure of 
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the beneficial action of aspirin [61]. So the rationale for using a low dose of 
aspirin in order to spare the endothelial production of prostacyclin may be 
questioned. It may be more imponant to suppress tbromboxane A2 production in 
platelets completely. by more than 99%, by means of 100-325 mg aspirin daily, 
rather than to obtain a reduction of 95% with the smaller doses [62]. 

On the other hand Clarke et al. demonstrated a selective suppression of 
tbromboxane A2 but not of systemic prostacyclin with low-dose aspirin (75 mg) 
when given in a controlled-release form; they explained these findings by the 
effects of aspirin being confined within the penal circulation [63, 64]. 

Differences in platelet aggregation with coronary or cerebral atherosclerosis? 

The degree of spontaneous platelet aggregarion in vitro has been found by Trip 
and colleagues to be related to the prognosis in survivors of myocardial infarction 
[66]. Patients with the highest spontaneous platelet aggregarion turned out to have 
a worse prognosis with respect to coronary events and monality. Increased 
spontaneous platelet aggregarion, and increased tbromboxane biosynthesis have 
also been demonstrated in parients with stroke [67, 68]. A large inter-individual 
variarion in platelet aggregabiliry and serum thromboxane concentrations was 
found after very low dose aspirin (40 mg/day) in patients with recent stroke [69]; 
this study concluded that a dose of 40 mg aspirin/day is ineffective for suppres­
sing platelet function io some individuals. Considering the evidence of a morning 
increase in platelet aggregability and the concurrent risk of myocardial infarction 
and sudden cardiac death [70, 71], it might be possible that in spite of 
approximately 95% inhibition of thromboxane production during 24 hours with 
very low dose aspirin (<50 mg daily) a moderate peak of thromboxane produc­
tion will still be present io the morning hours in patients with coronary sclerosis. 
One might speculate about the existence of a biological association between the 
activity of atherosclerosis and the degree of spontaneous platelet aggregarion, 
which would explain the need for a higher dosage of aspirin in patients with 
accelerated ischemic heart disease. In patients with unstable angina Vejar, from 
Patrone's group, et al. found a 2- to 30-fold higher urinary level of thromboxane­
metabolites than in controls [60]. In their study the mere presence of diffuse 
atherosclerotic lesions, presumably not complicated by plaque fissure, did not 
seem to be associated with biochemical evidence of episodic platelet activarion. 
Similarly, FitzGerald et al. found a normal thromboxane synthesis only in 
patients with stable coronary disease [72]. 
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Effects of aspirin independent of acetylation of cyclooxygenase 

In the Dutch TIA Trial significantly fewer episodes of minor bleeding were 
observed in patients taking the lower dose of 30 mg (3.2 % versus 5.3 %, over 
2.6 years). Fony patients receiving 30 mg of aspirin had one or more major 
bleeding complications, as compared with 53 patients receiving the 283-mg dose 
(hazard ratio, 0,77; 95 percent confidence interval, 0,51 to 1,16). There were 11 
episodes of fatal bleeding in the 30-mg group and 18 in the 283-mg group. An 
equally small number of episodes of minor gastrointestinal bleeding (less than 
1 %) in both groups [48]. These results were unexpected, inasmuch as one would 
anticipate a similar incidence of bleeding with doses of the drug that suppress 
thromboxane-dependent platelet function with equal effectiveness. The 
explanation may be that higher doses of aspirin enhance bleeding or may have 
antithrombotic capacity independent of the acetylation of cyclooxygenase; for 
instance, aspirin was demonstrated to cause a competitive inhibition of 
acetylcholinesterase, which potentiates the vasodilatoty effects of acetylcholine 
through an endothelial-derived relaxing factor [73, 74]. 

Another explanation for a possible differential effect between the two doses 
of aspirin is that aspirin may have effects such as suppression of cell proliferation 
[75]. Some studies indicated such an effect of aspirin on cell-cell interactions via 
the arachidonate pathway [76]. 

The acetylcholine effect as well as cell-cell interactions may play different 
roles in the vessels of brain or heart during atherosclerotic processes. This might 
explaio why different doses of aspirin are required for secondaty prevention of 
ischemic events in the brain or in the heart. Newman recently stressed the 
paradoxical narrowing of the coronaries by acetylcholine, if affected by sclerosis 
[77]. 

Comparison of two doses of aspirin (30 mg vs. 283 mg a day) in patients after 
a transient ischemic attack or minor ischemic stroke (Dutch TIA Trial) 

The Dutch TIA Trial compared the effects of low dose of aspirin (30 mg a day) 
versus high dose (283 mg a day) as to the occurrence of death from all vascular 
causes, non-fatal stroke, or non-fatal myocardial infarction in a double-blinded, 
randomized controlled clinical trial in patients who had a transient ischemic 
attack or minor ischemic stroke [48]. A total of 3131 patients participated in the 
study. A detailed description of the design, patients, data acquisition and follow­
up of the Dutch TIA Trial has been previously reponed. 
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The crude hazard ratio for fatal and non-fatal stroke for the group receiving 30 
mg daily was 0.82, with a 95 percent confidence interval of 0.64 to 1.04. For 
cardiac events, which included only cardiac death and non-fatal myocardial 
infarction, the crude hazard ratio for the group receiving 30 mg daily was 1,14, 
with a 95 percent confidence interval of 0.86 to 1.511

• The crude hazard ratio for 
the combined event of death from all vascular causes, non-fatal stroke, or non­
fatal myocardial infarction was 0.95, with a 95 confidence interval of 0.79 to 
1.14. These figures might indicate a trend towards a more favorable effect of the 
low dose of aspirin for prevention of cerebrovascular events and a more favorable 
effect of the higher dose for prevention of the other vascular events, which were 
mainly cardiac in origin. 

Conclusions 

Data from recent clinical studies in the field of cardiology and neurology 
demonstrated that for secondary prevention of cardiovascular and cerebrovascular 
ischemic events low or very low doses of aspirin, between 30 mg and 160 mg, 
are as effective as higher doses of aspirin [74, 78]. No clinical data, however, are 
available about the 'ideal' dose of aspirin and whether the 'ideal' dose diliers for 
the secondary prevention of cardiac ischemic events or that of recurrent stroke. 
Future studies on aspirin should take this into account and, if possible, provide 
an answer to the suggested hypothesis of dilierent dose-effect relations in the 
prevention of cerebral or cardiac ischemic events. Notwithstanding the similatities 
of atherosclerosis in the heart and the brain, differences may exist in pathogenesis 
and prevention which might have implications not only for therapy with aspirin 
but also for other drugs used in atherosclerosis. 

Finally, more cooperation between cardiologists and neurologists is needed 
in the battle against atherosclerosis. 

1. These data for cardiac events only, have not yet been published. A post-hoc analysis was 
performed to distinguish a possible differential effect of 30 mg versus 283 mg aspirin a 
day on cerebral respectivily cardiac outcome events. 

106 



References 

1. Adams HP, Kassell NF, Mazuz H. The patient with transient ischemic 
attacks. Is this the time for a new therapeutic approach? Stroke 1984; 15: 
371-375. 

2. Heyman A, Wilkinson WE, Hurwitz BJ, Haynes CS, Utley CM, Rosati RA, 
Burch G, Gore TB. Risk of ischemic heart disease in patients with TIA. 
Neurology 1984; 34: 626-630. 

3. Mitchell JRA, Schwartz CJ. Relarionsltip between arterial disease in 
different sites. A study of the aorta and coronary, carotid and iliac arteries. 

Br Med J 1962; 24: 1293-1300. 
4. Young W, Gofman JW, Tandy R, Malamud N, Waters ESG. The 

quantification of atherosclerosis. ill The extent of correlation of degrees of 
atherosclerosis within and between the coronary and cerebral vascular beds. 
Am J Cardiol 1960; 17: 300-308. 

5. Norris JW, Zlm CZ, Bomstein NM and Chambers BR. Vascular risks of 

asymptomatic carotid stenosis. Stroke 1991; 22: 1485-90. 
6. Sirna S, Biller J, Skonon DJ, Seabold JE. Cardiac evaluation of the patient 

with stroke. Stroke 1990; 21: 14-23. 
7. Urakami K, Igo M and Takahashi K. An epidemiologic study of cerebro­

vascular disease in Western Japan: with special reference to transient 
ischemic attacks. Stroke 1987; 18: 396-401. 

8. MacMahon S, Peto R, Cutler J, Collins R, Sorlie P, Neaton J, Abbott R, 
Godwin J, Dyer A, Stamler J. Blood pressure, stroke and coronary heart 

disease. Part 1, prolonged differences in blood pressure: prospective 
observational studies corrected for the regression dilution bias. The Lancet 

1990; 335: 765-74. 
9. Collins R, Peto R, MacMahon S et al. Blood pressure, stroke and coronary 

heart disease. Part 2, shan -term reductions in blood pressure: overview of 
randomised drug trials in their epidemiological context. Lancet 1990; 335: 

827-38. 
10. Medical Research Council Working Party. MRC trial of treatment of mild 

hypertension: principal results. Br Med J 1985; 291: 97-104. 
11. Holme I, Enger SC, Helgeland A, Hjermann I, Leen P, Lund-Larsen PG, 

Solberg LA and Strong JP. Risk factors and raised atherosclerotic lesions 
in coronary and cerebral arteries. Statistical analysis from the Oslo Study. 

Aneriosclerosis 1981; 1: 250-6. 
12. Wolf PA. Risk factors for stroke. Stroke 1985; 16: 359-60. 
13. Alberts MJ. Genetics of cerebrovascular disease. Stroke 1990; 2l(suppl III): 

ill-127-III-130. 

107 



14. Romm PA, Green CE, Reagan K and Rackley CE. Relation of serum 
lipoprotein cholesterol levels to presence and severity of angiographic 
coronary artery disease. Am J Cardiol1991; 67: 479-83. 

15. Woo J, LauE, Lam C\VK, Kay R, Teoh R, Wong HY, Prall WY, Kreel L 
and Nicholls MG. Hypertension, lipoprotein(a), and apolipoprotein A-1 as 
risk factors for stroke in the Chinese. Stroke 1991; 22: 203-8. 

16. Brass LM and Shaker LA. Family history in patients with transient ischemic 
attacks. Stroke 1991; 22: 837-41. 

17. Gliksman M and Wilson A. Are hemostatic factors responsible for the 
paradoxical risk factors for conorary heart disease and stroke? Stroke 1992; 
23: 607- 10. 

18. Solberg LA, McGarry PA, Moossy J, Strong JP, Tejada C and Loken AC. 
Severity of atherosclerosis in cerebral arteries, coronary areries and aortas. 
Ann NY Acad Sc 1960; 23: 956-73. 

19. O'Brien JR. Shear-induced platelet aggregation. Review article. Lancet 
1990; 335: 711-13. 

20. Hier DB and Edelstein G. Deriving clinical prediction rules from stroke 
outcome research. Stroke 1991; 22: 1431-6. 

21. Estol CJ and Pessin MS. Anticoa,aulation: is there still a role in 
atherothrombotic stroke? Stroke 1990; 25: 1-6. 

22. Marshall J. Controlled clinical trials in cerebrovascular disease. A misused 
tooL Arch Neurol 1990; 47: 444-445. 

23. Amarenco P, Duyckaerts C, Tzourio C, Henin D, Bousser M and Hauw JJ. 
The prevalence of ulcerated plaques in the aortic arch in patients with 
stroke. N Eng! J Med 1992; 326: 221-5. 

24. Katz ES, Tunick PA, Rusinek H, Ribakove G, Spencer FC, Kronzon L 
Protruding aortic atheromas predict stroke in elderly patients undergoing 
cardiopulmonary bypass: experience with intraoperative transesophageal 
echocardiography. JAm Call Cardiol1992; 20: 70-7. 

25. Crouse JR, Toole JF, McKinney WM, Digoan MB, Howard G, Kahl FR, 

McMahan JH and Harpold GH. Risk factors for extracnmial carotid artery 
atherosclerosis. Stroke 1987; 18: 990-6. 

26. Hirsch J. Hyperreactive platelets and complications of coronary artery 
disease. N Eng! J Med 1987; 316: 1543-44. 

27. Fuster V, Badimon L, Badimon JJ and Chesebro JH. The pathogenesis of 
coronary artery disease and the acute coronary syndromes. Review Article 
(First of two parts). N Eng! J Med 1992; 326: 242-51. 

28. Fuster V, Badimon L, Badimon JJ and Chesebro JH. The pathogenesis of 

coronary artery disease and the acute coronary syndromes. Review Article 
(Second of two pans). N Eng! J Med 1992; 326: 310-8. 

108 



29. Hennekens CH, Buring JE, Sandercock P, Collins R, Peto R. Aspirin and 
other antiplatelet agents in the secondary and primaty prevention of 
cardiovascular disease. Circulation 1989; 80: 749-756. 

30. Stein B, Fuster V, Israel DH, Cohen M, Badimon L, Badimon JJ, 
Chesebro J. Platelet inhibitor agents in cardiovascular disease: an update. 
J Am Coil Cardia! 1989; 14: 813-836. 

31. Steering Committee of the Physicians' Health Study Group. Final report on 
the aspirin component of the ongoing Physicians' Health Study. N Eng! J 
Med 1989; 321: 129-35. 

32. Vejar M, Hackett D, Brunelli C, Spallarossa P, Ianetti M, Galassi AR, 
Lipkin D, Caponnetto S, Parrono C and Maseri A. Comparison of low-dose 
aspirin and coronary vasodilators in acute unstable angina Circulation 1990; 
81 (suppll): I-4-I-11. 

33. Davies MJ. A macro and micro view of coronary vascular insult in 
ischemic heart disease. Circulation 1990; 82,supp1 II: II-38-II46. 

34. Myerburg RJ, Kessler KM, Mallon SM, Cox MM, deMarchena E, Interian 

A and Castellanos A. Life-threatening ventricular arrhythmias in patients 
with silent myocardial ischemia due to coronary artery spasm. N Eng! J 
Med 1992; 326:1451-5. 

35. Maseri A. Coronary vasoconstriction: visible and invisible. N Eng! J Med 

1991; 325: 1579-80. 
36. O'Brien JR. Effects of salicylates on human platelets. Lancet 1968; i: 779-

783. 
37. O'Brien JR, Tulevski V, Etherington M. Two in-vivo studies compating 

high and low aspirin dosage. Lancet 1971; 1: 399-400. 
38. Vane JR. Inhibition of prostaglandin synthesis as a mechattism of action for 

aspirin-like drugs. Nature 1971; 231: 232-235. 
39. Parrono C, Ciabattotti G, Patrignatti P, Pugliese F, Filabozzi P, Carella F, 

Davi G and Forni L. Clinical pharmacology of platelet cyclooxygenase 
inhibition. Circulation 1985; 72: 1177-84. 

40. Kallmann R, Nieuwenhuis HK, de Groot PG, van Gijn J, Sixma JJ. Effects 
of low doses of aspirin, 10 mg and 30 mg daily, on bleeding thne, 

thromboxane production and 6-keto-PGF-1 excretion in healthy subjects. 
Thromb Res 1987; 45: 355-361. 

41. Lewis HD, Davis JW, Archibald DG, Steinke WE, Smitherman TC, 
Doherty JE, Schnaper HW, Le Winter MM, Linares E, Pouget JM, 

Sabharwal SC, Chesler E and DeMots H. Protective effects of aspirin 
agttiost acute myocardial infarction and death in men with unstable angina 
Results of a Veterans Administration Cooperative Study. N Eng! J Med 
1983; 309: 396-403. 

109 



42. Lorenz RL, Wber M, Kotzur J, Theisen K, Schacky CV, Meister W, 
Reichardt B, Weber PC. Improved aonocoronary bypass patency by low­
dose aspirin (100 mg daily). Lancet 1984; i: 1261-64. 

43. Weksler BB, Pett BS, Alonso D, Richter RC, Stelzer P, Subramanian V, 
Tack-Goldman K and Gay W A. Differential inhibition by aspirin of 
vascular and platelet prostaglandin synthesis in atherosclerotic patients. N 
Eng! J Med 1983; 308: 800-5. 

44. Bousser MG, Eschwege E, Haguenau M, et a!. "AICLA" controlled trial of 
aspirin and dipyridamol in the secondary prevention of atherosclerotic 
cerebral ischemia. Stroke 1983; 14: 5-14. 

45. Canadian Cooperative Study Group. A randomized trial of aspirin and 
sulphinpyrazone in threatened stroke. N Eng! J Med 1978; 299: 53-9. 

46. UK-TIA Study Group. The United Kingdom transient ischaemic attack 
(UK-TIA) aspirin trial: final results. J Neurol Neurosurg Psychiatry 1991; 
54: 1044-54. 

47. Weksler BB, Kent JL, Rudolph D, Scherer PB,Levy DE. Effects of low 

dose aspirin on pl.ru:elet function in patients with recent cerebral ischemia. 
Stroke 1985; 16: 5-9. 

48. The Dutch TIA Trial Study Group. A comparison of two doses of aspirin 
(30 mg vs. 283 mg a day) in patients after a transient ischaemic attack or 

minor ischemic stroke. N Eng! J Med 1991; 325: 1261-6. 
49. Swedish Aspirin Low-dose Trial (SALT) Collaborative Group. Swedish 

Aspirin Low-dose Trial (SALT) of 75 mg aspirin as secondary prophylaxis 
after cerebrovascular ischaemic events. Lancet 1991; 338: 1345-51. 

50. ISIS-2 (Second International Study of Infarct Survival) Collaborative Group. 
Randomized trial of intravenous streptokinase, oral aspirin, both, or neither 

among 17 187 cases of suspected acute myocardial infarction: ISIS-2. 
Lancet 1988; 2: 349-60. 

51. Wallen burg HCS, Dekker GA, Makovitz JW, Rottnans P. Low-dose aspirin 
prevents pregnancy-induced hypenension and pre-eccl.ru:npsia in angiotensin­
sensitive primigravidae. Lancet 1986; 1: 1-3. 

52. Fuster V, Stein B, Ambrose JA, Badimon L, Badimon JJ and Chesebro JH. 

Atherosclerotic plaque rupture and thrombosis. Evolving concepts. 
Circulation 1990; 82,suppl II: II-47-II-59. 

53. Liule WC, Constantinescu M, Applegate RJ, Kutcher MA, Burrows MT, 
Kahl FR and Santamore WP. Can coronary angiography predict the site of 
a subsequent myocardial infarction in patients with mild-to-moderate coro­
nary artery disease? Circulation 1988; 78: 1157-66. 

110 



54. North American Symptomatic Carotid Endanerectomy Trial Collaborators. 
Beneficial effect of carotid endanerectomy in symptomatic patients with 
high-grade carotid stenosis. N Eng! J Med 1991; 325: 445-53. 

55. European Carotid Surgery Trialists' Collaborative Group. :MRC European 
Carotid Surgery Trial: interim results for symptomatic patients with severe 
(70-99%) or with mild (0-29%) carotid stenosis. Lancet 1991; 337: 1235-
43. 

56. John H, Fuster V, Badimon L, Badimon J, Taubman MB and Chesebro JH. 
Syndromes of accelerated atherosclerosis: role of vascular injury and 
smooth muscle cell proliferation. J Am Coli Card 1990; 15: 1667-87. 

57. El-Maraghi N and Genton E. The relevance of platelet and fibrin 
thromboembolism of the coronary microcirculation, with special reference 
to sudden cardiac death. Circulation 1980; 62; no 5: 936-44. 

58. Ratnatunga CP, Edmondson SF, Rees GM and Kovacs IB. High-dose 
aspirin inhibits shear-induced platelet reaction involving thrombin 
generation. Circulation 1992; 85: 1077-82. 

59. De Caterina R, Giannessi D, Boem A, Bernini W, Battaglia D, Michelassi 
C, Dell' Amici F, L' Abbate A, Patrignani P and Patrono C. Equal 
antiplatelet effects of aspirin 50 or 324 mg/day in patients after acute 
myocardial infaction. Thromb Haemost 1985; 54: 528-34. 

60. Vejar M, Fragasso G, Hackett D, Lipkin DP, Maseri A, Born GVR, 
Ciabattoni G and Patrone C. Dissociation of platelet activation and 
spontaneous myocardial ischemia i'l unstable angina. Thromb Haemost 
1990; 63: 163-8. 

61. Force T, Milani R, Hibberd P, Lorenz R, Uedelhoven W, Leaf A and 
Weber P. Aspirin-induced decline in prostacyclin production in patients 
with coronary anery disease is due to decreased endoperoxide shift. 
Circulation 1991; 84: 2286-93. 

62. Vane JR and Botting RM. Hean disease, aspirin and fish oil. Editorial 
comment. Circulation 1991; 84: 2588-90. 

63. Knapp HR, Healy C, Lawson J and Fitzgerald GA. Effects of low-dose 
aspirin on endogenous eicosanoid formation in normal and atherosclerotic 
men. Thromb Res 1988 ; 50: 377-86. 

64. Pedersen AK, FitzGerald GA. Dose-related kinetics of aspirin: presystemic 
acetylation of platelet cyclooxygenase. N Eng! I Med 1984; 311: 1206- 11. 

65. Clarke RJ, Mayo G, Price P and FitzGerald GA. Suppression of throm­
boxane A2 but not of systemic prostacyclin by controlled-release aspirin. 
N Engl J Med 1991; 325: 1137-41. 

111 



66. Trip MD, Manger Cats V, van Capelle FJL and Vreeken J. Platelet 
hyperreactivity and prognosis in survivors of myocardial infarction. N Eng! 
J Med 1990; 322: 1549-54. 

67. Hoogendijk EMG, Jenkins CSP, van Wijk EM and ten Cate JW. Spontane­
ous platelet aggregation in cerebrovascular disease II. Further 
characterisation of the platelet defect. Thromb Haemost 1979; 41:512-522. 

68. Koudstaal PJ, CiabaJ:toni G, van Gijn J, Nieuwenhnis HK, de Groot PG, 
Sixma JJ, Patrone C. Increased thromboxane biosynthesis in acute cerebral 
ischemia. Accepted for publication in Stroke. 

69. Tohgi H, Tamura K, Kimura B, Kimura M and Suzuki H. Individual 
variation in platelet aggregability and serum thomboxane B2 concentrations 
after low-dose aspirin. Stroke 1988; 19: 700-3. 

70. Tofler GH, Brezinski D, Schafer AJ, Czeisler CA, Rutherford JD, Willich 
SN, Gleason RE, Williams GH and Muller JE. Concurrent morning increase 
in platelet aggregability and the risk of myocardial infarction and sudden 
cardiac death. N Eng! J Med 1987; 316: 1514-8. 

71. Ridker PM, Manson JE, Muller JE, Hennekens CH. Circadian variation of 
acute myocardial infarction of low-dose aspirin in a randomized trial of 
physicians. Circulation 1990; 82 :897-902 

72. FitzGerald DJ, Roy L, Catella F and FitzGerald GA. Platelet activation in 
unstable coronary disease. N Eng! J Med 1986; 315: 983-9. 

73. Gaspari F, Vigano G, Orisio S, Bonati M, Livia M, Remuzzi G. Aspirin 
prolongs bleeding time in uremia by a mechanism distinct from platelet 
cyclooxygenase inhibition. J Clin Invest 1987; 79: 1788-97. 

7 4. Lekstrom J A, Bell WR. Aspirin in the prevention of thrombosis. Medicine 
(Baltimore) 1991; 70: 161-78. 

75. Thun MJ, Namboodiri MM and Heath CW. Aspirin use and reduced risk 
of fatal colon cancer. New Eng! J Med 1991; 325: 1593-6. 

76. Marcus AJ. Recent progress in the role of platelets in occlusive vasculat 
disease. Stroke 1983; 14: 475-479. 

77. Newman CM, Maseri A, Hackett DR, El-Tarnirni HM, Davies GJ. Response 
of angiographically normal and atherosclerotic left anterior descending 
coronary aJ:teries to acetylcholine. Am J Cardiel 1990; 66: 1070-6. 

78. Van Gijn J. Aspirin: dose and indications in modem stroke prevention. 
Neurologic Clinics 1992; 10; 1: 193-207. 

112 



Before discussing the need for a cardiological work-up of patients with cerebral 
ischemia, I would like to put forward not only the he an of the patient but that 
of his physician as well. Physicians do not treat diseases that are precisely 
categorized on the basis of cenain manifestations, but they treat sick people. The 
disease affects the patient in his existence in relation with his material and 
emotional surroundings. For him recovery does not necessarily imply the 
complete disappearance of all manifestations of the disease, but signifies a state 
in which he can again live in equilibrium with the world around him. It is well 
known that some patients can be quite satisfied with their recovery despite 
persisting manifestations of their disease. There are several explanations for this, 
one of which is that because of their persisting complaints they continue to get 
attention from the people around them and from society as a whole, thereby 
maintaining the equilibrium of their existence which otherwise might have been 
endangered, even without their current disease. On the other hand, our 
competitive society with an emphasis on production, fimess and beauty may 

condemn a person to illness, although he is for himself and for his relatives in 
a satisfactory equilibrium with the world around him and has no spontaneous 
symptoms. 

From the above it will be obvious that the doctor, in his relation to the 
patient, must act not only on the basis of the scientific considerations which he 
was taught in medical school but also on considerations dictated by his heart if 
he wants to be receptive to the existential aspects of the patient. Only when the 
doctor is not merely an expert in a disease but is also dedicated to the patient, 
can 'the reason of his he an' help him to make the best decision. Augustinus, a 
philosopher in early christianity, already said: 'someone or something is known 
only in so far as one is dedicated to him or it' ('Res tantum cognoscitur, 
quantum diligitur' ). And Blaise Pascal, the French philosopher formulated this 
as foliows: 'the heart has his reasons, which the reason does not know' ('Le 
coeur a ses raisons, que Ia raison ne connaft pas'). 

The 'raisons du coeur' go further than emotions. When making a clinical 
decision for an individual patient, we are free from all kinds of inclusion or 
exclusion criteria the patient would have to fulfill if he is to be entered into a 
large randomized double-blind therapeutic trial [I, 2]. This is not saying that we 
underestimate the information gained by these trials, but in the setting of clinical 
decision making for an individual patient, extrapolation is needed and other than 
scientific criteria should be considered as well. 
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GENERAL DISCUSSION 

Cardiological evaluation of patients with cerebral ischemia compared to 
ophthalmological funduscopy used by clinicians informer days 

Stroke is a major cause of disability in the Western world. Of all stroke patients 
25% die, 25% recover well and 50% remain more or less handicapped. Annually 
in the Netherlands, 25.000 people suffer from stroke and at any one time there 
are some 100.000 people with a previous stroke [3]. In 80% of these cases the 
stroke is of ischemic origin. Of these, 10-20% are preceded by a transient 
ischemic attack (TIA) or by a reversible ischemic neurological deficit (RIND). 
TIA's and minor ischemic strokes are not only precursors of recurrent fatal or 
non-fatal strokes, but should also be seen as warning signals for major cardiac 
events. The 6% per annum mortality from heart disease in at least some series 
of patients with TIA or minor stroke is three times higher than the 1-2% annual 
mortality among persons of comparable age without evidence of atherosclerotic 
disease [4] and is even higher than the 3-4% per annum mortality of patients with 
angina pectoris [5]. The occurrence of TIA or minor stroke should therefore 
prompt to preventive measures for future major vascular events in the heart as 
well as in the brain. 

The vascular system has the saroe histiogenesis throughout the organism and 
basically does not greatly differ in function. It is the transport system for blood, 
through which the different organs are supplied with oxygen and nutrients and 
through which carbon oxide and other metabolites are removed. It is not 
surprising therefore, that the clinicians in earlier days paid so much attention to 

the vascular aspects of the retinal blood vessels, as soon as these could be 
observed by means of the ophthalmoscope, as they were thought to reflect the 
condition of the vascular system in the entire organism. The time of carotid or 
coronary angiography was still far away. Patients with vascular disorders were 
categorized in several degrees of severity according to the vascular aspect of the 
retinal arteries; from this the nature of the vascular disorder was determined. 
Ophthalmoscopic funduscopy had the advantage of being a non-invasive and 
relatively simple investigation, which could be repeated periodically. 

The cardiological evaluation of patients with cerebral ischemia can be 
compared to the early use of ophthalmological funduscopy, in that it reflects the 
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state of the vascular system in general and can be done by means of relatively 
simple and non-invasive techniques, which also can be repeated periodically. In 
addition, cardiological evaluation of patients with cerebral ischemia may provide 
quantitative information on the severity of the vascular disease and may reveal 
direct causes of brain ischemia (sources of embolism from the heart). It also 
provides information on the extent to which the heart itself is affected by the 
atherosclerotic process and allows to detect potentially life-threatening conditions. 

Cardiological evaluation of patients with cerebral ischemia should therefore 
focus not only on the evaluation of possible cardiac sources of emboli but should 
include an evaluation of both the systemic vasculature and the heart. 

Which cardiac investigations in a patient with cerebral ischemia? 

The decision which cardiological investigations to use in a patient with cerebral 
ischemia depends on the following general criteria. The information must be 
clinically relevant for the individual patient [6], and should provide substantially 
more insight into the disease. One should also consider whether the results of the 
investigations will influence management of the patient. 

In our study, non-invasive techniques of cardiac evaluation including the 
clinical history, standard electrocardiography and precordial echocardiography 
combined with Doppler studies, were found to be highly informative with regard 
to the state of the vascular system. In patients with cerebral ischemia there was 
a high prevalence of ischemic heart disease, whether previously recogoized or not 
(Chapter VI). This association was so striking that even the extent of 
cerebrovascular damage was reflected in the number of electrocardiographic 
abnormalities that were detected (Chapter VI). Quantitative criteria for the 
presence of myocardial ischemia, infarction or left ventricular hypemophy on the 
ECG have a strong predictive powerfor the occurrence of vascular events of both 
the brain and the heart (Chapter VII). Studies of others [7] have revealed a 
similar or even a higher predictive value of left ventricular hypemophy for major 
vascular events, if measured by precordial echocardiography. Echocardiography 
also allows visualization of intracardiac thrombi [8], measurement of cardiac 
chamber dimensions and with Doppler studies the characterization of mitral flow 
is achieved [9; Chapter III). We found that increased atrial size and decreased 
mitral flow are determinants of cardioembolic risk in patients with non-valvular 
atrial fibrillation. Transesophageal echocardiography (TEE) permits visualization 
of the left atrial appendage, which is a site of predilection for thrombus formation 
[10, 11; Chapter II]. We also emphasized the role of TEE for the visualization 
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of fragile wall irregularities both in the ascending aona and aortic arch, which are 
potential sources of artery-to-anery embolism [12, 13; Chapter II]. 

The usefulness of cardiological evaluation in patients with brain ischemia has 
been established beyond doubt. The question is how extensive it should be. Based 
on our own studies and those of others we would like to make the following 
remarks. 

In all patients with brain ischemia, clinical history and physical examination 
must be complemented with an 121ead electrocardiogtaphy at rest [14, 15, 16]. 
With the interpretation of these investigations all aspects of the cardiovascular 
system should be considered. 

If clinical history, physical examination and ECG do not reveal abnormalities 
and the neurological examination provides no further information regarding the 
cause of the event, TEE must be considered, especially in younger patients [17, 
18, 19, 20]. Colour Doppler study should be part of the TEE investigation in 
these patients because of the possible existence of a patent foramen ovale, which 
may cause paradoxical embolism [21]. The additional value of precordial 
echocardiogtaphy in patients with cerebral ischemia who have neither clinical nor 
ECG abnormalities is very poor [17, 18; Chapter II]. Other cardiac investigations 
such as thallium scintigraphy are indicated ouly if major (vascular) surgery is 
being considered, because of its ability to detect silent cardiac ischemia [22 ]. This 
has additional relevance since perioperative ischemia may cause myocardial 
infarction and mortality. 

If standard cardiac evaluation with appropriate clinical history, physical 
examination and 12lead electrocardiography does reveal abnormalities, precordial 
echogtaphy may provide useful additional information, especially if combined 
with Doppler study. Precordial echography allows adequate visualization of the 
left ventricular function, measurement of the cardiac chambers and detection of 
left ventricular hypertrophy, which are all indicators for future cardiovascular 
events [7, 28, 29]. Furthermore, cardioembolic risk assessment in these patients 
is enhanced by combination with Doppler study, at least in NV AF patients 
(Chapter III). 

Although TEE is a highly sophisticated and senstttve method of detecting 
intracardiac sources of embolism and even allows to measure the ejection fraction 
of the left atrial appendage [28], we do not consider it the method of first choice 
for standard cardiac evaluation of patients with cerebral ischemia if abnormalities 
are found by clinical exarnination or ECG. TEE is a semi-invasive investigation. 
We should use it particularly with younger patients (<45 years) with unexplained 
stroke after precordial echocardiogtaphy with Doppler and with patients in whom 
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major pathology of the proximal aorta is suspected. In the elderly patients with 
cerebral ischemia with signs of ischemic heart disease, its use for the evaluation 
of the left atrium can be replaced satisfactorily by precordial echocardiography 
combined with Doppler study (Chapter Ill). Function of both the mitral valve and 
the left ventricle are important determinants of flow dynamics in the left atrial 
appendage. Both these indices can be adequately measured by precordial 
echo/Doppler. 

Useful additional information about the heart in patients with cerebral ischemia 
is provided by considering other parts of the vascular system 

Not only the examination of the heart itself is important in patients with cerebral 
ischemia, but also other indicators of generalized atherosclerosis, of which 
cerebral ischemia is only one aspect, may be detected in the vascular system and 
may provide additional information about the state of the heart. The importance 
of the simple information whether or not a patient with cerebral ischemia has 
symptoms of intermittent claudiCation or has an asymptomatic neck bruit on 
physical examination, shonld not be underestimated. Several studies have 
demonstrared a high prevalence of ischemic heart disease in patients with 
peripheral arterial disease or asymptomatic neck bruits, and an elevated risk for 
major cardiac events [31, 32, 33]. These findings were confirmed by our study 
(Chapter VI, VII). 

Several studies also showed that analysis of hemostatic factors might 
contribute to understanding the pathogenesis of (cardioembolic) stroke [34, 35]. 
We studied the value of several hemostatic factors in stroke patients and could 
confirm these findings (Chapter IV). The factors TAT and Fl+2, however, were 
elevated not only in stroke patients with a potential cardiac source of embolism 
but also in patients in sinus rhythm without such a potential source. One patient 
with an intraventricnlat thrombus, and no clinical or radiological signs of cerebral 
ischemia, had significantly elevated hemostatic patatneters (TAT and Fl +2). 
After oral anticoagulation TAT and Fl+2 levels fell sharply. Until now 
indications for oral anticoagulation in patients with left ventriculat thrombi are 
based upon echocardiographic indices such as the shape of the thrombus and its 
mobility [36]. Further refinement of the indiCations for oral anticoagulation in 
patients with left ventricular thrombi might be achieved by means of these 
hemostatic markers. One might specnlate that even low doses of anticoagulation 
can be used and that control of therapeutic levels is possible by measurement of 
these hemostatic markers in stead of INR values. 
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The attention should not be focused on trying to find a single possible causative 
factor for cerebral ischemia There is always the possibility that other factors 
coeJcist and that these may require a different form of treattnent. An example of 
this is the frequent coeJcistence of carotid lesions and non-valvular atrial 
fibrillation in elderly patients with cerebral ischemia [25]. Whereas the first 
would signify an anery-to-anery source of embolism calliog for antiplatelet or 
even surgical treattnent [26, 27], the laner is probably most effectively treated 
with anticoagulants [29, 30]. 

Plea for more exchange of information about atherosclerosis between different 
disciplines 

I would like to finish this thesis with a plea for more cooperation between 
neurologists and cardiologists in the area of vascular disease and atherosclerosis. 
Io Chapter Vlli the prescription of aspirin treannent by neurologists is compared 
with the treattnent usually prescribed by cardiologists. Different doses of aspirin 
are still being used in the two disciplines although the aim of prevenriog vascular 
events is the same. It is not yet known whether this dose difference is ouly 
historically determioed or whether there is some rationale for this discrepancy. 
Had there been more cooperation and commuoication between the two disciplines 
we would probably have had an answer to this question and we could have 
obtained more insight into the complex disease of atherosclerosis. 

Although manifestations of atherosclerosis in the brain and in the bean may 
have much in common, some differences do exist. Extrapolations from one field 
to the other must therefore be made with caution. Io the Dutch TIA Trial, some 
of the patients were randomised to betablockade because of the recognition that 
ischemic hean disease is an important life-threatening complication in patients 
with cerebral ischemia [37]. The known benefit of betablockers for reduction of 
fatal and non-fatal cardiac events led to the hypothesis that this benefit might also 
apply to patients with cerebral ischemia [38] . However, no significant reduction 
of vascular risk was found in patients treated with betablockade (atenolol) 
compared with patients on placebo in the Dutch TIA Trial [39]. 

Thrombolytic therapy in the acute phase of ischemic strOke must be 
differentiated from thrombolytic therapy in the acute phase of myocardial 
infarction. Whereas occlusion in acute myocardial infarction is almost always 
caused by a fresh thrombus, occlusion in acute stroke may be caused by 
atheromatous debris from anery-to-anery embolism and is therefore probably less 
susceptible to thrombolytic therapy [12, 13]. 
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In a recent study Koudstaal et al. found that an "atypical TIA" may herald 
cardiac rather than cerebral events [ 40]. It is possible that the symptoms of an 
"atypical TIA" might be caused directly by cardiac dysrhythmias or by atypical 
angina pectoris. Better understanding of and attention for cardiac symptoms of 
atherosclerosis by neurologists would probably lead to earlier recognition of the 
cardiac origin of the complaints. Vice versa, cardiologists should also pay more 
attention to cerebral manifestations of atherosclerosis. There is evidence from 
animal studies that calcium-antagonists may exert an antiatherogenic effect [41]. 
In view of these encouraging results a number of studies of calcium-blockers in 
the treatment of human atherogenesis have recently been performed. It is 
remarkable that in the two large clinical studies with this design the extensive 
analysis was focused on coronary events and coronary arteriograrns ouly, whereas 
cerebrovascular events or Duplex scanning of the carotid arteries were not 
performed [42, 43]. It seems that neurologists and cardiologists look at the same 
disease but see different things (Chapter I). 

Information from the fields of neurology and cardiology concerniog the 
diagnosis and treatment of atherosclerotic disease must be integrated and further 
complemented with information from other specialties that deal with 
atherosclerosis, calling for a discipline 'neurocardiology' or 'cardioneurology' 
[44]. 
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SUMMARY 

Jn this study several aspects of the cardiological evaluation of patients with 
cerebral ischemia are described; its usefulness for diagnosis and treatment is 
discussed. 

Jn the General Introduction it is demonstrated that there are two major reasons 
for cardiological evaluation of patients with a cerebral ischemic event. First of 
all the heart may be the cause of the cerebrovascular event. Cardiac iovestigation 
can be directed towards fiodiog a potential cardiac source of embolism io the 
heart or detecting causes of cardiogenic circulatory iosufficiency leadiog to 

prolonged cerebral hypoperfusion. Secondly, the fact thar atherosclerosis is a 
generalized vascular disorder probably explaios the existence of a strong 
association between cerebral and cardiac ischemic disease. The first part of this 
thesis deals with the identification of cardiac sources of embolism as potential 
cause of cerebral ischemia. The second part describes how ischemic heart disease 
often coexists with cerebral ischemia, both beiog manifestations of 
atherosclerosis. 

Chapter I consists of a review of the literature, showiog clear relations 
between heart and braio io the presence of atherosclerosis. The aim of this thesis 
is to approach the clinical and epidemiological aspects of patients with cerebral 
ischemic events, while recognizing the existence of heart -braio ioteractions io 
atherosclerotic disease. With respect to this ioteraction some philosophical 
considerations are presented. 

Jn Chapter II a comparative study is done io 72 patients with recent TIA or 
mioor stroke to evaluate the usefulness of precordial versus transesophageal 
echocardiography (TEE) for the detection of iotracardiac sources of embolism. 
It is demonstrated that besides history, physical exatnioation and ECG the 
additional value of precordial echocardiography without Doppler studies is 
limited for the detection of iotracardiac embolic sources. TEE was demonstrated 
to iocrease the yield of potential iotracardiac sources of embolism compared with 
precordial echocardiography. TEE enables the visualization of the left atrial 
appendage, which is a site of predeliction of iotracardiac thrombi. Pathology of 
the ascendiog aorta and the aortic arch was frequently detected and we suggested 
the possibility of artery-to-artery embolism from fragile atheromatous plaques. 
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The overall yield of potential sources of emboli detected by TEE remained 
relatively small (10%) and it was not clear whether these findings were merely 
associated abnormalities or were directly causative of cerebral ischemia No 
stndies with intravenous contrast injection were performed, nor was Doppler 
analysis done. 

Chapter Ill demonstrates that if precordial echocardiography is combined with 
transmittal Doppler analysis, identification of patients at risk for cardioembolic 
stroke in patients with non-valvnlar atrial fibrillation (NV AF) is feasible. 
Presence of spontaneous echocardiographic contrast in the left atrium (SCLA) is 
known to be a sign of dintinished atrial flow and has been shown to be 
associated with an increased risk of cardioembolism. In our smdy we found more 
SCLA in 17 NV AF patients with previous TIA or minor ischemic stroke than in 
17 NV AF patients who had had no such event. In addition it was noted that 
combined measurement of left atrial size, if corrected for base index, and of 
transmittal flow velocity by precordial echocardiography with Doppler provided 
highly sensitive and specific markers for SCLA. 

Chapter IV describes a stndy which aimed to detennine and compare the 
prevalence of hemostatic hyperactivity, defined by increased levels of TAT and 
F1+2. These are highly sensitive markers for thrombotic activity in humans, 
which have recently become available. Four groups of patients were studied: 
patients with or without transient cerebral ischemia, both with or without chronic 
NV AF. We found increased hemostatic activity possibly indicatiog a 
prethrombotic state, in the patients with transient cerebral ischentia one or two 
months after their cerebral ischemic event, irrespective of whether they had 
NV AF or sinus rhythm. A strong positive relationship was also detected between 
the levels of hemostatic activity and increasing age. 

Chapter V depicts the background and design of the Dutch TIA Trial. The 
original cohon for this study included 3150 patients, who had a TIA or minor 
ischentic stroke between March 1986 and March 1989. Two main hypotheses 
were tested in this study: whether 30 mg aspirin/day is more effective than 300 
mg in preventing death and disability from major vascular events and whether 50 
mg arenolol is more effective than placebo in preventing these same events. 
Patients with possible sources of cardiac embolism were excluded as were 
patients on active treatment with antiplatelet drugs. Follow-up was stopped in 
June 1990 and the mean follow-up of the patients ranged from 1 year to 52 
months with a mean of 2.7 years. No patient was lost to follow-up. 

In Chapter VI it is shown that a high prevalence of ischentic heart disease 
could be detected in the patients of the Dutch TIA Trial at entry using the 
relatively simple and inexpensive methods of clinical history and standard 121ead 
electrocardiography. We had reason to suspect previous myocardial infarct in 
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22% of men and in 14% of women. Often myocardial infarctions had not been 
recognized earlier and were detected only on the ECG. In patients with transient 
cerebral ischemia the following factors were found to be associated with an 
increased rate of myocardial ischemia, clinlcally or electrocardiographically: 
neurological deficits exceeding 24 hours, evidence of infarction on CT scanning, 
and a history of peripheral vascnlar disease. These findings suggest a correlation 
between the extent of cerebral ischemic damage and the degree of ischemic heart 
disease. 

Chapter Vll demonstrates that the rate of cardiac and cerebrovascnlar events 
in the Dutch TIA Study population is similar to that of other large clinical trials 
with stroke patients (UK-TIA Trial and ESPS Trial). Univariate and stepwise 
multivariate analysis were used to evaluate the prognostic significance for major 
vascular events of several clinlcal and electrocardiographic variables. Major 
cardiac events mainly occurred in patients with pre-existing ischemic heart 
disease. Previously unrecognized myocardial infarction on ECG and other ECG 
variables indicative for ischemia were seen to have the same prognostic 
significance as symptomatic ischemic heart disease. Some electrocardiographic 
parameters were also predictive for recurrent stroke. It is argned that screening 
patients with TIA or minor ischemic stroke for heart disease is important not only 
to detect potential cardiac sources of embolism, but also to identify patients with 
a high risk for future cardiac and cerebral ischemic events. 

In Chapter VIII the authors intend to seek an explanation for the different 
dosage regimens of aspirin used by neurologists and cardiologists for the 
prevention of major vascnlar events in patients with atherosclerosis. A shon 
historical overview on the use of aspirin in both specialties tries to elucidate 
whether these differences could have originated from a lack of communication 
between neurologists and cardiologists. Further review of the literature discusses 
the presence of various factors that might be of different influence on the 
pathogenesis of atherosclerotic disease and thromboembolism in t.he brain and 
heart and which might also explain the difference in required doses of aspirin. 

In the General Discussion the cardiological evaluation of patients with 
cerebral ischemia is compared with ophthalmological funduscopy used by 
clinlcians in former days. Both reflect the state of the vascular system in general 
and can be done by means of non-invasive and relatively simple techniques, 
which can be repeated from time to time. In addition, cardiological evaluation of 
patients with cerebral ischemia may provide quantitative information on the 
severity of the vascular disease and may reveal direct causes of brain ischemia. 
We have tried to develop a proposal for the choice of cardiological investigations 
in the evaluation of patients with cerebral ischemia. Apart from clinlcal history 
and physical examination, in which all aspects of the cardiovascular system 
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should be considered, a 12 lead electrocardiogram at rest should certainly be 
inclnded in the initial investigations. The choice for further investigations depends 
on whether the initial investigations revealed any abnormalities. It is also 
important to realize that in some instances more information can be gained from 
currently accepted investigations by interpreting the results from a different 
perspective. Precordial echocardiography, for instance, may replace TEE for the 
assessment of cardioembolic risk in NV AF patients if it is combined with pulsed 
Doppler analysis. Additional information on other organ systems that are involved 
in the process of atherosclerosis, might also be helpful A plea is therefore made 
for more exchange of information about atherosclerosis between different 
disciplines. 
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SAMENVATTING 

In dit proefschrift worden verschillende aspecten belicht van de cardiologische 
evaluatie van patienten met een doorgemaakt TIA of ischemische beroene; het 
belang voor diagnose en behandeling wordt besproken. 

De Algemene Inleiding laat zien dat er twee belangrijke redenen zijn waarom 
patienten met een TIA of ischemische beroene aan het hart onderzocht moeten 
worden. Op de eerste plaats kan het hart de oorzaak zijn van de beroene. 
Cardiaal onderzoek bekijkt daarom of er mogelijke cardiale emboliebronnnen zijn 
en zoekt naar oorzaken die leiden tot pompfunctiestoomissen van het hart die 
leiden kunnen tot cerebrale doorbloediogsstoomissen. Ten tweede is het feit dat 
atherosclerose een gegeneraliseerde ziekte is van het vaatstelsel waarschijnlijk de 
verklaring dater een sterk verband blijkt te bestaan tussen ischemisch lijden van 
de hersenen enerzijds en het hart anderzijds. Het eerste gedeelte van dit 
proefschrift gaat over het identificeren van cardiale emboliebronnen, die een 
mogelijke oorzaak kunnen zijn van een ischemische beroene. Hettweede gedeelte 
beschrijft hoe ischemische hartziekte vaak samen voorkomt met cerebrale 
ischemie, beide zijnde uitingen van atherosclerose. 

Hoofdstuk I bevat een literatuuroverzicht, waarin duidelijke relaties worden 
aangegeven tussen hart en hersenen bij aanwezigheid van atherosclerose. Het doel 

van dit proefschrift is om in te gaan op de klioische en epidemiologische 
aspecten betreffende patienten met een ischemische beroene, rekening houdend 
met het bestaan van nauwe verbanden tussen hart en hersenen in atherosclerose. 

In Hoofdstuk II is een studie gedaan bij 72 patienten met een recent TIA of 
ischemische beroene, waarbij de waarde vergeleken is van precordiale versus 
transoesphageale echocardiografie (TEE) voor het vinden van intracardiale 

bronnen van embolie. Op basis van de anarnnese, lichamelijk onderzoek en 
electrocardiografie wordt gevonden dat de toegevoegde waarde van precordiale 
echocardiografie beperkt is, indien Doppler echocardiografie daarbij uiet is 
inbegrepen. TEE daarentegen vergroot wei de kans op her vinden van potentiele 
emboliebronnen in het hart vergeleken met precordiale echocardiografie. TEE kan 
het hartoonje in het linker atrium goed zichtbaar maken, welke een een plaars is 
met een predelictie voor het optreden van een thrombus. In de studie wordt vaak 
pathologie gevonden in de wand van de aona ascendens en in de aonaboog. De 

129 



mogelijkheid van het loslaten van embolieen vannit fragiele atheromateuze 
plaques wordt geopperd. De niteindelijke opbrengst van TEE bij het vinden van 
potentiele cardiale emboliebronnen blijft beperkt (10%) en het is niet dnidelijk 
of de bevindingen nitslnitend een geassocieerd verband vertonen dan wei een 
direkte causale relatie hebben met de ischemische beroerte. Er worden geen 
intraveneuze kontrast injekties gegeven, ook wordt geen Doppler echocardiografie 
gedaan. 

Hoofdstuk Ill laat zien, dat wanneer precordiale echocardiografie wordt 
gecombineerd met Doppler analyse van de bloedstroom door de mitralisklep, er 
een identificatie mogelijk lijkt van patienten met verhoogd risico op een cardiale 
embolie in patienten met chronisch niet-valvulair boezemfibrilleren (NV AF). Het 
is bekend dat de aanwezigheid van spontaan kontrast in het linker atrium bij 
echocardiografie (SCLA) een teken is van verminderde bloedstroom in het atrium 
en deze bevinding blijkt geassocieerd met een verhoogd risico op cardiale 
embolieen. In deze studie wordt bij 17 NV AF patienten met een eerder 
doorgemaakt TIA of ischemische beroerte meer SCLA gevonden dan bij 17 
NV AF patiemen zonder een TIA of beroerte. Gedemonstreerd wordt dat 
gecombineerde metiog van de grootte van het linker atrium, gecorrigeerd voor 
lichaarnsoppervlakte, en de snelheid van de bloedstroom over de mitralisklep met 
behulp van precordiale echocardiografie met Doppler zeer sensitieve en specifieke 
markers blijken te zijn voor het opsporen van SCLA en daarmee van nut kunnen 
zijn voor het bepalen van het risico op een cardiale embolie bij NV AF patienten. 

Hoofdstuk IV handelt over een studie, welke tot doe! heeft om het voorkomen 
te bepalen van verhoogde stolliogsaktiviteit, welke werd nitgedrukt in verhoogde 
waardes van TAT en F1+2. Deze waardes zijn zeer sensitieve markers gebleken 
voor het aangeven van stolliogsaktiviteit bij de mens en zijn recentelijk 
commercieel beschikbaar gekomen. Vier groepen patienten worden onderzocht: 
parienten met of zonder ischemische beroene, beiden met of zonder boezemfibril­
leren. We vinden verhoogde stollingsaktiviteit, mogelijk wijzend op een 
prethrombotische toestand, in de patienten met een ischemische beroerte welke 
een of twee maanden daarvoor had plaars gevonden. Of het hartritme van de 
patient en sinusritme was of boezemfibrilleren maakte geen verschil Verder wordt 
een sterke relatie gevonden tussen de mate van stolliogsaktiviteit en toenemende 
leeftijd. 

Hoofdstuk V beschrijft de achtergrond en het antwerp van de Dutch TIA 
Trial. Het oorspronkelijke cohort voor deze studie omvatte 3150 patienten, die 
een TIA of ischemische beroerte doormaakten tussen maart 1986 en maart 1989. 
De twee hoofdhypothesen die in deze studie werden onderzocht, waren a: is 
30 mg aspirine per dag effek'tiever dan 300 mg in het voorkomen van dood en 
invaliditeit door vasculaire complicaties en b: is 50 mg atenolol effektiever dan 
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placebo in het voorkomen van deze complicaties? Patienten met een mogelijke 
bron van cardiale embolie werden uitgesloten alsmede patienten, die a! 
plaatjesremmende therapie voorgeschreven kregen. Follow-up werd gestopt in 
juui 1990 en de gemiddelde duur van de follow-up van de patienten varieerde 
van 12 tot 52 maanden, met een gemiddelde van 2,7 jaar. Geen enkele patient 
verdween uit de controle tijdens de follow-up. 

Hoofdstuk VI laat zien dat ischemische hanziekte vaak voorkomt bij patienten 
uit de Dutch TIA Trial aan het begin van het onderzoek, gebruik makend van 
relatief eenvoudige en goedkope methodes zoals anamnese en standaard 12 
afleidingen electrocardiogram. We vinden aanwijzingen om een doorgemaakt 
infarct te vermoeden in 22% van de mannen en 14% van. de vrouwen. Vaak zijn 
de myocard infarcten van tevoren klinisch uiet herkend en worden ze pas 
vastgesteld op het ECG. In patienten met voorbijgaande ischemische beroene 
wordt gevonden dat de volgende faktoren samengaan met een verhoogde 
aanwezigheid van ischemisch hanlijden, kliuisch dan wei electrocardiografisch: 
neurologische uitval welke meer dan 24 uur dunn, aanwijzingen voor het bestaan 
van een infarct op de CT -scan en een voorgeschiedeuis van perifeer vaatlijden. 
Deze bevindingen suggereren de aanwezigheid van een correlatie mssen de ernst 
van cerebrale ischemische schade en de mate van ischemisch hartlijden. 

Hoofdstuk VII toont dat de mate van cardiale en cerebrovasculaire complica­
ties in de Dutch TIA populatie vergelijkbaar is met die van andere grote kliuische 
rtials bij patienten met een beroene (UK-TIA Trial en ESPS Trial). Univariate 
en stapsgewijze multivariate analyse worden gebruikt om de prognostische 
betekeuis te evalueren voor vasculaire complicaties van diverse klinische en 
electrocardiografische variabelen. Cardiale complicaties treden vooral op bij 
patienten met reeds bestaand ischemisch hartlijden. Tevoren uiet-herkende 
myocardinfarcten op het ECG en andere ECG-variabelen, welke wijzen op 
ischemie, blijken dezelfde prognostische waarde te hebben a1s ischemisch 
hartlijden met symptomen die wel als zodanig herkend zijn. Enkele electrocardio­
grafische parameters hebben ook voorspellende waarde voor het heroptreden van 
een ischemische beroene. Er wordt daarom aangegeven, dat het screenen van 
patienten met een TIA of ischemische beroene op het voorkomen van hartziekten 
uiet aileen van belang is voor het opsporen van mogelijke cardiale emboliebron­
nen, maar ook om patienten te identificeren met een verhoogd risico op het 
krijgen van cardiale en cerebrale ischemische complicaties. 

In H oofdstuk VIII wordt gepoogd een verklaring te vinden voor de vraag 
waarom neurologen over het algemeen een andere dosering van aspirine 
voorschrijven dan cardiologen bij de preventie van vasculaire complicaties in 
patienten met atherosclerose. Een kon historisch overzicht van het gebruik van 
aspitine in beide vakgebieden probeert te achterhalen of deze verschillen berusten 
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op een gebrek aan communicarie mssen neurologen en cardiologen. Verder 
literamuronderzoek bespreekt de aanwezigbeid van verschillende factoren die van 
invloed zouden kunnen zijn op de pathogenese van atherosclerose en thrombo­
embolie in de hersenen en het han en welke het verschil in voorgeschreven 
dosering aspirine zouden kunnen verklaren. 

In deNabeschou:wing wordt de cardiologische evaluarie van parienten met een 
ischemische beroerte vergeleken met het oogspiegelen in de oogbeelkunde, zoals 
dar in het verleden goed gebruik was bij clinici. Beide onderzoeken geven de 
toestand van het vaatstelsel in het algemeen weer en kunnen gedaan worden 
middels niet-invasieve en relarief eenvoudige technieken, welke periodiek kunnen 
worden herhaald. Daarnaast biedt een cardiologische evaluatie van patienten met 
een ischemische beroerte kwantitatieve informatie over de ernst van de vaatziekte 
en kan het direkte oorzaken van hersenischemie aan het licht brengen. Er wordt 
een voorstel ontwikkeld hoe een keuze gemaakt zou kunnen worden russen de 
verschillende vormen van cardiologisch onderzoek bij de evaluarie van parienten 
met een ischemische beroerte. Behalve anamnese en lichamelijk onderzoek, in 
welke alle aspekten van het han- en vaatstelsel in beschouwing moeten worden 
genomen, behoort tenminste een 12 afleidingen electrocardiogram in rust te 
worden vervaardigd. De keuze voor verder cardiaal onderzoek hangt af van de 
afwijkingen voorzover die bij eerste onderzoek gevonden worden. Het is ook 
belangrijk om zich ervan bewust te zijn dat io bepaalde gevallen meer informarie 
kan worden verkregen uit algemeen gangbare onderzoeken door de resultaten van 
de betreffende onderzoeken vanuit meerdere perspectieven te bekijken. 
Precordiale echocardiografie bijvoorbee!d zou TEE bevredigend kunnen 
vervangen voor het bepalen van het risico op cardiale embolieen in parienten met 
NV AF, indien het wordt gecombineerd met pulsed Doppler analyse. Additionele 
informarie over morfologie en functie van andere organen bionen het rnenselijk 
lichaarn, die meespelen in het proces van atherosclerose, kan ook zinvol zijn. Een 
pleidooi wordt daarom gehouden voor het intensiever uitwisselen van informarie 
omtrent atherosclerose russen de verschillende vakgebieden. 
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APPENDIX 

Participating centers of Dutch TIA Trial (with number of patients randomized, in 
ranking order) 
De Wever Ziekenhuis Heerlen (324; C.L. Franke, • CJ. Hagen, P.J J. Koehler, J.F. 
Mllandolle); Acadentisch Ziekenhuis Dijkzigt Rotterdam (293; WJJ.F. 
Hoppenbrouwers, G. deJong, PJ. Koudstaal; A. Staal; M Vermeulen}; Canisius­
Wilhelmina Ziekenhuis Nijmegen (221; H.JJ.A. Bernsen, C.W.G.M. Frenken; 
HJ.M.M. Lohmann, E.FJ. Poels, MJJ. Prick, W.LM. Verhagen, CJ.W. van de 
Vlasakker, E.V. van Zuilen); Academisch Ziekenhuis Utrecht (208; J. van Gijn; JJ. 
Jansen, LJ. Kappe!le; J.MJ. Ktul, W. Weststtate); SL Franciscus Gasthuis 
Rotterdam (170; P.R. Beneder, C. Bulens; L.H. Penning de Vries-Bos); SL 
Geerttuiden/SL J ozefziekenhuis Deventer (125; J.A. van Beeck, W J. Feikema, 
J.H.M van Gasteren, N.A.C. Roelvink, A.N. Veltema, C.J.M. Vredeveld); 
Diaconessenhuis Leiden (107; P.E. Briet, J. van Rossum); Academisch Ziekenhuis 
Maastricht (103; J. Boiten, J. Lodder, P J.M. van der Lugt); Academisch Medisch 
Centrum Amsterdam (100; H. van Crevel; D.Herderschee, A. Hijdra'); St. 
Lucasziekenhuis Amsterdam (100; J.A.L. Vanneste, J. Vos); Ziekenhuis 
"Ziekenzorg" Enschede (83; E.N.H. Jansen, J. Troost); Twenteborg Ziekenhuis, 
Almelo (78; J.W M ter Berg); Westeinde Ziekenhuis 's-Gtavenhage (76; A. Boon, 
J. Hilbers, J. Nihom, J.TJ. Tans); St. Elisabeth Ziekenhuis Tilbutg (74; A.A.W. Op 
de Coul, A.C.M. Leyten, R.L.A.A. Schellens, C.C. Tijssen); Stichting 
Oosterscheldeziekenhuizen, Goes (73; A.M. Boon, W H. G. Lieuwens); Ziekenhuis 
Gelderse Vallei, Ede (65; M.G. Sntits, A.J.M. Vos); St. Maattens Gasthuis Veulo 
(62; G.D.M. van Hellernondt, BJ. Meems, T.G. Segeren); Merwedeziekenhuis 
Dordtecht (54; P.A.Th. Carbaat, LJ. Hertzberger, C.S.D. Hoekstein (deceased)); 
Ziekenhuis Lievensberg Bergen op Zoom (53; P J.I.M. Berntsen); SL Joseph 
Ziekenhuis Eindhoven (52; B.J. van Kasteren, L.H. Th.S. Konbeek, P.MG.A. W. 
Mulkens); Diaconessenhuis Eindhoven (48; W. Groeneveld, HJ.Troelstra, AJ. 
Venneij); Refajaziekenhuis Dordtecht (44; J.J. Groen, C. Oppelaar); Elisabeth 
Gasthuis Haarlem (40; JAM. Kuster, L. de Vries); Streekziekenhuis Midden 
Twente Hengelo (39; M.M. Klaver); Hervormd Diaconessenhuis Arnhem (38; H. 
Becker, FA. Jongebloed); St. Elisabethziekenhuis Leiderdorp (37; AJ.P. Boesten, 
FJJ. Prick, H.G.S. Suijder, M.M. Veering, RJ.W. Witteveen); Medisch Centrum 
A1kmaar (36; J.W.W.H. Dammers, R. ten Houten, J.A. van Leusden, H.J.S. 
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Straatman); Ziekenhuis St. Jansdal Harderwijk (35; M.J.P. Muller Kobold, R.Th. 
Schoenmaker); Holy Ziekenhuis Vlaardingen (35; JJ.M. Driesen, W.F. van 
Oudenaarden, H.G.J. Krouwer, J.C.B. Verhey); Zuiderzee Ziekenhuis Lelystad (32; 
J.P. Geervliet, E. Siebenga); Diaconessenhuis Voorburg (30; J.L van Doorn, G.J. 
de Jong); Hofpoort Ziekenhuis Woerden (25; R. Wielaard, E.J. Wieringa); 
Acaderuisch Ziekenhuis Leiden (23; OJ.S. Buruma, G.W.A.M. Padberg, A.C.B. 
Peters, R.A. Chr.Roos, A.R. Wintzen); Bergweg Ziekenhuis Rotterda;n (22; R. 
Gelsema, Th.C.M. van Woerkom); Medisch Centrum Leeuwarden (21; J.G. de 
Bruijn, J.C. den Heyer, J.G. Koster); St. Clara Ziekenhuis Rotterdam (21; HJ. van 
den Brand, C.A. van Donselaar, H.A.W. Sinnige, J.A.G. Strijbosch, J.G. van 
Woerkom); Ziekenhuis "Nij Smellinghe" Drachten (18; H.L van der Wiel); St. 
Anna Ziekenhuis Geldrop (18; T.J.M. Breuer, P.F.M. Houben); St. Franciscus 
Ziekenhuis Roosendaal (14; F.P.A.M. Schlosser, A.C.G.A. van Spreeken, G.A.M. 
Verheul); Diaconessenhuis Heemstede (14; RH. Groen, J.O. Mispelblom Beyer); 
Medisch Centrum Leeuwarden, locatie "Bonifatius" (12; J. Dijkstra); 
Diaconessenhuis Utrecht (11; D.NJ. Danker); Maria Ziekenhuis Tilburg (10; J.G. 
Eerenberg, HJ.M. van der Leeuw, C.C.Tijssen); Ziekenhuis Malberg Arnhem (9; 
L. van der Graa:ff, G. Schouwink); Beatrixziekenhuis Gorinchem (9; M.H. Dijkman, 
P.M. Stuurman); St. Lucas Ziekenhuis Winschoten (9; J.B. van der Gaast); St. 
Elizabethziekenhuis Amersfoon (8; R. Bijlsma, M.B.M. Vermeulen); Catharina 
Ziekenhuis Eindhoven (8; J.N. Berendes); Medisch Spectrum Twente, locatie 
Ariensplein, Enschede (8; H. Solleveld); Van Weel/Bethesda Ziekenhuis Dirksland 
(8; U.W. Huisman); Havenziekenhuis Rotterdam (6; J.Z. van den Berg, HJ. 
Vroon); Schieland Ziekenhuis Schiedam (6; R.Agema, W.C.Baard); van 
Dam/Bethesda Ziekenhuis Rotterdam (5; A. van der Zwart); Eudokia Rotterdam (5; 
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