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GENERAL INTRODUCTION






CHAPTER 1

GENERAL INTRODUCTION

Burden of stroke

With 25 to 30 thousand new patients per year and an incidence of
170/100.000, stroke 1s a major health problem in the Netherlands, as it is in
other western countries. It accounts for almost 10% of the annual death in
the Netherlands. Approximately 80% of stroke is of ischemic origin, and
20% cerebral hemorrhage. For the individual patient, the consequences of
stroke are often devastating. Approximately 20% of the patients do not
survive the first weeks and case fatality at 1 year is approximately 35%.'
However, mortality strongly depends on type of stroke, and is higher in
hemorthagic than in ischemic cases. Of the survivors, only 65% is
discharged home directly. Approximately 15% is discharged to a nursery
home, and 20% to a stroke recovery or a rehabilitation center.> Even patients
who are discharged to their own home are often not able to live fully
independently, partly due to their physical handicap, but often also due to
cognitive impairment. In approximately 25% of the cases, cognitive
dysfunction is severe enough to the extent that patients fulfill all criteria of
dementia.** Although the highest incidence of ischemic stroke is between
the 6™ and 7" decade of life, it is a disease of all ages. In subjects between 15
and 45 years of age, the incidence of ischemic stroke is between 6 and
15/100.000/year.>” The mortality in this group of relatively young adults, is
about 20% in the first 6 years after stroke and only less than half of the
survivors is eventually able to perform a job.” Although the consequences of
stroke are often dramatic for the individual patient, these figures also
indicate the large burden of stroke on the community and the health care
system. As a result of the high incidence of stroke, a relatively small
reduction of a few percent of stroke or stroke recurrence would mean a large
reduction in number of patients appealing to the health care system in
absolute terms. Obviously, this makes every effort reducing the incidence or
recurrence of stroke, even with only a few percent, more than worthwhile.
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Figure 1.1 Schematic representation of thromboxane biosynthesis in activated
platelets

Measures of platelet activation in cerebral ischemia

Since thromboembolism from extracranial arteries is widely
regarded as one of the most common causes of transient ischemic attacks
and ischemic strokes, platelet function in these conditions has received
increasing attention in the past decades. In older studies, platelet
hyperaggregability was reported after stroke,'®!"'*'*!* in particular in young
stroke patients.'® Others attempted to study in vivo platelet activation by
measuring blood levels of P-thromboglobulin,'®!6!781920.21 [j-thrombo-
globulin is a platelet-specific protein which is secreted from o-granules of
activated platelets. However, the validity of these in vitro studies has been
challenged.” A major disadvantage of this method is the possibility of ex
vivo platelet activation that may occur during and after blood sampling.”
This artifact may, at least partly, explain the inconsistent results that were
found in the studies using B-thromboglobulin as a measure of platelet

activation. The blood levels of f-thromboglobulin varied widely among
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these studies, and they showed a considerable overlap with the levels of
control patients. Another drawback of these studies was that they were not
confined to the acute phase after the ischemic event.

Urinary 11-dehydro-TXB, as a measure of platelet function and
other possible sources of thromboxane biosynthesis

Theoretically, the artifact of blood sampling can be avoided by
measuring potential products of platelet activation that are excreted in the
urine. A validated method measuring urinary metabolites of thromboxane
A, was introduced in 1987 by Ciabattoni et al.** Thromboxane A, represents
an amplification mechanism of platelet activation and platelet aggregation by
virtue of its being synthesized and released in response to a variety of
agonists (e.g., collagen, ADP, and thrombin) and in turn inducing platelet
aggregation and further release of thromboxane A,. Figure 1.1 represents a
simplification of the thromboxane pathway in platelets. Catalyzed by the
enzyme cyclooxygenase, thromboxane A, is formed from arachidonic acid
of the membrane of activated platelets. Thromboxane A, is further
metabolized, and one of its stable metabolites, 11-dehydro-TXB,, is excreted
in the urine. Although it is an elaborate and time-consuming procedure, 11-
dehydro-TXB, can be measured accurately with a validated
radioimmunoassay.*

Clearly, urinary 11-dehydro-TXB; excretion reflects in vivo
thromboxane biosynthesis. Whether thromboxane biosynthesis reflects
platelet activation depends on other potential sources of thromboxane
production. In this respect, monocytes and macrophages are known to be
potential sources of thromboxane synthesis by being able to express the
enzyme cyclooxygenase-2 in response to inflammatory cytokines and
growth factors.” In addition, transcellular biosynthesis of thromboxane A,
may occur through the biochemical cooperation of cells expressing
cyclooxygenase-2 (e.g., vascular endothelial cells) with aspirinated
platelets.”® However, cyclooxygenase-2 is less sensitive to suppression by
aspirin than cyclooxygenase-1,"” and low dose aspirin is probably able to
suppress cyclooxygenase-1, but not cyclooxygenase-2 activity. Because
platelets have no DNA, they are not able to produce new proteins, and are
thus not able to replace the cyclooxygenase-1 enzyme blocked by aspirin,
DNA containing cells are able to replace blocked cyclooxygenase enzymes
and it is assumed that thromboxane production in DNA containing cells is
less susceptible to suppression with low doses of aspirin. Therefore, we
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consider that thromboxane synthesis that can be suppressed with low dose
aspirin is of platelet origin, and cyclooxygenase dependent and thus reflects
platelet activation.

Thromboxane biosynthesis in stroke

At the time we started our studies, enhanced thromboxane
biosynthesis, as reflected by increased urinary excretion of thromboxane
metabolites, had been reported in patients with unstable angina and acute
myocardial infarction.®®**® Koudstaal et al. reported increased thromboxane
biosynthesis in patients with acute ischemic stroke.® This enhanced
thromboxane biosynthesis could be largely suppressed by low dose of
aspirin, which confirmed its platelet origin.”' This study showed that it was
feasible to measure enhanced thromboxane biosynthesis in stroke patients.
The number of patients, however, was Iimited, and therefore, associations
with cardiovascular risk factors and stroke characteristics could not be
studied satisfactorily. In addition, no data were available concerning the
dynamics of platelet activation in the first days after onset of symptoms. The
presence of increased platelet activation in the acute phase of ischemic
stroke would present a rationale for antiplatelet therapy in this setting.

Diagnosis of post-stroke dementia

As it is suggested that daily intake of aspirin is associated with a
reduction of cognitive decline, both in normal and in demented subjects, we
wanted to study the relationship between thromboxane A, biosynthesis and
cognitive function and dementia. One of the major tasks was to establish the
diagnosis of dementia in the study patients.

Diagnosis of dementia

The diagnosis of post-stroke dementia encompasses the diagnosis of
dementia and the diagnosis of stroke. Whether a stroke patient is demented
or a demented patient has had a stroke, are completely different problems,
each emphasizing different aspects of the diagnosis. In demented patients, it
may be difficult to find evidence for stroke, as stroke may have been
clinically asymptomatic or simply forgotten by the patients and their
families. It may be difficult to diagnose dementia in stroke patients due to
somatic disorders caused by stroke which may interfere with cognitive
evaluation. The most difficult task is to establish a direct relationship
between dementia and stroke.
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The French psychiatrist Pinel introduced the term dementia to refer
to patients with intellectual deterioration and idiocy.” The concept has been
changing ever since and only after the introduction of the DSM-III criteria,™
was dementia operationally defined. For the diagnosis of dementia, memory
impairment was an essential feature. In addition, impairment of one¢ or more
other cognitive domains was required, and the impairment had to be severe
enough to interfere with social or occupational functioning. Bedside tasks,
but not neuropsychological examination, were suggested to assess the
cognitive abilities. These features are also required for the dementia
diagnosis in the DSM-IV criteria,”* however, neuropsychological assessment
is also recommended to evaluate cognitive functions. Furthermore, the
impairment in memory, cognitive, social, and occupational functioning
should represent a decline from a previously higher level. The NINDS-
AIREN criteria for dementia,” which were adopted from the ICD-10,* are
different from the DSM-IV criteria in that two or more cognitive domains
have to be impaired in addition to memory impairment, instead of one or
more. The impairment of an additional cognitive domain is necessary to
compensate for the impairment in a cognitive domain due to stroke, The
definitions of dementia in the DSM-IV, ICD-10, and thus the NINDS-
AIREN criteria have in common that they were mainly developed bearing
Alzheimer's disease in mind. Memory impairment is an essential feature for
the dementia diagnosis in these criteria. Therefore, it is still controversial
whether they can be applied in patients with vascular dementia, because
memory disturbance is not a universal finding in cognitive impairment due
to vascular causes.”” On the other hand, it has been shown that dementia
diagnosis based on criteria which included memory disturbance could better
identify patients at increased risk of adverse outcome following ischemic
stroke.”® In studies which compared different diagnostic criteria in patients
admitted with suspected dementia, distinct groups of patients were identified
using the various criteria, > even though the frequency of demented
patients was similar in one study.*” The ICD-10 and the DSM-IV criteria
appeared more sensitive to diagnose vascular dementia than the NINDS-
AIREN, which was more specific.”” This makes the latter more suitable for
research purposes and the former for clinical practice. The choice of a
particular set of criteria appeared more useful demonstrating a vascular
etiology for the diagnosis of vascular dementia than in excluding a vascular
cause in suspected Alzheimer's disease.” In patients after ischemic stroke,
the frequency of dementia was found to depend on the diagnostic criteria
used. *** The diagnosis based on the MMSE (cut off <24) and less restrictive
neuropsychological paradigms, i.e. impairment in more than 2 cognitive
domains (memory impairment not required), and functional impairment
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seemed to over-diagnose dementia. Based on clinical judgement, dementia is
probably underdiagnosed.*®

Problems encountered when implementing dementia criteria in stroke
patients

In the Dutch Vascular Factors in Dementia Study,” part of the
studied population consisted of a consecutive series of patients from the
Rotterdam Stroke Databank, a hospital-based stroke registry. In this study,
pre-stroke cognitive function was assessed by a structured interview and the
score on the Blessed Dementia Scale.*' Between 3 and 9 months after stroke,
cognitive function was assessed by neurological examination and a series of
neuropsychological screening instruments, the MMSE,” the Geriatric
Mental Status-organic scale (GMS),*” and the Dutch version of the cognitive
and self-contained part of the Cambridge Examination for Mental Disorders
of the Elderly, the CAMCOG.* In patients with clinical suspicion of a
dementia syndrome, extensive neuropsychological examination was carried
out. The diagnosis of dementia was assessed by a diagnostic panel that
consisted of a neuropsychologist, two neurologists, and a physician of the
Rotterdam Stroke Databank, based on information of a close informant, the
results of the neuropsychological evaluation, and the clinical impression on
examination. For the diagnosis, the DSM-III-R criteria for dementia® were
applied. One of the major problems we encountered was that only 300 (59%)
of the 505 stroke patients over 54 vears of age and alive 3 months after
stroke could be included in the study. This is in accordance with previous
large studies in which between 40 and 60% of ischemic stroke patients, alive
at 3 months after stroke and fulfilling the age criteria, could be or were
included.> Patients who were unfit for neuropsychological testing were
excluded in these studies, for example patients with impaired consciousness
or severe aphasia, the latter since valid nonverbal cognitive tests were
lacking. By excluding patients with aphasia, however, the reported
prevalence of dementia might be an underestimation. On the other hand,
inclusion of mild-to-moderate aphasic patients may lead to an overestimation
of dementia, because aphasia may interfere negatively with
neuropsychological testing. The same applies for other neurological deficits
such as hemianopia and neglect, disorders, which, in our experience, made it
more difficult to perform neuropsychological testing. In patients with
cognitive deterioration and severe somatic complaints leading to
dependency, it is difficult to accurately discriminate between the cognitive
and the somatic complaints as the most probable cause of deterioration in
occupational and social functioning. This dilemma may have led to
differences in the reported prevalence of dementia after stroke. The timing of
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evaluation, 3-9 months after stroke, may have been too early for some of our
patients, because they could still have been improving during this phase.
Because the major recovery from stroke takes place during the first 3-6
months, and only small numbers of patients improve thereafter,*®*’ some
authors state that only after 6 months an accurate judgement concemning
cognitive function can be made.”® This is supported by a study, which
reported improvement in memory of patients tested 3 and 6 months after
stroke.* Finally, despite a structured interview with a close informant and
the use of the Blessed Dementia Scale to assess pre-stroke functioning, it is
often difficult to assess whether cognitive deterioration has been present
before omset of stroke, and if so, to assess its severity. Operational criteria
concerning this part of the diagnosis have not been defined. However, pre-
stroke dementia is not rare and has been reported in 8-16% of the patients in
prospective stroke cohort studies,’”® where it has been systematically
evaluated only in the latter study. In this study, pre-stroke dementia was
defined as an IQCODE score’' greater than 103, which was shown to have a
diagnostic accuracy for dementia of 90.4%.” Pre-stroke dementia was
present in 33 (16.3%) of 202 patients, of whom 1 had already been
diagnosed as demented. Whether or not the diagnosis of pre-stroke dementia
can be made accurately, it is clear that a substantial proportion of the patients
with post-stroke dementia already had cognitive disturbances before stroke
onset. Pre-stroke cognitive decline was reported in nearly 40% of another
stroke cohort.” It is obvious that pre-stroke cognitive function should be
evaluated as soon as possible after stroke, to reduce loss of information and
eliminate the influence of post-stroke functioning on the scores.

Scope of this thesis
In this thesis, we addressed the following questions:

- What is the time course of platelet activation in the acute phase of
stroke?

- Can platelet activation in the acute phase of stroke be adequately
suppressed by aspirin?

- Which risk factors for stroke, which patient characteristics, and
which stroke characteristics are associated with increased platelet
activation?
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- What is the relationship between platelet activation, atrial fibrillation
and severity of symptoms in patients with acute ischemic stroke?

- Does increased platelet activation occur in the chronic phase after
stroke?

- [s increased platelet activation in the chronic phase after stroke a risk
factor for cognitive decline and dementia after stroke?

In our studies of urinary 11-dehydro-TXB, as a measure of platelet
activation, we examined the time course of platelet activation in acute
ischemic stroke (chapters 2 and 3), to provide a rationale for choice of
treatment in the acute phase. In chapter 3, we also studied the relationship
between platelet activation and lipid peroxidation, and the effect of aspirin
on the production of both eicosanoids in acute ischemic stroke in order to
clarify the pathway of isoprostane biosynthesis in this condition. The
combined data of the acute phase studies were used to investigate the
relationship between platelet activation, atrial fibrillation and the use of
aspirin in patients with cerebral ischemia (chapter 4). In chapter 5, we
describe platelet activation in the chronic phase after TIA, ischemic stroke,
and primary intracranial hemorrhage in relation with vascular risk factors
and stroke characteristics. In chapter 6, we describe the rationale and design
of a large study on vascular factors in dementia in which the cohort
described in chapter 7 was embedded. Finally, we studied thromboxane
biosynthesis in relation to post-stroke dementia, since it was suggested that
daily intake of aspirin is associated with a reduction of cognitive decline
{chapter 7).
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CHAPTER 2

EVIDENCE FOR EPISODIC PLATELET ACTIVATION
IN ACUTE ISCHEMIC STROKE

Summary

Background and purpose. Enhanced thromboxane biosynthesis has
previously been reported in patients with acute ischemic stroke. In this study
we examined the time course of thromboxane biosynthesis after the onset of
symptoms in 13 patients with acute cerebral infarction.

Methods. We obtained 5 to 8 consecutive 6-hour urine samples from
each of these 13 patients within the first 48 hours after onset of symptoms to
study the dynamics of platelet activation in this setting. The urinary
excretion of the major enzymatic metabolite of thromboxane B,, 11-
dehydro-thromboxane B,, was measured by a previously validated
radioimmunoassay. The excretion rate was compared with that of 20 control
patients with nonvascular neurological diseases.

Results. Eleven (85%) patients had at least one value exceeding 2 SD
of the control mean (251 pmol/mmol creatinine). The proportion of samples
with an elevated 11-dehydro-thromboxane B, level was markedly similar in
each of the eight 6-hour collection periods (mean, 52+8%; range, 40 to
67%). In 4 patients (31%) the excretion rate was elevated in all
measurements obtained. In the 11 patients with enhanced thromboxane
biosynthesis, no uniform pattern of changes over time in metabolite
excretion emerged, with 3 patients having peak values at 0-12 hour, 3 at 12-
24 hour, 3 at 24-36 hour and 2 at 36-48 hour. The level and dynamics of 11-
dehydro-thromboxane B, excretion were related neither to the neurological
symptoms nor to the type or site of the cerebral ischemia.

Conclusions. We conclude that episodes of platelet activation occur
repeatedly during the first 48 hours after the onset of symptoms of an acute
ischemic stroke. Given its apparent dynamic nature, this ongoing process
may be amenable to pharmacologic modulation.



28 Chapter 2
Introduction

Clinical and experimental studies suggest that platelets have a major
role in the pathogenesis of cerebral ischemia.'”? In a previous study we
reported enhanced thromboxane biosynthesis, reflected by the urinary
excretion of a major thromboxane metabolite, 11-dehydro-thromboxane B,
(11-dehydro-TXB;) in half of the patients with ischemic stroke, and in one-
third of patients with a transient ischemic attack.* Metabolite excretion could
be largely suppressed by low-dose aspirin, suggesting its origin from
platelets. However, the temporal relationship between increased
thromboxane biosynthesis and onset of symptoms could not be assessed
since in the majority of patients only single measurements of 11-dehydro-
TXB, were obtained.

To study more precisely the dynamics of platelet activation after
acute ischemic stroke, we have performed repeated measurements of urinary
11-dehydro-TXB; during the first 48 hours after onset of symptoms.

Patients and methods

Study patients. We prospectively studied 13 consecutive patients (8
men and 5 women; mean age, 67.8 + 19.4 vears) with acute ischemic stroke
who were admitted to the Dijkzigt University Hospital of Rotterdam and
were included in the Rotterdam Stroke Databank between February and July
1992. The University Hospital of Rotterdam is an area hospital with an urban
population. This center has no selection criteria for the admission of stroke
patients, but young stroke patients are referred more frequently than to the
nonacademic centers in the region. All patients were screened according to a
strict protocol that consists of a full neurological examination, standardized
blood tests, chest X-ray, at least one and usually two CT-scans of the brain,
duplex scanning of the carotid arteries, and cardiac workup including
standard 12-iead electrocardiography, and depending on other findings, 24-
hour ECG monitoring and echocardiography. The patients were examined
within 24 hours after the onset of neurological symptoms. Nature and time
course of the symptoms were recorded by means of a detailed check-list.’ In
patients with stroke in the carotid territory, the symptoms were further
subdivided according to the presence of cortical signs (aphasia, dysgraphia,
dyslexia, or hemianopia), or one of the following lacunar syndromes: pure
motor hemiplegia, pure sensory stroke, or sensorimotor stroke.® Apart from
the neurological history, the following vascular risk factors were recorded:
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smoking habits, hypercholesterolemia (history of hypercholesterolemia
and/or fasting total cholesterol level more than 8.0 mmol/1), hypertension
(history of hypertension and/or systolic blood pressure more than 160 mm
Hg and/or diastolic pressure more than 90 mm Hg, treated or not), diabetes
mellitus (type I or 1I, treated or not), and a history of intermittent
claudication, stable angina pectoris, prior myocardial infarction, or previous
vascular surgery (carotid, coronary, or peripheral vascular surgery). Stroke
severity was assessed by means of the score on the modified Rankin scale
(the Oxford Handicap Scale)”® on admission, and functional outcome by
means of the score on this scale at 3-month follow-up.

The routine laboratory investigations included hemoglobin,
hematocrit, leukocyte, erytrocyte and platelet counts, erythrocyte
sedimentation rate, blood urea, creatinine, fasting cholesterol and glucose,
liver enzymes, and syphilis serology. The CT-scans were reviewed by two
neurologists, without knowledge of the clinical features or the results of the
biochemical studies.

Control patients. We used the data from our previous study,’ in
which 11-dehydro-TXB, excretion was measured in 20 control patients (11
men and 9 women; mean age, 64.2 years; range, 41-85 years} with
nonvascular neurological disorders, such as cerebral trauma, Parkinson's
disease, epilepsy, or cervical spondylotic myelopathy, who were admitted to
the same hospital. Urine was collected during the night as soon as possible
after admission to the hospital.

Exclusions. Patients were excluded if they had been taking aspirin or
other nonsteroidal anti-inflammmatory drugs in the preceding 10 days. All
other drugs were continued during the study period. Also excluded were
patients requiring invasive investigations, in particular angiography, within
the subsequent 48 hours, patients with possible vasculitis (erythrocyte
sedimentation rate >40 mm in the first hour), renal disease (creatinine
greater than 150 wmol/L), unstable angina pectoris (recent onset of class I1I-
IV chest pain according to the Canadian Heart Association, in the absence of
an increase in the MB fraction of plasma creatinine kinase), or hematuria.

Urine measurements. Six-hour samples of urine were collected
during the first 48 hours after the onset of symptoms, starting as soon as
possible after admission to the hospital. In each patient at least 5 six-hour
samples were obtained. The volume of each urine sample was recorded, and
the creatinine concentration was measured. The samples were frozen
immediately after voiding and stored at -20°C until extraction. Immunoreac-
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tive 11-dehydro-thromboxane B, was extracted from 10-ml aliquots of each
coded urine sample (the pH was adjusted to 4.0 to 4.5 with formic acid) on
SEP-PAK C18 cartridges (Waters Associates, Milford, Mass.) and etuted
with ethyl acetate. The eluate was subjected to silicic acid column
chromatography and further eluted with benzene/ethyl acetate/methanol
(60:40:30, vol/vol). The overall recovery, as determined by the addition of
11-dehydro-["H]thromboxane B,, averaged 80 + 6%. Immunoreactive 11-
dehydro-TXB, eluted from silicic acid columns was assayed at a final
dilution of 1:30 to 1:1000, as described elsewhere.® The urinary excretion
rate of 11-dehydro-thromboxane B, was expressed as picomoles/millimole
of creatinine.

Table 2.1 Baseline Characteristics and Functional Outcome of Study Patients

entry” ' 3-month.

1 F 81 3 6 Cortical HT

2 F 19 2 1 Cortical Smoking, Stroke
3 M 69 5 2 Cortical

4 M 77 5 4 Lacunar Smoking, HT, DM
5 F 64 2 4 Cortical HT

6 M 85 5 5 Cortical HT, AF, SE

7 F 94 4 4 Cortical

8 M 76 4 2 Cortical AF, Mi

9 M 58 5 4 Cortical Smoking

10 M 61 5 6 Cortical DM

11 = 79 2 1 Cortical HT, AF, M!
12 M 73 5 4 Cortical

13 M 45 2 0 Lacunar Smoking, HT

HT, hypertension; DM, diabetes mellitus; AF, atrial fibrillation; SE, systemic
emboli; MI, myocardial infarction.

Statistical analysis. Percentages in independent groups were
compared by the chi-square test (without correction for continuity). Fisher's
exact test was used where necessary. Mean values in independent groups
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were compared by the Mann-Whitney U test. All analyses were performed
with the personal computer program STATA, version 3.0.

Results

The baseline characteristics of the study patients are detailed in table
2.1. No significant difference in age and gender existed between patients
with cerebral ischemia and control patients. All patients had symptoms and
signs related to the carotid artery territory, 2 had a lacunar syndrome. Only 3
patients had no identifiable vascular risk factors.

Table 2.2 Modified Rankin scale

0 No symptoms

1 Minor symptoms, not interfering with lifestyle

2 Minor handicap: symptoms that lead to some restriction in
lifestyle but do not interfere with the patient’s capacity to look
after himself

3 Moderate handicap: symptoms that significantly restrict lifestyle
and prevent totally independent existence

4 Moderately severe handicap: symptoms that clearly prevent
independent existence although not needing constant attention

5 Severe handicap: totally dependent patient, requiring constant
attention, night and day

6 Death

Table 2.3 shows that 11 patients (85%) with ischemic stroke had at
least one urinary 1l-dehydro-TXB; value exceeding 2 SD of the control
mean (251 pmol/mmol creatinine). In 45 of all 86 urine samples (52%) an
elevated 11-dehydro-TXB,; level was found.



32 Chapter 2

Table 2.3 Individual urinary 11-dehydro-thromboxane B; excretion rates within
the first 48 hours after onset of symptoms in patients with cerebral infarction

“:#14-dehydro-thromboxane Bz; pmol/mmol creatinine,. |
unng consecutwe collection peraods in: hours aﬁe
“.onset of ‘symptoms.. .

?a__tiéﬁti
: : 6-12 12-18 18-24 24-30 30-36 = 36-42 4248

e per patient
1 300" 260*  329* 1151* 580 282" 6 100
2 146 127 188 195 41 307 6 17
3 162 148 186 236 248 106 226 187 8
4 174 184 134 170 207 127 108 7
5 272 254* 346 162 122 183 6 50
] 149 144 322* 518* 472 . 591 33z 7 71
7 277 242 293" 489 390" 345 50 7 71
8 491 309" ... 2002 1906 268" 343* 6 100
9 180 177 284 212 180 185 150 115 8 13
10 624* 1094* 810* 614* 592* 618 838° 680* 8 100
11 437 347 274 292¢ 3807 5 100
12 150 361 242 331" 452 308" 6 67
13 261" 173 144 121 241 51 6 17

;. No.of samples
9 10 12 12 12 9 10 12 4. per collection
s period
"% of samples
2o with increased
44 50 67 50 58 56 40 50 € eﬂ?ﬁﬂﬁé} '
" collection
" period
*Values of urinary 11-dehydro-thromboxane B, excretion > 2 SD of controls.
(> 251 pmol/mmol creatinine)

In 4 patients (31%) all 11-dehydro-TXB; measurements obtained
were elevated, although with different time-related patterns (Figure 2.1). No
refation was found between the level and dynamics of 11-dehydro-TXB,
excretion and stroke severity on admission. Patients who showed repeated
{(at least two) episodes of enhanced thromboxane biosynthesis had a worse
functional outcome (median Rankin scale score, 4) compared with patients
who had no or single increase in urinary 11-dehydro-TXB, excretion
(median Rankin scale score, 2). However, this difference was not statistically
significant (P=0.11).



Platelet activation in acute ischemic stroke 33

As detailed in table 2.3, the proportion of samples with an elevated
11-dehydro-TXB; excretion level was strikingly similar in each of the eight
6-hour collection periods and averaged 52+8% (range, 40% to 67%).

The peak 11-dehydro-TXB; excretion rate averaged 6054518 for the
whole group and 6744537 pmol/mmol creatinine for the 11 patients with
enhanced thromboxane biosynthesis. Of the 11 patients with enhanced
thromboxane biosynthesis, 3 (27%]) had their peak !1-dehydro-TXB, values
at 0 to 12 hours, 3 (27%) at 12 to 24 hours, 3 (27%) at 24 to 36 hours, and 2
(19%]) at 36 to 48 hours after the begimning of symptoms. In summary, there
was no consistent pattern of changes over time in metabolite excretion.

Small differences in baseline characteristics, including laboratery
findings, between patients with (n=8) or without (n=>5) repeated elevation of
11-dehydro-TXB; levels included lower levels of creatinine (P=0.04), and
fibrinogen (P=0.07) in patients with at least two elevated 11-dehydro-TXB,
measurements. In addition, significantly fewer patients smoked in this group
(P=0.004). The number of patients was too small for further exploration in a
multivariate analysis.

Discussion

In this study we found that the vast majority (85%) of patients with
acute ischemic stroke have at least one episode of enhanced thromboxane
biosynthesis, as reflected by the urinary excretion of 11-dehydro-TXB,,
during the first 48 hours after the onset of symptoms. This prevalence is
considerably higher than the 51% figure we found in a previous stady.* This
difference can be explained by the repeated instead of single urine sampling
performed in the present study.

No uniform pattern of time-related changes in 11-dehydro-TXB,
was observed. We found no correlation between the level of 11-dehydro-
TXB, and stroke severity on admission. However, we did find that patients
with prolonged or repeated episodes of enhanced thromboxane biosynthesis
had a worse functional outcome than patients with no or a single elevation in
11-dehydro-TXB; excretion. The difference was not significant, probably
because the groups were too small. If this finding is confirmed in larger
studies, it suggests that the number and duration of episodes with enhanced
thromboxane biosynthesis are more important than the level of 11-dehydro-
TXB, with regard to stroke outcome.
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Figure 2.1 Line graphs show urinary 11-dehydro-thromboxane B; excretion
ievels in relation to time after the onset of symptoms in patients showing
enhanced thromboxane biosynthesis in all measurements obtained.

Overall, these different individual patterns of enhanced thromboxane
biosynthesis are consistent with our suggestion® that platelet activation
occurs repeatedly during the first 48 hours after the onset of symptoms of an
acute ischemic stroke. This suggestion is reinforced by the finding of
elevated excretion of 11-dehydro-TXB, beyond 24 hours after the onset of
symptoms in approximately half of the patients; given the 45 minutes half-
life of this metabolite,”® this would not be expected if thromboxane-
dependent platelet activation occurred as a single episode, at the time of the
event.

In a previous study® we have demonstrated that aspirin can
profoundly suppress increased thromboxane biosynthesis. Together with our
current finding that the majority of patients with acute cerebral ischemia
show biochemical evidence of episodic platelet activation within the first 48
hours after the event, this may provide a rationale for testing the efficacy and
safety of aspirin in this setting. A large multicenter trial (the International
Stroke Trial) is currently under way to assess the value of antithrombotic
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therapy in approximately 20,000 patients with acute ischemic stroke
randomized within 48 hours after the onset of symptoms to receive aspirin,
heparin, both or neither."’
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CHAPTER 3

PLATELET ACTIVATION AND LIPID PEROXIDATION
IN PATIENTS WITH ACUTE ISCHEMIC STROKE

Summary

Background and purpose. Both platelet activation and lipid
peroxidation are potential sources of vasoactive eicosanoids that can be
produced via the cyclooxygenase pathway, i.e. thromboxane (TX) A,, or by
free radical-catalyzed peroxidation of arachidonic acid, i.e. isoprostanes. We
investigated the biosynthesis of TXA; and Fi-isoprostanes, as reflected by
the urinary excretion of 11-dehydro-TXB; and 8-epi-prostaglandin (PG) Fy,
respectively, in 62 consecutive patients (30 men, 32 women; mean age
67+14 years) with acute ischemic stroke.

Methods. At least two consecutive 6-hour urine samples were
obtained during the first 72 hours after onset of symptoms. Urinary
eicosanoids were measured by previously described radioimmunoassays.

Results. Repeated periods of enhanced thromboxane biosynthesis
were found in 52% of patients. Urinary 11-dehydro-TXB; averaged 221207
{mean+SD; n=197; range, 13 to 967) pmol/mmol creatinine in 30 patients
treated with cyclooxygenase inhibitors (mostly aspirin) at the time of study,
versus 3924392 (n=186; range, 26 to 2533) in 32 untreated patients
{P<0.001). The corresponding values for 8-epi-PGF;,, excretion were 74+42
(range, 14 to 206) and 83+65 (range, 24 to 570) pmol/mmol creatinine
(P>0.05). The correlation between the two metabolites was moderate both in
unireated patients (r=0.41, P<0.001) and in patients with cyclooxygenase
inhibitors (r=0.31, P<0.001). In a multiple regression analysis, increased
thromboxane production was independently associated with severity of
stroke on admission, atrial fibrillation, and treatment with cyclooxygenase-
nhibiting drugs.

Conclusions. We conclude that during the first few days after an
acute ischemic stroke (1) platelet activation occurs repeatedly in a
cyclooxygenase-dependent fashion; (2) platelet activation is not associated
with concurrent changes in isoprostane biosynthesis; (3) platelet activation is
independently associated with stroke severity and atrial fibrillation; and (4)
isoprostane biosynthesis is largely independent of platelet cyclooxygenase
activity.
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Introduction

Both platelet activation and lipid peroxidation are potential sources
of vasoactive eicosanoids that can be produced via the cyclooxygenase
pathway, i.e. thromboxane (TX) A or by free radical-catalyzed
peroxidation of arachidonic acid, i.e. isoprostanes. In previous studies, we
reported enhanced thromboxane biosynthesis, reflected by the urinary
excretion of a major thromboxane metabolite, 11-dehydro-thromboxane B,
(11-dehydro-TXB,) in patients with acute stroke."” Thromboxane production
could be largely suppressed by low-dose aspirin, suggesting its
cyclooxygenase dependent formation in platelets. The Fo-isoprostanes, a
family of prostaglandin isomers, are free radical catalyzed products of
arachidonic acid metabolism of which in vivo formation in human has first
been reported by Morrow et al’ They are initially formed in situ on
phospholipids, from which they are subsequently released, preformed
presumably by phospholipases.4 They circulate in plasma and are excreted in
urine.*® Among the Fr-isoprostanes, 8-epi prostaglandin Fay (8-epi-PGFz,),
is one of the most abundantly formed under physiological conditions.” It was
shown to be a potent vasoconstrictive agent in animal models, both in renal®’
and in pulmonal vessels.*® Furthermore, 8-epi-PGF,, was found to cause
platelet shape change but not aggregation.'™" Increased plasma levels of F-
isoprostanes were found in smokers,'> in patients with the hepatorenal
syndrome,” and in patients with non-insulin dependent diabetes mellitus.'*
Increased urinary 8-epi-PGF,, levels were found in healthy smokers,' after
paracetamol overdose,'® in patients treated with thrombolytic therapy for
acute myocardial infarction,’ and in hypercholesterolemia.”” As F,-
isoprostanes are formed via free radical catalyzed peroxidation of
arachidonic acid, it is suggested that an increased production may be a
reflection of oxidative stress in these different clinical conditions. However,
recent studies suggest that relatively small amounts of 8-epi-PGF;, can also
be formed in a cyclooxygenase-dependent manner.'®'®'**® Moreover, the
metabolism in humans has been only incompletely characterized.”’

In patients with ischemic stroke, both activation of platelet and
monocyte cyclooxygenases,”’ and the free radical catalyzed pathway are
potential sources of 8-epi-PGF,, formation. Moreover, by its potential effect
on vessel walls and platelets, this eicosanoid may have a negative influence
on stroke outcome.

To investigate the actual rate of 8-epi-PGF,, biosynthesis in vivo,
we have studied the urinary excretion of this prostaglandin in patients with
acute ischemic stroke. In addition, we related the production of 8-epi-PGFa,
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to thromboxane biosynthesis, as reflected by urinary 11-dehydro-TXB,
production. Finally, we evaluated the effect of cyclooxygenase inhibition on
the production of both eicosanoids.

Subjects and methods

Study patients

We prospectively studied 62 consecutive patients (30 men and 32
women; mean age, 67=14 vears) with acute ischemic stroke who were
admitted to the Dijkzigt University Hospital Rotterdam and were included in
the Rotterdam Stroke Databank between March and December 1994, The
University Hospital Rotterdam is an area hospital serving an urban
population. This center has no specific selection criteria for the admission of
stroke patients; however, young stroke patients are referred more frequently
to this center compared with the nonacademic centers in the region. All
patients were screened according to a strict protocol consisting of a full
neurological examination, standardized blood tests, at least one and usually
two computed tomographic scans of the brain, duplex scanning of the carotid
arteries, and a cardiac analysis that included standard 12-lead
electrocardiography, and, if indicated, 24-hour electrocardiographic
monitoring and echocardiography.

All patients were examined within 72 hours, and 42 of them within
24 hours after onset of neurclogical symptoms. In patients with stroke in the
carotid territory, the symptoms were further subdivided according to the
presence of cortical signs (aphasia, dysgraphia, dyslexia, or hemianopia) or
one of the following lacunar syndromes: pure motor hemiplegia, pure
sensory stroke, or sensorimotor stroke.”” The computed tomographic scans
were reviewed by at least two neurologists, without knowledge of the
clinical features or the results of the biochemical studies. Cerebral
infarctions were classified according to location and vascular territory.”
Subcortical infarctions were further classified as small (<15 mm) or large
(>15 mm).

Apart from the neurological history, the following risk factors were
recorded:  smoking  habits,  hypercholesterolemia  (history  of
hypercholesterolemia and/or fasting total cholesterol level over 6.5
mmol/L),* hypertension (history of hypertension and/or systolic blood
pressure over 160 mm Hg and/or diastolic blood pressure over 90 mm Hg,
treated or not), diabetes mellitus, (history of diabetes mellitus type 1 or II
and/or a random blood glucose of 8.0 mmol/l. or greater together with a
HbA,, level of 6.3% or more, treated or not),” atrial fibrillation (history of
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atrial fibrillation and/or atrial fibrillation on ECG), and a history of
intermittent claudication, angina pectoris, prior myocardial infarction, or
prior vascular surgery (carotid, coronary, aorta bifurcation, or peripheral
vascular surgery). We carefully recorded the medication that was used in the
days prior to the stroke, and during the study period, distinguishing patients
without antithrombotic or anticoagulant therapy, and those using
cyclooxygenase inhibitors, heparin, oral anticoagulant therapy, or a
combination of these. Patients with atnal fibnllation were hepannized and
received oral anticoagulant treatment. In patients with aspirin for secondary
prevention after stroke or myocardial infarction, treatment was continued
during the study pericd. The other patients were included in the International
Stroke Trial and were randomized for treatment with aspirin, heparin, both,
or neither.”® Stroke severity was assessed by means of the modified Rankin
scale”” on admission, and functional outcome by means of this scale at 3-
months follow-up.

The routine Iaboratory investigations included hemoglobin,
hematocrit, leukocyte, erythrocyte and piatelet counts, erythrocyte
sedimentation rate, blood urea, creatinine, fasting cholesterol and glucose,
and liver enzymes.

Exclusions

Patients were excluded if they required invasive investigations, in
particular angiography, during the study period. Also excluded were patients
with vasculitis, renal disease {creatinine greater than 200 umol/1), unstable
angina pectoris (recent onset of class III to IV chest pain according to the
Canadian Heart Association, in the absence of an increase in the MB fraction
of plasma creatinine kinase), or macroscopic hematuria.

Urine measurements

Two to 8 six hour samples of urine were collected during the first 72
hours after the onset of symptoms, starting as soon as possible after
admission to the hospital. The average delay between onset of symptoms and
the start of urinary sampling was 14 + 12 hours. The volume of each urine
sample was recorded, and the creatinine concentration was measured.
Samples of 50 mL, containing ImM 4-hydroxy-TEMPO as an antioxidant,
were stored in the refrigerator until they were frozen every six hours, and
stored at -70°C until extraction. Analytical measurements related to
eicosanoid biosynthesis were performed blindly to the pharmacologic
treatments.

Immunoreactive 11-dehydro-TXB; and 8-epi-PGF,, was extracted
from 10-mL aliquots of each coded urine sample (the pH was adjusted to 4.0



Platelet activation and lipid peroxidation in acute ischemic stroke 43

with formic acid) on SEP-PAK C18 cartridges (Waters Associates, Milford,
MA) and eluted with ethyl acetate. The eluates were subjected to silicic acid
column chromatography and further eluted with benzene/ethyl
acetate/methanol (60:40:30, vol/vol). The overall recovery averaged 74.5 =
5.1 %. The eluates were dried, recovered with 5ml of buffer and assayed in
the radioimmunoassay system at a final dilution ranging from 1:30 to 1:1000
for 11-dehydro-TXB; and 1:30 to 1:1000 for 8-epi-PGF,,.*** The urinary
excretion rate of 11-dehydro-TXB; and 8-epi-PGF,, was expressed as
picomoles per millimole of creatinine.

Validation of the 8-epi-PGF,, assay in urine was provided by
comparison of values obtained by TLC/ELA (using the same antibody used
in the present study) with an independent analytical approach, NICI-GC/MS.
An excellent correlation between the two methods was obtained: r=0.99,
n=9, p<0.001. Moreover, 12 urine samples were extracted and measured by
RIA using two different antisera with different cross-reactivities towards 8-
epi-PGE; and similar values were obtained (1=0.99, n=12, p<0.001).%

Statistical analysis

Mean values between groups were compared using the Student's t-
test. P-values <0.05 were considered statistically significant. For timeseries
analysis, all potential prognostic variables were dichotomized by their
medians, or trichotomized at the P33 and P67, when deemed appropriate. In
an exploratory analysis, the relation between the levels of 8-epi-PGF,, and
11-dehydro-TXB; in consecutive urine samples and these variables was
analyzed with analysis of variance for repeated measures, using the BMDP
program 9d.** The difference between mean levels of 8-epi-PGF,, and 11-
dehydro-TXB; for a certain variable was considered clinically meaningful,
when there was a statistically significant difference (p<0.05; ANOVA) for at
least 2 consecutive samples, or for a total of 4 samples in the series in the
same direction. In a logistic regression analysis with stepwise forward
selection of variables, we identified those factors that were independently
related with repeatedly increased (i.e. more than once) 11-dehydro-TXB;
levels.

Results

In the majority of patients (42) sampling started within 24 hours
after stroke onset, and in 28 even within 12 hours. Two to 8 consecutive 6-
hour urinary samples were obtained during the first 48 hours after admission.
Thirty patients were treated with cyclooxygenase inhibitors; 26 used aspirin,
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1 aspirin and the NSAID indomethacine, and 3 NSAIDs only, of whom 1
used ibuprofen, 1 diclofenac, and 1 naproxen. Three patients with NSAIDs
were using this drug before onset of stroke and during the study it was
contimed. The patient on diclofenac started with this medication on
admission. Of the 27 patients on aspirin, 13 were using it as secondary
prevention before the onset of the current stroke, and 1t was continued during
the study. Twelve patients started with aspirin at the beginning of the study,
of whom 11 received it in accordance with the IST, and 1 after denying
consent for randomization in the IST, In 2 patients who had received aspirin
from the general practitioner and who denied consent for randomization in
the IST, the medication was discontinued during the sampling period. Thus,
a total of 17 patients were using antiplatelet medication before the start of
the study, which was continued in 15, and stopped in 2, and 13 patients
started with antiplatelet medication at the beginning of the study. No
difference was found in excretion levels of both eicosanoids between
patients who were on antiplatelet medication before the beginning of the
study, and patients who started on admission nor such difference was found
between patients on aspirin and patients on NSAIDs. Therefore all patients
using cyclooxygenase inhibitors before and/or during the sampling period
were compared to patients without cyclooxygenase inhibitors.

11-dehydro-TXB: 8-epi-PGFy,

Metabolite excretion pmalimmol creatinine
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Figure 3.1 Mean values and 95% confidence intervals of urinary excretion of
1i-dehydro-TXB; and 8-epi-PGF2, for each time period in hours after onset of
stroke. Line indicates the mean+2 SD of control subjects.

Compared with thromboxane excretion levels of controls from our
previous study, mean+2SD=251 pmol/mmol creatinine,’ 40 patients (65%)
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had at least one sample with an increased excretion rate of 11-dehydro-
TXB,, while in 32 (52%) increased metabolite excretion was found
repeatedly. For patients treated with cyclooxygenase inhibitors at the time of
study, the corresponding percentages were 53% and 40% respectively. In
untreated patients these percentages were higher (P=0.1), 75% and 63%,
respectively.

In 30 patients treated with cyclooxygenase inhibitors, mostly 300
mg of aspinn daily, 197 samples were obtained. Urinary 11-dehydro-TXB,
averaged 2214207 pmol/mmol creatinine (mean+SD, range:13-967) in these
samples. In 186 samples of 32 untreated patients I1-dehydro-TXB; averaged
3924392 (range:26-2533). The difference was statistically significant
(p<0.001). No statistically significant difference was found in the levels of 8-
epi-PGF,,, with mean values of 74442 (range:14-206) in patients on
cyclooxygenase inhibitors, and 83+65 (range:24-570) 1 untreated patients.

Values of 8-epi-PGF,, were only modestly correlated to 11-dehydro-
TXB; excretion with a coefficient of 0.40 (P<0.001). The correlation
coefficient was 0.35 in patients treated with cyclooxygenase inhibitors, and
0.41 (P<0.001}, in untreated patients.

400 | 11-dehydro-TX8, 150 8-epi-PGFyy
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400
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Figure 3.2 Mean values of urinary excretion of 11-dehydro-TXB: and 8-epi-
PGF,, for patients with and patients without cyclooxygenase inhibitors for
each time period in hours after onset of stroke. Line indicates the mean +2 SD
of control subjects. Gray bars indicate with cyclooxygenase inhibition and
black bars without.

Figure 3.1 shows mean values and 95% confidence intervals of both
eicosanoids of all patients for each time period. The level of 8-epi-PGFaq
fluctuated around 80 pmol/mmol creatinine. No consistent pattern was found
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in its excretion over time. In contrast, excretion of 11-dehydro-TXB, was
increased in the first period after stroke onset, with a subsequent decline
thereafter. Taking medication into account, most of this decline could be
attributed to cyclooxygenase inhibition. As shown in Figure 3.2, patients
treated with cyclooxygenase inhibitors had a swift and constant decrease in
11-dehydro-TXB, excretion to normal values in the first 24 hours after
stroke onset. Metabolite excretion remained constant in the subsequent
periods. In contrast, patients without cyclooxygenase inhibition had
repeatedly increased values of 11-dehydro-TXB; excretion. No difference
was found in 8-epi-PGF,, excretion between patients with and without
cyclooxygenase inhibitors.

Table 3.1 Maximum 8-epi-PGF,, and 11-dehydro-TXB: production for
demographic characteristics and cardiovascuiar risk factors

Age, years
<71 32 112496 4661516
=71 30 104144 6041487
Sex
Male 30 10141 4661531
Female 32 116197 5964475
Cardiovascular risk factors
Smoking 23 122+105 553577
Hypertension 51 104446 5151453
Diabetes mellitus 11 118440 5011355
Hypercholesterclemia 16 98+31 4334432
intermittent claudication 3 74+32 108741205
Angina pectoris 8 126449 6624521
Afrial fibrillation 13 152+132 1001735
Congestive heart failure 6 133155 1098+748"
History of cardiovascular disease
Myocardial infarction 6 106142 2511276
Stroke 12 102450 509338

Values are meantSD; N is number of patients
1 .1>P=>.05, and 1 .05=P>.01, Student’s { test,

In a first approach to evaluate univariately the relation between
baseline characteristics, risk factors, stroke characteristics, and medication
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on the one hand, and level of eicosancids on the other, we explored
differences in peak eicosanoid excretion.

Table 3.1 shows the mean value + SD of peak eicosanoid excretion
for demographic characteristics and cardiovascular risk factors. Higher
values of 11-dehydro-TXB were found in patients with atrial fibrillation and
in patients with congestive heart failure. For 8-epi-PGF,, no differences in
excretion rates were found. Table 3.2 shows the mean += SD of peak
eicosanoid excretion for stroke characteristics and medication. Patients with
a cortical syndrome had higher peak values of 11-dehydro-TXB, than
patients with a lacunar stroke or a stroke confined to the vertebro-basilar
territory. Higher peak values of 11-dehydro-TXB; were also found in
patients with severe strokes. Patients using cyclooxygenase inhibiting drugs
had significantly lower peak values of 11-dehydro-TXB;. Again, for 8-epi-
PGF;, no differences in excretion rate were found.

As a second step, we performed the timeseries analysis described in
the methods section. In this analysis, 8-epi-PGF,, levels were found to be
elevated in patients with atrial fibrillation. Higher levels of 11-dehydro-
TXB; were found in patients with a history of intermittent claudication, atrial
fibrillation, cortical infarctions, severe strokes, poor stroke outcome, and in
patients with a urinary catheter. Patients with a history of myocardial
infarction and patients using cyclooxygenase inhibitors had lower values of
11-dehydro-TXB,. Because patients with a urinary catheter had increased
thromboxane metabolite levels, we examined whether this could be
explained by urinary tract damage with subsequent hemorrhage and platelet
activation. None of the patients had macroscopic hematuria. Furthermore, no
relation was found between level of microscopic hematuria and level of 11-
dehydro-TXB,.

In a multiple logistic regression analysis, repeatedly increased 11-
dehydro-TXB, levels were related to severity of stroke on admission,
presence of atrial fibrillation, and antiplatelet treatment. Coumarin and
heparin treatment was not associated with repeatedly increased 11-dehydro-
TXB. levels.

Finally, repeatedly increased thromboxane metabolite excretion was
not a statistically significant independent prognostic factor for outcome
when added to stroke syndrome or stroke severity in a multiple logistic
regression model, probably because of the rather small size of this study.
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Table 3.2 Maximum 8-epi-PGF;, and 11-dehydro-TXB; production for stroke
characteristics and medication

Ghamsorsne N sepirGr, 11denydro (s,

CT 'scain ﬁhdinés

No infarction 22 92447 5924562
Large cortical or subcortical infarction 27  125£101 5661534
Border zone infarction 3 142+28 605340
Lacunar infarction 10 90134 2924229
Large or borderzone infarction 30 127£96 570+514
No feukoaraiosis 53 111£79 539+526
Leukoaraiosis 9 93149 5104369
Clinical stroke syndrome
Cortical syndrome 42 120486 633+563"
lacunar syndrome 17 87+34 35042567
Vertebrobasilar ischemia 3 68139 161+58
Stroke severity
Rankin < 4 at baseline 34 109£92 400£458"
Rankin > 4 at baseline 28  107x49 693+517%
Stroke outcome
Rankin < 4 at 3 months 41 105x84 4911570
Rankin = 4 at 3 months 21 115£54 6131224
Medication
No medication 20 108153 5471448
CCO inhibitors only 20 96+48 3761306
Heparin only 9 151+£159 922+907
CAC only 2 9023 708+124
CCO inhibitors and heparin 9 106£49 3564271
CCO inhibitors and CAC 1 65 435
OAC and heparin 1 84 1214
Any CCO inhibitors 30 98147 3721286*
Any heparin 19 126x114 669+704
Any OAC 4 82118 766%333

CCO indicates cyclooxygenase; OAC, oral anticoagulant. Vaiues are
mean+SD.

1 .1>P=>.05, and 1 .052P=>.01, Student's t test.

Discussion

In this study, 65% of patients with acute ischemic stroke had at least
one period of enhanced thromboxane biosynthesis, while in half of the
patients this occurred repeatedly. This is slightly less than the 85% and 61%
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respectively we found in our previous study.’ However, in the current study
almost half of the patients received cyclooxygenase inhibitors. For untreated
patients the results were in accordance with our previous findings.

In contrast, levels of 8-epi-PGF., seemed rather low with an average
of approximately 80 pmol/mmol creatinine. Although no controls were used
in this study, normal values of 8-epi-PGF;, of 50.7+5.7 and 70.5£33.9
pmol/mmol creatinine were reported in other studies.'*"” We found only a
wealk correlation between levels of 11-dehydro-TXB, and 8-epi-PGFa..
Whereas levels of 11-dehydro-TXB, decreased in time in patients with
cyclooxygenase inhibiting drugs, no changes in urinary 8-epi-PGF,,
excretion were found in these patients. Although some studies suggests that
8-epi-PGF;, can be formed in a cyclooxygenase dependent fashion from
human platelets,'®'® our results indicate that in a clinical condition where
platelets are clearly activated, there are no concurrent changes in 8-epi-
PGF,, formation and excretion. Moreover, no significant differences in 8-
epi-PGF,, were found between patients with and without cyclooxygenase
inhibiting drugs, again indicating that levels of 8-¢pi-PGF,, found in patients
with acute ischemic stroke are probably not produced in a cyclooxygenase
dependent fashion. In univariate analysis, no factors that were found to be
associated with 11-dehydro-TXB; production, were also related with 8-epi-
PGF,, excretion. Only in patients with atrial fibrillation was 8-epi-PGF,,
found increased on 2 consecutive periods in the timeseries analysis.

Increased levels of 8-epi-PGFy, excretion were found after
thrombolytic therapy in patients with acute myocardial infarction.'® These
findings suggest that the source of 8-epi-PGF,, under these conditions is free
radical catalyzed lipid peroxidation, associated with occlusion-reperfusion.
Enhanced formation of 8-epi-PGF;, might be expected in patients with acute
stroke, a condition in which formation of free radicals occurs. However, in
our patients, no evident peaks of 8-epi-PGF,, excretion could be detected. In
stroke patients it is difficult to predict if, and when reperfusion occurs. Stili,
we should have detected significant changes in 8-epi-PGF», excretion, if
they occurred, since we collected 6 hour samples of urine during the time in
which reperfusion might be expected in the majority of patients.”’
Alternatively, increased oxidant stress might occur as an early transient
event, largely missed by the timing of our urine sampling or else, the signal-
to-noise ratio might be to small to be detected at a distance from its source.

Increased 11-dehydro-TXB; excretion was univariately associated
with a history of intermittent claudication or atrial fibrillation, the presence
of a urinary catheter, cortical infarctions, severe strokes and worse outcome.
A urinary catheter may induce urinary tract damage with subsequent
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hemorrhage and possibly platelet activation. In our study, a urinary cathetfer
was indeed associated with enhanced 11-dehydro-TXB; level, but also with
stroke severity and outcome. In our ward, patients with severe strokes are
always given a urinary catheter, which explains the relation with severity
and outcome. None of the patients had macroscopic hematuria and no
association was found between the level of microscopic hematuria and the
level of urinary 11-dehydro-TXB,. Therefore, it is unlikely that urinary 11-
dehydro-TXB, levels were the result of urinary tract damage.

The other factors associated with increased thromboxane production,
that is, atrial fibrillation, large subcortical and cortical infarctions, stroke
severity and outcome, and the absence of cyclooxygenase inhibitors, may
reflect the fact atrial fibrillation is more likely to cause large cortical
infarctions which are mostly severe. Moreover, patients with atrial
fibrillation usually receive heparin and coumarin treatment, and not
cyclooxygenase inhibitors. However, in a multiple logistic regression
analysis, atrial fibrillation, stroke severity, and cyclooxygenase inhibition
were independently related to the level of urinary 11-dehydro-TXB,.

An important remaining question is whether there exists a causal
relationship between the extent and duration of platelet activation, as
reflected by the level of 11-dehydro-TXB, excretion, and stroke severity and
outcome. In this study, repeatedly increased thromboxane production was
not a statistically significant independent prognostic factor for outcome
when added to stroke syndrome or stroke severity in a multiple logistic
regression model, probably because of the rather small size of our study.
However, the results of trials that evaluate the value of antiplatelet therapy in
acute ischemic stroke, of which the International Stroke Trial®® and the
Chinese Acute Stroke Trial’? are by far the largest, may contribute to define
the role of platelet activation in this setting. Preliminary results of these
studies indicate that aspirin has a beneficial effect, albeit small, in acute
ischemic stroke.’**

We conclude that during the first few days after an acute ischemic
stroke: 1) platelet activation occurs repeatedly in a cyclooxygenase-
dependent fashion; 2) platelet activation is not associated with concurrent
changes in F,-isoprostane biosynthesis; 3) platelet activation is
independently associated with stroke severity and atrial fibrillation; 4) F,-
isoprostane biosynthesis is largely independent of platelet cyclooxygenase
activity.
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THROMBOXANE
BIOSYNTHESIS AND
ATRIAL FIBRILLATION IN
ACUTE ISCHEMIC STROKE






CHAPTER 4

ATRIAL FIBRILLATION IS ASSOCIATED WITH
INCREASED THROMBOXANE BIOSYNTHESIS IN
PATIENTS WITH ACUTE CEREBRAL ISCHEMIA

Summary

Background and purpose. Patients with atrial fibrillation (AF) have
a worse progrnosis after acute ischemic stroke than patients without AF. In
patients with cerebral ischemia and AF, aspirin seems to have a stronger
protective effect against recurrent stroke than in patients without AF. We
have studied the relationship between AF, aspirin treatment and
thromboxane biosynthesis in the acute phase after cerebral ischemia.

Methods. Data from 3 of our previous studies on in vivo
thromboxane biosynthesis after cerebral ischemia were combined. In these
studies, we had obtained urinary samples from 131 patients in the acute
phase after a transient ischemic attack (T1A) or ischemic stroke. The urinary
excretion of the major enzymatic metabolite of TXA,;, 11-dehydro-TXB,,
was measured by means of a previously validated radioimmunoassay.

Results. Atrial fibrillation was present in 17 (13%) of the patients.
The median (range) 11-dehydro-TXB, excretion in urine was 645 (37-2533)
pmol/mmol creatinine in patients with AF, against 282 (32-5916) in patients
with sinus rhythm (P<0.001). In a multiple linear regression analysis, AF
and stroke severity were associated with increased urinary 11-dehydro-TXB,
excretion, whereas use of aspirin was associated with decreased metabolite
excretion. Use of aspirin was associated with nearly normal values in
patients without AF, but in patients with AF metabolite excretion remained
increased.

Conclusions. Patients with TIA or ischemic stroke and AF have
significantly higher urinary excretion rates of 1l-dehydro-TXB,, as a
measure of increased platelet activation, than those without AF. Aspirin
significantly suppresses thromboxane biosynthesis both in patients with or
without AF, but suboptimally in the former.
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Introduction

Increased urinary excretion of 11-dehydro-TXB,, which reflects in
vivo platelet activation, was found in the acute phas«f:,l‘z‘3 and in the chronic
phase4 after ischemic stroke. Antiplatelet medication was, as expected,
associated with a lower excretion level. However, the number of patients in
each of these studies was small and did not allow firm conclusions as to the
role of atrial fibriflation and its interaction with antiplatelet medication.

Patients with AF have a case fatality that is approximately twice as
high as the case fatality in patients without AF.” Although in the
International Stroke Trial (IST) the most commeon cause of early death in
patients with AF was neurological damage from the initial stroke, in this
study, slightly more patients with AF died from a fatal recurrent stroke of
ischemic or unknown type. In previous studies in patients with AF the
relative risk reduction of stroke and other major vascular events by aspirin
was 22%,° whereas in patients with TIA or minor stroke of presumed
vascular origin, the relative risk reduction by aspirin in any dosage above 30
mg was only 13%.” These findings suggest that platelet activation may play
an even more important role in stroke patients with AF than in those without.

We combined data from 3 of our previous studies on in vivo
thromboxane biosynthesis to investigate the relationship between AF, aspirin
treatment and thromboxane biosynthesis in the acute phase of ischemic
stroke.

Patients and methods

Study patients

We combined data of 3 studies, of which the methods are described
in detail elsewhere."*” The studies were performed in patients with acute
1schemic stroke, admitted within 48 hours after onset. They were performed
on the same neurological ward of the same hospital by the same
investigators, and the methods used were nearly identical. Patients with TIA
or ischemic stroke were recruited from the Rotterdam Stroke Databank,
which 1s a register of stroke patients from the University Hospital
Rotterdam. In all patients, the CT-scan findings were compatible with the
diagnosis of cerebral ischemia. Patients with a cerebral infarction were
subdivided according to a clinical classification: Total anterior circulation
stroke, partial anterior circulation stroke, posterior circulation stroke and
lacunar stroke.® Stroke severity was recorded by means of the modified
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Rankin scale.” Apart from the neurological history, the following risk factors
were recorded: smoking habits, hypercholesterolemia (history of
hypercholesterolemia and/or fasting total cholesterol level >6.5 mmol/L},lO
hypertension (history of hypertension and/or systolic blood pressure >160
mm Hg and/or diastolic blood pressure >90 mm Hg, treated or not), diabetes
mellitus (history of diabetes mellitus type I or 1T and/or 2 random blood
glucose of =8.0 mmol/L together with an HbAlc level of 26.3%, treated or
not),11 AF (history of AF and/or AF on electrocardiogram), and history of
intermittent claudication, angina pectoris, prior myocardial infarction,
congestive heart failure and prior ischemic stroke. Use of antiplatelet
medication at the time of urinary sampling was recorded in all studies.

Exclusions

Patients were excluded from the studies when invasive
investigations were performed during, or in the days before the collection of
urinary samples. In addition, patients with a possible vasculitis (ESR >40
mm in the first hour), renal disease (serum creatinine exceeding 150
mmol/1}, unstable angina pectoris, and/or hematuria were excluded.

Control patients

11-dehydro-TXB; was measured in 20 control patients (11 men and
9 women; mean age, 64.2 years; range, 41-85 years) with non-vascular
neurological disorders, such as minor cerebral trauma, Parkinson’s disease,
epilepsy, or cervical spondylotic myelopathy, who were admitted to the
same hospital, Urine was collected during the night as soon as possible after
the patient’s admission to the hospital.'

Measurement of urinary 11-dehydro-TXB; excretion

Al urine samples were immediately frozen after voiding and stored
at -20 C until extraction. Immunoreactive 11-dehydro-TXB; was extracted
from 10-mL aliquots of each coded urine sample (the pH was adjusted to 4.0
with formic acid) on SEP-PAK CI18 cartridges (Waters Agsociates) and
eluted with ethy! acetate. The eluates were subjected to silicic acid column
chromatography and further eluted with benzene/ethyl acetate/methancl
(60:40:30, vol/vol). Immunoreactive 11-dehydro-TXB, eluted from silicic
acid columns was assayed at a final dilution of 1:30 to 1:1000, as described
pre:viously.12 The urinary excretion rate of 11-dehydro-TXB, was expressed
as picomoles per millimole of creatinine.

Baseline urine samples were taken as soon as possible after
admission. In our first study, a second sample was taken 24 hours hereafter
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in the first 25 patients with cerebral ischemia. In 11 patients using aspirin,
additional overnight urine samples were collected on the third, fifth and
seventh day of treatment with 50 mg of aspirin. In the other studies™”
additional samples were taken repeatedly every six hours after baseline
sampling.

Statistical analysis

Data were analyzed by means of STATA statistical software. The
Student's ¢ test was used te compare the urinary [1-dehydro-TXB; excretion
between subgroups. P-values <0.05 were considered statistically significant.
We considered the maximum 11-dehvdro-TXB; excretion as most
representative. The difference in the mean of 11-dehydro-TXB, excretion
between groups was estimated with a 95% confidence interval. Multiple
linear regression analysis was used to access the relationship between AF
and urinary 11-dehydro-TXB; excretion after adjustment for confounding
factors.

Results

AF was present in 17 (13%) of the 131 stroke patients. Table 4.1
shows the baseline characteristics for all patients in relation to the presence
of AF. Patients with AF were older and more often had a history of
congestive heart failure. They also had more often had a severe stroke
syndrome.

Figure 4.1 depicts the individual measurements of urinary 11-
dehydro-TXB; for patients with or without AF as a function of antiplatelet
therapy. Patients with AF had significantly higher urinary 11-dehydro-TXB;
excretion (median 645, range 37-2533) than those without (median 282,
range 32-5916, p<0.001). Mean metabolite excretion values were lower i
patients who were treated with aspirin. In patients without AF, these values
were nearly in normal range, whereas in patients with AF the values
remained far above normal values.
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Table 4.1 Baseline characteristics of the study population, for patients with
and without AF. (Number of patients percentage between brackets)
Characterlstlc" i -AII Patients

Demographlcs

Age (mean=SD) (years) 75+12 64415 65x15
Male sex 7 (54) 66 (58) 73 (56)

11-dehydro-TXBz (median, range) 645 (37-2533) 282 (32-5916)* 307 (32-5916)
Stroke characteristics

TIA 0 19 {(17) 19 {15)
Severe siroke (Rankin score >3} 12 (71) 32 (28)" 44(34)
Cortical infarction 11 (85) 60 (53) 71 (54)
Lacunar infarction 2(11) 32 (28) 34 (26)
Risk factors
Hypertension 9 (53) 46 (40) 55 (42)
Hyperlipidemia 0 6 (5) 6 (5)
Diabetes mellitus 1(6) 7(8) B (6)
Smoking 4 (24) 45 (39) 49 (38)
History
Previous stroke 4 (24} 14 (12) 18 (14}
Angina pectoris 3(18) 11 (10) 14 (11)
Congestive heart failure 4 (24) 4 (4)T 8 (8)
Myocardial infarction (12} 11(10) 13 (9}
Intermittent claudication 2(12) 4(4) 6 (5)
Antiplatelet medication 5(29) 25 (22) 30 {(23)

t P<0.001; $0.05> P = 0.01
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Figure 4.1 Individual urinary 11-dehydro-TXB; excretion rates depicted on a
togarithmic scale for patients with sinus rhythm and AF, as a function of
aspirin therapy. The horizontal bars represent mean values for each subgroup
of patients.

In a multiple linear regression analysis, in which all factors from
table 4.1 were taken into account, AF and stroke severity were associated
with increased urinary 11-dehydro-TXB, excretion, as shown in table 4.2.
AF and severe stroke increased the urinary metabolite excretion with
approximately 350 pmol/mmol creatinine, No interaction could be
demonstrated between antiplatelet effect and AF.
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Table 4.2 Association of urinary 11-dehydro-TXB: levels with AF, adjusted for
confounding factors by multipte linear regression analysis

4510 727
542 t0 25
108 to 656

R’{rlai fibrillation
Antiplatelet medication
Stroke severity (Rankin)

Discussion

The main finding of this study is that patients with TIA or ischemic
stroke and AF had significantly higher urinary excretion rates of 11-
dehydro-TXB;, as a measure of increased platelet activation, than those
without AF. Severity of stroke symptoms was another factor associated with
increased platelet activation. Since AF most often leads to cortical or large
subcortical infarctions, symptoms are expected to be more severe in patients
with AF than in those without. Even after adjustment for stroke severity, AF
remained an important determinant of 11-dehydro-TXB, excretion.

Our results are consistent with the clinical findings that antiplatelet
medication reduces the risk of vascular events in AF patients with, and
without stroke.® The results also suggest that aspirin treatment may be
beneficial in patients with AF in the acute phase of stroke. The finding that
the relative risk reduction of stroke and other vascular events by aspirin in
patients with AF was 22%,” versus only 13% in patients with TIA or minor
stroke of presumed vascular origin,” suggests that platelet activation may
play an even more important role in stroke patients with AF than in those
without. Indeed, we found higher urinary excretion levels of 11-dehydro-
TXB; in patients with AF compared to those without. Excretion levels
however, could not be suppressed significantly better by aspirin in AF
patients. This finding suggests that platelet inhibition with 300 mg of aspirin
may be insufficient in stroke patients with AF. In acute stroke patients with
AT, no difference in occurrence of ischemic events or outcome could be
demonstrated between patients treated with aspirin and those treated with
unfractionated or high-dose low molecular weight heparin.>! The combined
data of the IST and Chinese Acute Stroke Trial (CAST) tr1als % in which
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40,000 patients with acute ischemic stroke of whom approximately 20%
with AF were included, did not show a different effect of aspirin in patients
with or without AF. Patients with acute ischemic stroke with AF have a
higher risk of early death, which seems mainly explained by older age and
larger infarcts.” However, in the IST, more patients with AF died from a fatal
recurrent stroke of ischemic or unknown type. Patients with AF had slightly
more recurrent ischemic strokes in the first 14 days than patients without,
3.9% versus 3.3%, but the difference was just not statistical significant. In
other studies the risk of early recurrence varies from 1.5% to 18% during the
first 14 days after the initial event.”>'%'"% The low recurrence rates reported
in the IST may therefore be an underestimation of the true rates.” Because
the risk of stroke recurrence in aspirin treated patients with AF appears to be
at least as high, and probably higher than in patients without AF and our
finding that platelet activation is strongly associated with the presence of AF
in the acute phase of stroke, one may suspect a causal relationship. Together
with our other finding that aspirin alone does not adequately suppress
platelet activation in stroke patients with AF this provides a rational for
testing new antiplatelet regimens in this setting.

A potential weakness of our study is that it combined data from
three previous studies. However, except for differences in the number of
urinary samples taken in the acute phase of stroke, no differences in
methodology of patient recruitment and workup, and in assessment of
urinary 11-dehydro-TXB,. Even the hospital ward, the laboratory, and the
collaborators of these previous studies were identical. Another drawback of
this study is the small number of patients in the subgroups of patients with
AF, particular those treated with aspirin. Despite the small numbers,
however, differences in metabolite excretion between patients with and those
without AF were statistically significant.

We conclude that platelet activation in the acute phase of ischemic
stroke is strongly associated with AF and that in these patients platelet
activation is insufficiently suppressed by aspirin treatment alone.
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CHAPTER 5

INCREASED PLATELET ACTIVATION IN THE CHRONIC
PHASE AFTER CEREBRAL ISCHEMIA AND
INTRACEREBRAL HEMORRHAGE

Summary

Background and purpose. Enhanced thromboxane (TX) biosynthesis
has previously been reported in the acute phase after ischemic stroke. We
investigated whether enhanced urinary 11-dehydro-TXB, excretion, a non-
invasive index of platelet activation, was present in the chronic phase after a
transient ischemic attack (TIA) or stroke, including intracerebral
hemorrhage.

Methods. We obtained a single urinary sample from 92 patients
between 3 and 9 months after onset of stroke or TIA. The urinary excretion
of the major enzymatic metabolite of TXA,;, 11-dehydro-TXB,;, was
measured by a previously validated radicimmunoassay. The excretion rate
was compared with that of 20 control patients with nonvascular neurological
diseases.

Results. Urinary 11-dehydro-TXB,; averaged 294=139, 4134419,
and 5574432 pmol/mmol creatinine, for patients with TIA, ischemic stroke
and intracerebral hemorrhage, respectively, and was higher in all subproups
(P<0.01) than the value of 119+66 of controls. Increased 11-dehydro-TXRB,
excretion was present in 59% of all patients, in 60% (P<0.001) of patients
with TIA, in 56% (P<0.001) of patients with ischemic stroke, and in 73%
(P<0.001) of patients with intracerebral hemorrhage. Atrial fibrillation, no
aspirin use, and severity of symptoms at follow-up contributed
independently to the level of 1l-dehydro-TXB, excretion, in a multiple
linear regression analysis.

Conclusions. Platelet activation is often present in the chronic phase
after stroke, including patients with intracerebral hemorrthage. Persistent
platelet activation is associated with atrial fibrillation and poor stroke
outcome, and can be substantially suppressed by aspirin treatment.
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introduction

In previous studies we have reported enhanced thromboxane
biosynthesis, as reflected by the urinary excretion of a major TXA;
metabolite, 11-dehydro-TXB,, in patients with acute ischemic stroke.””
Increased thromboxane production was found to occur episodically during
the first 2 to 3 days after the onset of ischemic stroke,'”™ and could be
largely suppressed by low-dose aspirin,’” thus suggesting its
cyclooxygenase-dependent formation in platelets. Repeatedly increased 11-
dehydro-TXB,; excretion was independently related to stroke severity and
atrial fibrillation. However, metabolite excretion was not a statistically
significant independent prognostic factor for outcome when added to stroke
syndrome or stroke severity in a mulitiple logistic regression model, probably
due to the rather small size of that study.’ Whether increased 11-dehydro-
TXB; excretion is detectable in the chronic phase after stroke, and whether
this is related to cardiovascular risk factors and stroke outcome is unknown.

In the present study we performed measurements of urinary 11-
dehydro-TXB; excretion between 3 and 9 months after stroke onset in
patients with TIA, ischemic stroke, or intracerebral hemorrhage, in order to
investigate whether enhanced platelet activation is present in the chronic
phase after stroke, and, if so, whether such persistent platelet activation is
associated with stroke type, cardiovascular risk factors, and outcome.

Subjects and Methods

Study patients

Patients were recruited from the hospital based stroke cohort of the
Dutch Vascular Factors in Dementia Study, of which the inclusion and
exclusion criteria are detailed elsewhere.* The most important inclusion
criteria for this study were that patients: 1/ had had ischemic stroke,
intracerebral hemorrhage, or TIA with neurclogical deficit on admission to
the hospital; 2/ had a reasonable life expectancy and were alive at follow-up;
3/ were 55 years of age or over at time of stroke onset; 4/ were natively
Dutch speaking; and 5/ were not or only mildly aphasic (<3 on the Aphasia
Severity Rating Scale from the Boston Diagnostic Aphasia Examination). Of
the 300 patients who met these criteria, data were used of all non-demented
patients of whom urinary samples were available. In order to achieve the
demented/not demented ratio of 1:4 that was found in the whole cohort,” a
random sample of demented stroke patients was added to the study group.
Detailed information about cardiovascular risk factors and stroke
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characteristics was obtained during hospital admission. In addition to a full
neurological examination, ancillary investigations consisted of standardized
blood tests, a chest radiograph, computed tomography and/or magnetic
resonance imaging of the brain, duplex scanning of the carotid arteries, a
cardiac analysis including 12-lead electrocardiography and, if indicated, 24
hour electrocardiographic monitoring and echocardiography. At follow-up,
between 3 and 9 months after onset of stroke, blood pressure measurements
were performed, urinary samples were collected, and details on medication
used at the time of follow-up were obtained. Stroke severity was assessed by
means of the modified Rankin scale.?

Control patients

We used the data from our previous study,’ in which 11-dehydro-
TXB, excretion was measured in 20 control patients {11 men and % women;
mean age, 64.2 years; range 4] to 85 years) with nonvascular neurological
disorders, such as minor cerebral trauma, Parkinson’s disease, epilepsy, or
cervical spondylotic myelopathy, who were admitted to the same hospital.
Urine was collected during the night as soon as possible after admission to
the hospital.

Urine measurements

Urine samples were collected 3 to 9 months after stroke. The
creatinine concentration was measured and samples of 50 mlL were
immediately frozen and stored at —20°C until extraction. Analytical
measurements of 11-dehydro-TXB, excretion were performed blinded to
clinical characteristics. Immunoreactive 11-dehydro-TXB; was extracted
from 10 mL aliquots of each coded urine sample (the pH was adjusted to 4.0
with formic acid) on SEP-PAK C18 cartridges (Waters Associates) and
eluted with ethyl acetate. The eluates were subjected to silicic acid column
chromatography and further eluted with benzene/ethyl acetate/methanol
(60:40:30, vol/vol). Immunoreactive 11-dehydro-TXB, eluted from silicic
acid columns was assayed at a final dilution of 1:30 to 1:1000, as described
previously.® The urinary excretion rate of 11-dehydro-TXB, was expressed
as picomoles per millimole of creatinine.

Statistical analysis

Data were analyzed by means of STATA statistical software.” The
Student’s ¢ test was used to compare urinary 11-dehydro-TXB, excretion
between groups. Multiple linear regression was used to assess the relation
between the level of 11-dehydro-TXB; excretion and other clinical
characteristics. Values of P<0.05 were considered statistically significant.
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Results

The present study group consists of 92 patients, mean age, 73.8+8.2
years, of whom 53 were men and 39 women. Ten (11%) had had a TIA, 71
(77%) ischemic stroke, and 11 (12%) intracerebral hemorrhage.

The individual values of 1l-dehydro-TXB; in all patients and
controls are depicted in Figure 5.1. These values ranged between 105 and
496 (median, 287) pmol/mmol creatinine in patients with TIA, 80 and 2105
{median, 290) in patients with ischemic stroke, and between 96 and 1467
(median, 466) in patients with intracerebral hemorrhage. Compared to
controls, 11-dehydro-TXB; excretion was significantly higher in patients
with TIA (P<0.001), patients with ischemic stroke (P=0.003) and in patients
with intracerebral hemorrhage (P<0.001). In 60% of the patients with TIA
(P=<0.001), 56% of patients with ischemic stroke (P<0.001), and 73% of the
patients with intracerebral hemorrhage (P<0.001), the excretion rate
exceeded 2 SD of the mean value of control patients with nonvascular
disorders (119466 pmol/mmol creatinine). Overall, persistently increased
urinary 11-dehydro-TXB, excretion was present in 59% of the patients.
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Figure 5.1 Individual measurements of urinary 11-dehydro-TXB,, piotted on a
log scale, for control patients (meantSD, 1191266 pmol/mmol creatinine) and for
patients with TIA (294%139), ischemic stroke {413%419), and intracershral
hemorrhage (557+432).
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Table 5.1 11-dehydro-TXB: excretion values by demographic factors, cardio-
vascular risk factors, medication, and stroke characteristics

Chara'cteristi

Age year

<75 44 3854368

>75 48 447+¢433 040
Gender

Male 53 3201262

Female 39 5491512 0.006
Cardiovascular risk factors

Smoking 26 4084336 0.89

Hypertension 56 3714328 0.17

Diabetes mellitus 18 5131578 0.26

Hypercholesterolemia 30 3261188 0.13

Intermittent claudication 7 2621150 0.29

Angina pectoris 13 247+126 0.10

Atrial fibrillation 19 759+637 <0.001

Congestive heart failure 7 890+611 <0.001
History of cardiovascular disease

Myocardial infarction 9 3094154 0.40

Stroke 22 3654243 0.49

Retinal infarction 2 5171584 0.72
Medication

No oral anticoagulant and no aspirin 10 6161412 0.137

Aspirin 56 2941294 0.0047

Oral anticoagulant 26 606+500 0.95%
Type of stroke

TIA 10 294+139 0.04

Cerebral infarction 71 4132419 0.83

Intracerebral hemorrhage 11 557432 0.27
Clinical subtype of stroke

TACS 7 462+332 0.70

PACS 32 374£364 0.48

LACS 25 4341520 0.78

POCS 7 4651395 0.72
Severity

Rankin score at follow-up < 3 76 320£229 <0.001

Rankin score at follow-up > 3 16 8771667 '

N is number of patients; values are meantSD; TACS indicates fotal anterior
circulation stroke; PACS, partial anterior circulation stroke; LACS, lacunar
stroke; POCS, posterior circulation stroke.

T vs aspirin or oral anticoagulant; £ vs no aspirin and no oral anticoagufant.
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Table 5.1 shows the urinary 11-dehydro-TXB; excretion of the 92
patients based on demographic characteristics, cardiovascular risk factors,
use of antiplatelet and anticoagulant medication, and stroke characteristics.
In the univariate analysis, urinary 1l-dehydro-TXB, excretion was
significantly higher in women (P=0.006), and in patients with atrial
fibrillation (P<0.001) or congestive heart failure (P<0.001). Patients who
used aspirin (N=56) had significantly lower excretion rates of 11-dehydro-
TXB, than patients on oral anticoagulant treatment or patients without
antiplatelet or anticoagulant treatment (P=0.004). Mean 11-dehydro-TXB,
excretion in patients with TIA was significantly lower than that of patients
with a cerebral infarction or a intracerebral hemorrhage (P=0.04). No
association was found between the level of 11-dehydro-TXB, excretion and
subtype of cerebral infarction. Poor stroke outcome, as measured by a
Rankin score of >3 at follow-up, was associated with increased 11-dehydro-
TXB, excretion (P<0.001).

Five patients had a recurrent vascular event between their qualifying
event and the time of urinary sampling during follow-up. Three of them had
an ischemic stroke, 1 a TIA, and 1 an intracerebral hemorrhage. Urinary 11-
dehydro-TXB. excretion averaged 7161693 pmol/mmol creatinine, and was
numerically higher, (P=0.09), than in patients without early recurrence. The
3 patients with ischemic stroke recurrence had significantly enhanced
metabolite excretion: $76+840 pmol/mmol creatinine (P=0.01).

In a muitiple linear regression analysis presence of atrial fibrillation
and severe strokes (Rankin >3 at follow-up) were independently associated
with increased 11-dehydro-TXB; levels, whereas treatment with aspirin was
associated with reduced metabolite excretion (Table 5.2).

Table 5.2 Coefficients with 95% confidence intervals of factors that remained
independently related to 1i-dehydro-TXB: excretion in a multiple linear
regression analysis

" Aspirin 35510 -04  0.001
Atrial fibrillation 291 133 to 449 < 0.001
Severe stroke 507 346 to 668 < 0.001
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Discussion

The main finding of the present study is that biochemical evidence
of in vivo platelet activation is detectable in the chronic phase after stroke in
approximately 60% of patients. In the present study, also patients with
intracerebral hemorrhage and TIA were included. Of the ischemic stroke
patients, 56% had increased urinary 11-dehydro-TXB, excretion in the
chronic phase. Perhaps unexpectedly, in the vast majority (73%) of patients
with intracerebral hemorrhage, we also found enhanced thromboxane
biosynthesis. This finding may suggest that increased platelet activation is a
reflection of vascular risk factors, diffuse atherosclerotic lesions, or the
extent of vascular damage due to the stroke. However, it is unlikely that
platelet activation merely reflects a generalized vascular disease. A recent
study in patients with peripheral arterial disease, has clearly demonstrated
that hypertension, diabetes mellitus and hypercholesterolemia, but not
peripheral vascular disease per sé, are associated with enhanced
thromboxane biosynthesis.® In our study, we found no relationship between
hypertension, diabetes mellitus and hypercholesterolemia on the one hand,
and elevated levels of 11-dehydro-TXB; excretion on the other. However,
two thirds of our patients were using aspirin at the time of sampling. Davi et
al. reported that a daily regimen of low dose aspirin could largely suppress
enhanced thromboxane biosynthesis in patients with hypercholesterolemia’
and diabetes mellitus.'® The relatively small number of patients with one or
more vascular risk factors in our study probably explains why adjustment for
aspirin intake did not eliminate its confounding effect in the multivariate
analysis.

As in our previous study,’ presence of atrial fibrillation and absence
of aspirin therapy were associated with increased thromboxane production in
the univariate analysis. We previously reported that poor stroke outcome
tended to be associated with increased thromboxane production in the acute
phase. In the present study, we found a statistically significant higher rate of
thromboxane metabolite excretion in patients with a Rankin score > 3 at
follow-up. The association between increased thromboxane production and
atrial fibrillation may reflect, at least in part, the fact that atrial fibrillation is
more likely to cause severe strokes. Moreover, patients with atrial fibrillation
usually receive oral anticoagulant treatment, rather than aspirin. However, in
the multiple regression analysis, both atrial fibrillation and stroke outcome
were independently related to the rate of urinary 1l1-dehydro-TXB;
excretion.

The study of Davi et al.® suggests that persistently increased platelet
activation is a predictor of ischemic events in the setting of peripheral
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arterial disease, since patients who experienced vascular events {myocardial
infarction, cardiac death, ischemic stroke) during 48 months of follow-up,
had significantly higher 11-dehydro-TXB, excretion at baseline than patients
who remained event free. Five of our patients (5.4%), all of whom had had
an ischemic stroke, had a vascular event in the time between their qualifying
stroke and follow-up at 3 to 9 months later. In the 3 patients with a recurrent
ischemic stroke, thromboxane metabolite excretion was significantly higher
than in patients with no recurrences. This could not be explained by acute
episodes of platelet activation due to the vascular event, because all patients
were tested at least 3 months after their last event. This procedure was part
of the protocol.” Although the number of patients is small, and the samples
were taken after the recurrent event, the findings are in line with those of
Davi et al. in a different clinical setting.® Whether persistent platelet
activation is a risk factor for recurrent ischemic events in patients with
ischemic and hemorrhagic stroke remains to be investigated in larger studies
with longer follow-up.

We conclude that platelet activation is often present in patients in the
chronic phase after stroke, including those with intracerebral hemorrhage.
Persistent platelet activation, which is associated with atrial fibrillation and
poor stroke outcome, can be substantially suppressed by aspirin treatment.
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THE DUTCH VASCULAR FACTORS IN DEMENTIA STUDY:
RATIONALE AND DESIGN

Summary

Dementia is a rapidly increasing health problem in the indusirialized
countries. With the aging of the population the number of demented persons
increases both in relative and absolute terms. Obviously, there is a need for
prevention and intervention strategies. We describe the methods and baseline
findings of a large study aimed at identifying potentially modifiable
vascular, thrombogenic, and metabolic determinants of dementia. The study
population consists of subjects 55 years of age or older. Since the vascular
wall of the cerebral vessels is different from that of the coronary or
peripheral vessels, we formed three subgroups in which vascular risk factors
for dementia are studied. Subjects with stroke were distinguished from
subjects with coronary or peripheral artery disease, and from subjects
without stroke or coronary or peripheral artery disease. To obtain a large
enough number of subjects with stroke, cases and controls from a stroke
registry were combined with cases and controls of a population based study
from the same region. For the diagnosis of dementia the DSM-III-R criteria
were used. Extensive information on cardiovascular risk factors was
collected, including indicators of atherosclerosis, Blood and urine were
sampled to study platelet function and thrombogenic and metabolic factors.
The study population consists of 7466 subjects, of whom 300 were recruited
from a hospital based stroke registry. Coronary or peripheral artery disease
was present in 956 subjects, and stroke in 617. Dementia was present in 434
(5.8%) of all subjects. The prevalence of dementia was 3.0%, 24.0%, and
4.4% in subjects with a history of coronary or peripheral artery disease, a
history of stroke, and subjects without a history of coronary or peripheral
artery disease or stroke, respectively. The study will allow us to investigate
the role of vascular factors in dementia, irrespective of its cause.
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Introduction

Dementia is one of the most important causes of disability in the
elderly. In the industrialized world, the prevalence of dementia is
approximately 5%, increasing with age from 0.1% in subjects between 30
and 60 years of age, to approximately 30% in subjects over 90.! With the
aging of the population, the proportion of persons over 75 years of age
almost doubled from 3 to 6% in the Netherlands since 1960 (data from
Statistics Netherlands, Voorburg 1996), the number of demented patients is
increasing both in relative and absolute terms. In older age categories, severe
dementia with the need for institutionalization has the highest prevalence. ™"
Obviously, there is a need for strategies to reduce both the prevalence and
the severity of dementia, in order to lighten the burden on society in terms of
health care, disability, hospital and institutional care. The most obvious
pathologic process to consider in this respect seems to be the vascular
pathology, since wvascular factors provide the best opportunities for
prevention and intervention strategies. That dementia appeared to be more
severe in patients with a presumed vascular cause,” should only encourage
our interest in vascular mechanisms of dementia. Since 1990, we have
embarked on a study of the role of vascular, thrombogenic and metabolic
risk factors in relation to the presence and occurrence of dementia, the Dutch
Vascular Factors in Dementia Study. We describe the methods and baseline
findings of this study.

Rationale

It has been estimated that in 10% to 40% of all demented patients,
vascular lesions or thromboembolic processes are the cause of the disease.®
In stroke patients dementia was present in approximately 25%.% The
disorder had been coined 'multi infarct dementia' by Hachinski in 1975.°
However, after the introduction of brain imaging techniques, other vascular
disorders than multiple infarctions were found to be related with dementia as
well. White matter lesions are associated with cerebral infarctions,'®!! but
also  with  cognitive dysfunction, vascular risk factors, and
atherosclerosis.'>"* Multiple lacunar infarctions,' but also strategic single
lacunar infarctions,”” were associated with dementia. Various types of
intracranial hemorrhages and their sequelae may produce dementia. The
vascular mechanisms that may lead to dementia were described in detail by
the NINDS-AIREN international work group, introducing criteria for
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vascular dementia.'® However, vascular factors may play an important role
in development and the course of other types of dementia as well.'™'® In this
study, we aim to evaluate vascular risk factors in relation to dementia,
irrespective of its cause. Since there is some evidence that the endothelium
of cerebral vessels may be different from that of peripheral vessels, i.e. in
expression of proteins like thrombomodulin that can alter the coagulant
properties of the local vasculature,'” the relative importance of various risk
factors may differ between patients with peripheral artery disease and
patients with cerebral artery disease. This is supported by the results of the
CAPRIE study that has shown an effect of clopidogrel versus aspirin in
patients with peripheral artery disease, but not in patients with coronary
artery disease or stroke.”’ In the past alterations in levels of hemostatic
proteins were thought to be the cause of atherosclerotic and
atherothrombotic complications. Now it is recognized that abnormalities in
coagulation may, at least partly, be the result of atherosclerotic changes,
since the anticoagulant properties of atherosclerotic vessels is decreased.’’
Therefore, we a priori distinguished between subjects with
symptomatic coronary or peripheral artery disease, cerebral artery disease,
and subjects free from vascular disease, to investigate the relationship of
alterations in platelet function and hemostatic factors and dementia.

Objectives

Etiology of dementia. The study aims to identify which vascular,
thrombogenic and metabolic risk factors are related to the risk of occurrence
of dementia. Emphasis will be on: 1/ indicators of atherosclerosis: carotid
intima media thickness, plaques, ankle-brachial systolic blood pressure
index, ECG; 2/ indicators of platelet activation: platelet count, urinary 11-
dehydro-thromboxaneB,, serum plasminogen activator inhibitor-1 (PAI-1),
von Willebrand factor; 3/ indicators of endothelial deviations: von
Willebrand factor, thrombomodulin, tissue-type plasminogen activator
activity (t-PA  activity), serum PAI-1; and 4/ haemostatic variables:
fibrinogen, thrombin-antithrombin complex (TAT), plasmin-antiplasmin
complex (PAP), fragmentl+2, von Willebrand factor, activated proteinC-
ratio (APC-ratio), D-dimer, and tPA-activity.

Diagnostic classification of dementia. We will evaluate how well the
cardiovascular risk profile, location and degree of atherosclerosis, and
disturbances in hemostatic and metabolic processes, relate to the current
diagnostic criteria for vascular dementia.
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Methods

Population

The population of the Dutch Vascular Factors in Dementia study
consists of participants of the Rotterdam Study and of the Rotterdam Stroke
Databank. The Rotterdam Study is a single center prospective follow-up
study of disease and disability in the elderly, described in detail elsewhere.”
Eligible participants included all residents 55 years and older living in the
Rotterdam suburb of Ommoord, in the Netherlands. Baseline measurements
were made from March 1990 to July 1993. Of the 10,275 eligible
participants, 7,983 participated (78%). The study has been approved by the
Medical Ethics Committee of the Erasmus University and written informed
consent was obtained from all participants.

The Rotterdam Stroke Databank is a registry of patients with
transient ischemic attack, ischemic stroke or a primary intracerebral
hemorrhage, admitted to the department of Neurology of the University
Hospital Rotterdam in the Netherlands. From March 1, 1993 until January
15, 1996, a total of 825 consecutive patients entered this registry of whom
300 met the criteria to enroll in the Dutch Vascular Factors in Dementia
Study. Informed consent was obtained from all patients or in some cases
from close relatives. The reasons for exclusion are detailed in Table 6.1.

Assessment of cognitive function and dementia

In the Rotterdam Study and in the Rotterdam Stroke Databank we
used largely the same methodology to obtain information on cognitive
function and to diagnose dementia, though small differences did occur, due
to the specific problems of acute stroke patients.

In patients of the Rotterdam Stroke Databank, premorbid cognitive
function was assessed by an interview with a close informant and the score
on the Blessed Dementia Scale.”® Cognitive function was assessed by
neurological examination and by a series of neuropsychological screening
instruments. Between 3 and 9 months after onset of stroke we performed the
Mini-Mental State Examination (MMSE),”* Geriatric Mental Status-organic
scale (GMS),” and the Dutch version of the cognitive and self contained part
of the Cambridge Examination for Mental Disorders of the Elderly, the
CAMCOG.” In patients with a clinical suspicion of a dementia syndrome,
extensive neuropsychological evaluation was carried out. Based on
information of a close informant, the results of extensive neuropsychological
evaluation, and the clinical impression at examination, the diagnosis of
dementia was assessed in a diagnostic panel that consisted of a
neuropsychologist, two neurologists, and a physician of the Rotterdam
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Stroke Databank. For the diagnosis, the DSM-III-R criteria for dementia
were applied.

Table 6.1 Patient recruitment from the Rotterdam Stroke Databank for the
Dutch Vascular Factors in Dementia Study

RSD-patients

- Inclusion in Dementia study 300 36.4
- Exclusion from Dementia study 525 63.6
< 55 years of age 198 24.0
Deceased within 3 months 122 14.8
Did not give consent 46 5.6
TIA and no signs on examination 42 51
Severe aphasia 41 5.0
Moved out of the region 29 35
No native Dutch speaking 17 2.0
Short life expectancy 13 1.6
Other intracranial pathology 12 1.4
Not testable other 3 0.4
Severe psychiatric disorder 2 0.2

The assessment of cognitive function and dementia in the Rotterdam
Study is described in detail elsewhere.®* In short, the screening for
dementia included the MMSE and the GMS-organic scale. Subjects with a
MMSE <26 and/or a GMS-organic score >0, were subjected to a more
extensive screening procedure, conmsisting of the structured psychiatric
diagnostic interview of the CAMDEX, the CAMCOG, and an interview with
a close informant by a physician. All subjects with a CAMCOG <80 and/or a
suspicion of dementia were referred for further examination which included
examination by a neurologist and more extensive neuropsychological testing.
Neuro-imaging was obtained if possible. For subjects with incomplete work-
up, additional information was obtained from medical records. Based on all
available information, the final diagnosis was made by a diagnostic panel



86 Chapter 6

consisting of a neurologist, a neuropsychologist, and two physicians of the
Rotterdam Study, using the DSM-III-R criteria.

Cardiovascular risk factors

In the Rotterdam Study information on health status, medical
history, current drug use, and smoking behavior was obtained using a
computerized questionnaire, which included a Dutch version of the Rose
questionnaire for assessment of prevalent angina pectoris and intermittent
claudication.”® A previous history of myocardial infarction was based on the
questions 'Did you ever have a myocardial infarction for which you were
hospitalized?'. Information on a stroke history was obtained by the question
'Did vou ever suffer from a stroke, diagnosed by a physician?'. For stroke,
supplementary medical information including a detailed history, information
on neuroimaging, and copies of hospital discharge records was obtained
from general practitioner or hospital discharge records. Stroke diagnosis was
based on all available medical information as detailed elsewhere.’’ Diabetes
mellitus was considered present when subjects were currently using oral
blood sugar lowering drugs or receiving insulin treatment. With respect to
smoking behavior, subjects were categorized in groups of current smokers,
former smokers and those who had never smoked. Height and weight were
measured and body mass index (kg/m’) was calculated. Sitting blood
pressure was measured at the right upper arm using a random-zero sphygmo-
manometer. The average of two measurements obtained at one occasion,
separated by a count of the pulse rate, was used in the present analysis.
Hypertension was defined as a systolic blood pressure of 160 mmHg or over
or a diastolic blood pressure of 95 mmHg or over or current use of
antihypertensive drugs for the indication hypertension. Blood sampling
procedures and storage have been described elsewhere.”

In the Rotterdam Stroke Databank detailed information about
cardiovascular risk factors, stroke characteristics, and premorbid mental and
physical status was obtained during hospital admission, using the same
methodology as in the Rotterdam Study. Tn addition to a full neurclogical
examination, ancillary investigations consisted of standardized blood tests,
chest x-ray, computed tomographic scanning and/or magnetic resonance
imaging of the brain, duplex scanning of the carotid arteries, a cardiac
analysis including standard 12-lead electrocardiography, and, if indicated,
24-hour electrocardiographic monitoring and echocardiography. Blood
pressure measurements, anthropometry, and blood and urine sampling were
performed between 3 and 9 months after the initial stroke. As indicator of
platelet activation we measured the urinary excretion of thromboxane A,,
11-dehydro-thromboxaneB,, as described elsewhere. >
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Non-invasive assessment of atherosclerosis

In both the Rotterdam study and in the Rotterdam Stroke Databank
carotid atherosclerosis was assessed through ultrasonography of both carotid
arteries. To measure carotid intima-media thickness, ultrasonography was
performed with a 7.5 MHz linear array transducer. This procedure has been
described in detail previously.’”®*" Plaques were defined as a focal
widening relative to adjacent segments, with protrusion into the lumen either
composed of only calcified deposits, only non-calcified material or a
combination of both. No attempt was made to quantify the size or extent of
the lesions.*®

The presence of atherosclerosis in the arteries of the lower
extremities was evaluated by measuring the systolic blood pressure level of
the posterior tibial artery on both the left and right side using an 8 Mhz
continuous wave Doppler probe (Huntleigh 500 D, Huntleigh Technology,
Bedfordshire, UK) and a random-zero sphygmomanometer.'**® A single
blood pressure reading was taken on each side with the subject in a supine
position. The ratio of the systolic blood pressure at the ankle to the systolic
blood pressure at the arm (ankle-arm index) was calculated for each leg, and
the lowest used in the analysis.*

Follow-up

The cohort will be followed over time to detect new cases of
dementia. This part of the study may further clarify the causal and prognostic
significance of risk factors for dementia. In addition, patients with prevalent
dementia will be monitored for progression.

In the Rotterdam Stroke Databank, subjects are followed each year,
until 3 vears after onset of stroke. At three years, assessment of cognitive
function and dementia will be repeated. In patients in whom mental
deterioration is suspected during follow-up, cognitive function will be
assessed immediately. In patients with recurrent stroke assessment of
cognitive function and dementia will be repeated 3 months after the
recurrence. In the Rotterdam Study, assessment of cognitive function will be
performed every two years.

The estimate number of incident cases during 3 year follow-up in the
population part of the study is 200. This number is based on data of previous
studies,**'*? in the absence of an increased risk in patients with
cardiovascular disease or stroke. The actual number therefore might be
higher. For patients of the Rotterdam Stroke Databank with a recent stroke
and free from dementia at baseline examination, the number of incident
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cases of dementia in 3 years is estimated to be 55, based on findings in a
large stroke databank in North America. "’

Data-analysis

A priori three groups of subjects were constructed: subjects with
coronary or peripheral artery disease, subjects with stroke and subjects free
from coronary or peripheral artery disease and stroke. Coronary or peripheral
artery discase was defined as a history of either myocardial infarction,
angina pectoris, intermittent claudication, percutaneous transluminal
coronary angioplasty (PTCA) or coronary bypass surgery. Subjects of the
stroke group consisted of participants of the Rotterdam Stroke Databank and
of Rotterdam Study participants with a medically confirmed history of
stroke, either with or without coronary or peripheral artery disease. The
approach taken to address the research questions is schematically shown n
Figure 6.1,

Cross-Sectional Study Longitudinal Study

Gohort valent Cases Free frop'l Free from
b Dementia
N=7456 Damentia
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Paripheral Paripheral .
and/or andfor Pem:lr;eral
coronary coronary andror ’
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~ i o . artery disease : andlor
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artery disease | —|| | artery dis:yase
—— N=027 . toosiy : c
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N=G17 N=148 _ Stroke Tl
Stroke ‘ Stroke
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Figure 6.1 Schematic overview of the cohort groups (N, number of patients)
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For the cross-sectional data analysis subjects with dementia are
selected and an equal number of controls, matched for gender, and frequency
matched in age strata of 5 years, schematically shown in Figure 6.2.

Rotterdam Study.
10,275 Source population 875 Stroke cases registered
7983 Initial cohort (response rate 77.7%) 300 Subjects met eligibility criteria

7528 Available data on dementia

!

7166 Complete data on cardiovascular history

O\

363 Dementia 6803 Subjects without 71 Dementia 229 Subjects without
cases dementia cases dementia

! l

205 Cases with
venous blood sampla

Figure 6.2 Schematic approach for selection of cases and controls in the
Dutch Vascular Factors in Dementia Study.

Description of the cohort

Of the participants of the Rotterdam Study complete information on
cognitive screening was available in 7528 subjects. Of those subjects data on
medical history, i.e., myocardial infarction, angina pectoris, intermittent
claudication, stroke, PTCA was present for 7166 subjects. From the 8§25
patients that entered the Rotterdam Stroke Databank, 300 subjects were
included over the predefined time period. Of the patients aged 55 or over,
122 (14.8%) died within 3 months after stroke onset, 46 (5.6%) did not give
informed consent, 42 (5.1%) had had a transient ischemic attack without any
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sign on neurological examination, 41 (5.0%) had a severe aphasia, <3 on the
Aphasia Severity Rating Scale from the Boston Diagnostic Aphasia
Examination (BDAE),* and another 76 (9%) were excluded for various
other reasons. This resulted in a study population of 7466 subjects.

Table 6.2 General characteristic study populatl

Number of subjects 956 617 " 5803 7466

Age (years} 72.2(8.7) 72.9(9.5) 69.3(9.4) 69.9(9.4)
Female {%) 48.3 48.4 62.7 50.6

Systalic bloodpressure 139.4(22.8) 150.8(24.3)  139.1(22.1) 140.1(22.7)
(mmHg)
Diastolic bloodpressure  71.5(11.5) 80.4(12.9)  74.0(11.5)  74.2(11.8)
(mmHg)

Pulse rate {beats/min) 71.3(12.1)  77.0(16.7} 74.4{12.7) 74.2(13.0)
Weight (kg) 74.7(12.1)  74.1(12.6) 72.8(12.0) 73.2(12.2)
Height (cm) 167.4(9.2) 167.7(10.4)  166.6(9.4) 166.8(9.5)
Body mass index (kg/mz) 26.6(3.8) 26.4(4.1) 26.2(3.9) 26.3(4.0)
Current smoking {%) 18.4 29.0 229 22.8
Diabetes meilitus (%) 7.0 13.7 3.6 4.9
Angina pectoris (%) 49.0 11.3 0.0* 7.2
Ir;ltermittent claudication 11.3 57 0.0 1.9
F\/I/;/)ocardial infarction {%} 49.3 15.0 0.0 7.4
Stroke (%) 0.0 100.0* 0.0% 8.2
Dementia (%) 3.0 249 4.4 5.8

T Values are proportions or means with standard deviations in parentheses.
Values are unadjusted.
T Selection criterium for the subgroups.

Results

General characteristics are given in Table 6.2. Among the 7166
participants of the Rotterdam Study, 363 (5.1%) were diagnosed as being
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demented. The highest prevalence was found among subjects with stroke,
24.3%, and the lowest among subjects with or without peripheral or coronary
artery disease, 3.0% and 4.4%, respectively. In the Rotterdam Stroke
Databank, 71 (23.7%) patients were diagnosed as being demented. Subjects
with vascular disease were older, more frequently men, and were more likely
to have diabetes mellitus. Subjects with stroke had a higher systolic and
diastolic blood pressure.

Table 6.3 Differences in general characteristics between subjects with and
without dementia across study groups.! D + subjects with dementia, D —
subjects without dementia

Number of su'bjects

Age (years) 84.1 777 715t

Female (%) 586 48.0 634 438

Systolic bloodpressure 140 139 144 153*

(mmHg)

Diastalic blocdpressure 70 72 78 81 73 74
(mmHg)

Pulse rate (beats/min) 72 71 77 77 74 74
Weight (kg) 634 750% 69.0 754% 648 734t
Height (cm) 160 168t 163  1e9* 160 166t
Body mass index (kg/m?) 248 267F 257 265 254 262}
Current smoking (%) 222 183 189 319 13.8 23.3
Diabetes mellitus (%) 115 6.8 151 13.3 5.2 36

T Values are unadjusted proportions or means.
T Pvalue < 0.05

Table 6.3 shows differences in general characteristics between
subjects with or without dementia across the study groups. In all study
groups, higher age was associated with dementia. Demented stroke subjects
were approximately 6 years younger than demented subjects in the other
groups. In all groups, dementia was associated with both reduced body
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weight and height, and with reduced body mass index. Demented stroke
subjects had significantly lower systolic blood pressure levels than non-
demented stroke subjects. In subjects free from vascular disease the reverse
association was found.

Discussion

The prevalence of dementia in patients with coronary or peripheral
artery disease was only 3% and comparable with the prevalence of dementia
of 4.4% in subjects without manifest peripheral vascular disease, suggesting
that the prevalence of dementia is independent of the presence of manifest
peripheral vascular disease. On the other hand, in other studies demented
subjects were shown to have more vascular risk factors than subjects without
dementia.'”® These data suggest that vascular risk factors may have their
influence on specific parts of the vasculature. The reverse association
between blood pressure and dementia found in patients with stroke and in
patients without vascular disease indicates that stroke patients may have a
different vascular risk profile for the development of dementia. The
relationship between blood pressure and dementia is complex and may
change over time. Where in cross-sectional studies blood pressure levels in
patients with Alzheimer's disease are usually lower, longitudinal studies
have shown that patients with Alzheimer's disease are more likely to have
arterial hypertension than controls 15 years prior to the onset of dementia,
with a decrease in blood pressure a few years before the onset of dementia.*
One of the explanations is that lesions in Alzheimer's disease may be present
in areas involved in the regulation of blood pressure. It is important to
recognize that dementia itself may influence risk factors for stroke.
Therefore, we have planned a longitudinal part in our the study, to
investigate the direction and nature of the relationship. Whether the 3 year
follow-up is long enough remains to be awaited.

No difference in the prevalence of dementia was found between
stroke subjects from the population based part of the study and subjects from
the hospital cohort, which suggests that the hospital cohort very well reflects
the one from the population. The high prevalence of 24.0% of dementia in
patients with previous stroke that we report is in accordance with two other
prospective studies in stroke patients.”® Although there were some
differences in inclusion criteria, these studies all indicate that approximately
one fifth to a quarter of post stroke patients have dementia, Whether stroke is
the result of extensive cerebral vascular disease and an epiphenomenon of
vascular dementia, or stroke has actually caused dementia may depend on
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the individual pattern of baseline characteristics and risk factors. Therefore,
we think it is important to study vascular factors in relation to dementia,
irrespective of its presumed cause, both in subjects without vascular disease
and those with peripheral vascular disease and stroke.
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CHAPTER 7

INCREASED THROMBOXANE BIOSYNTHESIS IS
ASSOCIATED WITH POST-STROKE DEMENTIA

Summary

Background and purpose. It has been suggested that daily intake of
aspirin is associated with a reduction of cognitive decline, both in normal
and in demented subjects, but the mechanism is unclear. We have studied the
relationship between thromboxane (TX) A, biosynthesis, as reflected by the
urinary excretion of 11-dehydro-TXB,, and the presence of dementia in
patients after acute stroke.

Methods. Patients from the Rotterdam Stroke Databank were
screened for dementia between 3 and 9 months after stroke. Patients had a
full neurological examination, neuropsychological screening, and on
indication extensive neuropsychological examination. For the diagnosis of
dementia the DSM-III-R criteria were used. Urine samples were taken at the
time of screening. Urinary 11-dehydro-TXB, was measured by means of a
previously validated radioimmunoassay.

Results. Dementia was diagnosed in 71 patients and urine samples
were available in 62. Median value (range) of 11-dehydro-TXB; was 399
(89-2105) pmol/mmol creatinine for demented patients versus 273 (80-1957)
for 69 controls with stroke but without dementia (P=0.013). No difference
was found between 44 patients with vascular dementia, 404 (89-2105)
pmol/mmol creatinine, and 18 patients with Alzheimer’s disease plus
cerebrovascular disease, 399 (96-1467) pmol/mmol creatinine (P=0.68). In a
stepwise logistic regression analysis, where possible confounders such as use
of antiplatelet medication, cardiovascular risk factors, and type of stroke
were taken into account, increased urinary excretion of 11-dehydro-TXB;
remained independently related with the presence of dementia (Odds Ratio
1.12, 95% confidence interval 1.03-1.22 per 100 pmol/mmol creatinine). The
difference in metabolite excretion rates between demented and non-
demented patients was most prominent within the subgroup of ischemic
stroke patients who received aspirin (P<0.01).

Conclusions. Increased thromboxane biosynthesis in the chronic
phase after stroke is associated with the presence, but not the type of post-
stroke dementia, and is particularly apparent in patients on aspirin, thereby
suggesting the involvement of extra-platelet sources of tromboxane A,
production in this setting.
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Introduction

Dementia is one of the most important causes of disability in the
elderly. The increased aging of the population calls for strategies that reduce
both the occurrence and severity of dementia, in order to lighten the burden
on society in terms of health care, disability, hospital and institutional care. It
has been estimated that in 10% to 40% of all demented patients vascular
lesions or thromboembolic processes represent the identifiable cause of
dementia.' Several studies™***’ have addressed the hypothesis that aspirin
might have a beneficial effect on the occurrence and progression of dementia
and on cognitive function in general. In one randomized trial, patients with
multi-infarct dementia benefited from aspirin therapy, with improvement of
cognitive performance scores and cerebral perfusion values.” This study,
however, was not placebo controlled. In another trial, subjects with a high
risk for cardiovascular disease showed better cognitive performance after
five years of treatment with antithrombotic therapy, i.e. aspirin, warfarin, or
both, than those treated with placebo.” The effect, however, was small, and
the patients studied represented a subgroup from a trial that was designed for
another purpose. In two non-randomized population based studies, either no
effect of aspirin on cognitive function was found at all®’ or a small, not
statistically significant, positive effect was reported.® Finally, a positive
effect on cognitive performance of NSAIDs or aspirin was reported in
patients diagnosed as possible or probable Alzheimer’s disease.?

These studies suggest a positive effect of aspirin treatment on
cognitive performance, both in demented patients, and in otherwise healthy
elderly subjects. The evidence, however, is scarce, the effect, if any, is
modest, and the underlying mechanisms largely unknown. Aspirin may be
beneficial through its antiplatelet effect® by preventing recurrent cerebral
infarcts, or through its anti-inflammatory properties. The dose-requirement
for the apparent beneficial effect of aspirin on cognitive performance would
favor the antiplatelet effect as the most likely explanation. In a previous
study, we reported an association between platelet activation, as reflected by
thromboxane metabolite excretion, in the acute phase of stroke and stroke
severity.” There was also a non-significant trend for enhanced platelet
activation In patients with the worst 3-month outcome, measured on the
Rankin scale, a handicap scale that reflects the degree of independence of the
patient, taking cognitive performance into account.

In this study, we have prospectively investigated the relationship
between in vivo thromboxane biosynthesis during the chronic phase after
stroke and the presence of post-stroke dementia.
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Subjects and Methods

Study patients

Patients were recruited from the Rotterdam Stroke Databank, a
prospective registry of patients with transient ischemic attack (TIA),
ischemic stroke, or a primary intracerebral hemorrhage, admitted to the
department of Neurology of the Dijkzigt University Hospital Rotterdam in
the Netherlands. From March 1, 1993 until January 15, 1996, 825
consecutive patients were entered into this registry of whom 300 met the
entry criteria for the Dutch Vascular Factors in Dementia Study.'® Patients
had to be 55 years or older, and they had to be admitted to our neurology
ward with a TIA, cerebral mfarction or intracerebral hemorrhage. Reasons
for exclusion were in short as follows: 24% was too young, 15% died within
3 months after stroke, 6% did not give consent, 5% had had a TIA and no
neurological signs on examination, 4% moved out of the region, 5% was
untestable because of severe aphasia, 2% were not native Dutch speaking,
and 3% were excluded for various other reasons. Of the remaining 300
patients, 71 were demented, and in 62 of these urinary samples were
available for thromboxane metabolite measurements. Seventy-one control
patients, including patients with TIA, ischemic stroke and infracerebral
hemorrhage, frequency matched for age and sex were randomly taken from
the 229 non-demented stroke and TIA patients. Urinary samples were
available from 69 of the 71 conirol subjects. All patients were screened
according to a strict protocol consisting of a full neurological examination,
standardized blood tests, at least one and usually two CT scans of the brain,
duplex scanning of the carotid arteries, and a cardiological analysis that
included standard 12-lead ECG and, if indicated, 24-hour ECG monitoring
and echocardiography. The nature and time course of the symptoms were
recorded by means of a detailed checklist.!" Patients with a cerebral
infarction were further subdivided according to a clinical classification: total
anterior circulation stroke (TACS), partial anterior circulation stroke
(PACS), lacunar stroke (LACS), and posterior circulation stroke (POCS)."
Apart from the neurological history, the following vascular risk factors were
recorded:  smoking  habits,  hypercholesterolemia  (history  of
hypercholesterolemia and/or fasting total cholesterol level >6.5 mmol/L),"
hypertension (history of hypertension and/or systolic blood pressure >160
mm Hg and/or diastolic blood pressure >90 mm Hg, treated or not), diabetes
mellitus (history of diabetes mellitus type I or II and/or a random blood
glucose of § mmol/L together with an HbA,, level of 6.30% or more,
treated or not),'"* atrial fibrillation (history of atrial fibrillation and/or atrial
fibrillation on ECG), and a history of intermittent claudication, angina



104 Chapter 7

pectoris, prior myocardial infarction, retinal infarction or stroke. We
recorded the medication, especially antiplatelet and anticoagulant treatment,
taken by the patients at the time of urinary sampling, which was between 3
and 9 months after the onset of stroke. As customary in the Netherlands, the
vast majority of patients in our study were treated with a dose of 30 mg of
aspirin daily. Only patients with a cardiac indication for aspirin (n=16) were
treated with a higher dose varying between 80 and 100 mg daily. Nine
patients used NSAIDs on a regular, but not daily basis. Eight of them were
also using aspirin, and only 1 used NSAIDs and no aspirin. In the analysis,
this patient was grouped in the non-aspirin group.

Five patients with cerebral ischemia as qualifying event, were not
treated with antithrombotic medication at the time of assessment. One of
them had a thrombocytopenia, which prevented aspirin treatment, the other 4
had recurrent systemic bleedings, of whom a 3 a gastric bleeding and 1
recurrent urinary tract bleeding. On the other hand, 5 patients with an
intracerebral hemorrhage as qualifying event received antithrombotic
treatment at the time of assessment, because they had already an indication
for antithrombotic treatment prior to their hemorrhage. In one patient, oral
anticoagulant treatment was restarted in the chronic phase after the bleeding
because of a prosthetic aortic valve. In two patients with atrial fibrillation,
one with a history of TIA, and one with a history of recurrent myocardial
infarction, aspirin was started in the chronic phase after oral anticoagulant
treatment was stopped in the acute phase of the hemorrhage. In 2 patients
with a history of TIA, aspirin was restarted in the chronic phase.

Assessment of cognitive function and dementia

Premorbid cognitive function was assessed by means of an interview
with a close informant and the score on the Blessed Dementia Scale."
Cognitive function was assessed through a neurological examination and by
a series of neuropsychological screening instruments between 3 and 9
months after onset of stroke. We performed the Mini-Mental State
Examination (MMSE),'® Geriatric Mental Status-organic scale (GMS),"” and
the Dutch version of the cognitive and self contained part of the Cambridge
Examination for Mental Disorders of the Elderly, the CAMCOG.” In
patients in  whom dementia was clinically suspected, extensive
neuropsychological evaluation was performed. Based on information from a
close relative, the results of extensive neuropsychological evaluation, and the
clinical impression on examination, the diagnosis of dementia was assessed
by a diagnostic panel that consisted of a neuropsychologist, two
neurologists, and a physician of the Rotterdam Stroke Databank. For the
diagnosis of dementia, the DSM-III-R criteria'® were applied. The NINDS-
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AIREN research criteria® were used to distinguish between patients with
VAD and those with AD+CVD. The latter were patients with progressive
cognitive deterioration existing before the onset of stroke, without a history
or signs of cerebrovascular disease until the present stroke occurred, thus
fulfilling the clinical criteria for possible Alzheimer’s disease.”' The degree
of handicap was also assessed between 3 and 9 months after onset of stroke,
by means of the modified Rankin scale.”

Measurements of thromboxane biosynthesis

Urine samples were collected 3 to 9 months after stroke, thus
avoiding short-term fluctuations in thromboxane biosynthesis related to the
acute phase of stroke.”” The creatinine concentration was measured and
samples of 50 mL were immediately frozen and stored at -20°C until
exfraction. Analytical measurements of 1l-dehydro-TXB,, a major
enzymatic metabolite of TXB, in man, were performed blinded to the
diagnosis of dementia. Immunoreactive 11-dehydro-TXB; was extracted
from 10 mL aliquots of each coded urine sample (the pH was adjusted to 4.0
with formic acid) on SEP-PAK CI18 cartridges (Waters Associates) and
eluted with ethyl acetate. The eluates were subjected to silicic acid column
chromatography and further eluted with benzene/ethyl acetate/methanol
(60:40:30, vol/vol). Immunoreactive 11-dehydro-TXB, eluted from silicic
acid columns was assaved at a final dilution of 1:30 to 1:1000, as described
previously.”* The urinary excretion rate of 11-dehydro-TXB, was expressed
as picomoles per millimole of creatinine.

Statistical analysis

Data were analyzed by means of the Statistical Package for the
Social Sciences (SPSS) and Egret statistical software. Vales of 11-dehydro-
TXB, between groups were compared with the Mann-Whitney U test.
Differences in baseline characteristics between demented and non-demented
patients were compared using Student’s t-test, chi-square test, and Fisher’s
exact test where appropriate. Values of P<0.05 (two-sided testing) were
considered statistically significant. A logistic regression analysis, in which
potential confounders such as age, gender, the use of antiplatelet medication,
the cardiovascular risk factors hypertension, hypercholesterolemia, atrial
fibrillation, smoking habit, and type and site and of stroke, were taken into
account, was performed to investigate whether 11-dehydro-TXB, was
independently related to the presence of dementia.
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Results

Seventy-one (23.7%) of the 300 stroke patients were diagnosed as
demented. Three (6.5%), 54 (25%), and 14 (39%) of the patients with TIA,
ischemic stroke, and intracerebral hemorrhage, respectively, were demented.
Patients with an intracerebral hemorrhage had a higher risk of dementia (OR,
95%CI=2.31, 1.04-5.08), and patients with TIA a lower risk (OR,
95%CI=0.19, 0.06-0.67). The mean age of the demented patients was
73.3+7.7 years, compared to 62.8+8.0 years of the non demented patients
(P<0.001). Of the demented patients 52% were female compared to 37% of
the controls (P=0.03).

Table 7.1 Clinical characteristics of stroke patients in relation to the presence
of dementia

N

Age, meanzSD, year 131 73.8%7.9 73.6+82 090
Gender

Male 69 29 (47) 40 (58) 0.20

Female 62  33(53) 29 (42) '
Type of stroke

TIA 12 3(5) 9(13) 0.10

Cerebral infarction 99 46 (74) 53{77) 0.73

Intracerebral hemorrhage 20 13 (21) 7(10) 0.09
Clinical subtype of cerebral infarction

TACS 11 7(15) 4 (8) 0.22

PACS 46 20 (44) 26 (49) 0.58

LACS 30 11(24) 19 (35) 0.20

POCS 12 8(17) 4 (8) 0.13
Severity

Rankin score of < 3 at follow-up 103 38(61)  85(94) ;494

Rankin score of > 3 at follow-up 28 24 (39) 4 (6) ’
Antithrombotic medication

Aspirin 77 36 (58) 41 {59) 0.90

Oral anticoagulant 34  12(19) 22 {32) 0.10

Neither aspirin nor oral anticoagulant 20 14 (23) 6 (9) 0.03
N indicates number of patients; TACS, total anterior circulation stroke;
PACS, partial anterior circulation stroke; LACS, lacunar stroke; and POCS,
posterior circulation stroke.

Urine samples were available from 62 demented patients and 69
controls. Table 7.1 shows the baseline characteristics in relation to dementia
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for both groups. No statistically significant difference in age, gender, type of
stroke, and clinical subtype of cerebral infarction existed between the two
groups, although patients with TIA were numerically more frequent in the
control group, and more patients with intracerebral hemorrhage were present
in the group with dementia. Patients who neither used oral anticoagulant nor
antiplatelet medication were more frequent in the dementia group (P=0.03).
However, no statistically significant difference existed in the number of
patients using aspirin or anticoagulant medication between the two groups.

Patients with dementia had a significantly higher 11-dehydro-TXB,
excretion (median, range, 399, 89-2103, pmol/mmol creatinine) than non-
demented patients, (273, 80-1957, P=0.01), as detailed in table 7.2. No
difference in 11-dehydre-TXB, excretion was found between the two major
types of dementia, 404 (range:89-2105) pmol/mmol creatinine for vascular
dementia, and 399 (range:96-1467) for Alzheimer’s disease plus
cerebrovascular disease. Impaired performance on cognitive screening tests
was associated with increased 11-dehydro-TXB, excretion (P=0.003 for the
MMSE, and P=0.03 for the CAMCOG). The correlation, however, between
cognitive scores and level of 11-dehydro-TXB, was only modest, *=0.10
(P<0.001), and r’=0.05 (P<0.001), for MMSE and CAMCOG, respectively.
Patients with severe strokes, defined as a Rankin score >3 at follow-up, had
significantly higher metabolite excretion levels than patients with minor
stroke, P=0.0002. The group of patients treated with aspirin had significant
lower excretion levels of 1l-dehydro-TXB, than untreated patients
(P<0.0001).

Because aspirin treatment has a major impact on urinary 1l-
dehydro-TXB,, by largely suppressing platelet TXA, biosynthesis,® we
investigated the relationship between metabolite excretion and dementia
both in the presence and in the absence of aspirin therapy. In order to avoid
an imbalance in the subgroups, patients with an intracerebral hemorrhage
were excluded, as almost none of them used aspirin. Figure 7.1 depicts the
individual values of 11-dehydro-TXB, for patients with cerebral ischemia,
with and without agpirin. Only in the aspirin group 11-dehydro-TXB:
excretion rates were significantly higher in demented patients than in
controls, (P=0.01). When hemorrhagic stroke patients were added, the results
remained the same (P=0.007). In patients not on aspirin, the median values
were 494 (range 167-1957), and 431 (range 105-2105), for non-demented
and demented patients, respectively, (P=0.73). For the aspirin group the
corresponding values were 196 (range 80-631) and 290 (range §9-1933),
respectively (P=0.01). Thus, in patients who did not have dementia at
follow-up, aspirin treatment was associated with 60% lower rate of
thromboxane biosynthesis than in the absence of antiplatelet therapy, and
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only 2 out of 39 aspirin treated subjects had metabolite excretion in excess of
the median value of untreated subjects. In contrast, in patients who were
demented at follow-up, aspirin treatment was associated with 33% lower rate
of TXA; biosynthesis and 13 out of 35 treated subjects had metabolite
excretion in excess of the median value of untreated subjects. However, no
firm conclusions can be drawn because of the relatively small numbers and
the large variability.

Table 7.2 Median and range of 11-dehydro-TXB; excretion rates as a function
of dementia, cognitive function, severity of stroke, and medication

Dementia

No 69 273 (80-1957) 0.01
Yes 62 399 (89-2105) ‘
Type of dementia
Alzheimer's disease with CVD 18 399 (96-1467) 0.047
Vascular 44 404 (89-2105) 0.047
Possible 4 396 (220-796) 0.231
Probable 40 404 (89-2105) 0.067
Cognitive function
MMSE < 24 64 399 (89-2105) 0.003
MMSE > 24 67 269 (80-1313) '
CAMCOG <76 60 380 (89-2105) 0.03
CAMCOG > 76 71 272(80-1957) '
Severity of stroke
Rankin score of < 3 at follow-up 103 286 (80-1313) 0.0002
Rankin score of > 3 at follow-up 28 635 (89-2105) '
Antithrombotic medication
No orai anticoagulant or aspirin 20  610(188-1467)
Aspirin 77 214(80-1935)  <0.0001*
Oral anticoagulant 34 479 (105-2105) 0.44"

TVs non-demented patients.
*Vs no oral anticoagulant or aspirin.

In the logistic regression analysis, increased urinary excretion of 11-
dehydro-TXB; remained independently related to the presence of dementia,
with an Odds Ratio of 1.12 (95% confidence interval 1.03 - 1.22) per 100
pmol/mmeol creatinine,
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Figure 7.1 Individual urinary 11-dehydro-TXB. excretion rates depicted on a
logarithmic scale for demented and non-demented patients with cerebral
ischemia, as a function of aspirin therapy. The horizontal bars represent
median values for each subgroup of patients.

Discussion

The main finding of the present study is that patients with post-
stroke dementia more often show increased thromboxane biosynthesis than
non-demented controls. Elevated levels of circulating platelet microparticles
have been described earlier in a small study of patients with multi-infarct
dementia.” However, the interpretation of blood indexes of platelet
activation is hampered by sampling-related artifacts.*

Among other factors associated with increased 11-dehydro-TXB; in
our univariate analysis were atrial fibrillation, unfavorable outcome and
absence of antiplatelet treatment, which is consistent with the results of a
previous study in patients with acute ischemic stroke.” Atrial fibrillation was
also identified as risk factor for dementia, in a population based study,”’ as
well as in a stroke population.”® However, in a multiple logistic regression
analysis, in which these confounders were taken into account, increased
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urinary excretion of 11-dehydro-TXB, remained independently related to the
presence of dementia.

Increased thromboxane biosynthesis may also reflect severe vascular
disease, which may lead to dementia. However, this seems unlikely in the
light of a recent study in patients with peripheral arterial disease,”” which has
clearly demonstrated that vascular disease per se is not associated with
enhanced thromboxane biosynthesis.

The role of aspirin in our setting remains puzzling, since the
association between dementia and increased thromboxane biosynthesis was
most prominent in patients with aspirin treatment. This may reflect the play
of chance, since the subgroup analysis included a small number of patients.
On the other hand, this finding may suggest that stroke patients who show
increased thromboxane biosynthesis that cannot be completely suppressed
by aspirin have an increased risk of dementia. This might imply that patients
with post-stroke dementia have an important aspirin-insensitive source of
thromboxane biosynthesis. The involvement of PGH-synthase-2 (COX-2) in
producing the substrate for thromboxane-synthase within the context of an
ongoing inflammatory process in the brain would be compatible with this
working hypothesis. Among the cell types endowed with thromboxane
synthase and capable of expressing COX-2 in response to inflammatory
cytokines and growth factors are monocytes and macrophages.*® Moreover,
transcellular biosynthesis of thromboxane A, may occur through the
biochemical cooperation of cells expressing COX-2 (e.g. wvascular
endothelial cells) with aspirinated platelets.’’ Aspirin is considerably less
potent in inhibiting human monocyte COX-2 than platelet COX-1 activity.*
Thus, plasma aspirin concentrations achieved at conventional antiplatelet
dosage are inadequate to suppress COX-2-dependent -eicosanoid
biosynthesis. Cipollone et al.”* have tecently reported that in unstable
angina, episodes of aspirin-insensitive TXA; biosynthesis may reflect extra-
platelet sources possibly expressing COX-2 in response to a local
inflammatory milieu. If the same mechanism is operative 1n the setting of
cerebral ischemia and inflammation, this might explain the rather conflicting
tesults obtained with aspirin in observational studies,® as well as the
apparent protection against Alzheimer’s disease associated with non-aspirin
NSAIDs.* These drugs (e.g. ibuprofen) are equally potent in inhibiting
human platelet COX-1 and monocyte COX-2.%

We conclude that: 1} Patients with post-stroke dementia more often
show increased thromboxane biosynthesis than non-demented stroke
patients; 2) Increased thromboxane biosynthesis is not associated with the
type of post-stroke dementia; 3) The association between thromboxane
biosynthesis and the presence of post-stroke dementia is particularly
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apparent in patients on aspirin treatment, suggesting that patients with post-
stroke dementia have an aspirin-insensitive source of thromboxane
biosynthesis, possibly related to COX-2 expression in the brain. The
availability of specific COX-2 inhibitors offers the opportunity of testing this
hypothesis with a properly designed randomized trial.
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CHAPTER 8

GENERAL DISCUSSION

This thesis describes urinary 11-dehydro-thromboxane B, (11-
dehydro-TXB,} excretion, both in the acute and chronic phase after cerebral
ischemia. Urinary 11-dehydro-TXB, excretion is under specific conditions a
measure of in vivo platelet activation. To study the dynamics of platelet
activation in the acute phase afier cerebral ischemia, repeated measurements
were performed every 6 hours up to 72 hours after onset of symptoms. Tn
addition, we measured urinary S8-epi-prostaglandin F,, (8-epi-PGF;,)
excretion to elucidate the origin of potential vasoactive isoprostanes in this
setting. A single measurement was performed in patients in the chronic
phase after cerebral ischemia or intracercbral hemorrhage, between 3 and 9
months after onset of symptoms. Both in the acute and in the chronic phase
after cerebral ischemia, the relationship of increased thromboxane
biosynthesis with other risk factors for stroke, stroke characteristics and
medication was investigated. In particular, we studied the relationship
between thromboxane excretion, the presence of atrial fibrillation and aspirin
treatment. Finally, urinary 11-dehydro-TXB; in the chronic phase after
stroke was measured to explore the role of thromboxane biosynthesis in
patients with post-stroke dementia.

Main findings

Thromboxane biosynthesis in the acute phase after cerebral ischemia
Approximately 75% of the patients who did not receive aspirin had
increased urinary 11-dehydro-TXB; excretion during the first 3 days after
onset of symptoms. In more than 60% of the patients this occurred
repeatedly. In the patients with repeatedly enhanced thromboxane
biosynthesis, no uniform pattern in metabolite excretion was found.
Enhanced thromboxane biosynthesis was present in only 53% of the patients
who were treated with aspirin, repeatedly in 40%. Mean values of urinary
11-dehydro-TXB; excretion decreased within 24 hours to normal range in
patients treated with aspirin, whereas untreated patients had repeatedly
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increased values throughout the study period. Repeatedly increased
thromboxane biosynthesis was related to stroke severity, the presence of
atrial fibrillation and antiplatelet medication. Peak levels of thromboxane
excretion were higher in patients with more severe strokes or atrial
fibrillation. In patients without atrial fibrillation and aspirin treatment mean
metabolite excretion values were approximately within the normal range,
whereas in patients with atrial fibrillation, thromboxane biosynthesis
remained elevated even during aspirin treatment.

Thromboxane biosynthesis in the chronic phase after stroke

Increased levels of urinary 11-dehydro-TXB, were found in
approximately 60% after cerebral ischemia and in 70% after intracerebral
hemorrhage. Persistent enhanced thromboxane biosynthesis was related with
the presence of atrial fibrillation and severity of symptoms at follow-up. It
could be substantially suppressed by aspirin treatment.

Lipid peroxidation in the acute phase after cerebral ischemia

No evident peaks in urinary 8-epi-PGF;, excretion were found. The
correlation of 8-epi-PGF;, and 11-dehydro-TXB, excretion was only modest.
Whereas urinary excretion of Il-dehydro-TXB, could be suppressed by
aspirin, excretion levels of &-epi-PGF;, did not change after aspirin
treatment,

Thromboxane biosynthesis and post-stroke dementia

Increased thromboxane biosynthesis was found to be associated with
the presence of post-stroke dementia. No differences were found in
thromboxane excretion levels between patients with Alzheimer's disease
with cerebrovascular disease and those with probable or possible vascular
dementia. The association between thromboxane biosynthesis and the
presence of post-stroke dementia was particularly apparent in patients on
aspirin treatment.

Methodological aspects
Does urinary 11-dehydro-TXB; excretion reflect platelet activation?

The method we used to measure urinary metabolites of thromboxane
A, was introduced in 1987 and validated by Ciabattoni et al.' Urinary 11-
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dehydro-TXB, excretion reflects in vivo thromboxane biosynthesis. We
considered enhanced thromboxane biosynthesis to reflect platelet activation
if it could be suppressed by low dose aspirin since platelets contain no DNA
and are therefore not able to replace the cyclooxygenase enzymes blocked by
aspirin. Other sources of thromboxane biosynthesis, such as monocytes and
macrophages which are able to express cyclooxygenase-2 in response to
inflammatory cytokines and growth factors,” are less sensitive to suppression
by aspirin,’ and can probably not be blocked by low doses of aspirin.

Measurement of urinary 11-dehydro-TXB, excretion

The method we used to measure 11-dehydro-TXB,, described by
Ciabattoni et al.' has been validated. However, it is a laborious and
expensive procedure, and not suitable for routine clinical practice, at least at
present. It is valuable in research projects in which large numbers of samples
can be measured in one setting. In this setting, the role of thromboxane
biosynthesis in vascular disease can be studied, but also many other research
questions, for instance its relationship with dementia and migraine can be
addressed.

Only when less expensive tests become available, which can easily
determine in vivo thromboxane biosynthesis in the individual patient,
thromboxane measurements can be applied in daily clinical practice. In the
near future, it may be of use in the adjustment of antiplatelet medication,
particularly in the individual patient with persistent platelet activation, when
different modes of antiplatelet therapy probably become general available in
the prevention of vascular events,” or in differentiating *atypical TIA’s” from
cerebral ischemia.’

The diagnosis of dementia

As described in the introduction of this thesis, the diagnosis of
dementia in stroke patients may be difficult.® For clinical practice and the
fast growing number of clinical trials on cognitive functioning, large number
of patients have to be screened for cognitive decline and dementia. This
should be done with tests with the highest possible sensitivity and
specificity.

At the time we started our studies, dementia screening instruments
used in clinical practice were usually developed to detect cognitive deficits
compatible with Alzheimer's disease. With these screeming instruments,
certain aspects of cognitive functioning, such as slowing of intellectual
functioning, abstraction, retrieval, recognition, and visuospatial abilities are
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less well measured. This means that these short tests are a priori less suitable
for detecting subcortical dementia or dementia that may have both cortical
and subcortical deficits, like dementia after stroke. Most existing dementia
screening instruments predominantly contain verbally mediated items that
tend to exaggerate the extent of cognitive deficits in patients with a left-
hemispheric stroke. Likewise, tests that emphasize verbal capacities
probably underestimate the consequences of right-hemispheric ltesions.”*’ In
stroke patients, in particular those with a left-hermispheric stroke, a paresis
may hamper a good performance at items that depend on constructional
abilities. Moreover, subtests that refer to praxis, frequently accompanying
aphasia, can raise problems in stroke patients. In patients with a right-sided
hemispheric stroke neglect can be a confounding factor in test scores. The
MMSE' is a frequently used mental status test in patients with a recent
stroke, but it has several disadvantages due to its emphasis on language and
focus on cortical functions. Tatemichi et al. used the MMSE as a screening
instrument in stroke patients and found that the MMSE can be of use when
adjustments are made for the false-positive rates.'’ Nevertheless, the absence
of tasks sensitive to subcortical dysfunction may make the MMSE a useful,
but not ideal screening instrument for patients with a recent stroke. The
3MS** seems more suitable for the detection of subcortical pathology than
the MMSE. Grace et al. compared the original MMSE and the modified
version in a stroke population and found that the 3MS and MMSE had a
similar overall classification accuracy, which was adequate for patients with
left-hemispheric strokes and poor for patients with right-sided strokes.”® The
authors, however, believe that the 3MS is a clinically more useful screening
instrument in stroke patients because its false-negative rate is lower and it
demonstrated a higher sensitivity in a stroke population.

Considering the drawbacks of the available dementia screening
instruments for stroke patients, we thoroughly evaluated premorbid cognitive
functioning as well as cognitive functioning after stroke." Premorbid
cognitive functioning was assessed by means of an interview with a close
informant and the score on the Blessed Dementia Scale."” Between 3 and 9
months after stroke onset, cognitive functioning was assessed by a
neurologist, based on clinical observation, the information of a close
informant, and the score on the Blessed Dementia Scale. In case of any
suspicion of cognitive decline, patients were invited for an extensive
neuropsychological examination. The 'gold standard' for the diagnosis of
dementia was based on the results of this extensive neuropsychological
examination, clinical presentation, and information from a close relative.
Although it is an elaborate work, this procedure is probably more sensitive
and specific for the detection of dementia in stroke patients than screening
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with one of the instruments followed by further evaluation in the screen
positive patients. The latter may lead to under-diagnosis of dementia by
missing the false negative patients. However, the method we used is not
suitable for general clinical practice, because it is too time consuming, In
order to investigate the value of screening instruments which can potentially
be used in stroke patients in future studies, we performed a battery of
screening instruments, independent of the diagnostic procedure described
above. The MMSE, the Geriatric Mental Status,'® and the Dutch version of
the cognitive and self-contained part of the CAMDEX,'"'® the CAMCOG,
were administered in all patients. The value of this test in screening for
dementia after stroke is described elsewhere.'

Thromboxane biosynthesis in stroke

Episodic platelet activation in the acute phase after cerebral ischemia

In the majority of patients, we found enhanced thromboxane
biosynthesis during the first 3 days after cerebral ischemia which showed
striking intraindividual fluctuation and could be suppressed by low dose of
aspirin. Given the 45-minute half-life of 11-dehydro-TXB,," elevated levels
would not be expected beyond 24 hours if thromboxane dependent platelet
activation occurred as a single episode at the time of the event. We therefore
concluded that platelet activation occurs repeatedly in the first few days after
cercbral ischemia.

This finding raised more questions than answers. What is the
meaning of increased platelet activation after stroke? Is it a result of the
stroke? Does it have a causal relationship with stroke? Is it related with
prognosis after stroke or increased stroke recurrence? Is it a reflection of the
general vascular status of the patient?

We investigated the relationship with other vascular risk factors, and
found that increased platelet activation was independently related with the
presence of atrial fibrillation, stroke severity, and use of aspirin. No
relationship with other vascular risk factors, or stroke characteristics was
found, suggesting that increased platelet activation did not reflect
generalized vascular disease.

The next question was whether a causal relationship existed between
the extent and duration of platelet activation and stroke severity and
outcome. In our study, repeatedly increased thromboxane production was not
a statistically significant independent prognostic factor for outcome when
added to stroke syndrome or stroke severity in a multiple logistic regression
model, probably because of the small sample size. However, the finding that
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aspirin could profoundly suppress increased thromboxane biosynthesis,
together with our finding that episodic platelet activation was present in the
acute phase after ischemic stroke, provided a rationale for testing the
efficacy and safety of aspirin in this setting. The results of the International
Stroke Trial (IST)*® and the Chinese Acute Stroke Trial (CAST)*' combined
showed a highly significant, but modest reduction of 9 per 1000 patients
treated in the overall risk of stroke recurrence or death in hospital.”

Thromboxane biosynthesis and atrial fibrillation in the acute phase after
stroke

Atrial fibrillation, stroke severity and the absence of aspirin therapy
were associated with increased platelet activation. These factors may reflect
the fact that atrial fibrillation is more likely to cause large, often severe
cortical infarctions. Moreover, patients with atrial fibrillation usually
received no aspirin but anticoagulants, or no antithrombotic medication at afl
in the acute phase after stroke, However, in all patients studied in the acute
phase which were analyzed together, atrial fibrillation remained an important
determinant of 11-dehyro-TXB, excretion, even after adjustment for stroke
severity. Atrial fibrillation increased metabolite excretion with 350
pmol/mmol creatinine. No interaction could be demonstrated between the
effect of aspirin and atrial fibrillation. The absolute reduction in
thromboxane excretion was approximately 300 pmol/mmol creatinine in
both the patients with atrial fibrillation and those in sinus rhythm. We
concluded that platelet activation in the acute phase of ischemic stroke is
strongly associated with atrial fibrillation and that in fibrillating patients
platelet activation is not sufficiently suppressed by aspirin treatment alone.
Although in patients with atrial fibrillation low stroke recurrence rates were
reported in the IST,? the risk of stroke recurrence in aspirin treated patients
with atrial fibrillation is at least as high, but probably higher than in patients
without atrial fibrillation.******" Together with our finding that platelet
activation is strongly associated with the presence of atrial fibrillation in the
acute phase of stroke, and that aspirin alone does not adequately suppress
platelet activation, this provides a rational for testing new antiplatelet
regimens in this setting.

Increased platelet activation in the chronic phase after stroke

The fact that increased urinary thromboxane excretion was found in
the majority of patients in the chronic phase after stroke, and in particular
also in patients after intracerebral hemorrhage, suggests that increased
platelet activation is a reflection of vascular risk factors, diffuse
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atherosclerotic lesions, or the extent of vascular damage due to the stroke.
We could not demonstrate a relationship between hypertension, diabetes
mellitus, and hypercholesterolemia on the one hand, and elevated levels of
11-dehydro-TXB, excretion on the other. Yet, the majority of patients used
aspirin. Together with the fact that a relatively small number of patients had
one or more vascular risk factors probably explains why adjustment for
aspirin intake did not eliminate its confounding effect in a multivariate
analysis. However, enhanced thromboxane biosynthesis which could be
suppressed by aspirin  has been described in patients with
hypercholesterolemia,” and in patients with diabetes mellitus.” It is unlikely
that platelet activation merely reflects a generalized vascular disease because
in patients with peripheral artery disease, diabetes mellitus and
hypercholesterolemia, but not peripheral vascular disease per sé, were
associated with enhanced thromboxane biosynthesis. *°

Is persistent platelet activation a risk factor for stroke recurrence?
The number of ischemic stroke recurrence in our study was too small to
answer this question. However, in the 3 patients with recurrent ischemic
stroke, thromboxane biosynthesis was significantly higher than in patients
with no recurrences. This finding 15 in line with those of Davi et al. who
reported that patients who experienced vascular events (myocardial
infarction, cardiac death, ischemic stroke) during 2 years of follow-up had
significantly higher levels of 11-dehydro-TXB; at baseline than patients who
remained event free.*® Whether persistent platelet activation is a risk factor
for recurrent ischemic events in patients with ischemic and hemorrhagic
stroke remains to be investigated in larger studies with long follow-up.

Suggestions for further research

To further elucidate the relationship between thromboxane
biosynthesis, stroke, and vascular riskfactors, a nested case-control study is
warranted. In addition it should be investigated whether patients with
recurrent ischemic stroke show persistent platelet activation and whether this
is insensitive for aspirin treatment or not. Risk reduction in vascular events
by aspirin is far from optimal. The relative risk reduction of ischemic stroke
and other major vascular events of antiplatelet therapy in patients with atrial
fibrillation was 22%,”' whereas in patients with TIA or minor stroke of
presumed vascular origin, the relative risk reduction by aspirin in any dosage
above 30 mg was only 13%.** If stroke recurrence is associated with
persistent platelet activation which is insensitive for treatment with low dose
of aspirin, other antiplatelet regimens should be tested. This could include
higher dosages of aspirin, but also inhibition of platelet aggregation by GP
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[ib/Illa receptor blockers,” clopidogrel, which is an antagonist of ADP
induced platelet aggregation” or a combination of aspirin and
dipyridamole,* or aspirin and clopidogrel.

If persistent platelet activation is proven to be a risk factor for stroke
recurrence, stroke patients should be screened for persistent platelet
activation in order to adjust treatment. Then tests should be developed that
can easily measure in vivo thromboxane biosynthesis.

Thromboxane biosynthesis and post-stroke dementia

We found an association between enhanced thromboxane
biosynthesis and the presence of cognitive decline and dementia in the
chronic phase after stroke. No differences were found in thromboxane
excretion levels between patients with vascular dementia and patients with
Alzheimer's disease and cerebrovascular disease. In addition, the association
between thromboxane biosynthesis and dementia that we found was
strongest in patients who were treated with aspirin. This may reflect a play
of chance, since the subgroup analysis included a small number of patients.
On the other hand, the finding suggests that increased thromboxane
biosynthesis in post-stroke dementia is insensitive for low dose of aspirin,
and therefore probably not a reflection of increased platelet activation.
Aspirin insensitive thromboxane biosynthesis may reflect extra-platelet
sources possibly expressing COX-2 in response to a local inflammatory
milieu in patients with unstable angina.’ The same mechanism may be
operative in the setting of cerebral ischemia and inflammation. Among the
cell types endowed with thromboxane synthase and capable of expressing
COX-2 in response to mflammatory cytokines and growth factors are
monocytes and macrophages.” This hypothesis is in accordance with the
increased levels of 11-dehydro-TXB, that were reported in patients with
Alzheimer's disease without cerebrovascular disease,’® and the elevated
levels of TXB, in postmortem the brain of patients with Alzheimer's
disease.’” In addition, it might explain the apparent protection of non-aspirin
NSAIDs against Alzheimer's disease,”™ "’ because these drugs are equally
potent in inhibiting human platelet COX-1 and monocyte COX-2.2

The precise role of thromboxane biosynthesis in the pathogenesis of
post-stroke dementia remains unclear, but the possible positive effect of
NSAIDs suggests that enhanced thromboxane biosynthesis in this setting is
more than a epiphenomenon. The availability of specific COX-2 inhibitors
offers the opportunity for testing the hypothesis with a properly designed
randomized trial.
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Conclusions

Episodic platelet activation occurs in the acute phase of cerebral
ischemia and is related to the presence of atrial fibrillation and severity of
symptoms. Increased thromboxane biosynthesis can be suppressed by low
dose of aspirin. Suppression of metabolite excretion in this setting is
clinically relevant because aspirin gives a reduction in stroke recurrence and
death of 9 per 1000 patients treated.

In patients with atrial fibrillation, low dose of aspirin alone seems
msufficient to adequately suppress platelet activation in the acute phase of
cerebral ischemia.

Formation of vasoactive prostanoids by lipid peroxidation does not
appear to play a major role in the acute phase of cerebral ischemia.

Persistent platelet activation is present in the majority of patients in
the chronic phase after cerebral ischemia, but also after hemorrhagic stroke.
It is related with severity of symptoms and the presence of atrial fibrillation.

Increased thromboxane biosynthesis is present in post-stroke
dementia, both in patients with wvascular dementia and those with
Alzheimer’s disease with cerebrovascular disease. In this setting, it is not
suppressed by aspirin treatment and therefore does not reflect piatelet
activation.



128 Chapter §

References

1 Ciabattoni &, Maclouf J, Catella F, FitzGerald GA, Patrono C.
Radicimmunoassay of 11-dehydro-thromboxane B2 in human plasma and urine.
Biochim Biophys Acta 1987,918:293-297.

2 Patrignani P, Panara MR, Greco A, Fusco O, Natoli, Tacobelli S, Cipollone F,
Ganci A, Créminon C, Maclouf J, Patrono C. Biochemical and pharmacological
characterization of the cyclo-oxygenase activity of human blood prostaglandin
endoperoxide synthases. J Pharmacol Exp Ther 1994;271:1705-1712.

3 Cipollone F, Patrignani P, Greco A, Panara MR, Padovano R, Cuccurullo F,
Patrono C, Rebuzzi AG, Liuzzo G, Quaranta (G, Maseri A. Differential
suppression of thromboxane biosynthesis by indobufen and aspirin in patients
with unstable angina. Circulation 1997;96:1109-1116.

4 Weksler BB. Antiplatelet agents in stroke prevention. Combination therapy:
present and future. Cerebrovase Dis 2000;10(supp! 5):41-48.

5 Koudstaal PJ, Ciabattoni G, van Gijn J, Nieuwenhuis K, de Groot PG, Sixma JJ,
Patrono C. Increased thromboxane biosynthesis in patients with acute cerebral
ischemia. Stroke 1993;24:219-223.

6 van Kooten F, Koudstaal PJ. Epidemiology of post-stroke dementia.
Haemostasis 1998;28:124-123.

7 Dick JPR, Guiloff RJ, Stewart A, Blackstock J, Bielawska C, Paul EA, Marsden
CD. Mini-menta] state examination in neurological patients. J Neurol Neurosurg
Psychiatry 1984;47:496-499.

8 Nelson A, Fogel BS, Faust D. Bedside cognitive screening instruments. A
critical assessment. J Nerv Ment Dis 1986;174:73-83.

9 Kupke T, Revis ES, Gantner AB. Hemispheric bias of the Mini-Mental State
Examination in elderly males. Clin Neuropsychol 1993;7:210-214.

10 Folstein MF, Folstein SE, McHugh PR. 'Mini-Mental State’. A practical method

for grading the cognitive state of patients for the clinician. J Psychiatr Res
1975;12:189-198.

11 Tatemichi TK, Desmond DW, Paitz M. The 'Mini-Mental State' Examination as
a screen for dementia following stroke. J Clin Exp Neuropsychol 1991:13:419.

12 Teng EL, Chui HC. The Modified Mini-Mental State (3MS) Examination. J Clin
Psychiatr 1987;48:314-318.



General discussion 129

13 Grace I, Nadler JD, White DA, Guilmette TJ, Giuliano AJ, Monsch AU, Snow
MG. Folstein vs modified Mini-Menta! State Examination in geriatric stroke.
Arch Neurol 1995;52:477-484.

14 de Koning I, van Kooten F, Dippel DWJ, van Harskamp F, Grobbee DE, Kluft
C, Koudstaal PI. The CAMCOG: A useful screening instrument for dementia in
stroke patients. Stroke 1998;29:2080-2086.

15 Blessed G, Tomlinson BE, Roth M. The association between quantitative
measures of dementia and of senile change in the cerebral gray matter of elderly
subjects. Br J Psychiatr 1968;114:797--811.

16 Copeland JRM, Dewey ME, Griffiths-Jones HM. A computerized psychiatric
diagnostic system and case nomenclature for elderly subjects: GMS and
AGECAT. Psychol Med 1986;16:89-99.

17 Derix MMA, Hofstede AB, Teunisse S, Hijdra A, Walstra GJM, Weinstein HC,
van Gool WA. CAMDEX-N: de Nederlandse versie van de Cambridge
Examination for Mental Disorders of the Elderly met geautomatiseerde
dataverwerking [CAMDEX-N: the Dutch version of the CAMDEX with
computerized data analysis] Tijdschr Gerontol Geriatr 1991;22:143-150.

18 Derix MMA, Teunisse S, Hijdra A, Wens L, Hofstede AB, Walstra GJM,
Weinstein HC, van Gool WA, CAMDEX-N: de Nederlandse versie van de
Cambridge Examination for Mental Disorders of the Elderly: Dutch manual.
Lisse, the Netherlands: Swets & Zeitlinger BV; 1992.

19 Lawson JA, Patrono C, Ciabattonl G, FitzGerald GA. Long lived enzymatic
metabolites of thromboxane B2 in the human circulation. Anal Biochem
1986;155:198-203.

20 International] Stroke Trial Collaborative Group. The International Stroke Trial
(IST). a randomised trial of aspirin, subcutaneous heparin, both, or neither
among 19,435 patients with acute ischemic stroke. Lancet 1997;349:1569-1581.

21 CAST (Chinese Acute Stroke Trial) Collaborative Group. CAST: a randomised
placebo-controlled trial of early aspirin use in 20,000 patients with acute
ischaemic stroke. Lancet 1997;34%:1641-1649,

22 Chen ZM, Sandercock P, Pan HC, Counsell C, Collins R, Liu LS, Xie JX
Warlow C, Peto R, on behalf of the CAST and IST collaborative groups.
Indications for early aspirin use in acute ischemic stroke. A combined analysis of
40,000 randomized patients from the Chinese Acute Stroke Trial and the
International Stroke Trial. Stroke 2000;31:1240-1249.



130 Chapter 8

23 Saxena R, Lewis S, Berge E, Sandercock PAG, Koudstaal PI; for the
International Stroke Trial Collaborative Group. Risk of early death and recurrent
stroke and effect of heparin in 3169 patients with acute ischemic stroke and atrial
fibrillation in the International Stroke Trial. Stroke 2001;32:2333-2337.

24 Kelley RE, Berger IR, Alter M, Kovacs AG. Cerebral ischemia and atrial
fibrillation: prospective study. Neurology 1984;34:1285-1291.

25 Sage JI, van Uitert RL. Risk of recurrent stroke in patients with atrial fibrillation
and non-valvular heart disease. Stroke 1983;14:537-540.

26 Hart RG, Coull BM, Hart D. EBarly recurrent embolism associated with
nonvalvular atrial fibrillation: a retrospective study. Stroke 1983;14:688-693.

27 Gustafsson C, Britton M. Pathogenetic mechanism of stroke in non-valvular
atrial fibrillation: follow-up of stroke patients with and without atrial fibrillation.
T Intern Med 1991;230:11-16.

28 Davi G, Averna M, Catalano I, Barbagallo C, Ganci A, Notarbartolo A,
Ciabattoni G, Patrono C. Increased thromboxane biosynthesis in type Ila
hypercholesterolemia. Circulation 1952;85:1792-1798.

29 Davi G, Catalano I, Averna M, Notarbartolo A, Strano A, Ciabattoni G, Patrono
C. Thromboxane biosynthesis and platelet function in type I diabetes mellitus. N
Engt J Med 1990;322:1769-1774,

30 Davi G, Gresele P, Violi F, Basili S, Catalano M, Giammarresi C, Volpato R,
Nenci GG, Ciabattoni G, Patrono C. Diabetes mellitus, hypercholesterolemia,
and hypertension but not vascular disease per se are associated with persistent
platelet activation in vivo: evidence derived from the study of peripheral atrerial
disease. Circulation 1997;96:69-75.

31 Hart RG, Benavente O, McBride R, Pearce LA. Antithrombotic therapy to
prevent stroke in patients with atrial fibrillation: A meta-analysis. Ann Intern
Med 1999;131:492-501.

32 Algra A, van Gijn J. Aspirin at any dose above 30 mg offers only modest
protection after cerebral ischemia. J Neurol Neurosurg Psychiatry 1996;60:197-
199,

33 Tcheng JE. Differences among the parenteral platelet glycoprotein Iib/lila
inhibitors and impications for treatment. Am J Cardiol 1999:83:7E-15E.



General discussion 131

34 Sharis PJ, Cannon CP, Loscalzo J. The anti-platelet effects of ticlopidine and
clopidogrel. Ann Intern Med 1998;129:394-405,

35 Colli S, TremoH E. Multiple effects of dipyridamole on neurtrophils and
mononuclear leukocytes: Adenosine-dependent and adenosine-independent
mechanisms. J Lab Clin Med 1991;118:136-145,

36 Tuppo EE, Forman LJ, Spur BW, Chang-Ting RE, Chopra A, Cavalieri TA. Sign
of lipid peroxydation as measured in the urine of patients with probable
Alzheimer's disease. Brain Res Bull 2001;54:565-568.

37 Twamoto N, Kobayashi K, Kosaka K. The formation of prostaglandins in the
postmortem cerebral cortex of Alzheimer-type dementia patients. ] Neurol
1989;236:80-84.

38 Rich JB, Rasmusson DX, Folstein MF, Carson KA, Kawas C, Brandt J.
Nonsteroidal anti-inflammatory drugs in  Alzheimer's disease. Neurology
1995;45:51-55.

39 In 't Veld B, Ruitenberg A, Hofman A, Launer LJ, van Duijn CM, Stijnen T,
Breteler MMB, Stricker BHC. Nonsteroidal antiinflammatory drugs and the risk
of Alzheimer's disease. N Eng J Med 2001;345:1515-1521.






SUMMARY
&
SAMENVATTING






SUMMARY

Ischemic stroke is a major health problem in the western countries. It
1s the leading cause of disability and strongly burdens on the community
health care system. As a result of the high incidence of stroke, a relatively
small reduction of stroke or stroke recurrence will result in a large reduction
in number of patients appealing to the health care system. As blood platelets
appear to play an important role in ischemic stroke, we describe the role of
platelet activation in the acute phase and in the chronic phase of stroke in
relation with other vascular risk factors, stroke characteristics, and post-
stroke dementia. We also studied the effect of antiplatelet medication on
thromboxane biosynthesis in this setting.

In chapter ! the methods of thromboxane metabolite measurements
are introduced and explained. A historical view of measures of platelet
activation is given, leading to the introduction of measurement of urinary 11-
dehydro-TXB,, a metabolite of thromboxane A, Tt is discussed that
thromboxane synthesis that can be suppressed by low dose aspirin is of
platelet origin, and cyclooxygenase dependent, and thus reflects platelet
activation. The diagnosis of dementia in stroke patients and the problems
encountered when dementia criteria are implemented in these patients are
also described.

In chapter 2 the time course of thromboxane biosynthesis in 13
patients with acute ischemic stroke is described. Metabolite excretion rates
were compared with those of 20 control patients with nenvascular
neurological diseases. Elevation in 11-dehydro-TXB; excretion levels was
found repeatedly in the vast majority of patients with ischemic stroke. In half
of the patients elevated levels were found beyvond 24 hours after onset of
symptoms. In view of the 45 minutes half-life of the metabolite, this would
not be expected if thromboxane-dependent platelet activation occurred as a
single episode at the time of the event. We concluded that platelet activation
occurred repeatedly after acute ischemic stroke. The biochemical evidence of
episodic platelet activation provided the rationale for testing the efficacy and
safety of aspirin in this setting.

The role of potentially vasoactive Fo-isoprostanes, which can be
formed by free radical-catalyzed peroxidation of arachidonic acid but also in
a cyclooxygenase dependent fashion, is described in chapter 3 in relation to
formation of the vasoactive eicosanoid thromboxane A, produced via the
cyclooxygenase pathway. Consecutive urine samples were obtained during
the first 72 hours after cerebral ischemia and urinary 11-dehydro-TXB; and
8-ep1-PGF,, were measured with radioimmunoassays. We found no clevated
levels of urinary 8-epi-PGF,, one of the most abundantly formed and potent
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vasoconstrictive F-isoprostane. Urinary excretion levels of 8-epi-PGFs,
were only modestly correlated with those of 11-dehydro-TXB,. Excretion
levels of 8-epi-PGF,, were not related with intake of antiplatelet medication.
We concluded that platelet activation is not associated with concurrent
changes in F-isoprostane biosynthesis and that F-isoprostane biosynthesis
is largely independent of platelet cyclooxygenase activity.

Repeated periods of enhanced thromboxane biosynthesis were found
in more than half of the patients. Increased thromboxane biosynthesis was
independently associated with severity of symptoms, atrial fibrillation, and
treatment with cyclooxygenase inhibiting drugs. We concluded that in the
first few days of acute ischemic stroke, platelet activation occurs repeatedly
in a cyclooxygenase dependent fashion and that this platelet activation 1s
independently associated with stroke severity and atrial fibrillation.

The relationship between thromboxane biosynthesis, atrial
fibrillation, stroke severity and antiplatelet medication in the acute phase of
cerebral ischemia 1s further investigated in chaprer 4. Data of 131 patients
from three of our previous studies concerning thromboxane biosynthesis in
the acute phase of cerebral ischemia were combined. Atrial fibrillation was
present in 13% of the patients. Stroke severity and atrial fibrillation were
associated with increased urinary 11-dehydro-TXB; excretion, whereas use
of aspirin was associated with decreased metabolite excretion. Use of aspirin
was associated with nearly normal values in patients without atrial
fibrillation, but in patients with atrial fibrillation metabolite excretion
remained elevated. We concluded that platelet activation in the acute phase
of cerebral ischemia is strongly associated with atrial fibrillation and that in
these patients platelet activation is insufficiently suppressed by aspirin
treatment alone.

Chapter 5 describes thromboxane biosynthesis in the chronic phase
after stroke, including patients with intracercbral hemorthage. Enhanced
platelet activation was found in more than half of the patients, and also in
more than 70% of the patients after intracerebral hemorrhage. Similar to the
findings in the acute phase after cerebral ischemia, atrial fibrillation, stroke
severity and use of aspirin contributed independently to the level of
metabolite excretion. The suggestion that platelet activation is a reflection of
vascular risk factors, diffuse atherosclerotic lesions, or the extent of vascular
damage due to stroke is discussed. We concluded that platelet activation is
often present in patients in the chronic phase after stroke, including those
with intracerebral hemorrhage. Persistent platelet activation, which is
associated with atrial fibrillation and poor stroke outcome, can be
substantially suppressed by aspirin treatment.
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Chapter 6 provides the rationale and design of the Dutch Vascular
Factors in Dementia study, in which the study described in chapter 7 was
embedded. From the Rotterdam Stroke Databank, 825 consecutive stroke
patients were screened, of whom 300 subjects met the inclusion criteria of
the study. Dementia was diagnosed in 71 {24%) of them between 3 and 9
months after stroke. Urinary 11-dehydro-TXB; excretion was measured in
the chronic phase after stroke. Thromboxane biosynthesis was independently
related with the presence of dementia, but not the type of dementia. The
differences in metabolite excretion between demented and non-demented
patients was most prominent within the ischemic stroke patients who were
treated with aspirin. This finding suggests that patients with post-stroke
dementia have an aspirin insensitive source of thromboxane biosynthesis.
The possible sources are discussed. We concluded that increased
thromboxane biosynthesis is associated with the presence, but not the type of
post-stroke dementia. The association between thromboxane biosynthesis
and the presence of post-stroke dementia is particularly apparent in patients
on aspirin treatment, suggesting that patients with post-stroke dementia have
an aspirin insensitive source of thromboxane biosynthesis.

In chapter 8 the results of the studies are discussed and suggestions
for further studies are made.
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Het herseninfarct en de gevolgen daarvan vormen een belangrijk
probleem in de Westerse wereld. Het is een belangrijke doodsoorzaak en de
gevolgen van een herseninfarct drukken sterk op het gezondheidszorg
systeem. Doordat de incidentie van de beroerte zo hoog is, leidt een relatief
kleine reductic in het optreden van beroertes of recidief beroertes tot een
grote absolute reductie in de mate waarmee de gezondheidszorg wordt
belast. Omdat bloedplaatjes waarschijnlijk een belangrijke rol spelen bij het
ontstaan van een beroerte, hebben we de bloedplaatjes functie onderzocht in
zowel de acute als de chronische fase van het herseninfarct en deze functie
gerelateerd aan vasculaire risicofactoren, eigenschappen van de beroerte zelf,
en het optreden van dementie na een beroerte. Daarbij werd ook het effect
van aspirine op de bloedplaatjes functie onderzocht.

In hoofdstuk [ worden de methoden uiteengezet, waarmee
metabolieten kunnen worden gemeten die vrijkomen bij activatie van
bloedplaatjes. Er volgt een kort historisch overzicht van methoden om
bloedplaatjesactiviteit te meten. Vervolgens beschrijf ik de methode waarbij
het urinegehalte van 11-dehydro-tromboxaan B,, een metaboliet van
tromboxaan A, als maat voor bloedplaatjes activiteit kan wordt genomen.
Besproken wordt dat tromboxaan, waarvan de vorming onderdrukt kan
worden met lage dosering aspirine, afkomstig is van bloedplaatjes, en
derhalve bloedplaatjes activiteit weerspiegelt. Verder ga ik in op de
diagnostiek van dementie bij pati&nten met een beroerte en de problemen die
optreden als dementie criteria bij pati®nten met een beroerte worden
toegepast.

In hoofdstuk 2 wordt het verloop in tijd van tromboxaan biosynthese
beschreven bij 13 patiénten in de acute fase na een herseninfarct.
Tromboxaan metabolieten in de urine werden vergeleken met die van 20
controle patiénten met niet-vasculaire neurologische ziekten. In de
meerderheid van patiénten werd bij herhaling een verhoging van de
uitscheiding van 11-dehydro-TXB, in de urine gevonden. Bij ongeveer de
helft van de patiénten werd een verhoogde excretie van metabolieten zelfs 24
uur na het ontstaan van het herseninfarct gevonden. Gezien de halfwaardetijd
van 45 minuten van het metaboliet, kan dit niet verklaard worden door een
eenmalig verhoogde bloedplaatjes activiteit ten tijde van het herseninfarct.
Wij concludeerden dat verhoogde plaatjes activiteit herhaaldelijk optreedt in
de acute fase van het herseninfarct. Deze biochemische aanwijzingen voor
episodische bloedplaatjes activiteit in de acute fase van het herseninfarct,
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vormde een goed uitgangspunt voor klinisch onderzoek naar het effect en de
veiligheid van aspirine in deze situatie.

In hoofdstuk 3 wordt de rol van mogelijk vasoactieve F,-
isoprostanen onderzocht bij patiénten in de acute fase na cerebrale ischemie
in relatie tot de vorming van fromboxaan A, dat uit arachidonzuur wordt
gevormd onder invloed van het enzym cyclooxygenase. F-isoprostanen
kunnen, met vrije radicalen als katalysator, door peroxidatie van
arachidonzuur worden gevormd, maar ook met behulp van het enzym
cyclooxygenase. Gedurende de eerste 72 uur na het optreden van cerebrale
ischemie, werden bi 62 patiénten de opvolgende urineproducties
opgevangen en met behulp van een radioimmunoassay onderzocht op het
gehalte van 11-dehydro-TXB;, een metaboliet van tromboxaan A;, en 8-epi-
PGI,,, één van de meest gevormde F,-isoprostanen met vasoconstrictieve
eigenschappen. We vonden geen verhoogde uitscheiding van 8-epi-PGF;,.
De waarden van &-epi-PGF,, waren maar matig gecorreleerd met die van 11-
dehydro-TXB,. Er was geen relatie tussen de uitscheiding van 8-epi-PGFs,
en het gebruik van aspirine. De conclusie was dat verhoogde bloedplaatjes
activiteit niet geassocicerd is met gelijktijdige veranderingen in de
biosynthese van Fj-isoprostanen en dat Fp-isoprostaan biosynthese voor het
grootste deel onafhankelijk is van cyclooxygenase activiteit van de
bloedplaatjes.

In meer dan de helft van de patiénten werd bij herhaling verhoogde
tromboxaan biosynthese gevonden. Deze was onathankelijk geassocieerd
met de ernst van het herseninfarct, boezemfibrilleren, en behandeling met
cyclooxygenase remmende medicijnen. Wij concludeerden dat er in de eerste
paar dagen na cerebrale ischemie herhaaldelijk bloedplaatjesactivatie
optreedt, die cyclooxygenase afhankelijk 1is. Deze bloedplaatjesactivatie is
onafhankelijk  geassocieerd met de emst van de Dberoerte en
boezemfibrilleren.

De relatie tussen tromboxaan biosynthese, boezemfibrilleren, ernst
van de beroerte, en het gebruik van bloedplaatjes remmende medicijnen
wordt verder beschreven in hoofdstuk 4. De gegevens van drie van onze
eerdere studies die betrekking hadden op tromboxaan biosynthese in de
acute fase na het ontstaan van cerebrale ischernie werden samengevoegd en
geanalyseerd. Het betrof een populatie van 131 patiénten. Boezemfibrilleren
was aanwezig bij 13% van de patiénten. Emnst van de beroerte en
boezemfibrilleren waren geassocieerd met verhoogde uitscheiding van 11-
dehydro-TXB; in de urine. Gebruik van aspirine was geassocieerd met een
verlaging in de uitscheiding van deze metaboliet. Bij patiénten zonder
boezemfibrilleren was gebruik van aspirine geassocieerd met vrijwel
normale uitscheiding van 11-dehydro-TXB; in de urine. Bij patiénten met
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boezemfibrilleren en gebruik van aspirine bleef de metaboliet uitscheiding
verhoogd. Geconcludeerd werd dat bloedplaatjes activatie in de acute fase na
het ontstaan van cerebrale ischemie, sterk is geassocieerd met
boezemfibrilleren en dat bij patiénten met boezemfibrilleren de
bloedplaatjesactiviteit onvoldoende wordt onderdrukt met aspirine alleen.

Hoofdstuk 5 beschrijft tromboxaan biosynthese in de chronische fase
na een beroerte, waarbij ook patiénten met een intracerebrale bloeding
werden geincludeerd. Verhoogde bloedplaatjes activiteit werd gevonden in
meer dan de helft van alle patiénten, en, zeer verrassend, ook in meer dan
70% van de patiénten met een intracerebrale bloeding. Zoals we in de acute
fase na cerebrale ischemie hadden gevonden, bleken boezemfibrilleren, emst
van de beroerte, en het gebruik van aspirine, onathankelijk bij te dragen aan
het niveau van tromboxaan excretic in de urine. De vraag of bloedplaatjes
activitelt een weerspiegeling is van vasculaire risicofactoren, diffuse
atherosclerose, of de uitgebreidheid van de schade aan de bloedvaten ten
gevolge van de beroerte, wordt in dit hoofdstuk besproken. Geconcludeerd
wordt dat verhoogde bloedplaatjes activiteit vaak voorkomt in de chronische
fase na een beroerte, en ook bij patiénten met een bloeding. Deze
aanhoudende  bloedplaatjesactivatie, die  geassocieerd is  met
boezemfibrilleren en een slechter neurologische functioneren, kan goed
worden onderdrukt met aspirine.

In hoofdstuk 6 wordt de achtergrond en de opzet van de '‘Dutch
Vascular Factors in Dementia Study' beschreven. Het cohort beschreven in
hoofdstuk 7 is uit deze studie atkomstig. Gedurende de studieperiode werden
825 opeenvolgende patiénten uit de Rotterdam Stroke Databank gescreend
van wie er 300 aan de criteria voor de dementie studie voldeden, Tussen 3 en
9 maanden na de beroerte kon de diagnose dementie bij 71 (24%) van hen
worden gesteld. Het gehalte van 11-dehydro-TXB; in de urine als maat voor
tromboxaan biosynthese werd bepaald in de chronische fase na de beroerte.
Tromboxaan biosynthese was onafthankelijk gerelateerd aan het optreden van
dementie, maar niet aan het type dementie. De verschillen in metaboliet
uitscheiding tussen patiénten met en zonder dementie waren vooral aanwezig
in the groep patignten met cerebrale ischemie die behandeld werden met
aspirine. Deze bevinding suggereert dat de wijze van tromboxaan productie
bij patiénten met dementie na een beroerte ongevoelig is voor aspirine. De
mogelijkheden van deze aspirine ongevoelige tromboxaan biosynthese
worden verder in het hoofdstuk besproken. De conclusie is dat verhoogde
tromboxaan biosynthese geassocieerd is met het optreden van dementie,
maar niet met het type dementie na een beroerte. De associatie tussen
verhoogde tromboxaan productie en dementie na een beroerte is met name
aanwezig bij patiénten die aspirine gebruiken en suggereert dat deze
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patiénten een aspirine ongevoelige bron van tromboxaan biosynthese
hebben.

In hoofdstuk 8 worden de resultaten van de studies besproken en
worden aanbevelingen gedaan voor verder onderzoek.
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