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Abstract

Stroke is a common disorder with dire consequefarethe patient and for society and will
increase in prevalence over the coming years. Wollp stroke, many patients
unfortunately suffer a further stroke, and recurigrokes account for approximately 25%
of the total. Considerable scope therefore existsniprove both primary and secondary
stroke prevention. This thesis has addressedaexeras at key stages in the prevention of
stroke by developing strategies to better iderttiyse at highest risk, attempting to better
target pre-existing anti-platelet therapy and bgityeing the evaluation of xanthine oxidase

reduction and uric acid lowering therapy in thevergion of stroke.

A clinical scoring system to aid diagnostic recaigmi in those with suspected transient
ischaemic attack (TIA) was successfully developed fzas the ability to reduce the referral
of those without cerebrovascular disease to busgyclihics. The score was developed on
data from 3216 patients and included 9 clinicallyeful predictive variables. After

adjustment to reflect the greater seriousness séing true TIA patients, 97% of TIA and
22% of non-TIA patients were accurately identifiéithe results were confirmed during
prospective validation. Use of the score could regebstantial effect on waiting times for
assessment; there is potential double the numbeerswithin the timeframe recommended
by guidelines with no other change to servicess Twould be an important advance given
the recent evidence that rapid assessment anthgetbf those with TIA greatly reduces

stroke risk.

Aspirin resistance was found to be higher in thesd cerebrovascular microembolic

signals (MES) and carotid disease compared to twidkeequivalent carotid disease and no
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MES. This study included sixty-two patients who thoksad symptomatic carotid disease.
Approximately a quarter had MES. The rate of aspiesistance on at least one test was
25.8% (16 patients), with 13 (21%) resistant on PBA testing, 8 (12.9%) using the
Verify-Now system and 5 (8.1%) resistant on bothpifin resistance was more common in
patients with MES (50% compared to 17.4% withoet).p18 on Fishers exact test). This
provides a link to a well established and robustagiate marker of outcome and thus a
useful model to further study the benefits of gdidanti-platelet strategies. An
interventional clinical anti-platelet trial basegam individual aspirin responsiveness in
high risk individuals such as those with MES is nearranted. Aspirin resistance was also
confirmed to be a common phenomenon in a caseaiostiudy of 180 patients. It was
present in 34% of those with recent stroke and8% Jof those with risk factors but no
established disease. However, the role of poor Ganmge with therapy as a cause in a
substantial number of cases was established; duated for approximately half of those
labelled resistant in the stroke group. Furthergmvbnly those with objective evidence of
recent aspirin ingestion were considered, the peeca of aspirin resistance was similar in
both groups (at 26%). This suggests that objectieasures to confirm compliance with

aspirin therapy should be mandatory in future stsidf aspirin resistance.

Increasing serum uric acid was found to be a ptediof poor functional outcome
following acute stroke but not in an independerghfan. In total, 852 patients were
included in this study and greater uric acid lewegése associated with increased odds of
poor outcome on univariate but not multivariate lggia (OR 1.3, 95% CI 0.73-2.31).
However, there was no evidence of an associatitinfavourable outcome as other groups
have found. Increasing serum uric acid was alsavalo be predictive of increased risk of

stroke, total, vascular and coronary mortality iated hypertensive patients but
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interestingly, the relationship between stroke wmildyt and serum uric acid appears J-

shaped and most apparent in females.

A study of the use of allopurinol in those with lolées showed that xanthine oxidase
inhibition improves cerebral nitric oxide bioavdiikty suggesting a beneficial effect of
allopurinol on cerebrovascular health. This studgluded 14 participants who had
impaired baseline cerebrovascular nitric oxide ‘adability. Allopurinol led to a
significant improvement in responses to NG-monowidtkarginine (L-NMMA) when
compared to placebo (p=0.032, median improvemeh€Ch flow reduction following L-
NMMA of 3144 (95% CI 375 to 7143)) mls). L-NMMA &n inhibitor of endothelial nitric
oxide synthase which reduces cerebral blood flovhealthy volunteers; the bigger the
reduction, the greater the endothelial health. H@amnea study of the effect of allopurinol
treatment on cerebrovascular reactivity (as medsurg response to acetazolamide
infusion) in a group of patients with recent sulbicat stroke revealed no positive effect.
Cerebrovascular reactivity was unchanged by treattnvdth allopurinol. This raises
interesting questions regarding the longevity of aositive effect of allopurinol as this,
and other studies of 3 month duration, have redeate benefit. Further, subjects in this
study did not, on balance, have elevated serumagitt and it has recently been suggested
that only those with significantly elevated levbknefit in the setting of congestive cardiac
failure. Whether this is also true in those wittoke also requires to be clarified. A large
study of the effect of allopurinol on carotid inarmedia thickness, a robust and modifiable

marker of vascular risk, in those with recent strakplanned to address these questions.

The studies in this thesis therefore include a remd§ pragmatic findings which could

improve care at all stages in the prevention obk&tr The TIA scoring system could
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improve recognition of the high risk condition TIA,useful model has been developed in
which to study a population of patients truly résig to aspirin and important lessons have
been learned to aid further evaluation of xantlorilase inhibition; a promising therapy

for the prevention of stroke.
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CHAPTER ONE

INTRODUCTION
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A stroke is defined by the World Health Organizat@®@HO) as a syndrome of “rapidly
developing clinical symptoms and/or signs of fofa at times global) disturbance of
cerebral function lasting more than 24 hours (wlaterrupted by surgery or death), with
no apparent cause other than of vascular origih€ majority are ischaemic, secondary to
arterial occlusion by in-situ thrombus or embold3, (with the remainder being due to

intracerebral haemorrhage or sub-arachnoid haeagerh

1.01 Burden of Stroke / Recurrent Stroke

The WHO estimates that 17 million people die anlyudabm heart disease and stroke. In
the United Kingdom, stroke remains the single bsjgause of major disability (2) and is
the third leading cause of death. The conditioa Aaprofound effect on patients and
relatives and is associated with a vast economiddu(2;3). In the United Kingdom and
other countries, these costs are on the rise ansistently consume around 5% of health

care resources (4), costing the NHS and wider engrapproximately £7 billion per year

(5).

The incidence of stroke appears to be similar ohgges higher in Scotland than in other
parts of the United Kingdom and in other Europead &/estern countries (6-11). The
Scottish Borders Stroke Study (11) attempted terdain all stroke events in this area over
a two year period (from 1998-2000). The crude ahmezdence rate per 100,000 per year
was 280 (95% CIl 258-304) for all stroke subtypethw97 (95% CIl 179-217) due to

cerebral infarction, 24 (95% CI 17-31) due to iogn@bral haemorrhage, 11 (95% CI 7—
16) due to subarachnoid haemorrhage and 49 (95%0€39) of undetermined subtype.

Incidence rates were higher in males and increasethatically with age, particularly
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above the age of 65 years, who accounted for 808teofirst ever in a lifetime strokes. In

total, 790 strokes occurred during the study, ¥ 1%) of which were recurrent strokes.

The MONICA Project provides further extensive damastroke incidence, case fatality and
mortality rates across 16 European countries andaCturing the period 1985-87. The
incidences of first-ever and recurrent stroke wgmeater among men than women in all
populations. The incidence (age standardized)rokstwas higher in China than in West
or Central Europe apart from in Finland (for examphcidence was 242 per 100,000 in
China compared with 361 in Kuopio, Finland and p&® 100,000 in Goteborg, Sweden)
(12). Rates were higher in Eastern Europe than @stWr central Europe. Approximately
20% of stroke events recorded in the MONICA projeatre recurrent events. The
incidence of recurrent stroke was highest in meth women from Beijing and men in

Russia (Novosibirsk) but was lowest in Sweden (12).

Stroke is, of course, a global problem and thatiticelence and impact of stroke differs
among ethnic groups (13). The majority of strokatds occur in low and middle income
countries and among non-Western populations (1d)Black, Chinese, South Asian and
Japanese populations have a higher incidence akesttompared with Caucasians (2). In
some Asian populations (excluding India), the bardé cerebrovascular disease exceeds
that of coronary heart disease (CHD). In China,eloample, stroke is the second leading
cause of death in urban areas (15) and it is ettththat three times as many Asian people

die from stroke than from CHD (16).

Trends in stroke incidence (age standardised) aisie evaluated in the MONICA cohort

(between 1985 and 1990). Incidence fell in most MOAN centres except in several
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Eastern European regions (17;18). Other studies algpport the notion that age
standardised stroke rates and mortality are daog#$9;20). However, the age of the
population in most developed nations, including tb& is projected to increase
considerably in the next half century — the propartof individuals aged over 65, who
account for approximately 80% of strokes, is likelyincrease by near two-fold (from 20 to
35%) (21). Itis estimated that the number ofvidiials in the UK aged over 65 years will
increase from approximately 9,684,000 to 16,528,006 2005 to 2050. The number of
stroke events will therefore increase. Even if sigemdardised rates of stroke remain stable
or decrease slightly it is projected that the ieaick of stroke per annum in the European

region will rise by over 30% in the next 25 yedk8)(

It is of interest that those who have sufferedkdrbave a higher risk of recurrent stroke
than of myocardial infarction (MI), whereas the opipe applies for those who have
suffered MI. Data from large scale observationaidss suggest that nearly 80% of
recurrent vascular events in those with previotakstare stroke and that only 20% are Mi
(22). In the Cardiovascular Health Study, the kstroate was double that of Ml in those
whose index event was stroke (23), whereas in thBRIE study it was 7 times higher
(24). Approximately 25% of strokes are recurrengérds (25) and approximately 25% of
stroke patients will suffer recurrence within 5 ggedlhe risk of recurrence may be highest
early, with approximately 4% suffering recurrenchim one month and 12% at one year
(26). Thereafter, the risk of recurrence after gear has been estimated at 4-5% per
annum (27) and while risk may be highest early, tfagority of recurrent strokes do of

course occur after one year (28).
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It is important also to consider the incidence raihsient ischaemic attack (TIA). While
many now regard stroke and TIA as one conditiomy thre currently managed in a
different fashion in the UK and beyond. A TIA is apisode of temporary and focal
neurological symptoms caused by cerebral arteryusion, with symptom resolution in
less than 24 hours (29). Patients with a recenisieat ischaemic attack (TIA) or minor
stroke require rapid investigation and treatmeittaition to minimize the risk of future
vascular events, and in particular, the early osktroke. Between 15 and 30% of patients
with stroke give a history of preceding TIA (30)datie seven day risk of stroke following
TIA may exceed 30% in high risk groups (31) an# rsshighest in the first 48 hours (32).
These patients represent a group at extremely hglh of stroke and accordingly,
guidelines recommend that patients are assessethaestigated within 1 week (33;34)

and that fast track or rapid access neurovasclitacare established (35).

Data from the Oxford Community Stroke Project sisgge a crude annual incidence of
TIA of 35 per 100,000 population per year in a Beut English population, with a slightly
higher age and sex standardized rate. Other sthdiesrevealed age and sex standardized
rates of 68 and 83 per 100,000 per year (36;37)maok recent data from Oxfordshire
showed a higher incidence than previously (38)haes reflecting better recognition of

TIA.

Summary of the Burden of Stroke

Stroke is clearly a common disorder with dire caopussces for the patient and for society
and will increase in prevalence over the comingrsgiekollowing stroke, many suffer a
further stroke, and recurrent strokes account fppreximately 25% of the total.

Considerable scope therefore exists to improve hmimary and secondary stroke
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prevention. TIA is also common and representsgh hmisk condition which must be
addressed as an emergency. Those with TIA reprasesxcellent group in which to study

new treatments and care strategies given theirisglof events.

1.02 Treatment of Acute Stroke

1.02.1 Therapeutic Targets

Infarct volume increases in the first few hourseafbnset of ischaemic stroke, with the
ischaemic penumbra gradually being subsumed it@tba of infarction. The penumbra is
the region of brain where blood supply is signifita reduced but energy metabolism is
maintained because of collateral flow (39). Itsbility depends on the severity and
duration of ischaemia and, if blood flow is swiftlgstored, some penumbral tissue may be
saved. However, during the time lag to reperfusemphysiological cascade occurs which
places penumbral tissue at further risk. Cellulatabolism becomes anaerobic leading to
acidosis and sodium-potassium transporters becopsfurtttional causing a rise in
intracellular osmolarity and cytotoxic oedema. dcgllular calcium increases and
ultimately the process becomes self-perpetuatirly further rises in intracellular calcium,
possibly because of release of intracellular glat@n(40). Increased calcium concentration
within cells enhances injury through activation lgfase, protease and free radical
generation. Blood brain barrier integrity is redii¢é1) and if breached, blood components
can enter the interstitial space causing vasogeeiema and increasing the risk of
haemorrhagic transformation of infarcted tissuertif@rmore, even if reperfusion occurs,
the penumbra is vulnerable to the effects of ressoh injury (42) as further free radical

formation and release of harmful neurotransmitteay be provoked. It has been estimated
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that up to 2 million neurons are lost each minutenf stroke onset from this area every

minute that treatment is delayed (43).

In the context of intracerebral haemorrhage, it recently been recognised that early
haemorrhage growth occurs in a significant numbbggatients (44;45). In a study of 103
patients, all of whom presented within three hooffsonset and underwent serial brain
imaging with x-ray computed tomography (CT), substd haemorrhage growth occurred
in 28% of patients (45). Haemorrhage growth wasnddf as a 33% increase in volume,
occurred particularly within the first hour, and svassociated with clinical deterioration.
Haemorrhage growth may be increased in those wplertension although data do conflict

(46;47).

Thus, for both ischaemic and haemorrhagic strokeetlare therapeutic targets, which are
likely to exist only in the early hours after steokThis of course necessitates rapid
assessment and investigation. However, the NatiSeatinel audit (5) (of England and

Wales) found that only 30% of those suspected stpakients who were deemed to require
urgent brain imaging (within 30 minutes) receivedcan on the same day. Also, many
ambulance services do not treat potential strokigemta as the highest category of
emergency. Reducing delays to assessment and ign&gincrease the numbers presenting
within the first hours after onset of stroke isréfere crucial and will have a significant

impact on patient outcomes. Such delays are nmadtsfial and will require comprehensive

strategies to increase public awareness and immmiilance, emergency medicine and

radiology services, whilst ensuring all patientgéhaquity of access to stroke unit care.
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1.02.2 Current Management Strategies

Once a patient has arrived at hospital and recawdidgnosis of acute stroke, management
serves a dual purpose; to reduce the high rislke@irrent stroke and to reduce the burden
of disability in established stroke. Secondary preative measures continue to improve
and will be outlined later. Acute treatment of &&oinvolves control of physiological
variables, strategies to reperfuse the ischaerei, aneasures to reduce growth of primary
intracerebral haemorrhage (haemostatic therapyemily unproven), protection of the
vulnerable, yet salvageable, ischaemic penumbrairdpeotectant therapy, currently
unproven) and surgery. All patients should be cdoedn a dedicated acute stroke unit,
which in itself saves lives and significantly impes functional outcomes (48). By
definition, a stroke unit is an area and environin@érorganised and multidisciplinary care

which ensures access to specialist medical, nuesidgallied staff and treatment.

All patients with suspected acute stroke or TIAldHaindergo emergency brain imaging to
help confirm the diagnosis, distinguish infarctrfrthaemorrhage and to identify important
differential diagnoses such as tumour. The chofderain imaging modality lies between

computed tomography (CT) and magnetic resonancginggdMRI). An urgent brain scan

enables rapid differentiation of ischaemic from rhaerhagic stroke and there is no
rationale for waiting to image patients — it delagsatment initiation and is the least cost
effective approach (49). A non-contrast CT braithis most widely available test and has
excellent sensitivity for identification of haemloage early after onset, while MRI has
similar sensitivity for identification of haemorma and significantly greater sensitivity for
detection of ischaemia (50). Newer CT and MRI Hasxhniques are available which
have the potential to increase both diagnosticiteis and specificity and increase the

numbers of patients receiving treatments suchrasiholysis (51).
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1.02.3 Control of Physiological Variables

Arterial hypertension occurs in as many as 80%adiepts following acute stroke (52). It is
associated with a poor outcome (53) but it mayasgnt a protective response - falls in
blood pressure may lead to infarct extension beraof impaired cerebrovascular
autoregulation following acute stroke (54). These some evidence that a U-shaped
relationship exists with arterial hypotension di&ing associated with a poor outcome (52).
Such uncertainty also surrounds intracerebral hadmage where hypertension may
contribute to haemorrhage growth. Current guidsliseggest lowering blood pressure in
the presence of hypertensive encephalopathy, abssection, severe cardiac failure and if
blood pressure is extremely high on repeated meamnt (>220 mmHg systolic or > 120
mmHg diastolic blood pressure) (55). This leavegseat deal of uncertainty in the majority
of patients and it is unclear whether prior antiéryensive therapy should be discontinued
in the acute phase and at what thresholds of bpvedsure we should intervene and the
treatment targets that we should aim for. Fortelgaseveral large clinical trials are now
underway and should address these issues (ComiydHiypertension and Hypotension
Immediately Post-Stroke Trial [CHHIPS trial] (56 ontinue or Stop post-Stroke
Antihypertensives Collaborative Study [COSSACS])(aid Efficacy of Nitric Oxide in

Stroke Trial [ENOS trial] (58)).

Elevated blood glucose is common in the acute pfalssving ischaemic stroke (59) and
is associated with a poor outcome (60), regardiésise presence of pre-existing diabetes.
In a recent systematic review of non-diabetic pasiestress hyperglycaemia defined as
blood glucose of greater than 6 or 7.1 mmol/l wesngly predictive of increased hospital
mortality (RR 3.28, 95% CI 2.32-4.64) and poor fimtal outcome (RR 1.41, 95% CI

1.16-1.73) (59). This may be because elevated blgladose increases brain lactate

-34 -



production, which is associated with increasedratfsize (61), may reduce the efficacy of
thrombolytic therapy (62;63) and may increase thle of haemorrhagic transformation of
infarcted tissue. However, whether routine lowgriof hyperglycaemia with insulin
improves outcome after acute stroke is as yet wapro The recent GIST-UK (Glucose
Insulin in Stroke) trial (64) enrolled 933 patierded found no evidence of benefit for
insulin therapy in terms of mortality (OR 1.14, 95@4 0.86 to 1.51) or secondary
outcomes. Significantly lower levels of both blopessure and glucose levels were seen
following treatment although it is likely the trialas underpowered and further randomized
controlled trials are required. At present, currgmtdelines suggest insulin titration in those

with serum glucose of > 10 mmol/l (55).

Fever has also been associated with a poor outéolioeiing acute stroke (65), possibly
because of a detrimental effect on intracerebratabmism, increased free radical
production (66) or changes in blood brain barngrction (67). Guidelines suggest the use
of fanning and paracetamol if temperature riseval3Y.5°C and that this should prompt a
search for infection (55). It is again unclear wiegetthis improves clinical outcome but

trials are in progress to evaluate this (68).

1.02.4 Reperfusion Strategies for Acute Ischaemidr8ke

Intravenous Thrombolytic Therapy

Thrombolytic therapy with tissue plasminogen adbtva(rt-PA) is the only licensed
treatment for acute ischaemic stroke in Europe w/ltemust be administered within three
hours of symptom onset. First evidence of efficaag published in 1995 and license was
granted for use in the United States of America987. In Europe, however, a conditional

license was first granted in 2002 and uptake hamaireed disappointingly slow.
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Approximately two thirds of otherwise eligible pets miss out on treatment because of
delay in presentation and/or early misdiagnosis).(@he United Kingdom performs
particularly badly and currently holds 15th plage the European league table of
thrombolysis use; only around 0.2% of stroke pasiemere treated in 2005 and access to

treatment across the nation is patchy (70).

Intravenous thrombolytic therapy is clearly benefi@s shown in a recent pooled meta-
analysis of the major thrombolysis studies (71)e Tdnalysis considered 2775 patients
treated within six hours of ictus. The odds of farable outcome (defined as no disability)
were 2.8 (95% CI 1.8-9.5) for treatment within 9thates and 1.6 (95% CI 1.1-2.2) for
treatment between 91 and 180 minutes. Benefit viidlsapparent for patients treated
between 181 and 270 minutes (odds ratio 1.4, 95%.C11.9). The rate of significant
intracerebral haemorrhage was 5.9% in those tregitbdt-PA compared to 1.1% in those
treated with placebo. However, only a small nundfethese were of clinical significance,
and this risk of haemorrhage is already accountedirf the calculation of odds of
favourable outcome. Thus, the chance of being dfeleandicap after stroke is increased
nearly 3 fold by thrombolytic treatment providedstadministered within 90 minutes of
onset. Smaller but still significant benefits aees up to 4.5 hours. The number needed to
treat (NNT) to achieve an excellent outcome (aneftaone case of death or dependency)
following treatment is approximately 7 (71) whileet NNT to achieve a reduction in
disability is approximately 3 (72). The number negtdo harm is 30 and these figures

compare favourably to other interventions suchhesmbolysis for acute MI.

A rigorous audit of outcomes in several thousandropean patients (The Safe

Implementation of Thrombolysis in Stroke-Monitorilgjudy (73)) treated within license
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and in routine clinical practice has confirmed thatety is at least as good as in clinical
trials, with low rates of symptomatic significaredmorrhage. Efficacy also appears to be
similar (table 1.1). The risk of haemorrhage shauddl deter use of thrombolytic therapy
but precautions must be taken to minimise its ridle factors associated with an increased
risk of haemorrhage are increasing age, extensivly enfarct change on brain imaging,
diabetes mellitus (DM), elevated blood glucose, Bx\ a history of previous stroke, and a
low platelet count (74). Those with higher basebt®ke severity may also have a higher
risk of haemorrhage but equally, may derive greédbesefit from treatment. Exclusion
criteria are similar to those for thrombolysis iryenardial infarction, although patients
with a blood pressure of >180/110 mmHg, or those wéquire treatment to attain a
satisfactory blood pressure, are generally notdcealrhere are also concerns regarding its
use in those with DM and a history of previous lgttoMild systemic bleeding can also

occur and there is a risk of angio-oedema of apprately 1%, which is typically mild (75).

Mortality | Independent | S-ICH S-ICH
(at 3/12) | (at 3/12) (Per SITS-MOST)* | ¥
Trials 17.3% 49% N/A 8.6%
SITS- 11.3% 54.8% 1.7% 7.3%
MOST
Placebo | 18.4% 30.2% N/A 1.9%

* Bleed large enough to cause symptoms and accoymganneurological
deterioration. T Any bleed with any alteration iaurological status regardless |of

severity.

Table 1.1. Summary of outcomes in thrombolysis stuels and the SITS register

Very recent data show that intravenous thrombolytgcapy delivered within 3 to 4.5 hours
of onset but otherwise within the terms of ther®e is also effective and has a similar
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safety profile to treatment within 3 hours of ondétis was tested in a recent randomized,
placebo controlled double blind trial, the ECASBstudy (76). It included 821 participants
with presumed ischaemic stroke and revealed areaser in the odds of an excellent
outcome (OR 1.34, 1.02 to 1.76, p=0.04). The ratesymptomatic intracerebral

haemorrhage was 2.4 % in the treatment and 0.2%giplacebo group (p=0.008).

Intra-arterial Thrombolysis / Mechanical Reperfusion

These therapies are not widely available in the Uttra-arterial thrombolysis involves

direct catheterisation of an occluded artery amalladministration of thrombolytic agents
(rt-PA or urokinase (not available in UK)). Thispmars to be an effective therapy for
confirmed middle cerebral artery (MCA) or basilateay occlusion. For example, in the
PROACT Il (Prolyse in Acute Cerebral Thromboembldrial (77), where treatment was
initiated within 6 hours of onset, reperfusion sate those with confirmed MCA occlusion

were significantly higher following intra-arteriathrombolysis with urokinase and

intravenous heparin (66% compared to 18% in hepegated controls, p<0.001). Clinical
outcomes were also significantly improved with mpegients living independently at day

90 (40% compared to 25% of controls, p=0.043, inadaisk reduction 58%).

Basilar artery occlusion carries a grave prognesis a high mortality rate — perhaps in
excess of 70%. While randomised controlled triatlemce are lacking, several case series
have been published which suggest reduced mortaitg following intra-arterial
thrombolysis (78;79). However, a recent systemaitialysis suggested reperfusion rates
and clinical outcomes were similar with both intnderial and intravenous treatment
emphasising the need for administration of eitloemf of thrombolysis in this devastating

condition (79).
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Catheter based techniques may allow lower systelmées of thrombolytic agents to be
used but also the use of mechanical clot disrugdimh retrieval. The later approach would
be a particular advantage in those with a signititeaemorrhage risk or in those unsuitable
for intravenous rt-PA. As yet, no randomized datanfirm efficacy of mechanical
embolectomy. However, in a study of 151 patientthwschaemic stroke and any treatable
intracranial or extracranial artery occlusion whergvdeemed unsuitable for rt-PA (80;81)
presenting within 8 hours of onset, a high ratevagcular recanalisation was seen (46%
compared to 18% in a historical control sample)osehwho exhibit recanalisaton also have
better outcomes than would be expected for theselbze stroke severity (81). These
strategies therefore represent a real alternatbretfose with major stroke who are
unsuitable for rt-PA but the limited availabilitpé need for specialist neuro-radiology staff

may hinder introduction of these techniques intatinee practice.

Trials are ongoing to assess efficacy of thromlolitterapy in ischaemic stroke up-to 6
hours after onset of symptoms (82) and to estakliséther newer imaging techniques can
better guide thrombolytic therapy and perhaps ali@atment up to 9 hours after onset in
selected patients. Results of small phase 2 studiethis later approach have been

conflicting (83-85), although it remains a promgtrategy.

1.02.5 Aspirin Treatment
Patients with ischaemic stroke should be treated aspirin. The effect size is modest but
important; a combined analysis of the CAST (86) &ill (87) revealed 9 fewer deaths or

fatal strokes for every for every 1000 patientsteed with aspirin in the acute phase (88). If
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patients receive thrombolytic treatment, it is gailg advised that aspirin should be

deferred for 24 hours.

1.02.6 Anticoagulant Therapy

Early anticoagulation has not been shown to yiedddfit early after stroke. In a meta-

analysis of 22 trials, anticoagulation within 244@&urs after ischaemic stroke onset led to
a reduction in early recurrent stroke (OR 0.76, 95P0.65 to 0.88) which was offset by an
increase (of similar magnitude) in the number ahgiomatic intracranial haemorrhages
(OR 2.52, 95% CI 1.92 to 3.3) (89). Very early tmant with unfractionated heparin has
been linked with better functional outcome and lowarly recurrence rate (90;91) but
again at the cost of increased haemorrhagic coatmits. Early anticoagulation is

therefore not recommended as a treatment for asateemic stroke (55) although is

recommended by some for those with atrial fibridat(92).

1.02.7 Neuroprotectant Strategies

Neuroprotectant drugs aim to save ischaemic brssue¢ by damping down the potentially
harmful molecular processes in the penumbra. Tlag prolong the life of the penumbra,
maintain blood brain barrier integrity, reduce aedeand haemorrhagic transformation,
and reduce reperfusion injury. Such strategies raBp be of benefit in the peri-
haemorrhage region in intracerebral haemorrhagenfortlinately, no neuroprotectant
strategy has yet been proven effective in phasdifiical trials or reached clinical practice,

although at the time of writing several agentstheesubject of clinical trials (93).
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1.02.8 Therapeutic Hypothermia

Therapeutic hypothermia is arguably the most primgiaovel therapy for acute stroke (94).
There are several mechanisms by which hypothermag oonvey a neuroprotectant
mechanism. It will decrease cellular metabolism),(98mit cytotoxic and excitatory
cascades, reduce free radical formation and supfresd brain barrier breakdown (96).
Mechanisms of cooling include surface cooling whialmile able to attain reductions in
temperature (97), has disadvantages of patienbmifsrt and may necessitate sedation and
paralysis. The preferable, yet more invasive apgrps to use intravascular cooling via a
central venous heat exchange catheter and infagioold saline (98). It also allows greater
control over rewarming, which may be associatedh witreases in intracranial pressure if

performed rapidly (99).

A wealth of data show therapeutic hypothermia feaive in animal models of cerebral
ischaemia, particularly with transient ischaemiaerehcooling was initiated within one
hour (100-102) Therefore, like thrombolytic therapy is likely that therapeutic

hypothermia will only prove effective if initiatedarly after onset and in patients with

reperfusion (either spontaneous or iatrogenic).

Evidence of efficacy in humans is lacking, althowghecent case report (103) and some
human feasibility studies (104) provide prima faewdence of efficacy. Further research is

required.

1.02.9 Specific Treatment for Intracerebral Haemorhage
Supportive treatment is indicated as for all typestroke. Approximately 15% of cases of

intracerebral haemorrhage are associated with viarfBhese patients have a higher risk of
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death and disability (105) and require rapid reateo$ anticoagulation (106). No specific
licensed treatment exists for the majority with rlameous intracerebral haemorrhage.
Recombinant activated factor VII (rFVlla) is a lised treatment for bleeding in
haemophiliacs who are resistant to factor VIl egglment and is a powerful initiator of
haemostasis even in patients with normal coagulatiois also utilized in the setting of
major haemorrhage (107) and peri-operative bleedir@). Adminstration early after
stroke limits early haemorrhage growth (109;110) bas not been proven to improve
clinical outcome (110). Initial data in this redawere highly encouraging when, in a study
of 399 patients (109), mortality was reduced in theatment group and the odds of
improvement in disability in survivors was nearlyuthled. Unfortunately a larger phase Il
trial did not confirm these benefits (110). Thiskaf efficacy may relate to randomization
imbalances in terms of poor prognostic factors saghntraventricular haemorrhage rate
(111;112) and this does remain a promising stratégyminimal increase in risk of

thromboembolic events was seen in these studies.

1.02.10 Surgical Treatment of Acute Stroke

Complete MCA infarction is associated with brairdema, increased intracranial pressure
and a risk of transtentorial herniation and deddical therapy does little to improve
mortality rates, which may be as high as 80% (1D&compressive hemicraniectomy has
recently been shown to be effective in this scenami a pooled analysis of 3 recent
European trials (114), both in terms of improvedrtadgy and improved functional
outcome. Compared to best medical treatment, nisnieeded to treat to prevent death,
severe disability or moderate disability are 2;ri2l & respectively. However, in these
studies, participants were relatively young (mege 43, maximal age 60) and important

guestions remain concerning optimal timing of tneatt and patient selection. Further,
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while this is a viable treatment for the most feasebtype of stroke, this treatment is

thankfully only relevant for a minority of strokefgents.

Surgery is also a potentially effective therapylfoH. The recently completed STICH trial

(115) enrolled 1033 patients with ICH and no beneéis seen from early surgery (OR 0.89,
95% CI 0.66 to 1.19 for favorable outcome). PrecHme subgroup analysis suggested
there may be benefit in lobar ICH located less thhaom from the brain surface and a

further randomized trial is underway to test thypdthesis (116).

Summary of Acute Treatments

Despite the clear and significant burden of actrteks, there are depressingly few effective
treatments. For ischaemic stroke, the only proviéeceve interventions are stroke unit

care, aspirin and reperfusion therapy with intraxenthrombolytic therapy and intra-

arterial thrombolysis in a small subset of patiewith proximal middle cerebral artery

occlusion. No specific licensed treatment existd@H (except for stroke unit care). There
are promising therapies in development but thik tzfcavailable treatment, the increasing
number of strokes due to the ageing populationtaadurgeoning burden of stroke in the

developing world makes optimal and cheap prevergdkierapy vitally important.

1.03 Preventative Treatments for Stroke

Preventative therapies can be considered as gthmary (where the individual may be at
risk of but has no established cardiovascular desear secondary (where the individual
has established cardiovascular disease). Curremeptative strategies include anti-platelet

therapy and lipid lowering therapy to prevent isah& stroke, anticoagulant therapy to
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prevent cardioembolic stroke and blood pressureatezh to prevent all stroke subtypes. It
is also recommended that patients undergo screefoin@nd treatment of prevalent
diabetes mellitus, smoking cessation therapy dedtyile modification (if required). Many

of these strategies will also reduce risk of ottediovascular events such as Ml.

1.03.1 Anti-platelet Strategies

Aspirin is the only licensed strategy for the prignarevention of stroke. There are four
licensed strategies for anti-platelet therapy ®vpnt recurrent stroke in the UK. These are
aspirin, clopidogrel, dipyridamole and the combimatof aspirin and extended release
dipyridamole. A summary of the mechanism of acticmensed indication and dosage for
each of these drugs is shown in table 1.2. Asgaetylsalicylic acid) prevents platelet
aggregation by irreversible inhibition of cycloogmpse-1 (COX-1). COX-1 is a
constitutive enzyme present in most body cellsiandeversibly acetylatylated by aspirin,
thereby reducing production of prostaglandins armdthwmomboxane A by platelets.
Platelets, given their lack of nuclei, are unaldesynthesise additional cyclo-oxygenase
meaning the inhibitory effect of aspirin on thromboe production will last for the lifespan
of the platelet. Thromboxane A2 has prothrombotiopprties and stimulates platelet

activation and aggregation.
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Drug | Mechanism of Action Dose¢ | Licensed Indications Major
PP SP SP SP Side
CVD | CHD | PVD | Effects

A Inhibition of| 75mg | Y Y Y Risk  of
cyclooxygenase-1 PUD

D Inhibition of platelet re; 200mg| --- Y Headache
uptake of adenosine andBD Gl Upset

of phosphodiesterase |5

activity

C Inhibition of the| 75 mg | --- Y Y Y Gl Upset

adenosine triphosphate

receptor

A = aspirin. C = clopidogrel. D = Extended releadgyridamole. * = recommended

dose in Scotland. PP = primary prevention of strakel myocardial infarction. SP

secondary prevention. CVD = cerebrovascular diseaSelD = coronary heart

disease. PVD = peripheral vascular disease. PUD epfc ulcer disease. Gl 1

gastrointestinal upset.

Table 1.2. Anti-platelet drugs available for prevign of stroke and cardiovascular

disease in the UK.

Several trials have shown aspirin to be effective reducing the risk of a first
cardiovascular event (117-121) in apparently hgaliten and men and women with
adverse cardiovascular risk. Meta-analysis of thesds (122), including over 55000
patients, of whom 11446 were women, showed a 32&twe risk reduction in risk of first
MI (RRR 0.68, 95% CI1 0.59 to 0.79) and a 15% reiduncin risk of any important vascular
event (RRR 0.85, 95% CI 0.73 to 0.93). Howeverreduction in incidence of non-fatal
stroke was seen (RRR 1.06, 95% CI 0.87 to 1.2%gf&wp analyses in the individual
trials suggested benefit in females although it bt reach statistical significance in one

(119;121). The recent Women’s Health Study invol88876 initially healthy women aged
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> 45 years and evaluated 100 mg aspirin versuelpta¢123). No reduction in major
cardiovascular events, death or Ml was seen, ajthicidence of stroke was reduced (RR
0.83, 95% CI1 0.69 to 0.99). A recent sex specifetaranalysis of primary prevention trials
(124) including 95456 individuals (51342 women) ftoned a differing effect of aspirin
between the sexes. It suggested that in womeniovastular events and stroke rates (OR
0.83, 95% CI1 0.7 to 0.97) were reduced by aspreatment but there was no reduction in
rate of MI while in men, Ml was reduced but theraswno reduction in rate of stroke (OR
1.13, 95% CI 0.96 to 1.33). Current local guidedimecommend that individuals whose 10
year cardiovascular risk exceeds 20% and those digtietes who are aged over 40 years
are given 75 mg of aspirin. However, even this lbarquestioned given recent data from
the POPADAD study where no benefit was seen folgwaspirin use in 1276 individuals
with diabetes (125). There is no clear evidencesupport any alternative anti-platelet

strategy in the primary prevention setting.

Aspirin is the most commonly prescribed anti-pletelgent for secondary prevention after
stroke and prevents up to a fifth of recurrent kstgo (126). Most studies suggest an
approximate relative risk reduction of 15% in comg@n with placebo (86;127;128) for

both recurrent stroke and composite vascular emtpdror example, in the UK-TIA study

(127), 2435 subjects were enrolled and aspirintrireat (either 300mg or 1200 mg per
day) led to a 15% RRR in a composite endpoint stukar death, nonfatal Ml and nonfatal
stroke). It is also effective in reducing deathl aecurrence in the immediate period after

stroke (86;87).

At the time of writing, aspirin monotherapy has theempared with placebo, dipyridamole,

clopidogrel, the combination of aspirin and clogds, the combination of aspirin and
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extended released dipyridamole and with ticlopidias well as other drugs that are in
development or not commonly used). Clopidogrel ntlbexapy has also been compared to
the combination of aspirin and clopidogrel and te tcombination of aspirin and

dipyridamole.

Ticlopidine is a member of the thienopyridine fayraind is an ADP receptor inhibitor. It is
superior to placebo following stroke in terms ot@mposite endpoint of stroke, Ml or
vascular death (129) while studies have suggestadyinal superiority (130) over or
equivalence (131) to aspirin. It is rarely used msnabt licensed in the UK because of a risk

of severe neutropaenia and thrombotic thrombocytiape

The CAPRIE trial (24) compared clopidogrel mono#pgr to aspirin in 19195 patients
with symptomatic cardiovascular disease (recergksir Ml or symptomatic peripheral
vascular disease). Overall, clopidogrel use linkeith a small but statistically significant
reduction in the rate of the primary composite analpof ischaemic stroke, Ml or vascular
death (5.32% with clopidogrel compared to 5.83%hvaispirin, p=0.043). This small 8.7%
RRR appeared predominantly driven by an effect haosé with PVD (RRR 23.8%,
p=0.0028) while in the stroke and MI subgroupsdifterence was seen (RRR 7.3%, 95%

Cl-5.7 to 18.7% in those with recent stroke).

Dipyridamole monotherapy is superior to placebdeirms of recurrent stroke prevention,
but not in prevention of myocardial infarction oascular death and may have similar
efficacy to aspirin but again without proven benefi prevention of Ml (132;133). This

similar efficacy is at the cost of a significanihcreased trial drop out rate because of side
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effects such as headache. Aspirin and dipyridanmot@®mbination have also been shown

to be superior to placebo (134).

The recent MATCH (135) and CHARISMA trials (136)osted that, in the secondary
prevention of stroke, dual therapy with clopidogaet aspirin is no better than either alone.
The MATCH trial included 7599 with recent stroke A and additional risk factors for
recurrence and compared clopidogrel with the coatlon of aspirin and clopidogrel. The
combination did not reduce the occurrence of a asmg endpoint of ischaemic stroke, Ml
and vascular death (15.7% vs 16.7%, RRR 6.4%, @g4).but did lead to a two-fold
increase in life-threatening bleeding episodes%2/8 1.3%, p<0.0001). The CHARISMA
trial compared aspirin and clopidogrel therapy usraspirin alone amongst 15,603 patients,
the majority of whom had established cardiovascdisease. In 27% of patients the trial
entry criterion was previous cerebrovascular dise&opidogrel was no more effective
than placebo in aspirin treated patients in thdreentohort (occurrence of primary
composite endpoint of 6.8% with combination comddm®e7.3%, RRR 7%, p=0.22). In the
secondary prevention cohort there was a significaduction in the primary endpoint
(6.9% vs 7.9%, RRR 12%, p=0.046). Trends towardefiemwere apparent in those who
entered the trial on account of stroke, and alkeastroke appeared lower in the population
as a whole. However, benefits only bordered orissizd! significance before adjustment
for multiple comparisons and bleeding complicatisrgse again increased nearly two-fold
in with combination therapy (2.1% vs 1.3%, RR 1.$20.001). Among those with
multiple risk factors but no established disease,drimary endpoint was non-significantly

increased on those on dual therapy (RR 1.2, 95@ 1l to 1.59).
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The CARESS trial compared dual anti-platelet therath aspirin and clopidogrel with
aspirin in patients with recently symptomatic > 5@¥#rotid stenosis and microembolic
signals (MES). The study was randomized, doubledbdind the primary endpoint was the
proportion of patients who were MES positive atesedays and the secondary endpoint
included recurrent stroke or TIA. The primary enidpevas significantly reduced in those
who received both aspirin and clopidogrel (43.8%npared to 72.7%, RRR 39.8%, 95%
Cl 13.8 to 50%). There was a strong trend towardsdaction in rate of stroke or TIA
although numbers were small (4 recurrent strokek 7 lAs in the monotherapy group
compared to 4 TIAs with dual therapy). These pramgigesults suggest that those with
large vessel atherosclerosis and recent strokebmagfit — in the same way as those with
recently symptomatic large vessel coronary diseaBem early dual anti-platelet therapy

(137).

The recent ESPRIT trial (138) involved 2763 pasenmtith recent stroke or TIA and
revealed, during a mean follow-up of 3.5 yearst tha combination of aspirin and slow-
release dipyridamole afford a 20% relative riskuetbn (HR 0.8, 95% CI 0.66 to 0.98,
ARR 1% per year) in the rate of vascular death ar-fatal stroke or MI compared to
aspirin alone. The surprising lack (and indeed ctdo) of increased bleeding
complications is curious and further claims of antiammatory and non-platelet mediated
benefits of dipyridamole have emerged (139). Thaulte of ESPRIT confirm those of
ESPS 2 (132) and have consolidated the positiaspirin and dipyridamole combination

therapy as preferable to aspirin alone in the sggnprevention of stroke.

The recent PROFESS study compared aspirin and idgmole with clopidogrel and

included 20332 patients with recent stroke (14)e Pprimary endpoint was recurrent
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stroke and there was no difference between thémesd groups (9% following aspirin and
dipyridamole vs 8.8% following clopidogrel, HR 1,095% CI 0.92 to 1.11). Unlike in
ESPRIT and ESPS-2, the combination of aspirin apgridamole led to an increase in rate
of major haemorrhagic events including haemorrhagfioke in comparison to its

comparator which offset the slight reduction irhsemic stroke.

Thus, aspirin, clopidogrel and dipyridamole monaipy appear to provide similar efficacy
in the secondary prevention of stroke, althouglipidiegrel may be slightly superior. The
combination of aspirin and clopidogrel poses unptaide risks for little gain, except
perhaps in certain high risk subgroups. Aspirin exitnded release dipyridamole has been
shown to be superior to aspirin in two studies fegent data suggest this strategy offers
similar yield to clopidogrel monotherapy, whichbstter tolerated. In certain high risk
groups aspirin and clopidogrel combination theramy be indicated but further study is
required to confirm efficacy and establish optirmahtment duration. At present therefore,
a reasonable strategy would be to employ aspirihdioyridamole combination therapy as
first line and, where patients are intolerant tpydidamole to consider either aspirin or
preferably clopidogrel monotherapy. For the primpargvention of stroke, aspirin appears
to be of benefit but perhaps only in women, whelieagen, most evidence suggests a

reduction in risk of Ml.

1.03.2 Anticoagulant Therapy (non-Cardioembolic Stoke)

The WARSS study enrolled 2206 patients with recanthin 30 days) ischaemic stroke

without evidence of cardioembolic source. It congplaaspirin 325 mg with warfarin with a

target INR of 1.4 to 2.8 (141). There were no digant differences between the groups in

terms of efficacy or bleeding risk. The WASID tr{d42) compared warfarin and aspirin in
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those with recent stroke and documented 50 to 9®9acranial stenosis (who had no
evidence of significant carotid or cardio-embolisehse) and revealed no benefit from
warfarin in terms of stroke recurrence which wasilgir in both groups (HR 1.04, 95% CI
0.73 to 1.48). However, there was significantly seoprotection from cardiac events and
increased haemorrhage rate and increased mortahig/SPIRIT trial was also terminated
early because of increased bleeding risk, althalighnvolve a high target INR (3 to 4.5)
(143). It included 1316 participants with minorodte or TIA. The ESPRIT trial (144)
compared aspirin with warfarin (target INR 2 — 3) 1038 individuals with recent
ischaemic stroke. There was no difference in rdtethe primary outcome between
treatment groups although ischaemic events wererlémlowing warfarin (HR 0.73, 95%
Cl 0.52 to 1.01) but major haemorrhage rate wakdngHR 2.56, 95% CI 1.48 to 4.43).
Anticoagulation is therefore not recommended f@avpntion of stroke in those with non-

cardioembolic stroke (55).

1.03.3 Statin / Cholesterol Lowering Therapy

The link between serum cholesterol levels and ampartery disease is well established
and the evidence that cholesterol lowering thenafif HMG-Co0A reductase inhibitors
(statins) reduces coronary morbidity and mortailitythose with and without established
CHD is unequivocal (145). Debate however contint@¥cerning the association between
serum cholesterol levels and stroke. Such a linkldveeem likely given the strong link
between it and CHD, while the heterogeneity of kstrccauses and epidemiological
evidence that lower serum cholesterol may link witicreased risk of intracerebral
haemorrhage suggests such a link cannot be asqua@d47). However, statin therapy is
now an accepted strategy following ischaemic st(®&&3. Further, in a large meta-analysis

of over 90000 patients (mostly with manifest CHCjomvere enrolled in statin trials, statin
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treatment significantly reduced the risk of incitdstroke (OR 0.79, 95% CI 0.73-0.85)
(148). Each 10% reduction in LDL cholesterol appetar afford a 15.6% RRR of stroke
(95% CI1 6.7% to 23.6%). Further compelling evideaoase following the Heart Protection
Study which enrolled over 20000 patients with CHD risk factors and compared
simvastatin 40 mg with placebo (149). Simvastagiduced the risk of first stroke by 25%
(95% CI 15% to 34%, p<0.0001). The ASCOT trial digppwering arm (ASCOT-LLA)
(150), which included those with hypertension, eded a similar magnitude of stroke risk
reduction. Reduction in stroke risk did not accompahe modest reduction in serum
cholesterol seen in the ALLHAT study (151) but, malance,, the evidence shows that for
those with and without CHD, statin therapy redugeth risk of MI, mortality and stroke
risk. Approximately 16% of patients in the HPSdstihad suffered previous stroke, just
over half of whom had no documented CHD. In thisugr with stroke, statin therapy

yielded no reduction in recurrent stroke (HR 09&% Cl 0.79 to 1.22).

Until very recently therefore, it was not clear e statin therapy reduced the risk of
recurrent stroke following an index cerebrovasciudaent. The SPARCL trial (152)

randomised 4731 patients to high dose (80 mg) asbatin or placebo. Treatment led to a
16% relative risk reduction of recurrent stroke amaeductions in the rates of most other
vascular complications. These results, subsequeatifirmed in a meta-analysis (153), are
in contrast to those from the HPS, and confirm thiatin therapy can reduce risk of
recurrent stroke. The effect was however less Wauld be expected in terms of secondary

prevention of MI.
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An important consideration is the epidemiologiéak Ibetween low serum cholesterol and
incidence of haemorrhagic stroke, raising the irtgrdrpossibility that statin therapy may
increase risk of ICH. Data from randomized congwltrials conflicts but the pivotal

SPARCL trial (152) did show an increased risk oétharrhagic stroke in those in the
treatment arm (HR 1.67, 95% CI 1.09 to 2.56). Wthese data were combined with those
from the HPS in a meta-analysis, risk remainedagt/in those receiving statin treatment
(HR 1.73, 95% CI 1.19 to 2.5) (152). However, tlane meta-analysis revealed a 20%
reduction in the risk of the more common recurisahaemic stroke (HR 0.8, 95% CI 0.7
to 0.92) and a smaller but significant reductioowerall recurrent stroke burden (HR 0.88,

95% CI1 0.78 to 0.99).

Thus, statin therapy is clearly indicated and rev@emded as a preventative strategy in
those who have suffered ischaemic stroke or whae H@MD (55;154). Whether statins
should be given to those who have suffered ICHleng no other indication for their use

is at the time of writing unclear.

1.03.4 Blood Pressure Lowering Therapy

Hypertension is the most significant risk factor &iroke and the relationship between
increasing blood pressure and increasing stroke even extends to within the normal

blood pressure range (155;156). Treatment of hgpsidn is of unequivocal benefit in

reducing stroke risk in the primary prevention isgtt(157) and evidence suggests that
newer antihypertensive agents, such as amlodipite angiotensin receptor blockers
(ARBSs), offer greater protection than “older” atési@nd diuretic based regimens (158). In
a recent meta-analysis (158), calcium channel antag(except verapamil), angiotensin

converting enzyme inhibitor (ACEI) and ARB basedrtipy was superior to diuretic or 13-
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blocker therapy, affording 7% greater protectiomiagt stroke (OR 0.93 (95% CI 0.89-
0.98). This may however be due to the small diffees in achieved blood pressure control

rather than specific ancillary properties of anygl(159).

Treatment of hypertension in those who have sttw® now also been shown to reduce
recurrent stroke risk. In a recent meta-analyt8), odds of recurrent stroke were reduced
by 24% (OR 0.76, 95% CI 0.63-0.92), but interestinthe strongest evidence exists for
diuretic based therapies, as opposed to ACE irdrmibit (3 blocker based regimens (OR 0.63,
95% CI 0.55 to 0.73 vs placebo compared to a ngmi{fgzant 8% reduction in the odds on
ACEI based therapy). In the PROGRESS trial (16@)ich included 6105 patients with
prior stroke, treatment with either perindopril ar combination of perindopril and
indapamide led to a 26% RRR (95% CI 16 to 34%) amamvascular event rate and a 28%
RRR (95% CI 17 to 38%) in risk of recurrent strakaring follow up. On sub-analysis,
combination of perindopril and indapamide led 4386 (95% CI 30 to 54%) RRR in risk
of recurrent stroke compared to placebo, a 40% (€399 to 49%) RRR in the risk of
major vascular events and a 12/5 mmHg blood preg®aiuction. Perindopril monotherapy
afforded only a 5/3 mmHg reduction in blood pressand a non-significant 4% RRR in
stroke risk. Benefits were similar regardlessisfdry of hypertension and the mean blood
pressure at trial entry was 147/86 mmHg suggesthag those within the normal blood

pressure range may also benefit from blood presediection after stroke.

The MOSES trial (161) suggested that an ARB basginmen using eprosartan was
superior to the calcium channel antagonist nitneinél. This data supported a new and
popular hypotheses that drugs which increased targim Il production would, via

increased activation of the AT2 receptor, increageironal resistance to anoxia via
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recruitment of collateral vessels and thus projidetection to ischaemic brain (162).
However, a number of issues surround interpretatibthe MOSES trial including the
inclusion of multiple events and the use of a camipeely low dose of nitrendipine
(although blood pressure reduction was similar athkireatment arms). Further against
this hypothesis, the PROFESS trial (163) showedsigaificant reduction in recurrent
stroke, any recurrent vascular events or diabebdswing telmisartan use. The trial
involved 20332 patients with recent stroke and years follow up. Benefit was not
apparent despite a 3.8/2 mmHg reduction in blo@sgrre, although use of concomitant

blood pressure lowering therapy was higher in taegbo group.

Antihypertensive therapy is therefore recommendedboth reduce risk of first and
recurrent stroke and risk of other vascular evdoliswing ischaemic stroke, TIA and
intra-parenchymal haemorrhage. Therapy shouldhsidered in all after stroke, although
target blood pressure levels are not well definBdta support the use of diuretic treatment
or a combination of diuretic and ACE inhibitor thpres in the secondary prevention
setting and newer antihypertensive agents sucimésdgine or ACEI / ARB regimens in

the primary prevention setting.

1.03.5 Diabetes

Diabetes is a risk factor for stroke (164-166) am@n increasingly prevalent condition

found in as many 33% of patients with ischaemiok&r(167). In data from Oxfordshire

(168), diabetes was shown to be an independentatdsér for recurrent stroke (HR 1.85%,

95% CI 1.18 to 2.9, p<0.01) and a similar relatiopshas been found in other analyses

(169).
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It is recommended that for the primary preventidrstooke that a lower blood pressure
target is employed in those with diabetes (130/8@Hyg) and hypertension and this is
effective in reducing stroke risk (170;171). letdKPDS (172), blood pressure control (to
a mean of 144/82 mmHg) yielded a 44% RRR in rislstofke and a smaller but similar
reduction in a combined vascular endpoint. Additbeneficial effects on progression to
macroalbuminuria means that ACE inhibitor or ARB&e@ regimens are recommended as

first-line agents in those with diabetes (173).

Glycaemic control is effective in reducing the rigkmicrovascular complications, in both
type 1 and type 2 diabetes (174;175). These inatligeetic retinopathy, nephropathy and
neuropathy. Data concerning the impact of glycaeoaiotrol on risk of macrovascular
complications including stroke are less convincingends toward a reduction in
cardiovascular event rates have been seen but réngins unproven (176;177).
Furthermore, data from two recent randomised cbattdrials were disappointing. The
ADVANCE trial (178) included 11,140 patients andnmgzared an intensive strategy of
gliclazide + other drugs with standard treatmertt found a 10% reduction in incidence of
microvascular or macrovascular disease during viellp (HR 0.9, 95% CI 0.82 to 0.98,
p=0.1). This was predominantly due to a reductionrate of nephropathy with no
difference in macrovascular event rate (HR 0.94%6951 0.84 to 1.06, p=0.32). The
ACCORD trial (179) was of similar magnitude andluated 10,251 patients. It compared
efficacy of an intensive strategy intended to aohie glycated haemoglobin level of below
6% and a standard therapy strategy aiming for allef/7 to 7.9%. The rate of primary
outcome of non-fatal Ml or stroke or cardiovasculaath was similar between the groups
(HR 0.9, 95% CI 0.78 to 1.04, p=0.16) but mortalitgs higher (HR 1.22, 95% CI 1.01 to

1.46, p=0.04) leading to premature terminationhaf trial. Significant hypoglycaemia and
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weight gain were also more common. Sub-analysisveiano suggestion of benefit with

specific regard to stroke risk in either of thesalg.

Recent European guidelines suggest those with2ygi@betes who do not require insulin
and have suffered stroke be commenced on piogliazberapy (55). However, this
recommendation is based on data from subgroup siedipm the PROactive trial (180)
which included 5238 patients with type 2 diabeted known macrovascular disease and
compared pioglitazone with placebo. In the cohoithwprevious stroke~500 in each
group) there was a trend toward a reduction in magscular events and death and a
significant reduction in both fatal and non-fatabke (HR 0.53, 95% CI 0.34 to 0.85) and

CV death, non-fatal Ml and stroke (HR 0.72, 95902 to 1, p=0.0467) (181).

1.03.6 Cardioembolic Stroke / Atrial Fibrillation

Approximately 20% of strokes are cardioembolic wile majority of cases being due to
atrial fibrillation. Left ventricular mural thromis and valvular heart disease are other
important causes (182) with the majority of lefntrecular mural thrombi being associated
with acute myocardial infarction. Atrial fibrillmn is increasingly common and the
incidence rises dramatically with age. It is estedathat its prevalence roughly doubles
with each advancing decade from 0.5% at age 50e&8syto nearly 9% in the ninth decade

of life (183).

Presence of atrial fibrillation predicts both fiststoke and recurrent stroke and those with
concurrent increased age, diabetes, congestiveiacar@ilure, previous stroke and
hypertension are at the highest risk. Concurrerreased left atrial size, spontaneous echo

contrast and left ventricular dysfunction on echdimgraphy are also predictive factors
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(184). Scoring algorithms are now commonly employechelp predict stroke risk and
identify those with atrial fibrillation most likelo benefit from anticoagulant treatment. An
example is the CHADS2 score (185) where the vagglpresence of recent congestive
cardiac failure, hypertension, age > 75 years aaldeties mellitus are assigned 1 point and
history of stroke or TIA two points. Those with aose of 2 or more (assuming no
treatment) have a stroke risk of approximately 486 gnnum rising to 8.5% per annum in
those with a score of 4. The most widely used andiesd anticoagulant is warfarin which

inhibits synthesis of vitamin K dependent clottfiagtors.

In the primary prevention setting, warfarin is hiygeffective. Pooled analysis from the
major placebo controlled trials reveals a highlpdfecial RRR of 68% for ischaemic stroke
(186) compared to placebo. In absolute terms, titodes rate fell from 4.5% per annum to
1.4% with warfarin treatment. Maximum benefit reqa the INR to be above 2 (187;188)

and the recommended INR range is 2 to 3.

Pooled analysis from large placebo controlled grigl89) also confirms that primary
prevention with aspirin provides a reduction iroké risk compared to placebo (RRR 21%,
95% CI 0 to 38%). However, it is clearly an infergirategy when compared to warfarin
(190). Meta-analysis revealed a RR of 0.36 (959026 to 0.51) for those treated with

warfarin compared to aspirin. Similar benefit isaakeen in the elderly (191;192).

In the secondary prevention of stroke, warfarialg highly effective in those with atrial
fibrillation. In the European Atrial Fibrillation rfial (188), the annual rate of stroke, Ml,
systemic embolism or vascular death was 8% withfasiar in comparison to 15% with

placebo (HR 0.60, 95% CI 0.41 to 0.87). The timkescd initiation of anticoagulation in
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this setting is unclear. It is clear that earlyelasted use of anticoagulation (with heparin)
in those without cardioembolic stroke is ineffeeti{89-91) but whether it is of benefit in
those with AF is unclear (92). In the European &tfibrillation Trial (188), nearly one
half of patients commenced anticoagulation with#h days, although their neurological
deficits were minor. Thus, it is generally recomuheth that anticoagulation be initiated
within two weeks in those with AF and stroke, altgb delays of one week are commonly
employed and guidelines suggest the decision regatitning be individualised (55). Dual
anti-platelet therapy with aspirin and clopidogmas compared to warfarin in the ACTIVE
W trial (193). This included 6706 patients and sgig that dual anti-platelet therapy offers

inferior stroke protection at the cost of a simbarden of bleeding complications.

Regarding safety and risk of haemorrhage, warfeaim be considered safe in comparison

to aspirin, with a major bleeding rate of 1.3% cangal to 1% on aspirin or placebo.

There are a number of newer anticoagulant agerdsvuelopment, many of which are now
in phase 3 study. These include direct thrombinbitdrs (such as ximelagatran and

dabigatran etexilate (194;195) and factor Xa irtbilsi such as Rivaroxaban (196;197). The
potential benefits of these drugs include a lackenfuirement for dose adjustment and
regular monitoring but as yet, none has been stowe as safe or effective as warfarin for
the prevention of stroke in those with atrial filation. Ximelagatran was shown to be as
efficacious as warfarin with a similarly low risk bleeding complications in both primary

and secondary prevention in two large trials (198) drug was however removed from

the market because of concerns over hepatic tgxit@9).
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In the ACTIVE-A study, clopidogrel was compared péacebo in those with atrial
fibrillation taking aspirin who were deemed unshiéfor anticoagulation (200). The rate
of vascular events was significantly lower in thasated with clopidogrel and aspirin (RR
0.89, 95% CI 0.81 to 0.98) and in patrticular, tis& of stroke was reduced (RR 0.72, 95%
Cl 0.62 to 0.83). The risk of major haemorrhage vasvever increased with dual

antiplatelet therapy (from 1.3% per year to 2%yssar, RR 1.57, 95% CI 1.29 to 1.92).

Thus, in summary, anticoagulation with warfarirthe treatment of choice for prevention
of recurrent stroke in those with cardioembolioks:. It is also the treatment of choice for
primary prevention of stroke in those with atriddriilation whose risk of stroke exceeds
the likely risk of haemorrhage. Risk stratificatialgorithms can be employed to aid this
decision. In those deemed unsuitable for anticadmgul, aspirin is effective and therapy
with aspirin and clopidogrel leads to significantwer strokes at the cost of increased

haemorrhage risk.

1.03.7 Carotid Artery Intervention

Approximately 10-15% of ischaemic strokes are thmutp be due to large artery

atherosclerosis (201), most of which are associatéd a stenosis of the ipsilateral

extracranial carotid artery. This stenosis candmeedied by carotid endarterectomy (CEA),
where, under local or general anaesthesia, thdidadery is dissected free, opened and
the atheromatous stenosis removed. Percutaneoosnptat of a stent via the femoral

artery is an alternative approach. Large randomtoedrolled trials have shown superiority
of carotid endarterectomy in comparison to medikatapy (202-204) in those who have
symptomatic severe carotid stenosis. A pooled aisbyf the major symptomatic stenosis

trials (205) included data on over 6000 patiermsthbse with symptomatic severe’(0%)
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stenosis, surgery afforded a 16% absolute riskatemhu (ARR) over 5 years and a smaller
4.5% ARR (p=0.04) in those with moderate (50-69%hasis. Surgery slightly increased
risk (by 2.2%) of stroke in those with less tha®d@stenosis (p=0.05) but no effect on risk

was seen in those with 30-49% stenosis or neausioci.

Further analysis from a pooled dataset of the Erggals shows that early surgery, despite
its inherent increased risk, is associated withatgreabsolute and relative risk reduction
than delayed surgery (206). In those with seveemasis, surgery in those who were
randomized to treatment within 2 weeks of symptatffisrded an ARR of 23% (95% CI
13.6 to 32.4%) compared to only 7.4% (95% CI -2318.1%) if randomized after 12
weeks. In those with moderate stenosis randomizee twas a 14.8% ARR (95% CI 6.2 to
23.4%) following surgery if randomized within 2 vksebut no significant benefit if

randomized thereafter.

Thus, if treated early, benefit is also apparentiose with a symptomatic 50-69% stenosis.
It is also possible to further refine the risk-bi#neatio. Of those with symptomatic
moderate stenosis, men, those aged over 75, thilseewdence of infarction and those
with hemispheric (rather than retinal) symptomseagppto benefit most (207-210). Co-
morbidity must also be considered as this will @ase peri-operative risk and thus
adversely refine the risk benefit ratio. Peri-piahal risk is a key factor in determining
benefit from carotid endarterectomy; the lower thbsolute benefit from carotid
endarterectomy (such as in younger female pat@rasymptomatic disease), the lower the
surgical complication rate requires to be to ensanmeefit. It is generally accepted that this
must be <6% for those with severe stenosis but 4r3#%hose with moderate stenosis (55)

and those with asymptomatic disease.
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Carotid artery stenting (CAS) has not yet been @naw be superior or even equivalent to
carotid endarterectomy. Several trials have beeriopned, 2 of which have been
terminated early because of poor results in thetisggarm and 1 of which because of slow
recruitment. The Wallstent trial (211) involved 2a&tients with symptomatic stenosis and
found a higher peri-procedural stroke rate andghéeri rate of major stroke or death at 1
year when compared to endarterectomy (12.1% vs 4590.049) and 3.7% vs 0.9%
(p=0.204) respectively). It has since been criédiZor allowing relatively inexperienced

stent operators to participate — a criticism a¢sadd at the recent EVA-3S study (212).

EVA -3S included patients with at least 60% caratienosis and ipsilateral stroke within
120 days. It was terminated prematurely after ioln of 527 patients; the 30 day
incidence of stroke or death was 3.9% followingotdr endarterectomy and 9.6% after
stenting (RR 2.5, 95% CI 1.2 to 5.1). When onlyablsg stroke or death were considered,
it remained more common in the stenting group (3w4%.5%, RR 2.2, 95% CI 0.7 to 7.2)

and outcomes were significantly worse at 6 months.

A further recent trial (213) also failed to provenninferiority of carotid stenting. The

SPACE trial included 1200 patients with severe symatic (within 6 months) carotid

stenosis. Outcomes were similar. The rate of deaipsilateral ischaemic stroke within 30
days was 6.84% following stenting and 6.34% follogvendarterectomy (OR 1.09, 95% CI
0.69 to 1.72). Despite these similar outcomes ptieespecified non-inferiority margin was
missed. The reasons for these differing resultsnateclear but in SPACE, interventional
radiologists were required to show greater levélexperience than in EVA-3S before

being included in the study.
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Some trials have however showed similar outcom#éewimg stenting. The CAVATAS

trial enrolled 504 patients with symptomatic catotlisease and compared CEA with
carotid angioplasty (only ¥ of patients receivedntt) (214). The trial also included
participants with vertebrobasilar stenotic disea3ée 30 day risk of stroke or death was
similar (9.9% with CEA and 10% with CAS) with ndfdrence in recurrent stroke rate at 1
year. The peri-surgical risk was however highemtliiaat suggested as the maximum
accepted level in consensus guidelines (55). CAVATdoes however provide important
long-term follow up data in those who have undeegpercutaneous carotid intervention
and while restenosis appears more common in théseumnderwent angioplasty (215), it
may not translate into worse clinical outcome aray mot afflict those who also received

stenting (216).

In the SAPPHIRE trial (217), 334 patients deemedigh risk were randomized to either
CEA or CAS with emboli detection. Patients eithad lat least 50% symptomatic stenosis
or asymptomatic 80% stenosis. The endpoint wasrosite of death, stroke or Ml within
30 days after the event or ipsilateral stroke betw81 days and 1 year. This was less
frequent following stenting (12.2% vs 20.1%, abssldifference of 7.9%, 95% CI -0.7 to
16.4%) and the non-inferiority criteria were met@04 for non-inferiority). The benefit
was largely driven by a reduction in Ml in thoseatted with CAS. Importantly, the peri-
procedural rate of stroke, Ml or death following £Avas only 4.8% in this study in
comparison to the higher rates in other trials (212). The peri-procedural complication
rate following endarterectomy was high at 9.9%. deer, long-term follow up data are
now available (218) and further support the authoitsal assertions that, in this patient

group, stenting can afford similar outcomes comgpameCEA.
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At the time of writing, the Carotid Revascularizati Endarterectomy vs Stenting Trial
(CREST) (219) is ongoing and aims to recruit 2580gmts with symptomatic stenosis and

will hopefully clarify the relative benefits or ahwise of carotid stenting.

Carotid endarterectomy in the primary preventiontirsg (those with asymptomatic
stenosis) has also been the subject of large raimddntontrolled trials (220-222). In
general, these trials support benefit in those aittheast moderate stenosis although the
absolute benefit appears small and thus mandaoss @eri-procedural complication rate to
give benefit. For example, in the most recent,ttiee Asymptomatic Carotid surgery Trial
(223), 3120 patients were randomized to either idiate endarterectomy or indefinite
deferral of endarterectomy. The peri-operative odtsetroke or death was 3.1% following
CEA. Even when these events were considered, yleabrisk of stroke or death was lower
following CEA (6.4% vs 11.8%, ARR 5.4%, 95% CI 37%@). Similar benefits were seen
when only fatal events were considered. On subgamaysis, benefit was not apparent in

those aged over 75 years.

1.03.8 Utility of Microembolic Signals

As well as the parameters mentioned, there aredurheans of risk stratifying individuals
with carotid disease. Asymptomatic microembolicnglg (MES) can be detected using
transcranial Doppler ultrasound scanning (TCD) j2Z8e prevalence of MES has varied
in studies and they are thought to represent thramtbplatelet fibrin aggregates (224,;225).
They are found in those with carotid artery diseas®l are more common in those with
recent symptoms (226;227), in those with atriafifidition and they arise during cardiac

and aortic surgery and can be found thereaftdraed with cardiac valve prostheses, and in
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particular those with metallic valves (228). In sbowith recently symptomatic carotid
stenosis, they are typically seen in approximatély of individuals (227;229), although

higher and lower prevalence has been seen.

In those with carotid disease, their occurrence lbeasn shown to be predictive of an
increased stroke risk (226;227;230;231) in a sesfesmall studies. For example, in one
study (226) of 64 asymptomatic individuals with lateral70% to 90% internal carotid
artery stenosis, a microembolic ratex#f perhour was associatedth increased risk of
suffering ischaemic stroke. However, only five k&® occurred, hence the uncertainty of
size of the association (odds ratio 31, 95% CI 302, p=.005). In a further study,
microembolic signals at study entry were predictde TIA and stroke risk in both
symptomatic and asymptomatic patients with an aegusombined odds ratio of 8.1,
although again there was uncertainty regardingattteal magnitude of the association

(95% CI,1.58 to 41.5, p=0.01 (231;232).

Microembolic signals (MES) are responsive to atdiglet therapy; aspirin has some effect
(233) but more marked effects are seen with adduifoclopidogrel (234), with the platelet
glycoprotein inhibitor tirofibran (235), and withISitrosoglutathione (a nitric oxide donor)
therapy (236). The feasibility of using MES asuarggate endpoint in clinical trials was
recently studied (234). As outlined earlier, thARESS investigators showed that they
could use MES to detect treatment differences batvgeoups using much smaller numbers

than trials with traditional clinical endpoints.

Thus, in those with recent stroke or TIA and caratitery stenosis, carotid endarterectomy

should be performed if the stenosis is greater # @ but not sub-totally occluded and if
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the peri-procedural complication rate in that cemgrlower than 6% (55). It should also be
performed in some high risk individuals with moderatenosis but not in stenosis of less
than 50% and only if the predicted peri-procedgmhplication rate is acceptably low. If
indicated, surgery should be performed as soorpasille and preferably within 2 weeks
of symptoms. CAS is a viable alternative strateggnrticularly if endarterectomy is not
possible provided the peri-procedural complicatiate is in the region of 4-6% (170). In
those with asymptomatic disease, guidelines thexefauggest that those with high risk of
stroke such as men with severe stenosis who hdWe expectancy of > 5 years can be
considered for surgery where the peri-operativie igslow at 3% or less (55). Further,
presence of microembolic signals may help idengifparticularly high risk group with

carotid disease.

1.03.9 Behavioural Risk Factors

Smoking Cessation

Cigarette smoking is an independent risk factorbimth stroke and recurrent stroke (237).
In a meta-analysis performed nearly 20 years ag8)(Zmoking linked with a doubling of

risk of ischaemic stroke following adjustment fother risk factors. There are no
randomised controlled trials to evaluate the effjcaf smoking cessation therapy after
stroke as it is generally regarded as an imporstr@tegy given compelling data from

observational studies and the other health bereggsciated with stopping. Observational
data suggest that stopping smoking affords a remtuat stroke risk and that risk returns to
that of a non-smoker after 5 years (239). Furtdata show that rates of admission for
acute coronary syndrome fell significantly aftere tsmoking ban in Scotland (240),

although no data are available to show effect ookstrisk. Guidelines currently suggest

- 66 -



that a combination of pharmacological and behawlbthverapy is used, an approach for

which there is some evidence (241;242).

Excess Alcohol Intake

The relationship between alcohol intake and strolks& is complex, unproven and
somewhat controversial. It is generally accepted tire relationship is J-shaped with heavy
drinkers having an increased risk and likewise ¢h@bo consume no alcohol (243). Those
who consume small or moderate amounts of alcolawk lthe lowest risk. In a recent meta-
analysis (244), those who consumed more than kslpar day had a RR of 1.69 for stroke
compared to non-drinkers while those who drink tbss one or one to two drinks per day
had a RR of 0.8 and 0.72 respectively. The ralah@ probably holds with regard to the
risk of recurrent stroke (245). Guidelines suggleat those who are heavy drinkers should

be advised to eliminate or reduce their consumpifaacohol.

Weight Reduction / Physical Exercise

Obesity is also a risk factor for stroke and (24@hjle it is linked to several major risk
factors such as blood pressure, presence of d&laeid cholesterol level (247-249), the
relationship appears independent (248). The oelshiip between risk and centri-pedal
obesity (measured by the waist-hip ratio) may be strongest with risk tripling in the
highest quartile of the distribution (250). As ya data exist to suggest benefit from
weight reduction in obese individuals with stroket lgiven the benefits on metabolic
parameters such as lipid levels and blood presgurdelines suggest weight management
is encouraged through lifestyle measures (154)rRaeotherapy to aid weight reduction is
a growing area and several agents are undergoiagephi clinical trials at the time of

writing, some of which include clinical cardiovasmuendpoints.
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Moderate intensity physical exercise is also eraged for those who area able and links
with improvement in cardiovascular risk paramei{@s4). No evidence exists to confirm
clear benefit on stroke risk but in those who hauffered stroke, exercise can improve

mobility and fitness (251).

There are thus a number of effective preventatharapies for both the primary and
secondary prevention of stroke. Strategies inchuateplatelet therapy and lipid lowering
therapy to prevent ischaemic stroke, anticoagulietrapy to prevent cardioembolic
ischaemic stroke and blood pressure reductionfnes@ of prevalent diabetes, lifestyle

therapy and behavioural modification to prevensatbke subtypes.

Summary

It is difficult to accurately predict the impact ofirrently available therapies but it is clear
from recent randomised controlled trials and epidérgical data that first and recurrent
stroke remain common and that they will become easingly so. Using the recent
PROFESS trial as an example, approximately 9% ofemasuffered recurrent stroke
despite high uptake of preventative therapies therefore clear that both the optimal and
rapid use of current strategies and the developofemivel therapies are required to ensure

best possible stroke prevention.

This programme of research and thesis aimed to nmgevements in several of these
areas, with emphasis on improving access to cdrapfer 2), improving use of current

therapies (chapter 3) and the development of newenitative strategies (chapter 4).
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CHAPTER TWO

A RECOGNITION TOOL FOR TRANSIENT ISCHAEMIC

ATTACK
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Development of a Recognition Tool for Transient Ideaemic Attack

2.01 Difficulties in Delivering Effective Therapies

Those with TIA represent a high risk group whosk of stroke is highest in the first 48
hours (32). UK guidelines therefore recommend tbatients with suspected TIA are
assessed as soon as possible (and at least witiweelt) (33;34) in fast track or rapid
access neurovascular clinics (35). However, atithe of writing the sad reality is that TIA
is poorly managed in the UK and guideline recommaéinds are not widely met. Recent
reports from the UK National Audit Office and theilte of Commons Public Accounts
Committee (5) found that approximately half of pats with suspected TIA were seen
within 14 days, 58% had a scan outside an effet¢ime window and the majority waited
12 weeks or more for a carotid ultrasound scans Thiist be improved as more rapid
management is effective in reducing stroke risk2f25 It may even be that current
guidelines are not stringent enough and that assggson the day of the event should be
the aim. The recent EXPRESS study provides conmge#ividence (252) that urgent (same
day) assessment of those with TIA dramatically cedurisk of early stroke. This was a
very well conducted observational study, where @ukes in an initial standard
management phase were compared to those of ant gager day appointment system. The
risk of early stroke in the early phase was 10.2%nmared to 2.1% in the later phase.
There are two important points worth mentioningsffy, even the initial phase represents
a significantly more acute and advanced system é&xasts in most of the UK. Secondly,
the main difference between the study phases wastithe lag to therapy initiation;

treatment protocols were similar (although antiglit therapy was more aggressive in the
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later phase), the geographical area was identmmdlthe background incidence of stroke

and TIA was similar throughout.

Such clinics should therefore be the aim but wiltrease pressure on scare clinical and
radiology resources, require more frequent avditgmf specialist staff and are costly to
implement and run and a number of barriers prectbde effective introduction. Current
delays to assessment include delay to presenthtidhe patient, delay to referral to the
TIA service by a General Practitioner (G.P), delaysT'IA clinic appointments, delay to
appropriate investigations and a time lag to ihdma of appropriate treatment, including
both medical therapy and therapy for carotid artgenosis. Public awareness campaigns
to improve patient recognition of stroke symptoms anderway, as are programmes to
improve knowledge of TIA assessment and manageamr@oing G.Ps. Several strategies
could be employed to improve hospital TIA servicEee number of rapid access out-
patient clinics could be increased and access &gimg services could be improved. For

example, stroke services could be supported toldg¥eeir own imaging services.

All of these strategies will prove costly and itilely that improvements and streamlining

of current systems will be most readily achieved.

2.01.1 Strategies to Improve Care of Those with TIA- Rapid Diagnosis

An obvious target for improvement is to reduce timember of non-cerebrovascular
referrals to TIA clinics, thereby freeing up exngficlinic time. Difficulties in accurate
diagnosis of patients with suspected TIA are weltudinented (253-255); inter-observer
agreement has been shown to be as low as 50% @&bhetween 31 and 62% of patients

referred with suspected TIA are deemed to have racecebrovascular diagnosis by a
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stroke specialist (255;257-259). This is alsogaificant problem in Glasgow (257) where
a recent analysis of referrals over a one yeaiogervealed that just under 50% had an
alternative diagnosis. Such a large number will endkmore difficult for services to meet

their aim of rapid assessment of those with TIA.

Improvements in the diagnostic accuracy during sssent of suspected TIA by non-
specialists (G.Ps for example) could be achievediniple diagnostic algorithms were
available. Stroke assessment tools have beenapmekito aid in the rapid and accurate
identification of those with stroke and to ensupprapriate ambulance dispatch of the
patient. Most have been designed for use by panaaiestaff and include the Los Angeles
Pre hospital Stroke Screen (LAPSS) (260), the Gimati Pre hospital Stroke Scale (CPSS)
(261), a combination of the two, the Melbourne Atabge Stroke Screen (MASS) (262)
and the Face Arm Speech Test (FAST) (263). TheSC®&l the FAST involve a screen
for clinical signs commonly seen in stroke, white LAPSS and MASS encompass both
components of the history which make stroke ldgsyliand clinical signs commonly seen
in stroke. If all the history items are absent #mel patient has appropriate signs, stroke is
deemed to be present. Use of these scales leadagdonable diagnostic accuracy - 80%
diagnostic accuracy for the LAPSS, 84% for the CRBB8& 86% for the MASS (262) with
similar rates likely with FAST (263). A furtherusty showed that paramedic diagnostic
accuracy using the LAPSS improved after a periodraihing (264). The commonest
stroke mimics with these tools are cardiac eves&szures, hypoglycaemia, subdural
haematoma and fracture. Missed strokes (10% ofsit8) the MASS for example) usually
occurred because of presence of a history itemhareva visual field defect was the only
clinical sign (not scored in scale). The more nélgedeveloped ROSIER scale (265)

extends the concept of the stroke assessmentrtwal the field into the emergency room
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and is intended for use by emergency room sta#. dlimical skill possessed by emergency
room physicians, in comparison to paramedical s@fiplied in an environment more
conducive to thorough assessment should allow $leeofi more complex assessments and
thereby yield better diagnostic accuracy. The nuifferences between ROSIER and the
paramedic stroke scales are a specific questicerdet syncope (which should increase
specificity) and an examination to identify visu#ld defects (which should increase
sensitivity). Early use of ROSIER has yielded piong results: sensitivity was 93%
during the prospective validation phase, compafawpurably with the paramedic stroke
recognition instruments. Specificity was broadiyigar to previous scales, although fewer
stroke mimics were referred during the validatidmage of the study, suggesting that

specificity may improve as experience grows.

Nearly all (6/7) of the missed stroke patients griesting of ROSIER had mild symptoms
with an NIHSS score of <3, whom the authors wouwtihave considered for thrombolytic
treatment. This does, however, highlight a potémieakness of the ROSIER scale and
also, posterior circulation stroke was more likedlybe missed. The authors state that the
inclusion of assessment of eye movements into tBSIER scale would have led to
detection of 2 more strokes and increased serngifivither to 95% and this merits further

consideration.

Lessons from these scales and a recent systereaiwr of the predictive value of various

symptoms and clinical signs encountered when etiafyisuspected stroke patients (266)
helps identify those variables likely to be of usean assessment algorithm for suspected
TIA. It is clear that unilateral weakness, in parar of the arm and face, and a language

disorder strongly suggest that a stroke or TIAda=urred, while the absence of such signs
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and the presence of loss of consciousness or seamiivity point toward an alternative
diagnosis. Diplopia, vertigo and sensory loss,levhonsistent with stroke or TIA, are of
less value in making a clear clinical diagnosis imaty contribute. As yet however, there
are no such diagnostic algorithms in use for suspe€lA, although clinical prediction
tools have been developed to aid risk stratifieatalowing confirmed TIA. An example is
the “ABCD” scoring tool and its refinement “ABCD2both of which were developed and
validated in cohorts with confirmed TIA. Using onlglinical parameters, the
ABCD/ABCD2 scores describe ordinal hierarchicallessdrom 0 — 6/7 (table 2.1). Those

with the highest scores have significantly increlasek of early stroke (31;32).

Age > 60 years 1 point
B Blood pressure > 140/90 mmHg 1 point
Clinical features Unilateral weakness 2 points
Speech impairment without weaknesd. point
D Duration > 60 minutes 2 points
10-59 minutes 1 point
D Diabetes Presence of Diabetes Mellitus 1 point
Table 2.1. ABCD2 Scoring Criteria. When using théeB&D score, no point is added
for prevalent Diabetes Mellitus.

There remain some controversies regarding widedposa of these tools. Attempts to
validate these systems in independent populatiange tbeen generally (32), but not
universally successful (267) and some groups hawstgpned the utility of a score that
does not incorporate significant carotid diseasetber potential cardio-embolic source
(268). Most importantly, in the original and subseqt ABCD validation studies,
presentation with true TIA was assumed. This rendaitability of the tool by referring

practitioners (or using information from them) ol those referred to TIA services

-74 -



unsupported; TIA assessment services consisteedlyashigh rate of non-cerebrovascular
pathologies (257). Further, given that the majoatystudies testing the properties of the
ABCD system did not utilise brain imaging to sugpischaemic brain damage and the
known difficulties with diagnosis, it is possibleetcohorts described included a substantial
proportion of patients without a true TIA. It coutet argued the very low rate of early
stroke in those with a low ABCD score (32) suppahis assertion and that part of the
utility of these tools is to distinguish true TIAofm other more benign pathologies.
Regardless, the utility of these scores could ke $e justify attempts to develop better and

more encompassing diagnostic tools.

Thus, data from the field of acute stroke and fraek stratification instruments for
confirmed TIA suggest that development of an atbami or clinical scoring system for
diagnosis of TIA should be possible. If it weredahe number of patients referred with
alternate diagnoses was reduced, this could reoluckn on services and improve care for

those with genuine TIA.

2.02 Chapter Aim / Hypothesis

The hypothesis was that a diagnostic algorithm elngical scoring system could be
developed to aid accurate diagnosis of TIA and m&tmke in the community, that its use
would reduce the numbers referred with non-ceredsovlar diagnoses and that this would
reduce clinic waiting times and facilitate rapicsessment. The aim was to develop and

rigorously test such a system.
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2.03 Methods

The algorithm was developed using data containetthenWest Glasgow Stroke Registry
and was tested on an independent prospective eiatm the same source. The impact of
the projected reduction in non-cerebrovascularrrafegate was then assessed using real

data on referral rates and clinic availability ehgrthe prospective validation study.

The West Glasgow Stroke Registry

The Western Infirmary serves a catchment populaifaapproximately 225,000 people and
receives approximately 500-600 outpatient referpalisyear (predominantly (>95%) from
GPs). The fast track TIA clinic is held twice wielBaseline demographic data, a history
of presenting complaint, relevant examination firgi and diagnosis and management
plans are prospectively recorded at the time ofclieview. All patients are discussed with
a Consultant Stroke Physician (with at least 10yeaperience). Data are entered into an
electronic database (the West Glasgow Stroke Repisthich currently includes all
patients who attended the Fast Track clinic betwdanch 1992 and January 2005. At a
follow up visit, data regarding investigation resufinal diagnosis and treatment plans are

gathered.

Development of the Diagnostic Tool

The diagnosis (“cerebrovascular’ versus “non-ceredscular’) as determined at clinic
visit was used as the reference standard in thdy sfithis included patients with TIA and
those with minor stroke symptoms lasting 24 houm® Waad not been referred to the in-
patient service. Variables felt likely to be usefulthe diagnosis of TIA, including those

thought to be suggestive of an alternative diagn(iable 2.2) were identified in advance.
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Included variables were symptoms used in strokeygrdistic algorithms and those
previously shown to predict a stroke diagnosis {263;265;266). Logistic regression
models were used to identify discriminatory varbblnd to develop a clinical scoring

system.

Statistical Analysis

Analyses were performed using S Plus version Gr8t, Funivariate analysis was used to
identify variables predictive of diagnosis. Logistegression models were used to identify
independently discriminatory variables. Stepwiskection procedures were employed to
identify significant explanatory variables usingalke’s Information Criterion (269). In a
forward stepwise selection procedure, the initialdel involves no explanatory variables
and the most significant variable of all the explamny variables is added to the model at
each step until all significant variables are inled. In backward selection, the initial
model involves all possible explanatory variablesl at each step the least significant
variable is omitted from the model until the fimabdel selected involved only significant
variables. Two way interaction variables were asosidered. The interactions considered
were all feasible two way interactions within eattbcategory of predictive variables (as
shown in table 2.2). The final model was internaliglidated using three-fold cross
validation. During three-fold cross-validationettiata were split into three groups of equal
size and the model was fitted to the data of twadhef groups to predict the class of the
remaining group. This was repeated for all groumlmimations and for two further random

splits of the data.
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Risk

Miscellaneous

Factors

Predictive of
Cerebrovascular

Diagnosis

Predictive of Non
Cerebrovascular

Diagnosis

Smoker

Unilateral Face Weaknesg

* Headache *

Hypertension *

Unilateral Arm Weakness

*  Seizure *

Diabetes Mellitus *

Unilateral Leg Weakness

*  LadConsciousness *

Hyperlipidaemia *

Unilateral Face Sensd

Disturbance *

Atrial Fibrillation

Unilateral Arm Sensor

Disturbance *

History of Stroke or TIA *

Unilateral

Disturbance *

Leg Sensory

Other Vascular Disease *

Sudden True Vertigo

Duration of Symptoms *

Diplopia *

Sudden True Ataxia *

Language Disorder *

Hemianopic Visual

Disturbance *

ryre-syncope

Table 2.2. Preidentified Variables Felt Likely to be Predictive d Clinic Diagnosis.

* = variables predictive on univariate analysis, dlp<0.001.

Variables that showed discriminatory power weresabgred for inclusion in a clinical

scoring system. Non-weighted (where explanatoryabées were assigned a value of 1),
weighted and rounded weighted scoring systems @gbagen the regression co-efficient)
were then developed. Receiver operating charattegsirves were used to determine

optimal cut-off scores; and sensitivity, specifjcéind positive and negative predictive

values were calculated.

developed to reflect the presumed greater impoetafidailing to identify cerebrovascular
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events compared to incorrectly labelling mimics. cédst of 2:1 is considered when it is
assumed that the cost of misclassifying a cerelsmular patient as non-cerebrovascular is
twice as much as the cost of misclassifying in apposite direction. Similarly, a cost of
3:1 is where the cost of misclassifying a cerelbsoutar patient as non-cerebrovascular is
deemed to be three times as great. Essentiaflyaitpenalty assigned for making a mistake,
taking into account that a failure to treat a tifeeatening condition is more serious than
undertaking unnecessary but generally safe inwestigs. By raising or lowering the cost
of a misclassification, decisions are biased ified#nt directions, as if there were more or
fewer cases in a given class. These ratios weiltraily chosen. The Hosmer-Le Cessie

test (270) was used to evaluate fit of the model.

A formal power calculation was not performed foe tultivariable logistic regression
models; this is notoriously complex. However, thatadincludes a large number of
outcomes for each variable included (35 for thetleammon variable (seizure) with others
in the hundreds). Further, the small standard grremall p values and large sample size
give further evidence that power was sufficient foe plan to proceed to multivariate

modeling.

Prospective Validation of the Diagnostic Tool

Data on all referrals to the Fast Track TIA climiere gathered during the period October
2005 to June 2006. The clinical scoring system escawvere not used to aid clinical
diagnosis and were later calculated by independes¢rvers who were not involved with

the patients care or development of the scorintesys
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Assessment of the Impact of the Tool

Delays to clinic appointment during the prospectuadidation phase were calculated
(expressed as median and inter-quartile range)e éffect of the projected reduction in
non-cerebrovascular referral rates was then eshtaduli via a model based upon the actual
number of referrals and clinic availability duritite study period. During early modeling
it was predicted that the scoring system would cedine number of non-cerebrovascular
referrals by approximately 50% or 25% with the ynatkd weighted system and 2:1 costs
model respectively. The median delay to clinic appoent was then recalculated first with

every second then every fourth non-cerebrovasgaltent being removed.

The advice of a Multi-centre Research Ethics Cortmmitwas sought and formal ethics

committee approval and formal informed consent wideemed unnecessary.

2.04 Results

Development of the Scoring System

The development cohort included 3230 patients. Megmwas 65 years (SD 12.8). Other

baseline characteristics are shown in table 2.8fficgnt data were available for 3216

patients, of whom 2215 (69%) had a diagnosis of diAninor stroke.
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Variable

Development Sample
n=3230

Validation Sample
n=237

Age

65 years (SD 12.8)

65 years (SD 15.7)

Smoker

1893 (58.6%)

84 (35.45%)

Hypertension

1484 (45.96%)

111 (46.84%)

Diabetes

261 (8.08%)

29 (12.24%)

Hypercholesterolaemia

637 (19.73%)

56 (23.63%)

Atrial Fibrillation

161 (4.99%)

18 (7.59%)

Previous Stroke or TIA

937 (29.02%)

55 (22.36%)

Other Vascular Disease

879 (27.22%)

60 (25.32%)

Table 2.3 — Baseline Characteristics of Samples Wkdo Develop The Scoring

System.

Variables predictive of diagnosis on univariatelgsia are shown in table 2.2. Three risk
factors (history of stroke or TIA, hypertension atidbetes) and 17 clinical features were
significantly predictive of clinician diagnosis twgistic regression analysis. The predictive
clinical features were headache, vomiting, lossafsciousness, seizure (all predictive of
non-cerebrovascular diagnosis), age, duration ofpsgms, visual loss, diplopia, ataxia,

speech disorder, dysphasia, unilateral arm or legkwess, unilateral facial weakness,
unilateral sensory disturbance, other pattern oékmess and other pattern of sensory
disturbance (predictive of a cerebrovascular diag)o During stepwise selection, 8

variables were rejected from the model leaving Yeedxplanatory variables. These were
history of stroke or TIA, headache, diplopia, lo§gonsciousness, seizure, age, duration of
symptoms, speech disorder, unilateral leg weakngeskgteral upper motor neuron (UMN)

facial weakness, unilateral lower motor neuron (UMé&tial weakness and other weakness.

No interaction terms remained in the model.
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Three variables were removed as it was felt theyldvaot be useful in the scoring system;
LMN facial weakness was removed as there were fagex and each occurrence was
associated with a diagnosis of Bell's palsy (a raceurrence in the TIA clinic). UMN
facial weakness was then renamed unilateral fasgakness. Duration of symptoms was
removed. This was recorded as < 1 hour, 1-24 hduBsgays or > 3 days in the database
and it was felt none of these boundaries was sem&hough to influence decision making;
many TIAs last less than 1 hour, while on the othand, those lasting longer convey
greater risk (31;32). “Other weakness” was alsooeed. This was essentially defined as
non unilateral weakness, so was already being atedufor in the model and it was felt
this may lead to confusion during use of the scdJailateral leg weakness was included in
the final model but unilateral arm weakness was thi¢ was because the vast majority of
patients with unilateral arm weakness had unilblegaweakness and vice versa meaning
one of these variables was removed during stepreession. The variable unilateral leg
weakness was therefore replaced by unilateral Megakness. This left 9 predictive
variables: 6 positive indicators of cerebrovascudaease and 3 indicators of a non-
cerebrovascular diagnosis. The final regressiafficients (when only these 9 variables
were included and rounded to one decimal place)shosvn in table 2.4 and all had p
values of <0.001. Removal of the unsuitable vaesallid not affect the performance of the

final model (assessed using linear discriminantysis).
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Explanatory Variable Coefficient Standard Error
History of Stroke (or TIA) 0.51 0.1 (3.5x1p
Headache 0.46 0.11 (7.1x30
Diplopia 1.23 0.28 (2.7x19)
Loss of Consciousness 1.06 0.21 (1.9910
Seizure 1.58 0.43 (1.4xTp
Speech Abnormalities 1.29 0.14 (<1Xfp
Unilateral Limb Weakness 1.72 0.10 (<1Xfp
UMN Facial Weakness 0.63 0.15 (9.5%)0
Age 0.04 0.004 (<1x16°)
Table 2.4. — The final regression co-efficients fovariables predictive of clinic
diagnosis. UMN = upper motor neurone.

The Weighted Scoring System

The weighted scoring system is shown in table RrBdictive variables were allocated the
value of the regression coefficient for that valeaih the variable was present or absent as
outlined in the table. ROC curves identified a scof >6.1 as the optimal cut-off for
prediction of cerebrovascular diagnosis (figure).2This accurately identified 84% of
cerebrovascular diagnoses and 60% of non-cerelmolsisdiagnoses with a positive

predictive value (PPV) of 82% and negative predectialue (NPV) of 62% (table 2.6).

With the 2:1 cost ratio, an optimal cut-off scofe>db.4 was used (figure 2.2) and 97% of
TIA and 24% of non-TIA patients were accuratelyntiged with a positive predictive
value of 73% and 78% (table 2.7). With a 3:1 catibr an optimal cut-off score of > 5 was
used and 98% of TIA and 15% of non-TIA patientsevaccurately identified. With a 5:1

cost ratio, an optimal cut-off score of > 4 wasduaad 100% of TIA and 2% of non-TIA
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patients were accurately identified. As these latgr scores yielded only minor increases

in sensitivity with significant falls in specifigif they were not considered further.

TIA

Variable Score if Yes Score if No

History of Stroke or TIA 0.5 0

Headache 0 0.5

Diplopia 1.2 0

LOC / Pre-syncope 0 1.1

Seizure 0 1.6

Speech Abnormalities 1.3

Unilateral Limb Weakness| 1.7 0

UMN Facial Weakness 0.6

Age Multiply by 0.04

To calculate the score, all values should be summeld total score >6.1, classify as
TIA. For “2:1 cost ratio,” if total score >5.4, classify as TIA.

Table 2.5. — The Weighted TIA scoring system. All alues reflect the regressior
coefficients seen.

Receiver Operating Characteristic Curve for Scoring System
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Figure 2.1. Receiver Operating Characteristic Curvdor Weighted Scoring
System
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Receiver Operating Characteristic Curve for Scoring System
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Figure 2.2. Receiver Operating Characteristic Curvdor Weighted Scoring System

With 2:1 Cost Ratio

Clinic Diagnosis Predicted Diagnosis Row Total
CVvD Non-CVD
CvD 1852 363 2215
Non-CVD 397 604 1001
Column Total 2249 967 3216
Table 2.6. 2*2 Tabldor Weighted Scoring System During the Developmétitase.
Calculated sensitivity 84%, specificity 60%, PP\EB2NPV 62%.

Clinic Diagnosis Predicted Diagnosis Row Total
CVvD Non-CVD

CVvD 1852 363 2215

Non-CVD 397 604 1001

Column Total 2249 967 3216

Table 2.7. 2*2 Table for Weighted Scoring Systenthw2:1 Cost Adjustment During
the Development Phase. Calculated sensitivity 98gecificity 24%, PPV 73%, NP

78%.
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The Un-weighted Scoring System

The un-weighted scoring system is shown in talle Rredictive variables were allocated a
value of one to be added if variable was preserdgbsent as outlined in the table. ROC
curves identified a score of >5.5 as the optimalattifor prediction of cerebrovascular
diagnosis (figure 2.3). This accurately identifiB8% of cerebrovascular diagnoses and
60% of non-cerebrovascular diagnoses with a pespredictive value of 82% and NPV of

60% (table 2.9).

Variable Score if Yes Score if No
History of Stroke or TIA 1 0
Headache 0 1

Diplopia 1 0

LOC / Pre-syncope 0 1

Seizure 0 1

Speech Abnormalities 1 0
Unilateral Limb Weakness| 1

UMN Facial Weakness 1 0

Age Multiply by 0.03

To calculate the score, all values should be summeld total score >5.5, classify as
TIA. For “2:1 cost ratio,” if total score >4.5, classify as TIA.

Table 2.8. — The Un-weighted TIA scoring system

With the adjustment to reflect the greater seriegsnof missing true cerebrovascular
patients (the 2:1 cost ratio), an optimal cut-coffre of > 4.5 was used (figure 2.4) and 98%

of TIA and 18% of non-TIA patients were accuratelgntified (table 2.9).

- 86 -



Sensitivity

0.4

1.0

0.8

0.6

0.2

0.0

Receiver Operating Characteristic Curve for Scoring System

T
0.6

1-Specificity

0.8

1.0
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Figure 2.4. Receiver Operating Characteristic Curvdor Un-weighted Scoring
System With 2:1 Cost Ratio.
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Clinic Diagnosis Predicted Diagnosis Row Total
CVvD Non-CVD

CVvD 1822 393 2215

Non-CVD 401 600 1001

Column Total 2223 993 3216

Table 2.9. 2*2 Table for UnWeighted Scoring System During the Development Rhé
Calculated sensitivity 82%, specificity 60%, PPVY%82NPV 60%. Using the 2:1 Cost
Adjustment, calculated sensitivity 98% and spectificL8%.

The Rounded Scoring System

The rounded weighted scoring system is shown itetal0. Predictive variables were
allocated a value of one to be added if variable prasent or absent as outlined in the table.
ROC curves identified a score of >6.6 as the optimat-off for prediction of
cerebrovascular diagnosis (figure 2.5). This adelyadentified 85% of cerebrovascular
diagnoses and 55% of non-cerebrovascular diagneglksa positive predictive value of

81% and NPV of 63% (table 2.11).

With the 2:1 cost ratio, an optimal cut-off scofe>056.7 was used (figure 2.5) and 97% of

TIA and 23% of non-TIA patients were accuratelyntiiged.
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Variable Score if Yes Score if No
History of Stroke or TIA 0.5 0
Headache 0 0.5
Diplopia 1 0

LOC / Pre-syncope 0 2

Seizure 0 15
Speech Abnormalities 1 0
Unilateral Limb Weakness| 2 0

UMN Facial Weakness 0.5 0

Age Multiply by 0.04

To calculate the score, all values should be summEdotal score >6.6, classify a

TIA. For “2:1 cost ratio,” if total score >5.7, clasify as TIA.

[%2)

Table 2.10. — The Rounded TIA scoring system. A#llues reflect the regressio

coefficients seen rounded to the nearest half integ

=]

Receiver Operating Characteristic Curve for Scoring System
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Figure 2.5. Receiver Operating Characteristic Curvdor Rounded Weighted Scoring
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Receiver Operating Characteristic Curve for Scoring System
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Figure 2.6. Receiver Operating Characteristic Curvdor Rounded Weighted
Scoring System with 2:1 Cost Ratio.

Clinic Diagnosis Predicted Diagnosis Row Total
CVvD Non-CVD

CvD 1891 324 2215

Non-CVD 450 551 1001

Column Total 2223 993 3216

Table 2.11. 2*2 Table for the Rounded Weighted fBug System During the
Development Phase. Calculated sensitivity 85% cémty 55%, PPV 81%, NPV 63%.
Using the 2:1 Cost Adjustment, calculated senstin®7% and specificity 23%.

The Prospective Validation Set
237 patients were included of whom 143 (60.3%) &atiagnosis of TIA or minor stroke.

Further baseline characteristics are shown in t2l3le

The weighted scoring system correctly identified8bf patients with a cerebrovascular
diagnosis and 54% of those with a non-cerebrovasdihgnosis with a PPV of 74% and a
NPV of 70%. Using the 2:1 misclassification sc®@®&% of patients with a cerebrovascular

diagnosis and 34% of those with a non-cerebrovasaliagnosis were correctly identified
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with a PPV of 68% and NPV of 76% (table 2.12). Witte 2:1 cost adjustment, the
rounded weighted scoring system gave a sensitifi88% and a specificity of 37% with a
PPV of 69% and NPV of 78% (table 2.13). Also witte t2:1 cost adjustment, the un-
weighted scoring system gave a sensitivity of 94%b a specificity of 26% with a PPV of
66% and NPV of 73% (table 2.14). The confidencerirdls for all parameters greatly
overlap those found during the development phaggesiing similar performance of the

model in each data set.

Clinic Diagnosis Predicted Diagnosis Row Total
CVvD Non-CVD

CVvD 133 10 143

Non-CVD 62 32 94

Column Total 195 42 237

Table 2.12. 2*2 Table for the Weighted Scoring &ys with 2:1 Cost Adjustmen
During the Prospective Validation Phase. Calculdtsensitivity 93%, specificity 349
PPV 68%, NPV 76%.

—+

=)

Clinic Diagnosis Predicted Diagnosis Row Total
CvD Non-CVD

CVvD 133 10 143

Non-CVD 59 35 94

Column Total 192 45 237

Table 2.13. 2*2 Table for the Rounded Weighted Segr System with 2:1 Cost
Adjustment During the Prospective Validation PhaseCalculated sensitivity 93%,
specificity 37%, PPV 69%, NPV 78%.
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Clinic Diagnosis Predicted Diagnosis Row Total
CVvD Non-CVD

CVvD 134 9 143

Non-CVD 70 24 94

Column Total 195 42 237

Table 2.14. 2*2 Table for the Un-Weighted Scorigystem with 2:1 Cost Adjustment
During the Prospective Validation Phase. Calculdtsensitivity 94%, specificity 269
PPV 66%, NPV 73%.

=]

It was felt that the 2:1 cost adjustment modeldgpered best and that the weighted and
rounded weighted scoring systems performed equedly but were better than the un-
weighted system. Given that the scores would redwirmal calculation because age was
used as a continuous variable, the weighted scaystem with 2:1 cost adjustment was
chosen as the final model (table 2.5, figure 22 anost closely represents the data and an
on-line tool was developed to allow automated dalcan of the score

(http://www.stams.strath.ac.uk/~karenl/yialTlhe Hosmer-Le Cessie test gave a p value of

0.02 for fit of the final chosen model.

Impact on Clinic Waiting Times

During the period of the prospective validation et median waiting time from referral
date to clinic attendance was 15 days (IQR 8-2Bpmoval of every fourth and every
second non-cerebrovascular patient had potentisédace the median waiting time to 8
and 7 days respectively. The proportion of thosnseithin 7 days (and thus within the
minimum standard of current guidelines) was 21.8%is increased to 42.9 and 50%

respectively following omission of every fourth aedery second non-cerebrovascular
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patient representing a 21.3 and 28.4% increaskosetassessed within the framework of

current guidelines. This is summarized in tablé2.1

Current Clinic | 25% | in Non-TIA |50% | in Non-TIA
Performance Referral Rate Referral Rate
Median Delay to| 15 8 7
Clinic
Assessed Within 7] 21.6% 42.9% 50%
Days
Table 2.15. Projected Improvements in Delays to Glic Presentation

2.05 Discussion

The results of this study show that a clinical sapisystem could be utilized to reduce the
number of non-cerebrovascular referrals to a fasktTIA service. A scoring system that
employs a 2:1 cost of misclassification adjustmenuld have little adverse impact on
recognition rates of bona fide TIA and could redtte number of non-cerebrovascular

referrals by a clinically meaningful amount.

TIA is poorly managed in many countries, includinghe UK as the above data from the
UK National Audit Office and the House of CommonsbRc Accounts Committee (5)
clearly show. UK consensus guidelines suggest pladients with suspected TIA are
assessed and investigated within 1 week (33;34)eviuropean guidelines appropriately
suggest assessment “without delay” (55). Fulfillitngse aims will be costly and will
present challenges. For example, the clinic atwestern Infirmary was established (and

was able) to assess patients within days but experd a progressive increase in non-
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cerebrovascular referrals to approximately 50% )Y25%%is “overloaded” the system, such
that the median delay to clinic assessment in thepective validation period of this study
was an unsatisfactory 15 days. Reducing the numibeon-cerebrovascular referrals is
feasible and will free up existing resources ardllifate urgent assessment of those with

TIA.

However, accurate identification of stroke and Tpatients is notoriously difficult
(255;256) and a variety of conditions, such asuseizmigraine or systemic upset can
mimic TIA (266). Assessment algorithms exist b earely employed out with the clinical
trial setting (271;272) and in practical terms sxant little more than descriptions of a
typical TIA which give little practical guidance #d decision making by non-specialists.
A recent systematic review of the predictive vatdierarious symptoms and clinical signs
(266) and the available stroke assessment tooZ88;265) show that symptoms such as
unilateral weakness and a language disorder suggasstroke has occurred, while loss of
consciousness or seizure activity point toward legrreative diagnosis. Diplopia, vertigo
and sensory loss are also, but more weakly, cemsistith stroke. In this study, similar

variables were unsurprisingly found to be pred& TIA.

Unilateral limb weakness, unilateral facial wealsyespeech disorder, diplopia, history of
stroke or TIA and increasing age were predictiv@ é. There are obvious deficiencies of
a scoring system involving only these variablestiddts with amaurosis fugax, sensory
lacunar and some posterior circulation events wbelanissed. It is unrealistic, given the
heterogeneity of TIA symptoms, to expect that aicéil scoring system could detect all
types of event. Amaurosis fugax for example hasritirely different set of differential

diagnoses than other types of TIA. It is impemtihiat such systems are introduced in
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conjunction with improved user education, with cldaection as to their limitations and

clear advice that clinician concern and acumenraethe score.

The recently developed ABCD and ABEBcores are risk stratification instruments that
deserve comment (31;32). They seem able to igethiifse with a high risk of stroke early
after TIA but were developed on data from patievith a confirmed diagnosis of TIA and
are thus unproven as diagnostic instruments. Theyidvalso suffer similar, or perhaps
greater, weaknesses as the score developed irsttidy in terms of failure to detect
amaurosis fugax, sensory lacunar and posterioulaiion events. A recent analysis from
our unit suggests this may be the case (273) hether this score would add further to the

increasingly used ABCD scores is unclear and uimdestigation.

There are limitations to this study. The clinicghasis, rather than final diagnosis (such as
that supported by brain imaging) was used as ttegenece standard. Essentially therefore
this study has assessed whether a scoring systerdistinguish those whom a specialist
feels require further investigation for cerebrovwdac disease from those who do not. This
is an appropriate aim for a diagnostic tool, intigatar one to aid the clinical diagnosis of
TIA. However, levels of inter-observer agreementhe unit from which the study data
arises have not been assessed but hopefully theasthized review process, the large
number of subjects and limited number of experidnobservers used will limit these.
Further, only three patients with suspected str@at a final diagnosis which differed from
the original clinic diagnosis during the prospeetivalidation phase. Although it was
reassuringly consistent with the development sajrible prospective validation sample

was small and cannot replace external validation.
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The Hosmer-Le Cessie test yielded a p value of Su@@esting the favoured model is not a
good fit to the data (p-values of greater than G0§gest a good fit). The fit of the model
could perhaps have been improved by selectingrdifteveights for the scores involved in
the system or by selecting a different cut-off pdor the model but this would render the
tool less clinically useful; a greater importancaswassigned to sensitivity in order to

ensure the maximum number of true TIA cases woeldceberred for specialist assessment.

This tool could be used by colleagues in primamecaHowever, it was developed using
data generated during assessment by stroke sgeialit is not certain that GPs would
reach the same conclusions regarding what corestiutparticular symptom, for example,
pre-syncope or unilateral limb weakness. A sengjtof 85%, as seen with the weighted
scoring system, represents a failure rate of Tlfecten too great for safe use in clinical
practice. The 2:1 misclassification scoring systgi@lded a sensitivity of 97% and
specificity of 24% during the development phase @B% and 34% during the prospective
validation phase. This reduction in non-cerebrouks referral rate was shown to be
clinically meaningful; it would greatly reduce dgléo assessment in this service. The
weighted system performed best, although the naghted system would be easiest to use
in clinical practice. The rounded weighted systemynappear easiest to use but age is
incorporated as a continuous variable so formatutation would be required so it was
opted to use the weighted system which most aayradflects the data as the final model.
This makes the score seem cumbersome and pertapsftoult to use but many centers
are moving toward an electronic referral procesewivould allow scores to be calculated
automatically from information given, without theeed for manual calculation. An

example of this can be found http://www.stams.strath.ac.uk/~karenl/tidhis allows
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maximum information and discriminatory ability te betained, and in particular to avoid

dichotomizing continuous variables such as age.

The false negatives or “missed TIAs” are of interel the prospective validation phase
there were 10 patients with a presumed cerebrolasdiagnosis who were not identified
by the 2:1 costs scoring system. Of these, thiere felt at final clinic review not to have
had a TIA or minor stroke and only one of the remdar had brain imaging supportive of
ischaemia in the relevant territory. This patiergégented with a pure hemianopic visual
disturbance. Two had possible transient ataxia, @tk a transient language disorder and
the remainder pure sensory symptoms. These paséould still be identified if the score
was used in conjunction with basic clinical acumese of the score itself will improve
knowledge of presentation of stroke and TIA and nhass increase detection of TIA at the

population level.

Chapter Summary

This study suggests that a reduction in the rate of referral of non-cerebrovascular diagnoses could
significantly improve performance of TIA services and that a simple clinical scoring system could be
used to achieve this. Further work to evaluate use of the score in clinical practice is ongoing.

Independent external validation and perhaps comparison to the ABCD scores would be of use.
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CHAPTER THREE

ASPIRIN RESISTANCE AND RISK OF

CEREBROVASCULAR EVENTS
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Aspirin Resistance and Risk of Cerebrovascular Ever

3.01 Potential Significance of Aspirin Resistance

As outlined in the introduction, aspirin based gutéitelet strategies are the most commonly
prescribed and are likely to remain so. Howevegardless of the chosen anti-platelet
strategy, it is clear that the effect is modest sendirrent event rates remain high. Methods
to identify the most suitable regimen for indivitlymtients are attractive as recent data

suggest that intra-individual response to antightagents differs.

It is increasingly recognised that some have aetegf “aspirin resistance.” A recently
published meta-analysis revealed a prevalence%f(234) but included studies covering a
variety of patient groups and study methodolodieshe context of patients with a history
of acute stroke, a “resistance” rate of 25.5% @86 to 1300mg aspirin per day) has been
guoted (275). Recent meta-analyses have also stesigiant patients to have a near four
fold increase in risk of suffering a vascular eveumpared (274;276) with aspirin
responders. For example, across 20 studies of @@B@duals, 810 (28%) were classified
as aspirin resistant and 39% of these sufferedr@ios@scular event during follow-up,
compared to only 16% of those who were aspirinifegagOR 3.85, 95% CI 3.08 to 4.8).
The OR for a new cerebrovascular event in thosk aspirin resistance was 3.78 (95% CI
1.25 to 11.41); the wide confidence intervals wdflthe small number of studies and
subjects included. A high rate of aspirin resistah@s been seen in those with stroke
recurrence despite aspirin (277) and an increasgahvascular events (278) has been seen
in aspirin non-responders with documented cerels@yar disease. A recent study
showed a far higher rate of aspirin resistancéas¢ who suffered a repeat stroke during

follow up in comparison to those who did not (OR2B4 95% CI 8.5 to 23.7) (279). It
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seems therefore that lack of response to aspirinlmiato increased stroke risk in both the

primary and secondary preventative setting.

However, it is important to recognize that a variet issues beset research in this field; as
yet no consensus exists concerning the definitfaspirin resistance or its mechanism and

no evidence exists to suggest that its presenaddsigaide therapy.

3.01.1 Definition of Aspirin Resistance / MeasurindPlatelet Function

Aspirin resistance can be defined either clinic@iigscular events in patients taking aspirin,
perhaps better termed treatment failure) or in seoflaboratory measures (such as failure
to inhibit platelet aggregation or thromboxane A®duction). The available laboratory

measures are numerous.

The platelet count is not affected by anti-plateéletrapy so is unsuitable as a means of
assessing aspirin responsiveness. Likewise, teedlrlg time, while it is affected by
aspirin (280;281) and can show differences betwastion of anti-platelets (281), is not
well-suited to widespread clinical use as it inwasva skin incision and is unlikely to be

well tolerated by patients.

The level of response to aspirin therapy can bergethed by measuring the extent by
which aspirin inhibits platelet production of thrboxane A. Thromboxane A is
metabolised to various stable thromboxap@iBducts which can be detected in the plasma
or urine as simple and inexpensive indicators aftgbet activity. Thromboxane >Ais
metabolised to thromboxane, Bdetectable in plasma), and 11-dehydrothrombox@ne

(detectable in urine). These metabolites can basared by ELISA techniques and have
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been used in studies of aspirin resistance whicke rehown an association between
resistance and increased cardiovascular event (B82). There are important issues
concerning specificity of these techniques. Forngxla, urinary 11-dehydrothromboxane
B, levels reflect thromboxane production, which byarge will be inhibited by aspirin but
extra-platelet sources of thromboxane A2 exist ammly arise in those with recently
symptomatic cardiovascular disease (283) and thad ko overestimates of resistance

levels.

There are a number of other means of measuringittwgane-dependent platelet function.
Light or optical aggregation techniques have trad#lly been used and measure the
increase in light transmittance through plateletpgmsions when platelets are aggregated
by an agonist such as thromboxang &denosine diphosphate or collagen. This requires
the preparation of a suspension of platelet-rigsmla and while often considered the gold
standard, is time consuming. Other drawbacks ircthé potential for artificial activation
of platelets during centrifugation. Electrical intdla@ce aggregometry (284) is a similar
techniqgue which measures changes in electrical danpee between two electrodes when
platelets are aggregated by an agonist. Convépights method can be performed on
whole blood samples and obviates some of the drelkgbaf optical aggregometry.
However, the accuracy and reproducibility of babhniques is somewhat poor due to the
impact on aggregation of factors such as age, sek race. Furthermore, in-vitro
techniques for measuring platelet function do eflect the complex in-vivo interactions of

platelets with other circulating blood elements.

Semi-automated cartridge based analysers are naialale and have the advantage of

being simple and quick to use and can be perfororedvhole blood samples. Two
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commonly used systems are the PFA-100 system (Batieing, Leiderbach, Germany)
and the RPFA system (Verify Now, Accumetrics). TRIEA-100 (285) device measures
platelet function under controlled shear stres<itdated blood mix is placed in an analyser
and is vacuum aspirated through a capillary systéim a membrane coated with platelet
agonists (collagen and epinephrine or adenosinbodjghate cartridges are available).
Provided levels of von Willebrand factor and platedlycoprotein receptors are sufficient,
platelets will attach and aggregate upon contath wWhe membrane. Platelet adhesion,
activation and aggregation is then expressed a&libgure time’ — the time taken for a
platelet plug to form and occlude the analysertaper Only the collagen and epinephrine
assay is sensitive to the action of aspirin. Téeak has been shown to be more sensitive
than traditional optical aggregation techniques6§28nd labels a higher proportion of
individuals as resistant (274). The maximum timeasured is 300 seconds, after which the
closure time is given as >300 seconds. The RPFAesy utilizes a slightly different
method and is a form of whole blood aggregomet#y.citrated blood mix and ‘aspirin
assay’ are placed into an analyser and platelaicedl aggregation is measured as an
increase in light transmittance. The aspirin assaytains fibrinogen coated beads and
arachidonic acid. Arachidonic acid causes plateggregation and binding to the
fibrinogen beads follows causing platelet agglutora The extent of this is proportional to
the changes in light transmission and results aggessed as the number of aspirin
response units and percentage inhibition of plegtddg aspirin. The RPFA system can also
give measures of clopidogrel and platelet-glycogrotnhibitor responsiveness if different
assays are used. Anecdotally, results on use d®fAe100 device are also user dependent
and a learned effect exists. Specific data argdiialthough many laboratories report that

reproducibility of results and the number of err@duces with experience.
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Thromboelastography can also be performed usingoiat pof care device (TEG,
Haemoscope Corp, Niles, IL, USA). The TEG systenasuees a variety of variables as
blood is induced to clot under low shear stresslitmms. The pattern of changes in visco-
elastic properties of blood mirror those of clotnfiation and allow assessment of the
kinetics of clot formation and growth and strengtid stability of the clot. A coagulation
profile is then displayed and while this is mosincoonly used to evaluate clot formation
during cardiopulmonary bypass, it can be used sesasresponse to anti-platelet therapy. A
recent development is the TEG Platelet Mapping yagsiemoscope Corp, Niles, IL,
USA) which eliminates the contribution of thromlaind fibrin to clot strength (via addition
of heparin, reptilase and factor Xllla) and thuswas the impact of platelet pathways to be
studied by the addition of relevant agonists (28¥ddition of arachidonic acid allows

measurement of thromboxane A2 mediated plateleeaggon.

Flow cytometry techniques may also be used to oeter levels of platelet inhibition by

aspirin. Surface expression of numerous platetévation markers such as P-selectin
(288) and activated glycoprotein llb/llla receptd289) on platelet membranes can be
induced and measured as indicators of aspiriniictiHowever, these techniques require

expensive equipment, are not widely available aedime-consuming.

There are thus a variety of techniques to assesisirasesponsiveness and there are
advantages and drawbacks with each. Most availaklaods are limited by the need for
local analysis; whether whole blood or plasma basetiniques, transportation to central
laboratories, a standard feature in most clinidals, is not possible as transportation of
samples will increase likelihood of false resulise cartridge based analysers are attractive

because they could function as point of care devimé have limitations in that they do
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they do not directly measure platelet thromboxa2epfoduction and agreement between
them has previously been shown to be poor (290).th@ other hand, there is attraction to
measuring platelet function as a whole rather trammeans of platelet activation. Further,
it is important to note that approaches that moirectly measure thromboxane A2
production have other drawbacks, such as infludraoe extra-platelet or COX mediated

production.

3.01.2 Mechanism of Aspirin Resistance

The mechanism of aspirin resistance is likely tonwelti-factorial, or at least may be
different in different individuals. It is also truehat the presence of apparent aspirin
resistance in the laboratory setting may signity@ased platelet activation which reflects
more severe atherosclerosis; aspirin resistancethsagfore simply be a marker of more
severe disease which could explain the apparektith increased cardiovascular events.
Putative mechanisms however include lack of patiediherence, insufficient dosing,
reduced absorption, non COX-1 mediated thromboxgheynthesis, increased activity of

alternate platelet activation pathways and interfee of aspirin action by other drugs.

Poor compliance is perhaps the most important faoteonsider. A flaw of existing work
is that many studies have not reliably assessednteaspirin ingestion and patient
compliance (which may itself be a factor in soméhefse events (291)). If a patient has not
taken aspirin, they will appear aspirin resistard ahanging an anti-platelet regimen from
aspirin to a newer anti-platelet may be unnecesaadycostly. Approximately 10-40% of
patients do not take prescribed anti-platelet tabtethe secondary prevention setting (292-
296) and this could confound aspirin resistancekwibis now possible to measure aspirin

(or its salicylate metabolites) in urine using higkrformance liquid chromatography
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techniques, thus allowing objective determinatidn compliance. This has not been
adequately performed in studies to date and ibssible that rates of resistance reported in

the literature reflect a proportion of participanish poor therapy compliance.

Aspirin is hydrolysed to inactive salicylate in thet through the actions of esterases which
may reduce its bioavailability and effect (297;298) is reported that use of proton pump
inhibitors can increase mucosal hydrolysis of asp(299) which could cause apparent
resistance but this is by no means proven (3003. Well known that concurrent intake of
certain non-steroidal anti-inflammatory drugs (suaé ibuprofen and naproxen) can
interfere with the anti-platelet effect of aspity preventing aspirin binding to COX-1
(301) and thus prevent a reduction in inhibitiorttsomboxane production. Interestingly,
use of ibuprofen alongside aspirin has been showimk with increased mortality during

follow-up in comparison to aspirin alone and aspwith diclofenac (302).

Thromboxane A may be produced from non-platelet sources, iniqudar in pro-
inflammatory states where COX-2 activity is increé$n monocytes and macrophages and
can yield thromboxane Aproduction. This may be relevant in atherosclar@giich is an
inflammatory condition (303) and may explain whydk with recurrent events or more
severe atherosclerosis appear more likely to bérimsgesistant. Renal production of
thromboxane may also contribute to platelet adtvatand several cardiovascular risk
factors can increase thromboxane synthesis vianalie pathways such as via isoprostane
production (304). Likewise, other pathways of glat activation exist and include direct
stimulation of platelet glycoprotein receptors ghatelet shear stress and will be less likely
to respond to aspirin; perhaps in this scenarierrdttive drugs such as clopidogrel will

prove of use (305).
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Genetic polymorphisms may impact on the inter-iidiial variation in response to aspirin.
A variety of candidate genes have been suggest@@).(®olymorphisms in the COX
enzymes, platelet receptors and factor XllI have ls@en postulated as potential
mechanisms (307). However, the overall contributmngenetic variation to aspirin
resistance has not yet been clearly determinedraadrecent systematic review, only the
PIA1/A2 polymorphism in the GPllla platelet receplimked with aspirin resistance (OR

2.36, 95% CI 1.24 to 4.49) (308).

Summary

Thus, aspirin resistance appears to link with iasegl risk of cardiovascular events in those
who take it. However, no firm evidence exists tggest that routine screening for aspirin
resistance and subsequent tailored anti-plateggtniens will improve outcome. Also, the
size of the effect of aspirin resistance is uncleanfidence intervals around available
estimates are wide and, given that aspirin prevappsoximately 1/5 of recurrent strokes, it
seems unlikely that resistance would lead to aetlmefour fold increase in event rate

unless resistance reflected, at least in part mevere disease.

There is also no consensus concerning its defimititsagreement as to the best means of
measuring it and no clear answer as to its causeselquestions are likely to remain until
large scale prospective clinical trials are conddatr until aspirin resistance is associated
with a robust and easy to study surrogate markdéink®Awith asymptomatic microemboli in
patients with carotid disease for example wouldveraseful in stimulating and allowing
further study; they are a high risk group, MES aasy to measure and are anti-platelet

therapy responsive.
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3.02 Chapter Aims / Hypothesis

First, as recommended, a brief study was perfortoesstablish the local reference range
for normal platelet function using the PFA-100 aev(study one). The chapter hypothesis
was that aspirin resistance would be associated twé presence of microembolic signals
in aspirin treated patients with carotid disease @wat the prevalence of aspirin resistance
in those who had proven recent aspirin ingestionlvbe lower than the rates reported in
previous literature. The aim was thus to compageréite of aspirin resistance in those with
and without MES (study two) and to quantify thevadence of aspirin resistance in those
with cerebrovascular disease whilst addressing eroiscsurrounding patient compliance

(study three).
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3.03 Study One - Development of a Local Normal Raegfor Use of the PFA-100

Device

It is recommended by the manufacturer and expeadegoes that each institution clarifies
its own reference range using healthy controls estdblishes a control group for further
guality control analyses prior to interpretationrefults when using the PFA-100 device.

The aim of this study was to establish this range.

3.03.1 Study One Methods

Forty healthy volunteers were recruited. The stuweds performed in the University
Division of Cardiovascular and Medical Scienceshat Western Infirmary, Glasgow and
was approved by West Medical Research ethics camemitinclusion criteria for this study
were presumed normal platelet function and age yeE8s. Exclusion criteria were any
anti-platelet or anti-coagulant use (within pashdnth), known haematological disorder or
family history of haematological disorder and receon-steroidal anti-inflammatory drug

ingestion (within past 2 days).

Approximately 7 mis of blood was drawn using a 2h&edle. With the PFA-100 device, a
citrated blood mix is placed into the analyser gidtelet adhesion, activation and
aggregation is expressed as the ‘closure time'e-tithe taken for a platelet plug to form
and occlude the analyser aperture after exposumgatelet agonists. Epinephrine and
collagen cartridges are used and are pre-warmeodm temperature. Those with a

closure time of between 110-160 seconds were cereidfor inclusion in a donor control
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group and had testing performed in duplicate; & thpeat result was within a range of
+15% of the first sample, they were asked to bé @fahe control group.

The normal range was then expressed as the 95 étemet range of closure times in
seconds. When performing quality control measuréspea closure time within the

reference range was deemed satisfactory. Theiceetf of variation of closure times has

been reported as 10% in the literature (309).

3.03.2 Study One Results

In total 40 participants were recruited between N2&Y5 and October 2008. All were
healthy with no past medical history, no family mersonal history of haematological
disorders and were taking no regular medicatioe majority (24, 60%) were female.
Only 37 individuals were included in the analyséd.those who were excluded, one
subsequently admitted to taking warfarin, one satiefactor V Leiden deficiency (both

these individuals had abnormal results) and infarteer case, no result could be obtained.

The mean closure time was 134 seconds (standaratioev22.8). The range of values was
95 to 182 seconds and the 95% reference range v&s®178.9 seconds. Individual test
results are shown in figure 3.1. Ten individuald basting performed in duplicate and the
mean coefficient of variation was 7.5%. A closureet below the upper limit of the 95%

reference range in the context of recent aspirgestion was used to define aspirin

resistance (rounded up to a closure time < 179skcfor analyses).
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Distribution of Closure Times

95 108 120 132 144 136 1568 120
Closure Time {seconds)

Figure 3.1 Distribution of Closure Times in 37 Heahy Volunteers Not Taking
Regular Medication

3.03.3 Study One Discussion

The definition of aspirin resistance used hereoissistent with that used in other studies

(277;286;309-324) (table 3.1). It is importantate the length of time taken to complete

this study and develop the local reference randeis-was done alongside other studies

rather than before which is in retrospect the ogkiapproach. However, this did not affect

conduct of the other studies and the reference desloped before analyses were

performed.
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Authors Reference | Definition of Aspirin Resistance
Jilma et al (309) <193 seconds
Kundu et al (310) <193 seconds
Christiaens et al (311;315) < 186 seconds
Cohen et al (312) <192 seconds
Pamukcu et al (321) < 186 seconds
Narvaez et al (314) < 173 seconds
Gum et al (286) <193 seconds
Grundmann et al (277) < 165 seconds
Wong et al (316) < 158 seconds
Coma-Canella et al (317) <161 seconds

Fateh-Moghadam et g

1(320)

< 165 seconds

Andersen et al (318) <193 seconds
Lordkipanidze et al (319) <193 seconds
Di Chiara et al (322) <193 seconds
Gurbel et al (323) <193 seconds
Angiolillo et al (324) <193 seconds

Table 3.1 Definition of Aspirin Resistance Employ&d Previous Studies Using th

PFA-100 Device

(1)
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3.04 Study Two - Microembolic Signals and Aspirin Rsistance in Patients with

Carotid Stenosis

The study hypothesis was that aspirin resistanaddvoe associated with the presence of
microembolic signals in aspirin treated patientshwéarotid disease. An observational

cohort study was perfomed to test this.

3.04.1 Study Two Methods

The study was performed in the University Divisiof Cardiovascular and Medical
Sciences at the Western Infirmary, Glasgow. Thdyswias approved by the local research

ethics committee.

Patients aged > 18 years taking current aspirimfiyeand who had significant carotid
artery disease (defined as at least a moderatenahtearotid artery (ICA) stenosis or
symptomatic ulcerating plaque disease) were indud&hose taking clopidogrel,
dipyridamole or anti-coagulant therapy and who padr compliance with aspirin therapy
were excluded. Further exclusion criteria incluéddence of a bony temporal window on
TCD imaging, atrial fibrillation or other cardiaowce of embolism (defined as valvular
heart disease, recent myocardial infarction or kmopatent foramen ovale) and
thrombolytic therapy within the past 2 weeks. Cbamre was assessed by questioning
and, where the participant was an in-patient, fabong prescription charts and discussion
with nursing staff. The presence of a temporal wimdor TCD imaging was assessed
during carotid Doppler scanning as part of routiheical care. Carotid ultrasound imaging

utilised an Acuson Aspen 128 with a 5-Mhz lineansducer (Acuson, Mountain View,
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CA, USA). In the Doppler laboratory, a moderate I6%#&nosis is defined as being present

if peak systolic velocity (PSV) is >1.5 m/s andeaexe stenosis if PSV is >2 m/s.

Participants were identified during out-patienteattance at the hospital Fast Track TIA
service or during an in-patient stay in the AcutieI& Unit. All gave full written informed
consent to participate unless hemiplegia or viglislurbance precluded writing, where

witnessed oral consent was accepted.

Study Assessments

Patients were reviewed at baseline where TCD mangdor MES and blood testing for
platelet function analyses were performed. Thoke still met the eligibility criteria had
repeat TCD monitoring and platelet function anayperformed as near to 7 days as
possible. The purpose of this was to evaluate vene#ispirin resistance was a stable
phenomenon. At day 30, all patients were contatiedelephone or seen at clinic (or
reviewed on the ward if still an in-patient) toesen for any signs of recurrent TIA or stroke
using a standardised set of clinical questionss Timirked the end of their involvement in
the study. Where patients could not be contactedekephone, this information was

gathered at the next scheduled clinic review.

TCD recordings were made from the middle cereltelrygipsilateral to the stenosis using
a TCD 100M device (Spencer Technologies, Seattla, WSA) in—line with consensus
guidelines (325). Recordings lasted one hour ande weade by sonographers with
extensive experience in TCD techniques. Whereetheas bilateral carotid disease,
simultaneous bilateral TCD recordings were madecdrlings were monitored on-line by

the sonographer and potential MES were also autoatigt identified using the emboli
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detection function. All recorded potential MES weexiewed and independently verified
by the sonographer and one of the study investigat®oth were blinded to the aspirin

responsiveness status. The presence of MES wasedefs>1 MES on TCD scanning.

Approximately 12 mls of blood was drawn using autamer system and a 21 G needle
into 3.8% citrate blood tubes. Well validated pahtare cartridge based platelet analysers
(PFA-100, Dade-Behring, Miami, FL (310;326) and ¥eNow, Accumetrics (327;328))
were used to assess platelet function. Samples avealysed at between 30 minutes and 4
hours of being taken. The PFA-100 device was asatkscribed above. The coefficient of
variation when using the PFA-100 device is typicdl0% (309) and as described above,
similar was seen in study one. With the Verify Ndevice, a citrated blood mix and
‘aspirin assay’ which contains fibrinogen coateddseand platelet agonists, are placed into
the analyser and platelet induced aggregation igsored as an increase in light
transmittance. Results are expressed as the nupfbaspirin response units. The
coefficient of variation when using the RPFA deviegeported to range from 2.6 to 4.5%

(information contained in Verify Now ASA productfarmation sheet).

Both devices are simple to use and give resulthinvitO minutes. Using the PFA-100
analyser, aspirin resistance was defined as aredsne below the in-house upper limit of
the normal range for healthy non-aspirin treatetividuals (<179s, as obtained in study
one of this chapter). Using the Verify Now systeampirin resistance is defined as the
presence of >550 aspirin reaction units (329). iElpants were deemed to be aspirin
resistance if found to be so on either test. RIafenction tests were performed blinded to

results of TCD imaging and MES status.
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Statistical Analysis

The primary endpoint was the proportion of aspiggistant patients in the MES and non-
MES group. This was assessed using Fishers eesictPre-specified secondary endpoints
were the number of aspirin resistant patients eMES and non-MES group according to
each individual test, agreement between the fimdt second visit aspirin resistance status,
agreement between the two platelet function tesdstiae rate of stroke or TIA according to
aspirin status. Agreement between tests was a&skesing attribute agreement analysis
and described with kappa statistics. It was esemahat the prevalence of aspirin
resistance would be 30% (274;275) in the wholeysmrup and that the rate would be
higher at approximately 40% in those with MES (2@&nilar to the rate in patients with
recurrent stroke in other studies) compared tonsetaate of approximately 10% in those
without MES (277;278). A sample size of 31 patignteach group would allow detection
of such a 30% difference in the rate of aspirinstasce between the MES and non-MES
group with 80% power and a significance of 0.05.wé&s estimated that at least 40% of
screened patients would have MES (223;229;234)rbatder to ensure blinding to MES

status could be maintained, it was planned to rettre first 62 eligible patients.

P values of <0.05 were deemed to denote statistigaificance and standard definitions of

degree of agreement based on kappa statisticsusec(330).

3.04.2 Study Two Results

Sixty-two patients between June 2006 and Janudi§.2@ll had baseline MES and aspirin
responsiveness status recorded. In total, 37mtat{€9.7%) remained eligible and had the

day 7 visit performed. Of those who did not, tveeshad undergone carotid endarterectomy,
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one was commenced on clopidogrel, two went for daleel cardiac surgery, two were
moved to an off-site rehabilitation facility andutd not attend, four did not attend and four

withdrew consent for the second visit stating isw@o soon after discharge.

The mean age was 69.7 (+ 11.8) years. The maj@&ypatients, 85.5%) had symptomatic
carotid disease and a severe stenosis (50 pat&d®ts),. Half (31 patients) were in-patients
in the acute stroke unit; the remainder were otiepts attending the department. Of those
who were symptomatic, 21 (39.6%) were evaluatedhiwid8 hours of onset, 9 (17%)
within 7 days, 12 (22.6%) within one month and 20.8%) within 6 months. Further
baseline demographic details, including stroke yqudgt drug therapy, risk factor burden,

renal function and platelet levels are shown t&hke

Baseline aspirin responsiveness and platelet fomctata are shown in table 3.3. In total,
16 patients (25.8%) exhibited evidence of aspiesistance on one or more test. Of these
patients, 13 (21%) were resistant on PFA-100 tgs®n(12.9%) were resistant on RPFA
testing and 5 (8.1%) were resistant on both. Six{@&.8%) had evidence of MES, with a
range of 1-39 signals during monitoring. Only oéignt (who was aspirin resistant on all

modalities and at both visits) suffered a recurx@sicular event during follow up.
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Variable Value

Age 69.7 (11.8)
No Stroke Symptoms 6 (9.7%)
Total Anterior Circulation Stroke 1 (1.6%)

Partial Anterior Circulation Stroke
Lacunar Stroke
Posterior Circulation Stroke

Amaurosis Fugax only

28 (45.2%)
12 (19.4%)
3 (4.8%)

12 (19.4%)

Symptomatic Carotid Disease

53 (85.5%)

< 50% stenosis / plague disease only
>50% stenosis

> 70% stenosis

3 (4.8%)
9 (14.5%)
50 (81%)

Smoker

20 (32.3%)

Ischaemic Heart Disease

14 (22.6%)

Diabetes Mellitus 9 (14.5%)
Hyperlipidaemia 19 (30.7%)
Hypertension 31 (50%)

ACE | or ARB Therapy

24 (38.7%)

Diuretic Therapy

23 (37.1%)

Statin Therapy

43 (69.4%)

Baseline Platelet Count

255.3 (101.7) *18L

Table 3.2 — Study Two Baseline Demographic Variabl&Expressed as n (%) fq

-

categorical variables and mean (SD) for continuouariables. ACE | = ACE inhibitor,

ARB = Angiotensin Receptor Blocker.

MES and Aspirin Responsiveness Status
Aspirin resistance on at least one test was pregen8/16 (50%) of those with
microembolic signals and in 8/46 (17.4%) of thoséheut MES (p=0.018 on Fisher’'s

exact test).
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PFA-100 CEPI-CT 254.2 (72.6) seconds
Aspirin Resistance on PFA-100 13 (21%)

RPFA 442.3 (90.3) ARU
Aspirin Resistance on RPFA 8 (12.9%)

Aspirin Resistance on Both Tests 5 (8.1%)

Aspirin Resistance on 1 Test 16 (25.8%)

Presence of MES 16 (25.8%)

Number of MES (when present) 1-39 (range)

Table 3.3 — Study Two Baseline Platelet Functionalysis Results
PFA-100 = Platelet Function Analyser 100. RPFA = Ria Platelet Function Analyser
ARU = Aspirin Responsive Units. MES = microembosignals. Values expressed as n

(%) for categorical variables and mean (SD) for domuous variables unless stated.

Aspirin resistance was present in 5 (31.3%) of ¢hesth MES on PFA-100 testing
compared to 8 (17.4%) without (p=0.29 on Fishexkace test). On RPFA testing, aspirin
resistance was present in 5 (31.3%) of those withfSMand 3 (6.5%) of those without

(p=0.02 on Fisher’s exact test).

Agreement between Platelet Function Tests

Agreement between the aspirin responsiveness stadasured by the different platelet
function tests and at the two study visits is shawrtable 3.4. At the baseline visit,
agreement between the two tests was modexat®40). A scatter plot of the individual
patient data is shown in figure 3.2. At the secetutly visit, agreement between the tests
was also moderat&£0.41). Agreement between aspirin responsivenegsgssat the first
and second visit was moderate on PFA-10€0(53) testing, moderate on RPFA testing
(x=0.44) but was fair for presence of resistancerm@ar more teskE0.36). At the second

study visit, 11 (29.7%) of patients exhibited evide of aspirin resistance on one or more
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test. All of these were resistant on PFA-100 tgstaind 4 (10.8%) were also resistant on

RPFA testing.

Visit 1 (PFA-100 vs RPFA) k= 0.4 P<0.001

Visit 2 (PFA-100 vs RPFA) k=041 p=0.006

Aspirin Resistance onr 1 Test (Visit 1 v§ x= 0.36 p=0.014

Visit 2)

PFA-100 (Visit 1 vs Visit 2) k= 0.53 P<0.001

RPFA (Visit 1 vs Visit 2) k= 0.44 p=0.004

Table 3.4. Measures of Agreement Between TestsStudly Visits in Study Two.
PFA-100 = Platelet Function Analyser 100. RPFA = Rid Platelet Function Analyser
k= kappa statistic. p values shown are for teskoct O.
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Figure 3.2. Scatterplot of PFA-100 Measured versu/BPFA Measured Aspirin
Responsiveness in Study Two. Each data point reprsts one individual. Values
to the right of the vertical reference line represet resistance on RPFA testing
while values below the horizontal reference line i@resent resistance on PFA-100
testing. ARU = Aspirin responsiveness units.
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3.04.3 Study Two Discussion

Data from this study show that aspirin resistasceore common in those with significant
carotid disease and MES compared to those withvalguit carotid disease and no MES.
This ties increased prevalence of aspirin resigtanca readily measurable and robust
marker of stroke risk. Importantly, the utility afIES exceeds their predictive value
regarding future stroke risk; their presence arair ttesponse to treatment can be used to
identify differences between anti-platelet stragegiith small numbers (234). The findings
from this study provide a useful model for furtheork which should aim to establish
whether screening for aspirin responsiveness abdesuent changes to therapy reduces
the rate of MES and stroke risk in those with adrolisease. For example, this strategy
could be compared to other regimens such as unsdlese of aspirin and clopidogrel

(234).

Aspirin remains the most widely prescribed antitgliet agent after stroke and attempts to
better target its use, especially in high risk gguare valid. Resistance to aspirin effect has
received much attention over the recent years aed dppear to be associated with an
increased risk of cardiovascular events (274;2HA@wever, several issues beset the field:
as yet no consensus exists concerning the defintticaspirin resistance or its mechanism
and no evidence exists to suggest that its pressvmdd guide therapy. The size of recent
anti-platelet trials (140) suggests that clarifyihgse issues with clinical endpoint studies
may be costly and impractical. A link between dspiesistance and a readily measurable
surrogate marker of stroke risk would thereforeuseful to establish as it would allow

(with relative ease) further study of tailored goltitelet strategies.
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Aspirin resistance can be defined either clinic@iigscular events in patients taking aspirin,
perhaps better termed treatment failure) or in $eomlaboratory measures (such as failure
to inhibit platelet aggregation or thromboxane A8duction). Given the lack of consensus
concerning the optimal definition two simple pooftcare analysers were used to assess
aspirin responsiveness in this study. A wide d#éiniof aspirin resistance (the presence of
normal platelet function on one or more test) was ased; it was hoped that the simplicity
of these methods will allow further research toceex whilst ensuring any findings can be
readily translated into routine clinical practicehe same could not be said for the more
time consuming and cumbersome techniques of flolwnegtry or traditional methods of
platelet aggregometry. There are however drawb&ckdhe tests used: neither is truly
specific to the effect of aspirin therapy nor dceythdo directly measure platelet
thromboxane A2 production; and agreement betwesm thas previously been shown to be
poor (290). Attempts were made to limit the ladkspecificity for aspirin action by
ensuring those taking alternative anti-thrombot@&nticoagulant therapy or those with a
known haematological disorder were excluded. Atsomentioned, it is important to note
that approaches that directly measure thromboxah@rAduction have other drawbacks:
extra-platelet sources of thromboxane A2 may ansthose with recently symptomatic

cardiovascular disease (283) and thus lead to falseestimates of resistance levels.

The PFA-100 has been shown to be more sensitive tiiaaitional optical aggregation
techniques (286) and labels a higher proportiomdividuals as resistant (274). Similar
supportive trends were seen in this study: 13 (2%##)e resistant on PFA-100 testing
compared to only 8 (12.9%) on RPFA testing. Intémghy, resistance on RPFA testing
appeared more closely linked to presence of ME® tiesistance on PFA-100 testing,

although the numbers resistant on each technique sreall and a firm conclusion as to
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whether RPFA testing detects clinically more refevaspirin resistance cannot be drawn.
The prevalence of resistance using the combineaditiefn in this study was 25.8% which

is consistent with that seen in meta-analyses (2id)studies post stroke (275).

Only moderate agreement between the methods useefitme resistance and between
aspirin responsiveness status at the first andnseaasits in this study. While the
agreement seen between the different plateletifumégsts is superior to that seen in other
studies (290) in the post stroke period, it remaawslow to allow a patient to be deemed
resistant on the results of a single test and 8% @1 for the estimate of agreement in this
study overlaps with previous work (290). Until tloptimal techniqgue of measuring
resistance is clarified, it is likely that a baytef tests should be used. Other authors have
suggested that aspirin resistance may have a tanp@mponent (331) and although the
rates of aspirin resistance were similar at thet fand second visits here, agreement
between visits was only moderate suggesting tretdhistance status of some individuals
changed. There are several potential explanationghfs: compliance may have differed
between visits in some individuals, as may the elegf platelet activation which can
change following acute cardiovascular events (28B8)portantly, it is unlikely that
compliance has influenced the main results of shisly; all patients verbally confirmed
compliance and half were in-patients who had commgke objectively confirmed from

hospital prescription charts and discussion witisimg staff.

Patients who were taking dipyridamole were excludBake trial commenced before the
ESPRIT trial (138) revealed incremental reductionrécurrent stroke with combined
aspirin and dipyridamole therapy. Whether more gflead dipyridamole use will reduce

early stroke risk or the likelihood of MES in thosdo are aspirin resistant is unclear.
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Available data suggest its addition does not &fteresponse to aspirin treatment measured
by either the PFA-100 or RPFA (332) and it may et the association seen would hold.
Two patients toward the end of the study were conuaé on dipyridamole prior to their

second visit and neither had a change in their ME&spirin resistance status.

Only one patient in this study suffered a recureargnt, which, given the baseline risk of
the group, appears low. This patient was aspigistant but no useful information can be
drawn from this observation. The low recurrent lstroisk may in part reflect the number
who proceeded to rapid carotid endarterectomy (thase with MES, 16 patients in total,
12 of whom within one week of entering the studyhad aggressive anti-platelet therapy

(3 with MES received aspirin and clopidogrel).

A lower rate of MES than had been anticipated weenslit was estimated that a rate of
40% (223) would arise in the study group as a whwieMES were seen in only 25.8%
(16) patients. Given that some patients in theys{@d 14.5%) had asymptomatic carotid
disease, this probably is a representative figauethermore, recent data (333) suggest that
prevalence of MES falls with time after stroke (fr@él9% at 24 hours to 29% at 48 hours,
although this was not a specific evaluation of eaty with carotid disease), and onrly

40% of patients were recruited and assessed withimours of symptoms.

In conclusion, increased prevalence of aspirinstasce is linked to the presence of MES
in patients with carotid disease. This provideseful model to further study the benefits of
guided anti-platelet strategies and further workuth establish whether screening for
aspirin responsiveness and subsequent adjustmemititplatelet therapy reduces the rate

of MES and stroke risk in those with carotid digeas
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3.05 Study Three - Aspirin Resistance and Cerebrogaular Events; the Importance

of Participant Compliance with Aspirin

The study hypothesis was that the aspirin resistarould remain a common phenomenon,
even after compliance was adequately assessedhdtuthe rate would be lower than the
rates previously reported in the literature. A pexgive case-controlled study was

performed to test this.

3.05.1 Study Three Methods

The study was performed in the University Divisiof Cardiovascular and Medical
Sciences at the Western Infirmary, Glasgow. Thdystuas approved by the West Medical
Research Ethics Committee. The study incorporatedrealysis of all participants and a
urine sub-study where only those who had evidehesgirin metabolites in the urine were

included.

Cases

Cases were aged > 18 years taking current aspiemrapy who had a clinical diagnosis of
ischaemic stroke or transient ischaemic attackal required that recruitment and platelet
function analysis be performed within 24 hours p$et of symptoms and that participants
would be in theory able to submit a urine samplese with known poor compliance with

aspirin therapy, those taking clopidogrel or awi@&gulant therapy or who had received
thrombolytic therapy within the past 2 weeks amasthwith brain imaging which identified

intracerebral haemorrhage were excluded. Complisuaseassessed by questioning.
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Cases were identified on admission to the AcutekstrUnit at the Western Infirmary

Hospital. Where possible, all gave full written dnhed consent to participate unless
hemiplegia or visual disturbance precluded writimdyere witnessed oral consent was
accepted. Where potential participants were un&bleonsent, assent from the nearest
relative or welfare guardian was accepted. Etrapgroval was given for this as exclusion
of those unable to consent because of their streteld bias the study sample. It is

important these patients are included as it iseastl as relevant to establish the role of

aspirin resistance in larger, more severe strokes.

Controls

Controls comprised individuals aged over 18 yeaiage taking current aspirin therapy for
at least one year who had never suffered a carsiiola event on aspirin. Those with
known poor compliance with aspirin therapy, thoskirtg clopidogrel or anti-coagulant

therapy or who had received thrombolytic therapghimithe past 2 weeks were excluded.

Compliance was assessed by questioning. All gdlesfiiten informed consent.

Controls were mostly identified during out-patiettendance at cardiovascular risk factor

clinics at the Western Infirmary.

Study Assessments

Cases were reviewed at baseline and at 7 days disolmarge from depending on what was

soonest. Controls only underwent baseline assessmen

-125 -



Baseline Assessment
Demographic and diagnostic data were gathered.oAdokample was drawn (ca 10 mls)
for platelet function analyses and attempts werelento obtain a urine sample for

measurement of aspirin metabolites.

Measurement of Platelet Function and Aspirin Resposiveness

The same well validated cartridge based platelelyaars (PFA-100, Dade-Behring, Miami,

FL (310;326) and Verify Now, Accumetrics (327;328)gre used as outlined above in

study two. The definitions of as aspirin resistaweee also the same as outlined previously
(closure time of < 179 with the PFA-100 device &#mel presence of >550 “aspirin reaction

units” when using the Verify NoW™ system). Investigators were blinded as to levéls o
urinary aspirin metabolites when performing platélenction analysis (results were not

available at the time of platelet function analysis

3.05.1.1 Measurement of Aspirin Metabolites (Deteittn of Urinary Salicylates)
Where able, participants submitted a single uraree (the next urine sample following
recruitment). High performance liquid chromatogna@amalysis was performed. All tests
were performed at Divisional Labs at the Westefirrivary Hospital. Other methods such
as the method of Trinder (the principle of the issa direct colour reaction on urine - a
violet colour indicates the presence of salicylata® available but relatively insensitive
techniques (334); studies have revealed urinarcemmnations in excess of the limit of
detection for the Trinder method (20mg salicylatafine) 10 hours after a single 600 mg
dose (335) but it is unclear whether this threshaltibe reliably reached after a single 75

mg aspirin dose, and for what period thereatfter.
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High performance liquid chromatography (HPLC) asshgve been developed to identify
aspirin and its salicylate metabolites in both plasand urine (336-341). HPLC involves a
column which holds material (the stationary phaag)ump to inject and move the mobile
phase, which acts as a carrier for the analysipkarthrough the column and a detector
which shows the retention times of the moleculdeg fietention times, or the time taken to
elute from the column, depend upon the chemicataations between the stationary phase
and the mobile phase, and thus the properties eofattalysis sample. The stronger the
interaction with the stationary phase, the longerretention time. There a variety of types
of HPLC analysis but the most widely employed igerse-phase HPLC, which utilizes a
non-polar stationary phase and compounds are degara the basis of hydrophilicity and
lipophilicity. There are also different types obhile phase and the environment of the
mobile phase can be manipulated to ensure betfmrateon of the sample. Detector
systems can also vary and can be based, for exaogme measurement of the refractive

index, the ability of samples to absorb ultra-vidight, or a variety of other techniques.

HPLC techniques are highly sensitive; detectiorcaficentrations as low as 0.1 mg/l of
aspirin metabolites are possible with some ass2z38)( Such methods have been used in
many studies of aspirin pharmacokinetics and a€galte levels in healthy volunteers and
data suggest that salicylates can be detectedadédnarirs, and perhaps days, after low dose

aspirin ingestion (summarized below).

Aspirin and Measurable Metabolites
Acetylsalicylic acid is hydrolyzed in the stomaaidan blood to salicylic acid and acetic
acid (342). Both acetylsalicylic acid and salicydicid are rapidly absorbed. Several studies

suggest that plasma concentrations of acetylsaliegid peak within one hour of ingestion
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(339;343;344) and that the elimination half lifealsproximately 20 to 40 minutes. Levels
of approximately 1000 ng/ml are often seen (34B)sma salicylate levels peak somewhat
later at approximately 1 to 2 hours, are genetlijrer, and also have a longer elimination
half-life of approximately 2 to 4.5 hours. Sevestldies confirm that salicylates can be
detected in the plasma several, and up to 10 h(889;345), after single oral dose
ingestion. Following daily dosing of low dose aspitime — concentration curves suggest
levels of acetylsalicylic acid and salicylic acehrain detectable for longer with high (near
peak) levels of salicylic acid seen for approxirhaéhours after ingestion (343) on HPLC

analysis. How long they remain detectable thereéftenclear.

Salicylates are predominantly excreted by the kdnemostly following hepatic
conjugation, as salicyluric acid (75%), free sdhty (10%), salicylic phenol (10%), acyl
glucuronides (5%) and gentisic acid (<1%) (346judi&s suggest that the salicylate load
from low dose aspirin is mostly excreted in thenarwithin 24 hours (340;343), although
others suggest that only 10% is excreted withild0rs after a single dose (335). Levels
of salicylic acid of over 30 pg/ml have been seeruiine 10 hours after ingestion of a
600mg dose (335), while some more sensitive tectesig@llow detection of salicylates up
to 48 hours after ingestion of a single 80 mg dofsaspirin (347). Otherwise, little data
exist to suggest actual concentrations of salieyhaetabolites in the urine in the hours after

ingestion of low dose aspirin.

Importantly, salicylates are found in both the piasand urine of those who do not take
aspirin or other salicylate drugs. For examplepmie study using HPLC analysis, salicylic
acid was detected in the plasma of all 76 subgetdied with higher levels in vegetarians

(0.11 pmol/l (range 0.04 to 2.47) compared to Qu@ol/l (range 0.02 to 0.2)) in non-
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vegetarians (348). However, levels were signifitarind approximately 100 times higher,
in those taking aspirin (10.03 pmol/l (range 0.8325.4)). There was however some
overlap with between vegetarians and those oniaspight vegetarians had salicylic acid
levels above the lowest level seen in aspirin éekagtatients. However, this level was
surprisingly low and it is possible, or perhaps batde, that this individual was not
compliant with aspirin therapy and that the vegetawith very high levels had ingested
some medicinal salicylate. In the urine, 24 howretion of salicyluric acid of 3.91 pumol
per 24 hours (range 0.87 to 12.23) in non-vegetare@nd 11.01 umol per 24 hours in
vegetarians (4.98 to 26.6) has been seen, comparedels of 170.7 pmol per 24 hours
(range 13.15 to 377.18) in those who have takem@of aspirin (349). Again there was
some overlap between values seen in vegetarianthasd on aspirin with a small number
of vegetarians having levels above the lowest easpirin group. Interestingly, excretion
of salicylic acid did not differ between vegetariaon-vegetarians and those taking aspirin
suggesting that salicyluric acid measurements aost rmeaningful. Levels are also
increased following consumption of cranberry ju{8&0). In a further study using HPLC
analysis (341), the median urinary concentratiosalicylic acid was 0.56 pmol/L (range
0.07-0.89 pmol/L), while that of salicyluric acidasr 3.20 pumol/L (range 1.32-6.54
pmol/L) in 10 individuals who did not take aspirifror salicyluric acid, a level of > 6.54
pmol/L equates to > 1.3 pg/ml while for salicylidd a level of > 0.89 pmol/L equates to

> 0.123 pg/ml.

Thus, although salicylates are present in the @aand urine of those who do not take
aspirin, levels are significantly higher in thosbkontake even low dose aspirin and remain
detectable in both plasma and urine for severatthand may be detectable in the urine for

up to 48 hours after a single 80 mg dose (347)s Baggests that salicylate load due to
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aspirin ingestion can readily be distinguished frtimat of the normal dietary intake,
particularly in non-vegetarians, and that sensitteehniques that measure salicylate
metabolites, and those in the urine in particudan be used to confirm recent ingestion in

those meant to be taking low dose aspirin.

3.05.1.2 HPLC Analysis Used in This Study

Urine concentrations of salicylic acid and salicidwacid levels were determined using an
established reverse-phase HPLC method (339). Thterials used included stock
solutions (at a concentration of 1000 pg / ml) @fcylate and salicyluric acid in distilled
H20 and 1.0M oxalic acid. The internal standargd {#&s 200ug m-hydroxybenzoic acid /
ml distilled H20O. The mobile phase consisted of 2B%®, 25% acetonitrile, and 50%
phosphate buffer (0.2M pH 2.5). The solution wagadsed by bubbling Helium through it

for approximately 10 minutes.

Standards comprised the stock solutions of salbiey#ad salicyluric acid. The standard
curves for salicylate ranged from 3.125 to 25 g While those for salicyluric acid ranged
from 25 to 200 pg / ml. As salicylate and saliciduacid are measured simultaneously,
each prepared standard contained both metabolitéses chosen concentration. There

were seven prepared standards (table 3.5).
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Std. No. | Conc. SA | Conc. SU| Volume Working| Volume  HO
(Hg/ml) (Hg/mli) Std. (uL) (Hl)

1 0 0 0 1000

2 3.125 25 125 875

3 6.25 50 250 750

4 9.375 75 375 625

5 12.5 100 500 500

6 18.75 150 750 250

7 25 200 1000 0

Table 3.5. Prepared Standards Used in HPLC AnalysisSA = salicylic

acid. SU = salicyluric acid.

The urine sample for analysis was then preparediised below;

a)
b)
c)
d)
e)
f)

9)
h)

)

Pipette 200ul of urine for analysis into 5ml roumattomed tube.

Add 50pl internal standard (IS) and briefly vortai.

Add 200ul 1M oxalic acid.

Add 2ml hexane / diethyl ether mixture; ratiol:1.

Mix on rotator for approximately 5 minutes.

Centrifuge for 5 mins at 2000 rpm.

Remove as much hexane / diethyl ether mixture asipie into clean 12ml tube.
Evaporate to dryness in centrifugal evaporator atimum temperature setting
(approximately 15 minutes).

Dissolve desiccant in 200ul Mobile Phase and byriedrtex mix.

Carefully transfer as much volume as possible taEiRial and cap.

The HPLC system consisted of a Shimadzu SCI-10Asy$em controller, Shimadzu Lc-

10AT VP pumps, a Shimadzu SIL-10AD VP sample igech Shimadzu SPD-6A variable
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wavelength UV detector and a computer with Jonds @0 data acquisition software.
The column used was a Phenomenex Synergi 4um HyBroelumn (dimensions 15cm X
4.6mm). The guard column is packed with LichropR#p-18, particle size 25-40um. The

column and other system components are maintain@ahlaient temperature.

HPLC conditions were a flow rate of 0.5 mls / méndetector set at UM, 303 nm and
absorbance 0.02 and the injection volume was 5@Rptention times were approx. 5.4

minutes for IS, 6.9 minutes for salicyluric aciddalil.8 minutes for salicylic acid.

Limits of detection were not pre-specified. Salatgl metabolites are endogenous

compounds with levels above the likely limit of éetion seen in many individuals.

Definition of Evidence of Recent Aspirin IngestiorJsed

Little data exist to inform levels of salicyluricid or salicylic acid at differing times after
aspirin ingestion and in those not taking aspiltina small sample in the local laboratory,
levels of 0 to 5.25 pg/ml of salicyluric acid hdveen seen, with most values < 5 pg/ml in
those taking no aspirin. Levels of > 5 pg/ml weeen 24 hours after single dose aspirin
ingestion. Although direct comparisons are not fissthis threshold is broadly similar to
that outlined by others (341) and a salicyluricdaof > 5 pg/ml was therefore used to
define evidence of recent aspirin ingestion. Theskviduals were included in the urine
sub-study. Given that it is also know that aspmatabolites are predominantly cleared
from the urine within 24 hours, evidence of no recaspirin ingestion was defined as
stated last dose of aspirin within 24 hours fronbmission of urine sample and a
salicyluric acid level of < 5 pg/ml. Importantlyivgn that the platelet mediated effects of

aspirin last longer than 24 hours, it is expectet some participants whose urine sample
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was received after 24 hours would have evidencaspirin mediated platelet dysfunction

but a salicyluric acid level of <5 pg/ml.

Final Assessment At the final assessment the final diagnosis anéepabutcome were

established for cases.

Statistical Analysis

It was planned to study 90 cases and 90 conti& primary endpoint was the proportion

of individuals showing resistance to aspirin on &st. Secondary endpoints were defined
as resistance to both tests, to the PFA-100 tektatihe RPFA test. The rate of the primary
(and secondary) endpoint(s) were compared betwassscand controls. It was estimated
that the rate of aspirin resistance would be apprately 30% in the general population but
that it would be higher, at approximately 40%, ases (277;351) and lower in controls. It
was estimated that approximately 20% in the comogiulation would have no evidence of
recent aspirin ingestion but there are little datdhelp estimate the rate in those with a
vascular event. Even after exclusion of theseepttifrom the analyses (approximately
20% of all subjects), 90 patients per group wilbal detection of a ~ 20% difference in

aspirin resistance rate between the two groups 80 power and a significance of 0.05

(for example 40% in cases vs 20% in controls).

Differences between cases and controls were askbgdbe Student's t test for means and
the chi-square test for proportions or Fisher'scéxast. Agreement between the platelet
function and salicylate detection testing was assksising kappa statistics. A p value of

<0.05 was used to determine statistical signifieaaed standard definitions of degrees of
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agreement were used. Analyses were performed selyafar each of the two methods of

determining aspirin responsiveness. Cases andotemiere not matched on a 1:1 basis.

3.05.2 Study Three Results

Ninety cases were recruited between th® E8bruary 2007 and thé"&November 2008.

Ninety controls were recruited from 2Qune 2007 to 4 November 2008. Baseline
characteristics are shown in table 3.6 and 3.7rellaeere several statistically significant
differences between the groups. All participantsbay confirmed regular compliance

with aspirin.

All cases (for the exception of one) and all colstrwere prescribed 75 mg per day of
aspirin. Baseline levels of routine biochemistngl daaematology indices including platelet
count and coagulation parameters are shown in td8tde There were no significant
differences. Coagulation screens were not routinedyformed in controls and this
The time from stroke

comparison is thus based on a small number (n=7%oafrols.

symptoms to blood sampling was 16 (IQR 4.5 to PRdurs in cases.

Variable Cases Controls P Value
Baseline Platelet Count| 244.8 (8.1) 254.5 (14.1) 0.55

Baseline Haemoglobin 13.4 (0.2) 13.7 (0.3) 0.39

Baseline APTT 31.2 (0.5) 33.1(1.9) 0.35

Baseline PT 11.9 (0.16) 12.1 (0.6) 0.72

Baseline Creatinine 96.8 (4.23) 97.7 (3.6) 0.99

Table 3.6. Study Three Baseline levels of Blood Pamneters in Cases and Controls.
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Variable Cases Controls P Value
Age 71.1(10.5) | 66.7 (11) 0.007
Male Sex 43 (47.8%)| 47 (52.2%)] 0.55
Stroke 60 (66.7%) | ---

TIA 30 (33.3%) | ---

Total Anterior Circulation Stroke | 11 (12.2%) | ---

Partial Anterior Circulation Stroke 44 (48.9%) | ---
Lacunar Stroke 22 (24.4%) | ---
Posterior Circulation Stroke 11 (24.4%) | ---
Amaurosis 2 (2.2%)

NIHSS Score 5.6 (5.4)
Smoker 27 (30%) 10 (11.1% 0.001
Ischaemic Heart Disease 25 (27.8%) 27 (30% 0.74
Previous CVA 24 (26.7%)| 1 (1.1%) <0.001
PVD 4 (4.4%) 4 (4.4%) 1
Diabetes Mellitus 6 (6.67) 18 (20%) 0.015
Hyperlipidaemia 22 (24.4%)| 35(38.9% 0.054
Hypertension 52 (57.8%)| 80 (88.9% <0.001
Atrial Fibrillation 13 (14.4%) | 3 (3.3%) 0.008
Dipyridamole Therapy 13 (14.4% 1(1.1%) <0.001
ACE | or ARB Therapy 45 (50%) 52 (57.8%) 0.37
Diuretic Therapy 35 (38.9%)| 51 (56.7% 0.025
Beta-blocker Therapy 32 (35.6% 43 (47.7%) 0.13
CCB Therapy 28 (31.1%)| 41 (45.6%) 0.065
Alpha-blocker Therapy 2 (2.2%) 20 (20.2% <0.001
Statin Therapy 66 (73.3%)| 67 (74.4% 1
NSAID Therapy 2 (2.2%) 4 (4.4%) 0.682

Table 3.7. Study Three Baseline Characteristics
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Aspirin Responsiveness Status in Cases

In total , 55 (61.1 %) had blood sampling for pletéunction testing performed within 24
hours of last stated aspirin ingestion. PFA-100 RREFA tests were not successful in three
individuals. In total, 30 cases (33.7 %) exhibigaddence of aspirin resistance on one or
more test. Of these, 28 (32.1 %) were resistanPBA-100 testing, 16 (18.4 %) were

resistant on RPFA testing and 12 (14 %) were t@sisin both (table 3.8).

Cases Controls P Value| 95 % CI for
Difference

PFA-100 CEPI-CT| 272 (142 to 300 293 (205 to 30D).068" | 0.01 to 23.99
Aspirin Resistance 28 (32.1 %) 15 (18.1 %) 0.031 |-27t0-12.7 %
on PFA-100 *
RPFA 465 (396 to 530)| 452 (399to 481) 0°33 |-34.5t0 9.99
Aspirin Resistance 16 (18.4 %) 12 (13.8 %) 054 |[-155t06.3%
on RPFA *
Aspirin Resistanceé 12 (14 %) 5 (5.9 %) 0.07 -16.9t01 %
on Both Tests
Aspirin Resistance 30 (33.7 %) 21 (24.7 %) 019 |[-224t04.4%
on>1 Test
Table 3.8. Study Three Platelet Function Analysis &sults. * Only 87 participants had
results available. P values and 95 % CI shown areof the difference between twag
proportions except for” where they are for the difference on Mann-Whitneytesting.

Aspirin Responsiveness in Controls
All controls had blood sampling for platelet furmctitesting performed within 24 hours of
last stated aspirin ingestion. In total, 21 corst(@4.7 %) who exhibited evidence of aspirin

resistance on one or more test. Of these pati@bt$18.1 %) were resistant on PFA-100
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testing, 12 (13.8 %) were resistant on RPFA tesding 5 (5.9 %) were resistant on both

(table 3.8).

Comparison Between Cases and Controls

The rate of aspirin resistance as defined by @asist on PFA-100 testing or resistance on
both modalities was significantly higher in caseant control (table 3.8). There were also
trends towards higher rates of resistance on RR¥Sing and on resistance defined as

resistance on at least one modality.

The Urine Sub-study - Cases

A urine sample was submitted by 66 cases (73.3Plag mean concentrations of salicyluric
acid and salicylic acid seen in the urine were 80 64.5) pg/ml and 1.2 (SD 2.56) pg/ml
respectively. In total 40 (60.1 %) had levels dicséuric acid above the pre-specified level

used to define evidence of recent aspirin ingegtab pLg/ml).

The median time from drawing of blood to submissiénthe urine sample was 20 minutes
(IQR 0 to 60 minutes). However, only 24 (36.6%)rsitbed their urine sample on the same
day as their last aspirin dose, while 37 (54.6%)nstted their urine sample within 24

hours of their last stated aspirin dose. In td@lof these (32.4 %) had no evidence of
recent aspirin ingestion (sample submitted withdnhdurs of last stated aspirin dose and

levels of salicyluric acid of <5 pg/ml).

When considering only those with evidence of re@apirin ingestion, 10 (26.3 %) were

aspirin resistant on at least one platelet fundigst. Of these, 9 (23.7 %) were resistant on
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PFA-100 testing, 5 (13.4 %) were resistant on RR#Aing and 4 (10.5 %) were resistant

on both (table 3.9).

Of those who submitted a urine sample within 24re@f last ingestion and were aspirin
resistant on at least one test, 5 of 10 (50 %)d&idyluric acid levels of < 5 pg/ml. For
PFA-100, RPFA testing or resistance on both teélis figure was 5 of 9 (55.6 %), 4 of 6
(66.7 %) and 4 of 5 (80 %) suggesting that poor gl@nce accounted for a significant

number of the cases of resistance seen.

Cases (n=39) Controls (n=32)| PValug95 % CI for
Difference
PFA-100 CEPI-CT| 283.5 (202.8 [®76 (186t0300)| 0.89 |-8.01to 14.98
300)
Aspirin Resistance 9 (23.7 %) 6 (18.8 %) 0.77 |-23.7t015.1%
on PFA-100 *
RPFA 485 (4045 t0p451 (395.3 td 0.49" |-54.9to0 20
522.5) 498.5)
Aspirin Resistance 5 (13.5 %) 5 (15.6 %) 1 -14.6 t0 18.8 %
on RPFA *
Aspirin Resistancé 4 (10.5 %) 3 (9.7 %) 1 -15.11t013.4 %
on Both Tests
Aspirin Resistancé 10 (26.3 %) 8 (25.5 %) 1 -21.310 20.3 %
on>1 Test
Table 3.9. Platelet Function Analysis Results in Tése With Evidence of Recent
Aspirin Ingestion. P values and 95 % CI shown aredr the difference between twqg
proportions except for” where they are for the difference on Mann-Whitneytesting.
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The Urine Sub-study - Controls

A urine sample was submitted by 37 controls (41.1%)he mean concentrations of
salicyluric acid and salicylic acid seen in thenerivere 110.1 (SD 90.1) pg/ml and 1.6 (SD
2.74) ng/ml respectively. In total 32 (86.5 %) Hadels of salicyluric acid above the pre-

specified level used to define evidence of receptran ingestion (> 5 pg/ml).

All controls who submitted urine samples did sohimtthe hour. All participants stated
compliance with their aspirin up to the day of tetnent and thus all were assumed to
have submitted their urine sample on the same ddkiar last aspirin dose. Thus, only 5
individuals (13.5 %) had no evidence of recent spingestion (sample submitted within

24 hours of last stated aspirin dose and levessidyluric acid of < 5 pg/ml).

When considering only those with evidence of reaspyirin ingestion, 8 (25.8 %) were
aspirin resistant on at least one platelet fundtst. Of these, 6 (18.8 %) were resistant on
PFA-100 testing, 5 (15.6 %) were resistant on RR¥sAng and 3 (9.7 %) were resistant on

both (table 3.9).

No individual with salicyluric acid levels of < 5gfml had evidence of aspirin resistance.

The Urine Sub-study - Comparison Between Cases ar@bntrols

The rate of aspirin resistance, regardless of digfimused was similar in both cases and

controls, although confidence intervals were wideduse of the smaller sample size (table

3.9).
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Agreement Between Platelet Function Tests

Agreement between the aspirin responsiveness stadasured by the different platelet
function tests is shown in table 5.6. Overall, agnent between the two tests was fair
(xk=0.35). On sub analysis agreement was also fdoih the case and control population

(table 3.10). A scatter plot of the individual eati data is shown in figure 3.3.

Kappa P Value
Cases (PFA-100 vs RPFA) 0.39 <0.001
Controls (PFA-100 vs RPFA) 0.27 0.007
Cases and Controls (PFA-100 vs RPFA) 0.35 <0.001

Table 3.10. Measures of Agreement Between Platéleiction Tests in Study Three.
PFA-100 = Platelet Function Analyser 100. RPFA = Rid Platelet Function Analyser

k= kappa statistic. p values shown are for teskoct 0.

Scatterplot of PFA-100 Measured Aspirin Responsiveness vs RPFA
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Figure 3.3. Scatterplot of PFA-100 Measured AspirirResponsiveness versus
RPFA Measured Aspirin Responsiveness in Study Thre&ach data point
represents one individual. Values to the right oftie vertical reference line
represent resistance on RPFA testing while valueslow the horizontal reference
line represent resistance on PFA-100 testing. ARU Aspirin responsiveness unit.
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3.05.3 Study Three Discussion

Data from this study revealed a prevalence of sspésistance of 34 % in cases with
recent stroke or TIA compared to 25 % in controlsere resistance on one or more test
was used as evidence of resistance. This differeéittenot reach statistical significance
although resistance defined by PFA-100 testingesistance on both tests was significantly
higher in cases with recent stroke or TIA. Howewghen only those with objectively
confirmed evidence of recent aspirin resistanceeweonsidered, the prevalence of
resistance was similar in both groups. A high prapn of cases who were resistant to
aspirin had no evidence of recent aspirin ingestiespite stating they regularly took
aspirin, suggesting that compliance accounts fones@f the apparent difference seen

between cases and controls.

The fact that aspirin resistance appeared higheases than controls would fit with recent
data suggesting that aspirin resistance links aithigher rate of cardiovascular events
(274;276). However, previous case control studiagehnot yielded such differences

between groups (352-354), although this is the $issh study to examine participants with
stroke and is the largest case-control study te.ddthough the rate of aspirin resistance
was higher in cases than controls, both were cabipawith previous figures given in the

literature (276-278) and in particular with prevsostudies using similar techniques
(318;355-361). Thus, aspirin resistance, regardtdsthe definition used, is a common

finding. There were some significant differencessMgen the case and control groups. For
example cases were older which links with a higiveralence of resistance (362) although
fewer were female or diabetic which is also linkeih increased resistance (286;363).
These factors could confound this analysis as thesalso risk factors for cerebrovascular

disease.
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The majority of studies have attempted to assasgipant compliance, including 17 of the
20 studies in a recent meta-analysis (274). Howea®rwell as the three studies which
made no mention of compliance assessment (277:@321;33 relied upon verbal
confirmation of compliance (as done in this stud$p9;365;366) and the remainder
involved hospital in-patients or supervised ingastof aspirin (278;355-357;360;367-373)
at baseline. However, it is well know that verbaans of compliance assessment may not
accurately reflect whether medication has actuladgn taken and an objective means of

assessment is preferable (374) but few studies éaypdoyed such methods to date (354).

The importance of participant compliance cannob\werestimated. Approximately 10-40%

of patients do not take prescribed anti-platelbtets in the secondary prevention setting
(292-296). These individuals will be highly liketp appear aspirin resistant on testing.
Poor compliance has also been shown to be a majsecof aspirin resistance in previous
studies; for example, just over half (367;375) tq201) of apparent aspirin resistance has

previously been shown to be due to poor participantpliance with therapy.

This study utilized direct measurement of aspirietatbolites in the urine as an objective
means of ensuring recent aspirin ingestion in arsgary analysis. However, there are also
difficulties with this approach; aspirin is rapidiyetabolized and metabolites may be fully
excreted in the urine at around 24 hours aftenglsidose, although this is less likely to
occur in those on long term therapy. Further, ghtes are endogenous compounds,
although levels are much higher then normal foltlayvaspirin ingestion. A cut-off level of

salicyluric acid of 5 pg/ml was used in this stwdyh higher levels used to confirm recent

ingestion and lower levels used to suggest poompdance provided the urine sample was
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submitted within 24 hours of the last stated aspose. It is hoped, given that participants
were approached and recruited during a single ddtese at a clinic or on admission for an
acute vascular event that their compliance stailisats their normal behaviour; they could
not have expected to participate in the study leefttendance. The rate of non-compliance
seen may be an overestimate as individuals whallsapietabolise and excrete aspirin and
its metabolites could have undetectable levelsab€duric acid and salicylate before 24
hours has elapsed since last aspirin ingestion.edery results were similar when analysis
was restricted to those who claimed aspirin ingestithin 12 hours of submitting a urine
sample and those who take aspirin regularly (ascllimed in this study) excrete

metabolites for longer in the urine.

Despite the fact that all individuals in this studgimed compliance (and would thus have
been recruited to many previous studies publishetthe literature), approximately 1/3 of

cases met the definition of poor compliance witpiras therapy. This further suggests that
verbal statements of compliance are not reliabbk that more objective measures should
be mandatory in studies of aspirin resistance. eikample, in this study, over half of cases
who submitted a urine sample within 24 hours of lagestion and were aspirin resistant
had salicyluric acid levels of < 5 pg/ml. This gegts that poor compliance was an
important cause of aspirin resistance in this grouplowever, even when this was

considered, resistance remained common and akeén studies, was highest with the PFA-

100 device at approximately 20%.

Again in this study agreement between tests wag fanl. This is in-line with work from

other authors and has been discussed in chapter fou
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In conclusion, data from this study suggests thspiren resistance is a common
phenomenon that merits further study but that pommpliance may contribute in a
substantial number of cases of apparent resistanggesting that objective measures to

account for compliance should be mandatory in ®itudies of aspirin resistance.

Chapter Summary

The studies in this chapter have shown that theeaghfspirin resistance is higher in those
with cerebrovascular microembolic signals (MES) aadotid disease compared to those
with equivalent carotid disease and no MES. Apprately a quarter had MES and those
with MES had a resistance rate of 50% compared/td% in those without (p=0.018 on
Fishers exact test). This provides a link to a wsethblished and robust surrogate marker of
outcome and thus a useful model to further study likenefits of guided anti-platelet
strategies. Aspirin resistance was present in 3##ase with recent stroke and in 18% of
those with risk factors but no established disease case-controlled study. However, the
role of poor compliance with therapy as a cause substantial number of individuals was
established; it accounted for approximately halfttodse labelled resistant in the stroke
group. Further, when only those with objective evick of recent aspirin ingestion were
considered, the prevalence of aspirin resistancesivailar in both groups (at 26%) and it
remained a common phenomenon. Objective measu@nfom compliance with aspirin

therapy should be mandatory in future studies pirsresistance.
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CHAPTER FOUR

SERUM URIC ACID REDUCTION, XANTHINE OXIDASE

INHIBITION AND RISK OF STROKE
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4.01 Potential Novel Therapies — Lowering Serum UciAcid

The role of serum uric acid in the development afdovascular disease has been the
subject of controversy for many years. Many studi@scerning the association between
increasing serum uric acid level and event rateraodality in a variety of cardiovascular
disease states have been published. Howeveryésene of a causal relationship is less
clear and elevated levels of uric acid may refecteparate underlying disease process,
atherosclerosis itself, or increased xanthine ®eadactivity; all of which may influence

vascular risk.

4.01.1 Biochemistry of uric acid in man

Uric acid is a breakdown product of ingested antbgenously synthesised purines (figure
4.1). DNA and RNA are degraded into purine nudtkxst and bases, which are then
metabolized, via the action of xanthine oxidasesanthine and uric acid. These later steps
are irreversible and generate superoxide anion& ddid undergoes no further metabolism
in humans and is excreted by the kidneys and intddract. In the kidney, it is filtered
and can be subsequently reabsorbed or further tedcren the proximal tubule,

predominantly under the action of a urate trangpgtiRAT1) (376).
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Figure 4.1. Uric Acid Metabolism in Man

Serum levels are governed by the balance of pramueind excretion. Production can be
increased by several mechanisms including rare neatzy defects, states of high cell
turnover and alcohol ingestion (partly because wing@s contained in alcoholic drinks
(377;378)). However, the majority of cases of ated serum uric acid result from

impaired renal excretion, possibly because of imdividual differences in function of the

URAT1 transporter.

4.01.2 Uric Acid as a Cardiovascular Risk Factor
This has been evaluated in a number of studieslitihave typically utilised data from
randomised control trials or epidemiological datdsaand expressed results as change in

relative risk per increment of uric acid or as tiglarisk across uric acid quintiles (379).
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Cardiovascular Risk States

In patients with diabetes, serum uric acid levdédeva the median (295umol/l) have been
associated with near double an increased riskokestHR 1.91, 95 % CI 1.24-2.94) (380),
while increasing uric acid levels were associatéith wcreased prevalence of peripheral
arterial disease in both a Taiwanese (381) andraliest cohort (382) (OR 1.004, 95% CI
1.001-1.008and 1.03, 95% CIl 1-1.0ger additional 0.1mmol/l in serum uric acid

respectively).

In patients with essential hypertension, serumeunatthe highest quartile was associated
with increased cardiovascular event rate (HR 1990 Cl 1.01-3), cardiovascular
mortality and all cause mortality (HR 1.63, 95% 1002-2.57) (383). A similar positive
association was seen in the SHEP trial, where sarmimacid in the highest quartile
conveyed an increased risk of cardiovascular eygt®s1.32 95% CI 1.03-1.69) but not of
all cause mortality or stroke (384). Other largedgts have shown that small increments in
serum uric acid are associated with increasinglemxe of cardiovascular disease and with
cardiovascular death (385;386). These associapiersst despite adequate adjustment for
confounding factors and other risk factors. Howeirethe Syst-Eur study of hypertensive
patients, a trend but no association was seen aaittiovascular events or mortality (HR
1.06, 95% CI 0.99-1.13 and HR 1.03, 95% CI 0.93thér 50pumol/L increment in serum
urate respectively) (387). While the event rates wanilar to that in other studies, the
proportion of females was far greater, meaningsitpossible that a gender effect has

attenuated the association.
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Cardiovascular Disease

In patients with stroke, increasing serum uric aedels have been associated with a
reduced likelihood of a favourable outcome and rareiased risk of recurrent vascular
events (OR 0.78, 95% CI 0.67-0.91 and RR 1.27, 95P461.18-1.36 per additional
0.1mmol/l in serum uric acid respectively) (388)his association was more prominent in
diabetic patients (389). Elevated levels of sewm acid in the early stages after acute
stroke have also been associated with early climegerioration (390). In patients with
angiographically defined coronary artery diseageura uric acid in the highest quintile
(391) and quartile (392) has been shown to be gtiediof all cause mortality (HR 1.5,
95% Cl 1.02-2.1 and HR 1.23, 95% CI 1.11-1.36 retpely). Increasing levels of serum
uric acid have also been shown to strongly predimttality, need for cardiac transplant and
in-hospital mortality in those with cardiac failui@93;394). Conversely, it has been shown
that increased serum uric acid in the acute phabkmving stroke is associated with a good

outcome (395); a finding that is addressed later.

Healthy Populations

The NHANES study (396) did show an association vadith 59.5 pmol/l increment in
serum uric acid leading to increased risk of carascular events (HR 1.09, 95% CI 1.02-
1.18 in men) and cardiac mortality (HR 1.17, 95% 106-1.28 in men). A yet more
significant association was seen in women. Howeéarge analysis from the Framingham
Heart study cohort found no association with cardszular mortality after adjustment for
diuretic therapy (397) and a similar lack of asaton has been reported in other large
studies of healthy individuals (398-400). Loweeet/rates in such healthy populations
may explain this inconsistency; larger sample saesrequired and some may have lacked

power to detect an independent association

- 149 -



For An Association

Reference| Population Change in Outcome Measure

(380) DM HR 1.91 (1.24-2.94) (serum uric acid >295umol/ly fo
risk of stroke

(389) DM / stroke | HR 1.49 (1.21-1.84) for recurrent CV event

(388) Acute stroke | RR 1.27 (1.18-1.36Yor recurrent CV events

(390) Acute stroke | Serum wuric acid 1 in those with early clinical
deterioration (p=0.001)

(391) CAD HR 1.5 (1.02-2.13 for all cause mortality

(392) CAD HR 1.23 (1.11-1.36)for all cause mortality

(384) 1 BP HR 1.32 (1.03-1.69) for CV events

(401) T BP HR 1.22 (1.11-1.35¥or development of CV disease

(386) 1 BP HR 1.14 (1.02-1.27)for CV mortality,
HR 1.34(1.14-1.57¥or fatal stroke

(383) 1 BP HR 1.73 (1.01-3) for CV event rates

Against An Association

(395) Acute stroke | OR 1.12, 95% CI 1-1.25 per additional mg/dl uriddag
for good outcome

(387) 1 BP HR 1.03 (0.93-1.14jor CV mortality
HR 1.06 (0.99-1.18)for all CV events

Results expressed as ratio and 95% CI. DM = Diabétkellitus, PVD = Periphera]

Vascular Disease, CV = Cardiovascular, CAD = angmmghic coronary diseasé,=

per additional 0.1mmol/l in serum uric acifl,= for highest vs lowest quintile|/

quartile, *® = per additional 0.6 and 0.86mmol/l in serum uscid respectively =

for each 50umol/L increment in serum urate

Table 4.1: Summary of Studies Examining RelationphBetween Serum UA and

Outcome
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Summary / Gaps in the Epidemiological Evidence

Most large, well-conducted epidemiological studéepport the hypothesis that elevated
serum uric acid is a powerful predictor of increhs@scular event rate and mortality in
patients with hypertension, diabetes and in those known cardiovascular disease (table
4.1). The results in healthy populations are Esssistent. Despite this, the relationship
with stroke rate and mortality is less clear; msistdies have not specifically evaluated
stroke mortality or have been limited by relativedw stroke rates (383;396). Where it has
been evaluated, only one Chinese study has shatnorag association (386) while others
have not (384;387). An association has been sé@brswoke risk in patients with diabetes
(380) and in a large observational cohort of pasierged > 55 years of age, although the
association was less prominent in hypertensiveviddals (402). The impact of serum uric
acid on outcome in the acute period after strolkasse unclear. In a study of 2498 patients
with acute stroke, increasing serum UA levels wassociated with a reduced likelihood of
favourable outcome at 90 days (OR 0.78, 95% CI-0.81 per additional 0.1 mmol/L UA)
and an increased risk of recurrent vascular evg3&8), which were more prominent in
those with diabetes (389). Some have suggesteceased risk of early clinical
deterioration following ischaemic stroke (390). Hewer, a further study reported
conflicting results: in 800 patients with acutehidemic stroke, increasing UA levels were
associated with a good outcome (OR 1.12, 95% CI25h-per additional mg/dl UA) at

seven days (395).
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4.01.3 An Innocent By-stander?

Against a Direct Causal Association

It is argued that elevated serum uric acid in theéd cardiovascular disease simply
reflects the presence of other risk factors suchhgsertension or diabetes, diuretic

treatment, impaired renal function, atheroscleriisedf or increased oxidative stress.

Worsening renal function is associated with inceglaserum uric acid levels and increased
burden of cardiovascular disease. Markers of dixieatress are increased in patients with
chronic renal disease and are predictive of ine@asrdiovascular mortality (403;404).
Successful renal transplantation (405-407) improgsesh markers. Therefore, the
association may simply reflect impaired renal fiorctand the associated oxidative stress
and cardiovascular risk. While most studies halexjaately adjusted for renal impairment,
it cannot be excluded that raised uric acid levefect or contribute to sub clinical levels

of renal impairment which contribute to the asstarain as yet undefined ways.

Even in those with normal renal function, highevels of uric acid may reflect higher
levels of xanthine oxidase activity and oxidatitess. This would also explain why serum
uric acid levels rise after an ischaemic insuldessussed below. The action of xanthine
oxidase leads to generation of superoxide aniomd,ig one of the principle sources of
reactive oxygen species (ROS) in the human vasoel&408;409). The molecular effects
and importance of ROS in cardiovascular diseasealraady been extensively reviewed
(410-413). In summary, once formed, superoxideraaan inactivate nitric oxide, leading
to formation of peroxynitrite, which is also a stgpoxidant. This inhibits endothelium-
dependent vasorelaxation, limits the favourableea#f of nitric oxide on platelet

aggregation and vascular smooth muscle prolifemaéind causes oxidation of DNA and
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lipids; all factors integral to development of athsxlerosis (414). Under normal
circumstances ROS production is usually countengdritioxidant defence mechanisms,

including the action of superoxide dismutase (SQCIRP).

As well as this putative role in atherosclerosisalepment, ROS production increases
acutely following cerebral or cardiac ischaemia aray contribute to the degree and extent
of tissue damage (416-418). This hypothesis ipeded by animal models of ischaemic
stroke where SOD knockout mice exhibit greaterolesiolumes after temporary middle
cerebral artery occlusion (419-421), whereas SOBr expressing mice exhibit reduced
lesion volume (422). Infusion of SOD and catalagee led to a reduction in stroke lesion
volume in a murine stroke model (423). Human ssidiave also shown that locally
increased oxidative stress and reduced periphetaixédant activity are associated with
increased stroke lesion volume and a greater ragioall deficit (424;425). Similar work
in animal models of myocardial infarction has sigjge oxidative stress is associated with
increased development of heart failure (426;42)is also likely that oxidative stress
predisposes to development of heart failure afterteamyocardial infarction in humans
(428;429). Thus, increased uric acid levels maypsy reflect increased xanthine oxidase
activity which may directly contribute to the dempement of atherosclerotic disorders and

predispose to more severe vascular events.

There is evidence that uric acid has antioxidativig and that levels may rise after an

ischaemic insult. This has led to an alternateottygsis that elevated serum uric acid
represents a physiological, and perhaps protecteggonse to the oxidative stress that
characterises many vascular disease states (430;#84 rat model of cerebral ischaemia,

brain uric acid levels increased (432;433) and tmaasient ischaemia model, infusion of

- 153 -



uric acid led to a reduction of infarct volume antproved behavioural outcome (433).
This is further supported by data from a rat maafefraumatic brain injury and a mouse
model of multiple sclerosis, where uric acid wasro to reduce formation of peroxynitrite
radicals (434;435). In healthy human volunteeri, acid administration has been shown to
increase serum antioxidant capacity (436). Irudysbf 800 patients with ischaemic stroke,
admission serum uric acid was higher in those aitjood outcome and increasing levels
associated with a good outcome (OR 1.12, 95% CR%-per additional mg/dl uric acid)

(395). This finding is in direct contrast to thageother studies (388-390).

While these findings warrant consideration, theeptial antioxidant properties of uric acid
in vitro or in vivo should not be over-interpretddcreased local tissue levels in animal
models of ischaemia and brain injury may simplyefthe levels of oxidative stress and
xanthine oxidase activity, and not an innate pitoteaesponse. The substance itself may
well have antioxidant properties but its generat@md associated superoxide anion
production may be of much greater significance aetfiment. Even the intriguing
findings that uric acid infusion may be protectimeanimal models of brain ischaemia do
not imply that uric acid lowering strategies, anartigularly those involving xanthine

oxidase inhibition, could not have favourable effdo vivo.

For a Causal Association

Data from animal and in-vitro studies do raise filbssibility of a direct causal mechanism
for uric acid in cardiovascular disease which pdesi further support for the convincing
epidemiological associations. Monosodium uratestedg have been shown to stimulate
release of the platelet constituents serotonin, Aimé ADP (437), while uric acid has been

shown to stimulate rat vascular smooth muscle prbolu in vitro (438). Uric acid may
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also increase oxygenation of LDL (439) and may hawausative role in the development

of hypertension (440-442). This is summarisedguife 4.2.

Allopurinol
Xanthine Losartan (and
Oxidase other uricosurics)

Endogenous
Purines

1 Uric Acid Renal
Production Excretion
Exogenous I
Purines (o))

Serum Uric
Acid

NO
Inactivation % l

Platelet Endothelial

Aggregation Y Dysfunction

Atherosclerosis and
Cardiovascular Disease

Figure 4.2 Potential Mechanisms by Which Elevatedeum Uric Acid is
Related to Cardiovascular Disease and Potential Mebds of Risk
Reduction. Drugs and sites of action are shown italic font,

4.01.4 Pharmacological intervention to Lower Uric A&id

Several drugs are known to lower uric acid. Thetker increase uric acid excretion
(urosuric drugs), block the final step in uric apmduction via xanthine oxidase inhibition
or lead to uric acid breakdown (rasburicase). Tinast effective urosuric drugs are
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probenecid and sulfinpyrazone, while fenofibrate fi@arate) (443) and losartan (an
angiotensin Il antagonist) (444;445) also have wnios activity. Rasburicase is a
recombinant urate-oxidase enzyme which converts acid to allantoin. It is used in
association with some anti-cancer treatments anhssitable for repeated dosing. There
are two commercially available xanthine oxidaseilitbrs, allopurinol and oxypurinol.
Allopurinol is rapidly metabolised to oxypurinol,hich is an analogue of xanthine and
preferentially binds to xanthine oxidase therelhybiting its activity (446). Because of its
action on both uric acid levels and xanthine oxadastivity, allopurinol is a logical drug to

study in trials of cardiovascular risk reductiomgy(re 4.2).

Allopurinol is generally well tolerated with fewdg effects. Its major indication is in the
prophylaxis of gout (447). Side-effects typicabpmprise gastro-intestinal upset and
rashes. A rash develops in approximately 2 pereepatients and typically subsides after
treatment is discontinued. More serious side &fesuch as generalised hypersensitivity,
occur in less thah in 1000 cases and include exfoliative dermatdftgen with vasculitis,
fever, liver dysfunction, eosinophilia, and acutgerstitialnephritis (448). The rate of
adverse reaction is highest in patients with relyafunction and rashes are more common
with concurrent amoxicillin therapy (449;450). Téeis a known interaction with
azathioprine and 6-mercaptopurine therapy and samgereports of cytopenia. This side-
effect profile is comparable to that of commonledisecondary preventative agents such
as HMG-CoA reductase inhibitors (451) and angiatert®nverting enzyme inhibitors

(452:453).
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4.01.5 Uric Acid Lowering Drugs and CardiovasculamRisk

Three drugs known to reduce cardiovascular moytalitve been shown to reduce serum
uric acid. This may explain some of their benelfigffect but changes in other risk factors
such as renal function and blood pressure may expath the beneficial effects and

changes in uric acid levels.

Fenofibrate is a fibric acid derivative known toduee total and LDL cholesterol by
approximately 15% with a similar increase in HDLolgsterol and with larger reductions
in triglyceride levels (454). Fibrates reduce dmeice of cardiac events in dyslipidaemic
patients (455) and in those with coronary dised86)( These benefits may be greatest in
type two diabetics (457) where they have been shitowaduce atherosclerosis progression
(458) and total vascular events (459). Fenofibrattluces serum uric acid levels (via
increased renal excretion) by as much as 46% itthyesolunteers, hypertensive and
diabetic patients and those with gout on specifeteulowering therapy (460-462). This
may provide adjunctive efficacy in the treatmentgolit when combined with allopurinol
(463;464) and may contribute to the reduced vascidk associated with fibrate therapy.
This effect is not seen with other fibrates (468§ ats mechanism is elusive although

unlikely to be mediated by improvements in renaiction (466).

Losartan is an angiotensin |l receptor antagoniBickv is superior to atenolol in the
prevention of cardiovascular events when given fpehtensive patients with left
ventricular hypertrophy (467). Losartan is knownimcrease renal uric acid excretion
(468) (by as much as 30%), thereby causing sigmificeductions in serum uric acid (469).
This mediated via effects on the urate/anion trarismechanism in the renal proximal

tubule (470). This is not a class effect; otheriategsin Il antagonists have little or no

- 157 -



effect on serum uric acid excretion (471). Up 88@of the 13% relative risk reduction
seen with losartan use in the LIFE study has bé&ebuwted to its effect on serum uric acid
(472). Serum uric acid increased with both atererhal losartan use in the LIFE study, but
the increase was significantly less with losart&fhether this does underpin much of the
benefit of losartan and whether it can attenuageptbssibly detrimental effects of diuretics
on uric acid requires further clarification. Altigh the effect was independent of measures
of renal function, treatment with ACE blockade mg@tensin Il antagonists do reduce

levels of oxidative stress (473) which could itsettount for this added benefit.

Statin therapy has also been shown to lower semimagid. In the GREACE study,
atorvastatin was associated with a fall in serum acid (by 8.2%), whereas serum uric
acid increased in those patients allocated to theepo group (by 3.3%). After extensive
adjustment of several risk factors including chamgerenal function, each 60umol/l
reduction in serum uric acid was associated witleduction in vascular event rates (HR
0.76, 95% CI 0.62-0.89) (474). A fall in serunicuacid has been mirrored in other studies
of statin therapy (149;475) but typically in assticin with improvements in serum
creatinine. Atorvastatin however, has repeatedlnbshown to lower uric acid (by 6.4%)
in other studies (476) even after adjustment fararefunction, possibly because of
decreased uric acid production (477). As yet, tt/das not been adequately studied and
cannot be assumed to explain some of atorvastatifests, although it may represent a

further beneficial effect.

Specific Intervention to Lower Serum Uric Acid andXanthine Oxidase Inhibition
The effect of xanthine oxidase inhibition on measuof endothelial and cardiovascular

function has also been tested in a number of sstatlies, performed in the context of
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diabetes, hypercholesterolaemia, hypertensionatddvl0 year cardiovascular risk, sleep
apnoea, angiographically confirmed cardiovascuiaease, stroke and heart failure. A
recent systematic review performed by myself hastiled 22 such studies (478-498). A

summary of the findings is given below and in tahl2.

Study design has varied using either oral or immawus xanthine oxidase inhibition with
differing treatment duration. For example, sevendigts (478;480;486-488;493;495)
utilised a single dose of allopurinol or oxypurintl other studies duration of therapy was
one week (480), two weeks (491;492;498), one mdaB1;483;484;490;494;497), six
weeks (489), two months (479), three months (482;4thd six months (485). Some
studies were open label (478;480;486-488;493;48®)rs employed a cross over design
(479-482;490;494;495;498) and the remainder werglamised controlled trials (483-

485;489;491,;492;497).

The populations studied have varied. There haven lmdee studies in heart failure or
cardiomyopathy (478-486), two in those with esttidid cardiac disease (487;488), three
in those with diabetes (490-492), one in those vgittoke (489), two in those with
hypercholesterolaemia (493;494), one in those thighmetabolic syndrome (497), one in
smokers (495), one in those with hyperuricaemiaededated Framingham risk score (496)

and one in those with sleep apnoea (498).

The endpoints assessed also varied. Six studiesteelpchanges in forearm blood flow
responses following acetylcholine infusion (480;48®;493-495) with similar measures
of limb blood flow responses assessed in a furtber studies (480;496-498). Three

studies assessed changes in blood markers of medatess (491;492) and inflammatory
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activity (489) while further studies evaluated ofpanin BNP levels (482), exercise
tolerance (482;484) and myocardial efficiency, cactility and function (486)

(478;484,;488). Others reported effects on heaet vatiability parameters (479), coronary
vasoconstrictor activity (487) and in one studycliaical endpoint of change in clinical

status in those with chronic heart failure was ssse (485).

Improvements in endothelial function following allarinol have been shown in patients
with type Il diabetes and mild hypertension (490&ndothelial function, expressed as
percentage change in ratio of infused forearm bltms (FBF) compared to non-infused
arm FBF in response to intra-arterial acetylcholimieision, was found to return to near
normal following one month of 300mg allopurinol atment. No effect was seen on
control patients. Using similar methods, a singtel @ose of allopurinol was found to
improve peripheral endothelial function towardsmakin smokers but had no effect in the
non-smoking control group (495). The rapidity bé improvement strongly suggests that
xanthine oxidase is a key contributor to the eneleh dysfunction seen in smokers.
Further study in those with diabetes has suggdstpdovement in markers of oxidative

stress (491;492).

Improvement in forearm endothelial function hasoalseen seen in patients with
hypercholesterolaemia following intra-arterial adisiration of oxypurinol (493) but this
was not replicated in a similar but smaller stufi¢ aveeks oral allopurinol treatment (494).
It is possible this later study was underpowerbd;dower calculation was based upon the
effect size seen following 3 months of simvastatisatment (499). The anticipated
treatment effect was larger than that seen in attuglies of allopurinol use, while the effect

seen in this study at one month, was more simidrapproximately half this.
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Forearm blood flow responses, expressed as ischaandhiced change in brachial artery
diameter, were also improved by a three month eoafsllopurinol in a group of patients
with elevated 10 year cardiovascular risk (496) aggderuricaemia. A recent study in
patients with stable coronary artery disease (48@jved that intravenous administration of
oxypurinol improved both peripheral endothelial ¢tion and coronary endothelial
function (expressed as the coronary vasoconstriegponse to acetylcholine and changes
in coronary blood flow) in those with impaired blase function. A similar study showed

an improvement in left ventricular function in tleosith IHD (488).

Intra-coronary infusion of oxypurinol has been shoto reduce myocardial oxygen
consumption, probably via preserved nitric oxidedgtivity, and to significantly increase
myocardial efficiency measurements in those witarh@ilure (478). In a further study a
single intravenous infusion (486) and a one morthrge of 600 mg allopurinol (484)
improved left ventricular ejection fraction. Furthéoth an intravenous infusion (480), a
one month 300 mg oral course (481) and a six m&@@® mg oral course (483) of
allopurinol have been shown to improve a varietynmafasures of peripheral endothelial
function in patients with heart failure. Recentrivdhas shown that B-type natriuretic
peptide concentrations are reduced by a three numutse of oral allopurinol (482) but no
improvements in exercise tolerance were demonsdiratkile in previous study no change

in heart rate variability parameters was seen (479)

Results from the largest study to date were disapipg. In the OPT-CHF trial (485), 405
participants with heart failure were randomisedréoeive either oxypurinol 600 mg or

placebo for 6 months. The primary endpoint wasndefias a change in clinical status
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based upon changes in a variety of parameters; atitgrt heart failure related
hospitalisations, need for therapy escalation, N@nk Heart Association functional class
and Patient Global Heart Failure Clinical Statusere was no difference in the proportion
of patients who improved or worsened between treatngroups (43.3% improved with
allopurinol compared to 45%) with placebo while 32%a 35.6%) remained the same and
24.6% and 19.3% worsened (p = 0.42)). However,-postanalyses suggested that in
those with elevated serum uric acid, oxypurinol iayed clinical status, whereas the
opposite occurred in those with lower uric acidelav In the oxypurinol cohort as a whole,
those who improved had significantly greater redunst in serum uric acid levels than
those who worsened. These findings are difficuihterpret. On the one-hand the post-hoc
analyses suggest benefit in those with high urid é&vels and that the greater the fall
following oxypurinol in such patients, the bettee toutcome, they also raise the possibility

that oxypurinol can cause harm in some.

Potential Significance of These Studies

Abnormalities in peripheral and coronary arterigsponses are accepted to signify
endothelial dysfunction and are associated witrerotharkers of cardiovascular disease
(500). Improvements in these parameters have bhewrsto follow treatment with
thiazolidinediones (501;502) and agents such as A®ibitors (503-505), HMG COA
reductase inhibitors (502,505-509), and amlodigb@83). Most of these agents have been
shown to be effective in reducing cardiovasculaen¢wates and mortality. While direct
comparisons are flawed and difficult, the magnitodiehe changes effected by xanthine
oxidase inhibition seems comparable to those cabgethese agents (bar the exception
outlined above) (472;505;506;510). Further, thduotions in BNP levels seen were

comparable to those induced by ACE inhibition, atepsin Il antagonists (511), beta-
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blockade (512) and spironolactone (513). It igd¢fw@e possible, but entirely speculative,
that allopurinol could have a similar impact omial outcomes as these agents. The side
effect profile of allopurinol is also comparable ather treatments but the cost is not;

allopurinol is cheap making it an attractive prexagine treatment.

Data have shown that following stroke, each add#id.1 mmol/l increase in serum uric
acid is associated with a 27% increased relatiske of a recurrent cardiovascular event
(388). Data also show that following stroke, 300 afigpurinol causes a sustained
reduction in serum uric acid from a mean of 0.35aim(SD 0.09) to 0.22 mmol/L (SD
0.05) (unpublished data). Using a secondary ptemestroke trial as an example, it would
therefore be reasonable to expect a 27% relatkereiduction in cardiovascular event rate
with this treatment. With a predicted cardiovaacwdvent rate of 6/100 patient years, or
16% over 3.5 years (as used to design and seeheinrecent ESPRIT trial (138)),
approximately 3000 patients would be required toddilewed for a mean of 3 years to
confirm this benefit. It is important to remembldat this figure may actually be less
because the beneficial effects of allopurinol odathelial function would be expected to
contribute to the treatment effect regardless @inges in uric acid. For example, in those
studies involving a single dose of allopurinol otypurinol which showed benefit, the

results presumably reflect xanthine oxidase intwbitather than change in serum uric acid.
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Ref.

Population

Intervention

Change Following Treatment

(480) CHF,t uric acid | Intra-arterial infusiopnlmprovement in FEF *
of allopurinol

(480) CHF,turicacid | 1 week allopuringlimprovement in lower Ilimb
300mg T endothelial function.

(482) CHF 3 months allopuringlFall in BNP levels from baseling
300mg t No change in exercise tolerance

(481) CHF 1 month 300mpIimprovement in FEF *
allopurinol

(484) CHF 1 month oxypuringlincrease in LVEF
600 mg

(486) | CHF Single intra-venoydncrease in LVEF
oxypurinol infusion

(485) CHF 6 months oxypurindlNo change in functional status
600 mg

(479) CHF 2 months allopuringlNo change in heart rate variability
300 mg parameters

(478) Idiopathic DCM | Intra-coronary infusigrReduction in MVOZ2. Increase |n
of allopurinol myocardial efficiency

(488) | CHD and LVSD | Single intra-venobgncrease in LVEF and reduction [n
oxypurinol infusion end systolic ventricular volume

(487) Coronary HeartSingle intra-venous Attenuation of coronary

Disease oxypurinol infusion vasoconstrictor response * and

increase in coronary blood flow

CHF = congestive cardiac failure. FEF = forearm aielial function. BNP = brair
natriuretic peptide. DCM = dilated cardiomyopathiyVO, = Myocardial G, consumption
LVSD = left ventricular systolic dysfunction. * a response to intra-arterial Ach infusio

t = cross over design, § = control arm, || = is@maia induced % change in BA diamete

=

-

Table 4.2. Studies of uric acid lowering therapy tinose with or at risk of cardiovasculg

disease.

-
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Ref. Population Intervention Change Following Treatment
(489) Acute ischaemig6 weeks allopurinol Reduction in ICAM-1 levels
stroke (300 or 100 mg) 8 following 300 mg allopurinol
(490) | Type 2 DM 1 month 300mg odimprovementin FEF *
allopurinol '§
(491) Type 1 DM 2 weeks allopurinpReduction in GSSG/GSH
300 mg
(492) Type 2 DM 2 weeks allopurinol 1Q0@Reduction of lipid peroxidation
mg and total antioxidant power ip
blood / saliva
(493) |1 cholesterol, 1| Single infusion  of Improvement in FEF * in{
BP oxypurinol § cholesterol patients
(494) | 1 cholesterol 4 weeks 300mgdNo change in FEF *
allopurinol 1
(495) Smokers Single 600mg po dadenprovement in FEF *
allopurinol 18
(496) | 1 uric acid,t CV |3 months  300mgImprovement in FEF ||
risk. allopurinol §
(497) Metabolic 1 month allopurinol Increase in FBF ¥ respective o
Syndrome 300 mg baseline (3.80.1 %, p<0.01)
(498) OSA 2 weeks allopurinol 3gdmprovement in FEF *, %

mg

DM = diabetes mellitus. FEF = forearm endotheliainttion.* = in response to intrg

arterial Ach infusion, T = cross over design, FBHaerearm blood flow, § = control arm

|| = ischaemia induced % change in BA diameter. @3Mstructive sleep apnoea.

Table 4.2 cont. Studies of uric acid lowering thena in those with or at risk o

cardiovascular disease.

- 165 -



Gaps in the Clinical Trial Data

There are no adequately powered clinical endpeialstof uric acid lowering strategies
such as xanthine oxidase inhibition and there aresmall scale studies in patients with

stroke or that examine markers of cerebrovascaltin

Summary

The epidemiological evidence to support a role d¢évated serum uric acid in
cardiovascular disease is cogent. These assow@afice seen across healthy populations
(albeit less consistently), those with cardiovaacutisk factors and in those with
established cardiovascular disease. While a @atrophysiological role for uric acid in
the development of cardiovascular disease ha®yst established, there are data to
support detrimental and prothrombotic effects catgdét and endothelial function. Post-
hoc analyses suggest that some of the beneficiactef of proven treatments for
cardiovascular disease may be due to changesumagic acid level study. (458;472;474).
Furthermore, xanthine oxidase mediated oxidatikesstis likely to have a significant role
in the development of atherosclerosis and sevenall studies have shown that xanthine
oxidase inhibition improves endothelial functiondamarkers of oxidative stress in a
variety of disease states (478;480-482;487;4884833496), although not yet with regard
to markers of stroke risk or in those with strokehus, even if serum uric acid is simply a
marker of oxidative stress, there is a wealth ofl@piological, animal and now clinical
data to suggest the benefits of strategies to lawieracid and inhibit xanthine oxidase.
Data from the OPT-CHF study raise the possibiligttbenefit may only be seen in those
with elevated serum uric acid and that treatmeny tva& detrimental in those with low

serum uric acid. Large scale trials with clinicaldpoints are justified to address this
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important question in the context of heart failumronary disease and in broader
categories of cardiovascular risk. Despite beim@ld drug, allopurinol may prove to be a

cheap, effective and novel preventative therapyHer2f century.

4.02 Chapter Aims and Hypothesis

The hypothesis was that elevated serum uric acidldMoe associated with a poor outcome
following acute stroke; that it would be associateth increased stroke risk in those with
hypertension; and that use of allopurinol would ioye cerebrovascular health in a
primary and secondary prevention cohort. The airs tharefore to evaluate the association
between serum uric acid and functional outcomer a$teoke (study one) and the
association between serum uric acid and strokeimigkypertensive patients (study two)
and to test whether allopurinol, the most widelgdisiric acid lowering drug, improves
cerebrovascular health in those with diabetes ysthdee) and recent subcortical stroke

(study four).
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4.03 Study One - Baseline Serum Uric Acid and 90-DaFunctional Outcomes

Following Acute Ischaemic Stroke

The study hypothesis was that elevated serum it \®ould be associated with a poor
outcome following acute stroke. A retrospective Igsia of clinical trial data was

performed to test this.

4.03.1 Study One Methods

The relationship between serum uric acid measuaeg after stroke and 90-day outcome
were evaluated using data from the Virtual Inteorat! Stroke Trials Archive (VISTA)
resource. Full details of the VISTA resource arscdbed elsewhere (514). Briefly, VISTA
represents an archive of either complete datasetiseoplacebo component from clinical
trials in acute stroke. The original data can bardeed to select trials and/or patients
fulfilling certain selection criteria or with fietd containing certain information, such as
serum uric acid level or functional outcome. Analy®n natural history are encouraged but
exploration of treatment effects is prevented; ame cases trial datasets were donated
under confidentiality rules that preclude idenafion of the trial in published analyses.
The VISTA dataset continues to expand, but atithe bf access for this study it contained

data from 15 trials and over 15,000 patients.

Data were extracted from the VISTA dataset, whereira uric acid had been measured
during conduct of an acute stroke trial within @fgof symptom onset. Only a single trial
in VISTA routinely measured baseline uric acid. | phtients had ischaemic stroke
confirmed by brain imaging and baseline stroke sgvéScandinavian Stroke Scale (SSS))

(515) and demographic details were recorded. Follpwvas for 3 months at which point
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functional outcome assessment (using the mRs anithéBandex) and repeat SSS scores

were performed.

Statistical Analysis

Descriptive statistics were used to describe thmufaion with mean (xSD) and or number
(%) used. Poor outcome was defined as death omdepey at 90 days (modified Rankin
scale (mRs) (516) score > 2 or death within 90 ddysc acid levels were converted to
mmol/l. The relationship between baseline diffeemndincluding uric acid) and poor
outcome was assessed and univariate differences®eigroups were explored. Tifetest
(binary variables) and Student’s t test (continuvasables) were used. Univariate and
then multivariate logistic regression analysis wesformed to assess thelationship
between uric acid and outcome and to control faiabtes that differed significantly
between outcome groups or that are known to pratficke outcome. Natural logarithmic
transformations of data were employed when expboyanalyses showed these to be

merited. The linearity assumption was verified gdime Box-Tidwell test.

Patients known to be alive at day 90 but for whbm® lmRs grading was unknown were
excluded from the regression analyses. Sensitofitthe findings to this assumption was
investigated by repeating the analyses twice, miigsing scores entered as good and poor
outcomes respectively. Mean values were imputedewtiata were missing for continuous

variables.

All statistical analyses were performed using Mibhiversion 15 (Minitab inc. PA, USA)
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4.03.2 Study One Results

In total, 852 patients were included. Mean age @&g+12) years and 524 participants
(61.5%) were male. Mean baseline SSS was 27 (#h@an systolic blood pressure was
160 (£27) mmHg and mean diastolic blood pressuré+88) mmHg. Mean baseline uric

acid was 0.35 (x0.11) mmol/l. These and other l@seaharacteristics are shown in table

4.3.

Age, years 68.3 (12.1)

Male 524 (61.5)

SSS, units 27 (9.2)

SBP, mmHg 160.5 (27)

DBP, mmHg 88.4 (14.9)
Creatinine (pumol/l) 92.7 (24.3)
Cholesterol (mmol/l) 5.6 (1.2)
Glucose (mmol/l) 7.57 (2.9)

Uric Acid (mmol/l) 0.35(0.11)
Ischaemic Heart Disease 165 (19.4%)
Diabetes Mellitus 164 (19.3%)
Hypertension 467 (54.8%)
Atrial Fibrillation 156 (18.3%)
Congestive Cardiac Failure 74 (8.7%)

Table 4.3 — Study One Baseline Demographic Variabl&Expressed as n (%) far
categorical variables and mean (SD) for continuouariables.
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Outcomes

Eleven patients could not be assigned to an out@ymgp as they were known to be alive
but had no day 90 mRs score recorded. Four patiedsno age recorded, 8 had no
baseline measurement of heart rate and 2 had mtirblood pressure measurement. At

90 days, 434 patients (51.6%) had suffered a pomome, 141 of whom had died.

Univariate Analysis

On univariate analyses (table 4.4), greater ageerdaseline SSS, higher systolic blood
pressure, higher serum glucose, higher serum ocmeeti female sex, a history of

hypertension, atrial fibrillation, diabetes melitand cardiac failure were associated with
increased odds of a poor outcome, as were greatamauric acid levels (OR 1.57, 95% CI

1.02-2.42). Natural logarithmic transformation cital was utilized for serum uric acid,

creatinine and glucose levels.

Variable Coefficient OR Cl P

Uric Acid * 0.451001 1.57 1.02-2.42 0.042
Age 0.0381584 1.04 1.03-1.05 <0.001
Male -0.307936 0.73 0.56-0.97 0.015
BSSS -0.136462 0.87 0.85-0.89 <0.001
Creatinine * 0.784949 2.19 1.26-3.82 0.006
SBP 0.0065294 1.01 1-1.01 0.012
Glucose * 1.03505 2.82 1.8-4.41 <0.001
Hypertension | 0.309976 1.36 1.04-1.79 0.026
AF 0.697322 2.01 1.4-2.89 <0.001
CHF 0.511970 1.67 1.02-2.74 0.04
Table 4.4. Relationship Between Baseline Variablasd Stroke Outcome on
Univariate Analysis. * = natural logarithmic trangirmation employed.
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Multivariate Analysis

Multivariate analysis revealed that only greateg,dgwer baseline SSS and higher serum
glucose and systolic blood pressure were indepélydassociated with a poor outcome

(table 4.5). Uric acid level was not independemtbgociated with poor outcome (OR 1.3,

95% CI 0.73-2.31 (for log transformed data)).

Variable Coefficient OR Cl P

Age 0.0273775 1.03 1.01-1.04 0.001
Uric Acid * 0.234900 1.3 0.7-2.31 0.42
Male -0.215531 0.81 0.56-1.15 0.24
BSSS -0.135167 0.87 0.85-0.89 <0.001
Creatinine * 0.303908 1.36 0.65-2.84 0.42
SBP 0.0084116 1.01 1-1.01 0.01
Glucose * 0.775222 2.17 1.29-3.66 0.004
Hypertension | -0.0091985 0.99 0.7-1.4 0.96
AF 0.217369 1.24 0.8-1.92 0.33
CHF 0.0750884 1.08 0.6-1.95 0.80
Table 4.5. Relationship Between Baseline Variablasd Stroke Outcome on
Multivariate Analysis. * = natural logarithmic trarsformation employed.

Results were similar whether the 11 missing mRsescwere substituted by good or poor

outcomes on both univariate and multivariate amglftable 4.6).
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Variable OR # Cl# OR () Cl (*)

Age 1.03 1.01-1.04 1.02 1.01-1.04
Uric Acid * 1.41 0.8-2.49 1.28 0.73-2.26
Male 0.84 0.59-1.19 0.79 0.56-1.13
BSSS 0.88 0.86-0.9 0.87 0.85-0.89
Creatinine * 1.19 0.57-2.48 1.45 0.69-3.02
SBP 1.01 1-1.01 1.01 1-1.01
Glucose * 1.10 1.04-1.16 1.95 1.18-3.24
Hypertension | 0.97 0.69-1.37 0.99 0.71-1.4

AF 1.18 0.77-1.82 1.3 0.84-2

CHF 1.09 0.61-1.96 1.08 0.6-1.94
Table 4.6. Relationship With Poor Outcome (mRs >-2)Multivariate Sensitivity
Analysis. Missing outcome data assumed to repreg®ytr (#) or good (*) outcome
respectively. * = natural logarithmic transformatioemployed.

4.03.3 Study One Discussion

This study failed to demonstrate an independerdcestson between serum uric acid and
day 90 functional outcome after acute ischaemukstr An association was seen between
increasing uric acid levels and odds of poor outan univariate analyses but not on
multivariate analysis. It is however possible gitee upper limit of the 95% confidence

intervals that such an association does exist.

This study used a robust dataset from a largeroigdy monitored randomized controlled
trial with near complete ascertainment (98.7%) 6fd@y functional outcomes. Data
collection was restricted to studies where uridagas measured acutely within a known

time frame and where modified Rankin scale scoresewneasured. All patients were
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recruited and enrolled with a mean time of 4.5 Bduom ictus and all those included in
this analysis had baseline serum uric acid and&stseverity measured. The group included
a wide range of ages and outcomes similar to tlses in other large trials (517).
Reassuringly, variables such as increasing agedijpoessure, serum creatinine and worse
baseline stroke severity predicted poor outcombaassbeen shown previously. By using
day 90 mRs as the outcome measure, results oftinly can be readily interpreted in a
fashion that is clinically relevant and meaningtdbwever, the fact this was a clinical trial
population is also a potential weakness - the ptgiare naturally highly selected and thus
not guaranteed to be truly representative of thdewpopulation. Log transformations of
data were utilized because exploratory analysegestgd it appropriate and, while this
makes direct comparison with other work difficultwas appropriate. A further potential
weakness is that the analysis was based upon ke simeasurement of uric acid and small
intra-individual variation in uric acid levels is\éwn to occur (518). This will reduce the
apparent strength of any association. However, study of the potential role of uric acid

in the acute setting, a spot measurement is thé relesant.

The literature to date overwhelmingly supports ssoaiation between elevated serum uric
acid and increased incidence of cardiovascular tevemd mortality (519). More
uncertainty surrounds the relationship betweenl$ewé serum uric and likelihood of
recovery after stroke. As mentioned, it has be@vipusly demonstrated that higher uric
acid measured early after stroke is independerstp@ated with reduced likelihood of a
favourable outcome, an increased risk of recurvastular events (388) and an increased
risk of early clinical deterioration (390). Othensive shown increasing uric acid to be
independently associated with increased odds ofl godcome at 7 days (395). This study

showed an association between increasing serumagrtt and increased odds of poor
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outcome on univariate analysis but, given the tesof multivariate analysis, does not

support any of the previous findings.

These differences are intriguing. This and previsuglies have used similar techniques,
first exploring univariate differences between ome groups then using multiple logistic
regression to control for factors known to influenoutcome. There were, however,
differences in trial methodology that may explamstapparent discrepancy. Previous
studies were retrospective analyses of registryasgés with differing endpoints. For
example, one previous analysis utilized placemef@0alays (alive, placed in own home or
care or dead) as the outcome measure whereas wggksting benefit of elevated uric acid
utilized day 7 Mathew scale score. Both these tpotential drawbacks; placement at 90
days could be confounded by socioeconomic factwlsle the Mathew scale is poorly
validated and day 7 outcomes are less informaltige those at day 90. The present study is
the first analysis from a clinical trial utilizinghe most widely accepted and utilized
measure of functional outcome available. These daitee the possibility that no such
independent association exists, although the ettanadds ratio is similar to that found in
previous work and the confidence intervals overigmnay be that the study had limited

statistical power to detect an independent effette magnitude found in previous studies.

Regardless, these findings do not discount thellmbgsthat uric acid reduction is a viable
and promising strategy to reduce cardiovascul&: tigic acid contributes to several key
stages of the atherosclerotic process and may ld@emental effects on platelet,
endothelial and smooth muscle cell function (438;820;521) and may have a role in the
development of MRI detected ischaemic cerebral evinitatter hyper-intensities (522).

These findings support the notion that elevatedmarric acid will increase cardiovascular
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event rate and could link with worse outcome afteoke. On the other hand, uric acid is
widely accepted to have antioxidant activity anthespeculate that elevated levels may be
a beneficial response to the oxidative stressdhatacterises vascular disease states (430).
This may apply in ischaemic stroke: brain uric algslels increase in a rat model of
permanent cerebral ischemia (432;433) and infusfanic acid reduces infarct volume and
improves behavioural outcome in a rat transierttéasda model (434). Human data also
support the antioxidant properties, where uric aatministration has been shown to
increase serum antioxidant capacity in healthy maers (436) and reduce markers of
oxidative stress in those treated with thrombolttierapy for acute ischaemic stroke (523).
Temporary iatrogenic hyperuricaemia may afford llkeeeficial antioxidant effects of uric

acid without the detrimental effects of chronicalgvated levels on the vasculature.

In summary, this study found no significant indeg@mt association between serum uric
acid level soon after ischaemic stroke onset anda0outcome. Prospective trials are
needed to clarify the role of uric acid managementhe post stroke period and as a

preventative measure in cardiovascular disease.
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Study Two - Serum Uric Acid and Stroke Mortality in Patients with Hypertension

The study hypothesis was that elevated serum aricveould be associated with increased
stroke risk in those with hypertension. A retrogpecanalysis of a large registry dataset

was performed to test this.

4.04.1 Study Two Methods

The relationship between serum uric acid and muytal a group of hypertensive patients
domiciled in the West of Scotland was evaluatedaDam the Glasgow Blood Pressure
Clinic were used. This is a secondary and tertiafgrral centre for patients from the West
of Scotland area. Patients are reviewed at |leastadly. Demographic and clinical data
are routinely gathered on all patients and entareda computer database, which currently
holds data on those who have attended since Nowvedfg7. The study design was

evaluated by and approved by the West Medical Relseathics Committee, who felt

formal application and review were unnecessary.

Subjects are followed up by record linkage (5249i¢ath records held and supplied by the
Registrar General of Scotland, which provide adeucauses of death. Causes of death are
described according to the ninth and tenth revssioh the World Health Organisation
International Classifications of Diseases (ICD-9 #3D-10). The primary outcome event
was defined as death due to stroke (ICD-9 430-438condary outcomes were total
mortality, coronary heart disease mortality (ICEB0-414.9) and total vascular mortality

(stroke, coronary (defined above) and peripherstuiar disease deaths (440-447.6).
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Statistical Analysis

Descriptive statistics were used to describe thrujadion with mean (xSD) or number (%)
used. Baseline demographic variables and outcamees compared between those who
had uric acid levels measured compared to those didhanot. The relationship between
baseline differences (including uric acid) and fmmary outcome was assessed and
univariate differences between groups were explofé®X? test (binary variables) and
Student’s t test (continuous variables) were u3ée. average serum uric acid throughout
the study was used for analyses. Average levelbledd pressure and other blood

parameters were also used.

A Cox proportional hazards model was used to asHassrelationship between last
measured uric acid and primary outcome after amijeist for differences between the
groups or other factors which may influence ocawee of the primary outcome. All
statistical analyses were performed using SPS®/adt— version 11.5. Results of the Cox
proportionally hazard modeling are expressed asarbaratios with 95% confidence
intervals. The same statistical procedures wetevi@d for the secondary outcomes. The
risk between uric acid and stroke mortality appeéaieshaped so further analysis based

upon uric acid quintiles was performed.

4.04.2 Study Two Results

Data from 11,399 hypertensive patients who atterttiedclinic between ‘& November
1968 and 2% April 2003 were analysed. Uric acid results werailable for 6202 patients
(54.4%). The date of the last record linkage wd8 July 2004. Mean follow up duration

was 184 (SD 93.7) months with a median of 175 marBaseline demographic variables
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are shown in table 4.7. Those who had serum urttlagels measured were less likely to
be smokers, more likely to be diabetic, hyperlipiaiéc, have established vascular disease
and to be taking anti-hypertensive therapy. Meayodblpressures and mean cholesterol

levels were however lower.

Variable Whole Group | Uric Acid | No Uric Acid | P Value
n=11399 Measured Measured
n=6202 n=5197

Age; years 49.3 (13.7) 49.1 (13.4) 49.5 (14) | 0.06
Male Sex 5482 (48.1%) | 2949 (47.5%) 2533 (48.7p6)21
Smoker 3313 (29.1%) | 1728(27.9%) 1585 (30.426).002
Cholesterol > 5 mmol/Il 7444 (65.3%) 4355 (70.2%) 8B(59.7%) | <0.0001
Diabetes Mellitus 545 (4.8%) 363 (5.9%) 182 (3.5%) <0.0001
IHD 523 (4.6%) 301 (4.9%) 222 (4.3%) | 0.14
CVA 345 (3%) 204 (3.3%) 141 (2.7%) | 0.07
PVD 470 (4.1%) 273 (4.4%) 197 (3.8%) | 0.10
Any CVD 1191 (10.4%) | 686 (11.1%)| 505 (9.7%) | 0.019
Mean SBP; mmHg 157.8 (22.4) 156.5 (19.5)  159.33R5.| <0.0001
Mean DBP; mmHg 93.9 (11.2) 92.3 (9.7) 95.9 (12.5) <0.0001
BMI; kg/m? 27.7 (5.4) 27.8 (5.4) 27.6 (5.5) |0.08
Mean Cholesterol; mmol/| 6.04 (1.15) 6.1(1.1) a9) <0.0001
Mean Creatinine; pmol/l 99.1 (54.5) 98 (46.6) 10Z6.9) | <0.0001
ACE Inhibitor 2648 (23.2%) | 1796 (29%) | 852 (16%) | <0.0001
Beta Blocker 6104 (53.5%) 4071 (65.6%) 2033 (39.1%).0001
Calcium Channel Blocker, 3512 (30.8%) 2427 (39.1906)0851(20.9%) | <0.0001
Diuretic 7120 (62.5%) 4250 (68.5%) 2870 (55%) <0.0001

P values represent those obtained on comparisothade who had uric acid levels
measured compared to those who did not. Two sammsts were employed f

continuous variables, while chi-squared tests wesed for binary variables.

Table 4.7. Study Four Baseline Demographic Variable
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Uric Acid Data

The mean first serum uric acid was 0.34 mmol/l (8D4). The mean last serum UA was
0.35 mmol/l (SD 0.18) while the mean average seudmacid level during the study was
0.35 mmol/l (SD 0.14). These data and uric acidhiijes are shown in table 4.8. In total,
2431 (39.2%) of individuals had only one serum w@oid measured, 1039 (16.8%) had

two, 660 (10.6%) had three and 2072 (33.4%) haddomore uric acid measurements.

Uric Acid Data

Whole Group Mean (SD); mmol/l

First Uric Acid 0.34 (0.14)

Last Uric Acid 0.35 (0.18)

Mean Uric Acid 0.35(0.14)

Uric Acid Quintiles Range; mmol/l N (%)

1% Uric Acid Quintile 0.01t0 0.25 1242 (20.1%)
2" Uric Acid Quintile 0.26 t0 0.30 1235 (19.9%)
3" Uric Acid Quintile 0.31t00.35 1278 (20.6%)
4™ Uric Acid Quintile 0.36 t0 0.41 1207 (19.5%)
5" Uric Acid Quintile 0.42t05.5 1240 (19.9%)
Table 4.8. Study Four Uric Acid Data. Uric acid quiiles are based upon megn
serum uric acid levels.

Higher serum uric acid was significantly associameth male sex, beta-blocker, diuretic
and calcium channel antagonist therapy, establisicaddiovascular disease and
hyperlipidaemia, and increases in age, serum araatconcentration, blood pressure, total

serum cholesterol concentration and body mass iftdele 4.9).
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Continuous Variables Regression Coefficient P value

Age; years 0.001 <0.0001

Mean SBP; mmHg 0.001 <0.0001

Mean DBP; mmHg 0.001 <0.0001

Mean Cholesterol; mmol/l | 0.007 <0.0001

Mean Creatinine; pmol/l 0.001 <0.0001

BMI; kg/m* 0.003 <0.0001

Binary Variables Present Absent P value

Male Sex 0.39 0.31 <0.0001

Smoker 0.34 0.35 0.55

Cholesterol > 5 mmol/l 0.35 0.33 <0.0001

Diabetes Mellitus 0.35 0.35 0.44

IHD 0.36 0.35 0.07

CVA 0.36 0.35 0.21

PVD 0.36 0.35 0.19

Any CVD 0.36 0.35 0.009

ACE Inhibitor 0.35 0.35 0.87

Beta Blocker 0.35 0.34 <0.0001

Calcium Channel Blocker 0.35 0.34 0.007

Diuretic 0.35 0.33 <0.0001

For continuous variables linear regression analysias employed and the regress|on
coefficients refer to the increase in serum uriecdageen for each unit increase in the
variable. For binary variables, the levels showre dhe mean average serum uric agid
according to whether the variable was present aseattt and the p values refer to thgse
obtained on 2 sample t testing.

Table 4.9. Relationship Between Baseline Variablesd Increasing Serum Uric Acid
in Hypertensive Patients
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Outcome Data

In the total study group there were 713 (6.3% aiepés) stroke deaths, 1462 (12.8%) IHD
deaths, 2532 (22.7%) vascular deaths and 4137%g36J8aths in total. In those who had
serum uric acid measured, there were 354 strokihsl€a.7%), 723 (11.7%) IHD deaths,

1290 (20.8%) vascular deaths and 2124 (34.2%) seatiotal table 4.10).

Outcome Data

Variable Whole Group | UA Measured | No UA | P Value
n=11399 n = 6202 Measured
n=5197
Death 4137 (36.3%) | 2124 (34.2%) |2013(38.7%) | <0.0001

IHD Death 1462 (12.8%) | 723 (11.7%) | 739 (14.2%) | <0.0001

Stroke Death | 713 (6.3%) | 354 (5.7%) | 359 (6.9%) | 0.008

Any Vascular| 2532 (22.7%) | 1290 (20.8%) | 1302 (25.1%) | <0.0001
Death

Table 4.10. Outcome in the Whole Hypertensive Patise Study Group and Wher

Serum Uric Acid was Measured. P values refer to Glguared testing.

112

4.04.2.1 Relationships with Stroke Mortality

On univariate analysis male sex, smoking, diabgispheral vascular disease, stroke, any
established vascular disease, diuretic therapy inactases in age, SBP, DBP, serum
cholesterol concentration, serum creatinine comagoh and serum uric acid were
associated with a significant increase in stroketatity. Increasing BMI was associated

with a reduction in stroke mortality (table 4.11).
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Variable Hazard Ratio | 95% Confidence| p-value
(HR) Interval for HR

Age 1.093 1.081t01.104 |<0.001
Male Sex 1.273 1.033t0 1.568 | 0.024
IHD 1.517 0.976 t0 2.359 | 0.08
CVA 5.093 3.6631t0 7.082 |<0.001
PVD 2.386 1.611t0 3.534 | <0.001
Smoker 1.388 1.116 to 1.726 | 0.004
Any CVD 2.939 2.287t03.776 | <0.001
Diabetes Mellitus 1.630 1.115t0 2.383 | 0.018
BMI; kg/m? 0.972 0.951t0 0.994 |0.01
Mean SBP; mmHg 1.029 1.026 to 1.033 | <0.001
Mean DBP; mmHg 1.032 1.023t0 1.041 | <0.001
Mean Creatinine; pmol/l 1.004 1.002 to 1.005 | <0.001
Mean Uric Acid; pmol/l 1.861 1.19t0 2.911 | 0.006
Mean Cholesterol; mmol/| 1.413 1.042 to 1.254 | 0.005
ACE Inhibitor 0.775 0.595t0 1.008 | 0.051
Beta-Blocker 1.163 0.922 10 1.468 | 0.20
Calcium Channel Blocker| 0.984 0.789 to 1.227| 0.89
Diuretic 1.877 1.438t0 2.451 |<0.001
Table 4.11. Risk of Stroke Death (Unadjusted) inpéytensive Patients.

Following adjustment for the predictive variablegle sex, smoking, diabetes, stroke, and
increases in age, SBP, DBP and serum creatinine \associated with a significant
increase in stroke mortality. Serum uric was ngbamted with increased stroke risk (table

4.12).
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Variable Hazard Ratio | 95% Confidence| p-value
(HR) Interval for HR

Age 1.086 1.071t01.101 | <0.001
Male Sex 1.552 1.21t01.99 0.001
CVA 3.156 2.232 t0 4.465 <0.001
PVD 1.312 0.866 to 1.988 | 0.20
Smoker 1.52 1.2031t01.921 | <0.001
Diabetes Mellitus 1.623 1.085to0 2.426 | 0.018
BMI 0.983 0.96 to 1.007 0.17
Mean SBP 1.015 1.008 to 1.022 | 0.001
Mean DBP 1.025 1.011t0 1.039 | <0.001
Mean Creatinine 1.002 1.001 to 1.004 | 0.006
Mean Uric Acid 0.947 0.278 t0 3.222 | 0.93
Mean Cholesterol 1.015 0.919t0 1.120 | 0.77
Diuretic 1.144 0.8431t0 1.554 | 0.39
Table 4.12. Risk of Stroke Death (Adjusted) in Hyfemsive Patients.

On exploratory analysis, the relationship betweenacid and stroke mortality appeared J-
shaped (figure 4.3) with risk lowest in the secouoartile of serum uric acid levels (figure
4.4). Compared to those in the second quintileraf acid levels, risk was significantly
increased in those in the lowest quintile and iaseel from the third to the fifth quintile

(table 4.13).

Following adjustment for other significant variaglea significant J-shaped relationship

remained across the quintiles of uric acid witlolstrmortality (table 4.14).
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Variable Hazard Ratio | 95% Confidence| p-value
(HR) Interval for HR

Mean Uric Acid 1.861 1.19t0 2.911 0.006
Uric Acid First Quintile 1.652 1.1351t0 2.404 0.009
Uric Acid Second Quintilg 1 | == | -
Uric Acid Third Quintile 1.79 1.235to 2.595 0.002
Uric Acid Fourth Quintile | 1.948 1.347 to 2.817 <0.001
Uric Acid Fifth Quintile 2.207 153110 3.181 <0.001

Table 4.13. Risk of Stroke Death (Unadjusted forn@t Variables) in Hypertensive

17

Patients.
Variable Hazard Ratio | 95% Confidence| p-value
(HR) Interval for HR
Age 1.085 1.071to 1.1 <0.001
Male Sex 1.555 1.206 to 2.006 | 0.001
CVA 3.192 2.253t04.522 |<0.001
PVD 1.285 0.8481t01.948 |0.24
Smoker 1.519 1.202 to 1.920 | <0.001
Diabetes Mellitus 1.651 1.104 to 2.469 | 0.015
BMI 0.984 0.96 to 1.008 0.19
Mean SBP 1.015 1.008 to 1.022 | <0.001
Mean DBP 1.024 1.010to0 1.038 | 0.001
Mean Creatinine 1.002 1.001 to 1.004 | 0.006
Mean Cholesterol 1.016 0.920t0 1.122 | 0.76
Diuretic 1.143 0.841t01.555 |0.39
UA First Quintile 1.777 1.186 to 2.661 | 0.005
UA Second Quintile 1
UA Third Quintile 1.468 0.9931t0 2.169 | 0.054
UA Fourth Quintile 1.521 1.028to0 2.251 | 0.036
UA Fifth Quintile 1.434 0.953t0 2.159 | 0.08

Table 4.14. Risk of Stroke Death (Adjusted) in Hyfemsive Patients.
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Risk of Stroke Death Across UA Quintiles
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Figure 4.3. Risk of Death Across Serum Uric Acid Qutiles in
Hypertensive Patients.
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Figure 4.4. Survival Free From Stroke Across Uric A&id
Quintiles in Hypertensive Patients
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4.04.2.2 Relationships with Total Mortality

On univariate analysis male sex, smoking, diabesshiaemic heart disease, peripheral
vascular disease, stroke, any established vasdidaase, beta-blocker, calcium channel
and diuretic therapy and increases in age, SBP,,BBRim cholesterol concentration,
serum creatinine concentration and serum uric agde associated with a significant
increase in total mortality. Increasing BMI wass@sated with a reduction in total

mortality (table 4.15).

Variable Hazard Ratio | 95% Confidence| p-value
(HR) Interval for HR
Age; years 1.075 1.07 to 1.079 <0.001
Male Sex 1.431 1.314 to 1.559 <0.001
IHD 1.927 1.638 to 2.267 <0.001
CVA 2.357 1.957 to 2.839 <0.001
PVD 2.593 2.221 to 3.027 <0.001
Smoker 1.589 1.456 t0 1.734 <0.001
Any CVD 2.306 2.065t0 2.574 <0.001
Diabetes Mellitus 1.603 1.371t0 1.874 | <0.001
BMI; kg/m? 0.987 0.979 to 0.996 0.004
Mean SBP; mmHg 1.024 1.022t01.026 | <0.001
Mean DBP; mmHg 1.026 1.022t0 1.030 | <0.001
Mean Creatinine; pmol/l 1.004 1.003t0 1.004 |<0.001
Mean Uric Acid; pmol/l 2.052 1.759 to 2.394 <0.001
Mean Cholesterol; mmol/l 1.138 1.096t0 1.183 | <0.001
ACE Inhibitor 0.904 0.815 to 1.002 0.05
Beta-Blocker 1.236 1.123 to 1.361 <0.001
Calcium Channel Blocker 1.14 1.044t0 1.245 | 0.004
Diuretic 1.888 1.692 to 2.105 <0.001
Table 4.15. Risk of Death (Unadjusted) in HypertéresPatients.
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Following adjustment for the predictive variablesale sex, smoking, diabetes, ischaemic
heart disease, peripheral vascular disease, stavkejncreases in age, SBP, DBP, serum
cholesterol concentration, serum creatinine comagah and serum uric acid were

associated with a significant increase in total tality. Calcium channel antagonist use

was associated with a reduction in total mortglizple 4.16).

Variable Hazard Ratio | 95% Confidence| p-value
(HR) Interval for HR
Age 1.075 1.069 to 1.081 <0.001
Male Sex 1.574 1.424t0 1.740 <0.001
IHD 1.248 1.049 to 1.486 0.012
CVA 1.44 1.18to 1.757 <0.001
PVD 1.571 1.323to 1.864 <0.001
Smoker 1.721 1.564 to 1.893 <0.001
Diabetes Mellitus 1.508 1.2741t0 1.784 | <0.001
BMI 0.995 0.986 to 1.005 0.36
Mean SBP 1.008 1.004 to 1.011 <0.001
Mean DBP 1.019 1.013to 1.025 <0.001
Mean Creatinine 1.003 1.002 to 1.003 | <0.001
Mean Uric Acid 1.437 1.015to 2.035 0.041
Mean Cholesterol 1.05 1.008t0 1.094 | 0.019
Beta-Blocker 1.04 0.933t0 1.158 0.48
Calcium Channel Blocker 0.9 0.815t0 0.994 | 0.038
Diuretic 1.069 0.942t0 1.212 0.30
Table 4.16. Risk of Death (Adjusted) in HypertensiRatients.

There was no evidence that the relationship betweeim uric acid and total mortality was
J-shaped (figure 4.5).
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1.0

UA Quintiles

0.8 —I12nd Quintile
— 1 1st Quintile
3rd Quintile
— 1 4th Quintile
5th Quintile

Cum Survival

0.24

0.0

T T T T T
0.00 100.00 200.00 300.00 400.00 500.00
Survival Months

Figure 4.5. Survival Free From Any Death Across U Acid
Quintiles in Hypertensive Patients.

4.04.2.3 Relationships with Vascular Mortality

On univariate analysis male sex, smoking, diabesehiaemic heart disease, peripheral
vascular disease, stroke, any established vasdigiaaise, beta-blocker and diuretic therapy
and increases in age, SBP, DBP, serum cholestenoteatration, serum creatinine
concentration and serum uric acid were associatéd avsignificant increase in vascular

mortality (table 4.17)
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Variable Hazard Ratio (HR) | 95% Confidence| p-value
Interval for HR

Age 1.077 1.071to0 1.082 <0.001
Male Sex 1.494 1.339t0 1.668 <0.001
IHD 2.251 1.852t0 2.735 <0.001
CVA 2.688 2.149 to 3.363 <0.001
PVD 2.701 2.223 10 3.282 <0.001
Smoker 1.655 1.48t0 1.85 <0.001
Any CVD 2.64 2.307 to 3.023 <0.001
Diabetes Mellitus 1.715 1.412t02.084 |<0.001
BMI; kg/m? 0.991 0.980 to 1.002 0.12
Mean SBP; mmHg 1.027 1.025t01.029 | <0.001
Mean DBP; mmHg 1.033 1.028 t0 1.037 | <0.001
Mean Creatinine; pmol/l 1.004 1.003t0 1.004 | <0.001
Mean Uric Acid; pmol/l 2.148 1.8 t0 2.562 <0.001
Mean Cholesterol; mmoll/l 1.183 1.127t01.241 | <0.001
ACE Inhibitor 0.894 0.783 to 1.020 0.09
Beta-Blocker 1.369 1.207 to 1.554 | <0.001
Calcium Channel Blocker 1.104 0.985t0 1.237 | 0.09
Diuretic 2.114 1.829 to 2.443 <0.001
4.17. Risk of Vascular Death (Unadjusted) in Hypenisive Patients.

Following adjustment for the predictive variablesale sex, smoking, diabetes, ischaemic
heart disease, peripheral vascular disease, stoblestic therapy and increases in age,
SBP, DBP, serum cholesterol concentration, ser@aticiine concentration and serum uric

acid were associated with a significant increaseascular mortality (table 4.18).
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Variable Hazard Ratio | 95% Confidence| p-value
(HR) Interval for HR

Age 1.077 1.069t0 1.084 | <0.001
Male Sex 1.702 1.496 t0 1.935 | <0.001
IHD 1.465 1.190t0 1.803 | <0.001
CVA 1.636 1.287t0 2.079 | <0.001
PVD 1.585 1.277t0 1.967 | <0.001
Smoker 1.787 1.581t0 2.019 | <0.001
Diabetes Mellitus 1.566 1.27t01.931 |<0.001
BMI 1.001 0.989t0 1.014 |0.85
Mean SBP 1.011 1.007 to 1.015 | 0.001
Mean DBP 1.025 1.017 to 1.033 | <0.001
Mean Creatinine 1.003 1.002 to 1.003 | <0.001
Mean Uric Acid 1.793 1.233t0 2.607 | 0.002
Mean Cholesterol 1.091 1.036 to 1.149 | 0.001
Beta-Blocker 1.111 0.9651t01.280 |0.14
Diuretic 1.216 1.028 t0 1.439 | 0.023
Table 4.18. Risk of Vascular Death (Adjusted) in pBrtensive Patients.

There was no evidence that the relationship betweeim uric acid and vascular mortality

was J-shaped (figure 4.6).
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Figure 4.6. Survival Free From Vascular Death Acres Uric
Acid Quintiles in Hypertensive Patients.

4.04.2.4

On univariate analysis male sex, smoking, diabesefiaemic heart disease, peripheral
vascular disease, stroke, any established vasdidaase, beta-blocker, calcium channel
antagonist and diuretic therapy and increases m® &BP, DBP, serum cholesterol

concentration, serum creatinine concentration amdns uric acid were associated with a

Relationship with Ischaemic Heart Diseaddortality

significant increase in coronary mortality (tablé9).
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Variable Hazard Ratio | 95% Confidence| p-value
(HR) Interval for HR
Age 1.066 1.059 to 1.073 | <0.001
Male Sex 1.692 1.459to 1.961 | <0.001
IHD 2.847 2.248 t0 3.607 | <0.001
CVA 1.709 1.186to 2.464 | 0.008
PVD 2.736 2.112 to 3.544 | <0.001
Smoker 1.778 1.533t0 2.063 | <0.001
Any CVD 2.591 2.161t0 3.107 |<0.001
Diabetes Mellitus 1.949 1.523 t0 2.494 | <0.001
BMI; kg/m? 1.002 0.988t01.017 | 0.767
Mean SBP; mmHg 1.025 1.023 t0 1.028 | <0.001
Mean DBP; mmHg 1.033 1.027t0 1.04 | <0.001
Mean Creatinine; pmol/l 1.004 1.003 to 1.004 | <0.001
Mean Uric Acid; pmaol/l 2.146 1.696 to 2.714 | <0.001
Mean Cholesterol; mmol/| 1.227 1.151to 1.309| <0.001
ACE Inhibitor 0.958 0.806 to 1.140 | 0.63
Beta-Blocker 1.607 1.348 t0 1.916 | <0.001
Calcium Channel Blocker| 1.206 1.038 to 1.401| 0.015
Diuretic 2.166 1.782 t0 2.632 | <0.001
Table 4.19. Risk of IHD Death (Unadjusted) in Hypgensive Patients.

Following adjustment for the predictive variablesle sex, smoking, diabetes, ischaemic
heart disease, peripheral vascular disease, diwet beta-blocker therapy and increases in
age, SBP, DBP, serum cholesterol, creatinine aidagid concentrations were associated

with a significant increase in coronary mortalitglyle 4.20).
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Variable Hazard Ratio | 95% Confidence| p-value
(HR) Interval for HR
Age 1.066 1.056 to 1.077 | <0.001
Male Sex 1.896 1.594 to 2.257 | <0.001
IHD 1.996 1.55t0 2.57 0.012
CVA 1.045 0.703to0 1.555 |0.83
PVD 1.693 1.269t0 2.259 | <0.001
Smoker 1.859 1.579t0 2.189 | <0.001
Diabetes Mellitus 1.746 1.339t0 2.276 | <0.001
BMI 1.012 0.996 to 1.029 | 0.15
Mean SBP 1.01 1.004 to 1.015 | 0.001
Mean DBP 1.022 1.012 t0 1.033 | <0.001
Mean Creatinine 1.002 1.001 to 1.004 | <0.001
Mean Uric Acid 1.7 1.004 to 2.878 | 0.048
Mean Cholesterol 1.159 1.082 to 1.241 | <0.001
Beta-Blocker 1.28 1.05t01.561 | 0.015
Calcium Channel Blocker, 0.9 0.76 to 1.067 | 0.22
Diuretic 1.267 1.008 to 1.593 | 0.042
Table 4.20. Risk of IHD Death (Adjusted) in Hypertsive Patients.

There was no evidence that the relationship betweamm uric acid and coronary mortality

was J-shaped (figure 4.7).
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Figure 4.7. Survival Free From Coronary Heart Diseae Death
Across Uric Acid Quintiles in Hypertensive Patients
4.04.2.5 Sex Specific Analysis

Serum uric acid level was strongly associated vathl mortality in females but not males
on exploratory univariate analysis. Similar wasrfduor CHD mortality and vascular

mortality and this sex difference remained appao@niultivariate analysis (table 4.21).

With regard to stroke mortality a significant J géd relationship was observed in females.
This was not observed in males where only the lowastile of uric acid levels linked
with increased risk (table 4.21). On multivariatealgsis, only the highest quintile of uric
acid linked with increased stroke risk in femalesile the lowest linked with increased

risk in males (table 4.22).
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Males Females
HR * 95% CI for p- HR * 95% ClI for p-
HR value HR value
Total Mortality 1.16 0.77t01.74 0.48 8.84 6.06191 | <0.00
1
CHD Mortality 1.20 0.64 to 2.256 0.58 10.31 5.64887 | <0.00
1
Vascular 1.25 0.791t0 1.97 0.36 10.70 6.97 to 16.46<0.00
Mortality 1
Stroke Mortality
1%' Quintile 2.72 1.48t04.99 | 0.001| 1.61 0.99t02.61 | 0.05
2" Quintile 1 -- -- 1 -- -
3 rd Quintile 1.35 0.78 t0 2.33 0.29 2.11 1.271t03.51 | 0.04
4™ Quintile 1.34 | 0.79t02.29 | 0.28 | 256 | 1.52t04.32 | <0.00
5" Quintile 1.37 | 0.81-t02.32 | 024 | 3.74 | 2.211t06.34 1
<0.00
1

Table 4.21. Risk of Total, Vascular, Coronary andr@e Death on Univariate Analysi
According to Sex in Hypertensive Patients.. HR =zaad ratio. Hazard ratios shown ar
per mmol/l increase in serum uric acid, except fstroke where they are relative to tf

2" quartile.
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Males Females

HR * 95% CI for | p- HR * 95% CI for | p-

HR value HR value

Stroke
Mortality
1% Quintile 2.64 1.3431t05.182 | 0.005 |1.45 0.87 to 2.40 0.15
2" Quintile |1 - - 1 - -
3 rd Quintile | 1.43 0.78 to 2.61 0.25 1.51 0.90to 2.54 0.12
4™ Quintile 1.49 0.83t0 2.69 0.19 1.68 0.98 to 2.90 0.060

5" Quintile 1.22 0.671t02.24 0.51 2.03 1.14 10 3.62 0.017

Table 4.22. Risk of Stroke Mortality on Multivariat Analysis According to Sex in
Hypertensive Patients. Adjustment variables are skown in table 4.14. HR = hazargd

ratio. Hazard ratios shown are relative to th&®2juartile.

4.04.3 Study Two Discussion

The results of this study suggest that increasemgrs uric is associated with increased risk
of stroke, total, vascular and coronary mortalityreated hypertensive patients but that the
relationship between stroke mortality and serunc agid appears J-shaped. Sex specific

analyses also suggest that such a relationshipsivitke risk is only apparent in females.
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The relationship between uric acid and cardiovascuisk is well documented and
increasingly accepted (521). However, many stuldag not specifically evaluated stroke
mortality (383;396;525;526) and, in studies whdris has been examined, there has often
been little evidence of an association, even whemas apparent for all cardiovascular
endpoints. It is important to note however thatsaldies to date have been limited by
relatively low stroke rates. For example, in aalgsis of data from the SHEP trial (384),
there were only 243 strokes. In an analysis froex3fst-Eur trial (387), there were only
128 strokes, of which only 36 of these were fdtathe Syst-China trial (386), there were
only 87 strokes, although these did make up theomityajof cardiovascular endpoints. In
analysis of data from the NHANES study (396) thesexe only 111 strokes and in the

PIUMA study analysis, there were only 48 stroke&3(3

The population studied here (those with treatecehymsion) represent a group where the
relationship between stroke rate and mortality astipularly unclear. Some studies have
shown an association (380;386;402) while othershast (384;387). In the Syst-China
study (386), a 50 umol/l increase in serum uricl @fforded a relative hazard ratio of 1.28
(95% CI 1.1 to 1.5) for stroke mortality, althoutyjiere was no significant association with
all stroke events. Whether results from a Chinegrufation with a disproportionately high
haemorrhagic stroke risk and low serum choleste@ah be widely generalised is
guestionable. An association has been seen wikestisk in patients with diabetes (380),
where serum uric acid levels above the median asseciated with increased stroke risk
(HR 1.91, 95% CI 1.24 to 2.94) although the numiifestrokes was again small (114 in
total). In a large observational cohort of patieaged > 55 years of age (Rotterdam study

data (402)) an association was seen with strokdence (HR 1.18, 95% CI 1.06 to 1.3). In
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total, there were 381 stroke events; the largestlh@an to date. However, subgroup analysis
suggested this association was only present in lémmand in those with no previous

hypertension.

There were 354 stroke deaths in this study; thedsgnumber in any study to date, and the
largest study of those with hypertension. This vedlothorough analysis of any
relationships. The impact of sex in many studiedifiscult to assess but those who have
addressed it suggest the association exists onfgnrales, or is at least more prominent
(402;525;526), although other studies show no difference (387). In the Rotterdam
study for example, no association was seen in malésan association was present in
females. This study showed similar with a highlgndicant relationship was present in
females but not males. There are known differemcasgic acid metabolism between the
sexes; women have a lower total body uric acid ppoésumably due to oestrogen
mediated differences in renal excretion (527). fdltesuric acid being higher in post
menopausal women (528), menopausal status hasdifitct on the association between
uric acid and cardiovascular disease (396). thesefore possible, but speculative, that
raised serum uric acid in females reflects a dffiermechanism than in males; perhaps
increased xanthine oxidase activity and the astamtisuperoxide anion production. It is
also possible that changes in uric acid have lapadt on those with higher baseline risk
and higher rates of traditional risk factors; sashthe males studied here. The possibility of
a sex specific effect of uric acid lowering stra¢sgon cardiovascular outcomes should be
considered in the design of future clinical trisdthough because of higher baseline risk,
measures such as allopurinol use may prove mosttef in males because of ancillary

effects such as xanthine oxidase inhibition.
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A J-shaped relationship between serum uric acidcandiovascular risk has also been seen
in many previous studies (383;385;396;525) and waitlo regard to stroke risk (380;386).
This study found similar with regard to stroke risgt not total, vascular or coronary
mortality. Why these differences exist is uncledhere are plausible explanations. It has
been speculated that this J-shaped relationshigctefthe putative detrimental effects of
elevated uric acid on endothelial and platelet fimmcand vascular smooth muscle and the
association between lower serum uric acid and |asrpa antioxidant activity. It is also
possible that some of the increased risk seenlaitler uric acid is due to poor nutrition or
other illnesses which may contribute to cardiovéscuisk - hypouricaemia is more
common in hospitalised patients, with concomitamdioations and in those with liver

disease or neoplasia (529). Why this should bicpéar to stroke risk here is not clear.

There are strengths to this study including itesithe prospective nature of the data
collection and the large number of fatal strokdser€é are however, some weaknesses. The
long study period means several of these events mag occurred before aggressive
preventative strategies became commonplace andeaaregimens for hypertension have
changed over the years. For example, there is e €émphasis placed upon diuretic
therapy which increases serum uric acid. Whether ithpacts upon the contemporary

relevance of the results is unclear but possible.

In summary, data from this study suggest that sarimacid is associated with increased

stroke mortality and that this relationship is 3s#d, unlike that between uric acid and

total, vascular and coronary mortality.
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4.05 Study Three - Allopurinol and Basal Nitric Oxde Production in the Cerebral

Circulation of those with Diabetes; a Randomised Tial

The study hypothesis was that the XO inhibitor @lienol would enhance nitric oxide

bioavailability in the cerebral circulation of patits with type 2 diabetes. This would be
reflected by enhancement of the effects of L-NMM¥hich produces transient reductions
in cerebral blood flow (CBF). A randomized, doublend, placebo controlled crossover

study was performed to test this.

4.05.1 Study Three Methods

The study was performed in the University Divisiof Cardiovascular and Medical
Sciences at the Western Infirmary, Glasgow. Thdystwas approved by the local research

ethics committee and was registered in the ISRCatslzthse (ISRCTN 68849312).

Male patients aged over 40 years old with typeabelies of duration less than 5 years and
stable glycaemic control (HbAlc below 9.0%) wenedgd. Oral biguanide therapy was
permitted, although those on insulin or sulphorsdutherapy were excluded. Further
exclusion criteria were: greater than 70% extrarialanternal carotid artery (ICA) stenosis,
known coronary arterial disease, significant codnidity or frailty likely to cause either
death or difficulty with protocol adherence witfBhmonths, significant renal impairment
(defined as serum creatinine concentration over |25®l/L) and contra-indication to or
indication for administration of allopurinol. Patis taking sulphonylurea therapy were
later included following a protocol amendment. Esobn criteria were chosen to minimise

the theoretical risks of sub-endocardial myocardsahaemia following L-NMMA, to
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minimise potential risks of allopurinol treatmemidato ensure carotid flow readings were

not falsely elevated because of intrinsic caroisddse.

Patients were identified during out-patient attemodaat hospital clinics. All participants
gave written informed consent to participate andemwent full Bruce protocol exercise
tolerance testing prior to randomisation to excladb-clinical coronary arterial disease. If
evidence of this was found, further participatioasanot permitted. All drug treatments

remained unchanged throughout the study period.

Study Assessment
Study visits took place in the Investigations Wafdhe Acute Stroke Unit in the Western
Infirmary and were supervised by one of the studiestigators. The participant schedule

is shown in figure 4.8.

Measurement of:

2 Week
Washout Period

Arterial Stiffness >
Day 1 Da\( 28

" Arterial Siffness |-

Figure 4.8. Study Three Participant Study Schedule
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Baseline assessment of mean flow velocity in th& #d middle cerebral artery (MCA)
was performed, along with measures of ICA diamatet area. Peripheral (radial) pulse
wave analysis (PWA) and (carotid-radial) pulse wagkcity (PWV) measurements were
also performed. On completion of these measurenemt45 ml infusion of 0.8
pmol/kg/min of L-NMMA dissolved in normal saline wagiven intravenously over 15
minutes. L-NMMA was obtained from Clinalfa. Assessthof ICA and MCA parameters
was repeated upon cessation of infusion and a2d.@nd 30 minutes thereafter. PWA and
PWV measurements were repeated upon cessatiorfusian and at 15 and 30 minutes
thereafter. Carotid insonation was performed usingAcuson Aspen 128 with a 5-Mhz
linear transducer (Acuson, Mountain View, CA, USH) measurements were taken 1 cm
distal to the carotid bifurcation. MCA insonationasv performed using a TCD 100M
(Spencer Technologies, Seattle, WA, USA) and remdiwere taken at, or as near as
possible to, a depth of 50 cm. Ultrasound exanonatiwere performed by a sonographer
with several years’ experience of neurovasculaasttund. PWA and PWV measurements
were made using a SphygmoCor device (Atcor Medisgtiney, Australia) by operators

with several years experience.

Following baseline assessment, participants werdomised to receive either 300 mg of
allopurinol or matching placebo orally once daiosing began on the day of baseline
assessment and continued for two weeks after whpaticipants returned for further
assessment as described above. A two-week wasaoat gthen ensued after which repeat
assessment, a two week dose of the other agergef@aor allopurinol) and the final
assessment occurred. All haemodynamic studies w@nducted as near to midday as

feasible and subjects were asked to refrain froffieio@ for 24 hours prior to each study.
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At each study visit, blood was drawn to allow meament of routine biochemistry and
haematology parameters and circulating markers nafothelial/inflammatory function
(VEGF, sICAM, eSelectin and CRP). For these testsuym was frozen and stored for

subsequent analysis using ELISA techniques.

Randomisation and Treatment Allocation

Allopurinol tablets were manufactured by Alpharm&acebo tablets were manufactured by
Penn Pharmaceuticals. Both were encapsulated teamppentical, in the Pharmacy
Production Unit at the Western Infirmary Hospitatudy treatments were collected by one
of the investigators on the day of the baseline #rel first post-washout study visit.
Concordance with therapy was assessed by quegi@md pill counts where available.
Investigators remained blinded to serum uric aethdintil the end of the study to prevent
unmasking of treatment allocation. Randomisatioas werformed by the pharmacy
department and the randomisation code was heldhbydeependent study pharmacist. The
code was not broken until all follow up was comeleind all data were prepared for

analysis.

Statistical measures

The primary endpoint was change in ICA flow induckd the L-NMMA infusion
expressed as area under flow / time curve (AUC)soea from the start of infusion to 20
minutes after its completion (530;531). Based oavipus pilot data (530), it was
calculated that a sample size of 20 patients wenlble detection of a clinically significant
improvement in L-NMMA responsiveness (to approxietat75% of that seen in non-
diabetic individuals), with 90% power (alpha = 5%}condary endpoints were the intra-

individual percentage change in ICA flow followihgNMMA infusion (from baseline to
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10 minutes post infusion), change in systolic aradtdlic blood pressure (SBP and DBP)
and middle cerebral artery flow velocity (MCAv) inckd by the L-NMMA infusion
(expressed as AUC), change in augmentation indéxéasured during PWA) and PWV,

and change in circulating markers of endothelitdmmatory function.

AUCs were calculated using the trapezoidal methadl the aid of NCSS software (Utah
USA). A negative AUC signifies a reduction in flo@@r blood pressure for example)
following L-NMMA infusion and a positive area undire curve indicates an elevation in
flow. The difference between the AUCs pre and pemth intervention period were
calculated and compared (allopurinol minus placelsing paired non-parametric tests
(Wilcoxon signed rank test). A positive differenceAUCSs represents an improvement in
basal NO activity during that study phase and atipesdifference between the study
periods represents improvement in favour of allomir For the Al and PWV, pre infusion
values and the change immediately following infasmwere compared between study
periods using the same approach as taken for AU difference between pre and post
treatment values was compared for the circulatiregkers of endothelial/inflammatory
function. As a sensitivity analysis, a mixed effeotodel was generated to adjust for any
effect of treatment ordering and to incorporateoiinfation from patients who did not

complete all of the study visits.

4.05.1.1 Rationale for Use of L-NMMA Responsivenesa Measure of
Cerebrovascular Function

Endothelial dysfunction is key to the developmerit cardiovascular disease with
maintenance of normal endothelial function depehdpon production of endothelial nitric

oxide (NO). Studies have also shown this to beliredbin maintenance of resting cerebral
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blood flow (CBF) (532) and a dynamic effect of N@ cerebral autoregulation has been
demonstrated via studies of infusion of NG-monoiyletharginine (531) (L-NMMA). L-

NMMA is an analogue inhibitor of endothelial nitiixide synthase (eNOS) and thus basal
NO activity; in healthy volunteers, L-NMMA lowersBF (531) and has also been shown
to reduce forearm blood flow (533), to increasgeaartery stiffness (534) and to increase
blood pressure (535). The magnitude of the resp@ndependent upon basal NO activity
and thus endothelial health; for example, the hidghe fall in CBF following L-NMMA,

the better the cerebrovascular endothelial function

This CBF response is reduced in those with estaadigype 2 diabetes, where little effect
of L-NMMA is seen (530) and this may predisposenth& hypoxic or ischaemic
cerebrovascular insult. In a recent prospectivee-casitrolled study (530), L-NMMA
produced a mean reduction in ICA flow (expressethasarea under the flow-time curve)
of 12.8% (SD 17.8) in healthy volunteers comparednly 2.1% (SD 21.7) in those with
diabetes. The response to L-NMMA is therefore d@dvaleasure and improvements in
peripheral responses have been shown followingnreyat with agents proven to impact on
cardiovascular morbidity and mortality, such astissaand ACE inhibitors (536;537).
Whether therapy can improve the impaired respohigeccerebrovasculature to L-NMMA

in diabetes or other conditions is as yet untested.

The mechanism of the impaired response seen iredisbs unclear. Superoxide anions
(Oy) inactivate NO (538), inhibit endothelium-dependeasorelaxation (539) and are
implicated in diabetes related endothelial dysfiomctWhile many sources of ,Qexist in

the vascular endothelium, xanthine oxidase (XOivigthas been shown to be important

(408) and, as outlined, inhibition of this enzymatlq allopurinol) improves peripheral and
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cardiac endothelial function in many cardiovasculdisease states (521). If
pharmacological attenuation of XO activity improvegtebrovascular NO bioavailability in
patients with diabetes, this would suggest a roleXO activity in the pathogenesis of
diabetic cerebrovascular disease and provide anf@itemeans to improve stroke

prevention.

4.05.1.2 Rationale for Use of Pulse Wave Analysisid Pulse Wave Velocity as
Measures of Arterial Function and Health

The relationship between brachial cuff blood pressand risk of cardiovascular disease
(and in particular of stroke) is clear and coulddescribed as one of the few certainties in
medicine. At all ages and across the range of bjwedsure down to at least 115/75mmHg,
the risk of death from stroke and cardiac diseaseases in a log-linear fashion (155). In a
recent meta-analysis of data from over 1 milliomltes] a doubling of rate of death from
stroke and cardiac disease was seen with each 2@nimgiHer systolic blood pressure (or
10 mmHg higher diastolic blood pressure). The $ioitp of measurement of cuff brachial
blood pressure and the legion of evidence (157)stgthat a reduction in these values
leads to reduction in morbidity and mortality med#ms will likely remain a cornerstone of
cardiovascular risk prediction and in particular &troke where the evidence for a link

between other risk factors such as cholesteroiraridence is less compelling.

However, evidence has emerged that measures aohcbldod pressure parameters, which
are the values to which target organs are exp@s&timeasures of stiffness of arteries are
also important and linked, independently of brakcluaff blood pressure, to risk of

cardiovascular disease (540;541). Some supporthiruse of these parameters can be

gained from brachial cuff measurements; analysiSramingham data suggest that cardiac
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events are more closely related to systolic bradotudf pressure and that events may
actually be inversely related to diastolic presdareany given systolic level (542). This
suggests that pulse pressure, and thus increasifmgss of large arteries, is in important

factor in the development of cardiovascular disease

It is important to note that in normal healthy mduals the central and peripheral pulse
pressures differ with pulse pressure rising morapperally because of an increase in
systolic pressure (543). This however alters wilk;an young adults, the brachial pulse
pressure pulse may be 50% greater than in the @isgeaorta while they are similar in the

elderly. This presumably reflects increasing vaacatiffness and is not best quantified by
brachial cuff measures. Measures to directly g@ardgentral pressure parameters and
arterial stiffness are naturally invasive but nouasive estimation of central pressures can

now be achieved.

The most widely employed methods are those of puksee analysis and measurement of
pulse wave velocity which employ the use of arteapplanation tonometry. Such an
example is the Sphygmocor system which incorporatéisin probe with a high-fidelity
strain gauge transducer with a small pressuretdsngieramic sensor area linked to a
computer and software to aid automated calculaifdndices. The probe is held over the
skin at the point of maximal arterial pulsationr FWA, this is done at a single site, most
readily the radial artery at the wrist, and at tgites during measurement of PWV (for
example at the radial and carotid artery or caratid femoral artery). In all individuals the
aortic pulse wave is augmented by the reflectioblobd at arterial bifurcation points, so
called points of impedance discontinuity. The sumalbthese reflected waves will behave

like one single wave at each large artery origirth@ aorta. In the young, or those with
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highly elastic aortas, this wave returns during &stole or diastole, whereas in the elderly,
it arrives in early systole and augments the pplgssure. The augmentation index is a
measure of the degree to which the reflected wawgributes to the pulse pressure and is
defined as the magnitude of this augmented presBuided by the pulse pressure. A rise
in the augmentation index and thus early arrivathef reflected wave should therefore
reflect the increasing arterial stiffness that @scwith age and cardiovascular risk factor
states. Ideally, this would also be measured dyrentthe aorta but measures from the
radial site have been shown to correlate well athtic and carotid values (544;545) when
a transfer function is employed to allow their apg@mation. The transfer function is also
utilized to estimate the central systolic, diastdiood and pulse pressures; all from the

radial site.

A variety of studies have linked these parametersardiovascular risk factor states. For
example, a recent study of over 12000 individual&mngland and Wales (546) found that
the pulse pressure ratio (aortic pulse pressuegiplperal pulse pressure, increases in which
should link to increased arterial stiffness) andgraantation index were higher in those with
hypertension, hypercholesterolaemia, diabetesraschokers and in those with established
cardiovascular disease in comparison to healthytralsn These findings remained
consistent across the age range. Studies havdirdded increasing augmentation index to
increases in cardiovascular mortality and morbiditythose with end-stage renal disease
(547) and in those undergoing percutaneous coranggvention (548;549) although only
one of these utilized transfer function based measeants from the radial site (551) and
not all studies yielded positive associations, udolg a study of nearly 500 individuals

with hypertension (550). Date also exist to sugtfest transfer function based estimation
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of central blood pressure values can better premitctomes in comparison to peripheral

measures (551), although again data conflict (552).

It is therefore of interest to ask whether differes in central parameters explain observed
differences in cardiovascular event reduction betwdrug classes which do not appear
explained by differences in brachial blood pressieeel. Also, it would provide
encouraging evidence of benefit if any new or ndlkietapy, not aimed directly at lowering
blood pressure, improved some of these measurestarial stiffness. The CAFE study
investigators addressed the first question. Th&EAtudy (553) was a sub-study of the
ASCOT trial (554), where an amlodipine + perindbdrsased regimen led to fewer
cardiovascular events or procedures in comparisantatenolol £ bendrofluazide based
regimen (HR 0.84, 95 % CI1 0.78 to 0.9, p <0.000hjs was not completely accounted for
by differences in blood pressure in a post-hocyaml(555). In the CAFE study, which
included 2199 participants from 5 ASCOT centregyehwas little difference in brachial
systolic BP (0.7 mmHg, 95% CI -0.4 to 1.7, p=0.2)t lsubstantial reductions in the
amlodipine arm were seen regarding central aoystotic (4.3 mmHg, 95% CI 3.3 t0 5.4
mmHg, p<0.0001) and pulse (3 mmHg, 95% CI 2.1 & r8mHg, p<0.0001) pressures.
These indices also linked to clinically relevandpoints with 10mmHg increments in
central pulse pressure associated with an 11%aserm risk of events (HR 1.11, 95% CI 1

to 1.23 per 10 mmHg increment).

The pulse wave velocity is the measurement of spéétk pressure waves traveling along
an arterial segment, usually calculated from mesasants at a proximal (for example
carotid) and distal (for example radial) site. Thstance between these sites is measured

with a tape measure and using ECG gating, the taken for the arterial pulse to transmit
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this distance between can be determined allowiegviocity of the pulse wave to be
calculated. A higher pulse wave velocity suggestseased arterial stiffness has been
shown to link with increased mortality in a cohavith severe renal disease (556),
hypertension (557), established cardiac diseas®) (®ad in a healthy cohort (559). For
example, in a cohort from the Rotterdam study riexkea hazard ratio of 2.45 (95% CI 1.29
to 4.66) for development of coronary disease a8 P95% CI 1.05 to 4.96) for stroke in
those in the highest tertile of pulse wave velocitynpared to those in the lowest. The
mean PWV in the whole cohort was 13.3 (SD 2.9haalgh individual tertile ranges were
not given. In a hypertensive cohort (557), mean PWWhose who suffered a coronary
event was significantly higher at 12.8 (SD 3.2) paned to 11.4 (SD 3.1) in those who did
not (p<0.0001) and each SD increment (3.5 m/s) epes a RR of 1.39 (95% CI 1.08 to
1.79, p=0.01) for coronary events. As yet, thereasdata to confirm that reductions in

PWYV lead to reductions in cardiovascular events.

It is also of interest that an increase in both Ah@and PWV has been seen following L-
NMMA seen in a previous study of healthy volunte@s84). This study incorporated a
range of doses of L-NMMA (from 0.1 to 3 mg/kg/miajtand effect was only seen with
the higher doses, which were higher than used HEmes response has not yet been
evaluated in those with diabetes and this is ingmrto establish as it is possible that there
are regional differences in basal NO productiowken different vascular beds and that

responses to treatment may similarly differ (560).

Thus, it is relevant and rational to measure thEm@ameters in studies of putative new
preventative strategies in those at risk of strdtewever, there is an important note of

caution when interpreting the results of such €sidif an agent were to yield similar
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benefits to those seen in the CAFE study in terfri@Al or to give a 50% improvement
toward values in healthy controls in those withbei@s, 135 and 388 participants per group
respectively would need to be recruited to ensi® Power (alpha 0.05). Benefit is
therefore unlikely to be seen in small pilot studier at least good statistical power is

unlikely.

4.05.2 Study Three Results

Fourteen patients were recruited between Septe@@@8 and August 2007. Nineteen
suitable patients were identified and approachet! amleclined participation. Eleven of
those recruited completed follow up. One patiens Wl@emed unsafe to continue as he had
significant ST segment shift on his exercise toleeatest, one failed to attend for further
assessment after visit one and one withdrew corsgtattendance for exercise tolerance
testing. One patient was unable to receive L-NMM#idg his last study visit (because of
lack of supply) leaving 10 who completed the stypdgtocol. Data from this participant
were included in analyses of blood markers and IndiMMA dependent parameters. No
other adverse event occurred during the study. sthdy was terminated early due to a

national lack of availability of L-NMMA.

Of these recruited, mean age (SD) was 53.1 (1&8)sy Demographic details, including

baseline drug therapy, risk factor burden, renatfion and uric acid levels are shown table

4.23.
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Smoker 4 (28.6)
Hyperlipidaemia 5(35.7)
Hypertension 12 (85.7)
Oral Hypoglycaemic Agent 11 (78.6)
Anti-platelet Therapy 9 (64.3)
ACE Inhibitor or ARB Therapy 11 (78.6)
Diuretic Therapy 5 (35.7)
Lipid Lowering Therapy 13 (92.3)
Calcium Channel Antagonist Therapy 6 (42.9)

Baseline Serum Creatinine

88 (16.9) pmol/l *

Baseline Serum Glucose

9.9 (4.5) mmol/l *

Baseline Serum Uric Acid

0.33 (0.07) mmol/l *

Baseline Internal Carotid Artery (ICA) Flow

619 (IB2) ml/min *

Baseline Change in ICA Flow (ml)

-789 (IQR -41947@83) ml 1

Baseline SBP

154 (SD 11) mmHg *

Baseline Change in SBP (mmHg*min)

“133 (IQR -2094)

Baseline DBP

85 (SD 6.8) mmHg *

Baseline Change in DBP (mmHg*min)

66 (IQR -60 [GRT

Baseline MCAv

39.8 (SD 4.4) *

Baseline Change in MCAv (m/s*min)

14 (IQR -29 10 58

Baseline Augmentation Index (Al)

23.9% (SD 6.86) *

Baseline Change in Al

1.7% (SD 10.6) *

Baseline Pulse Wave Velocity (PWV)

8.3 (SD 2.25% m/

Baseline Change in PWV

-0.025 (0.89) m/s *

Table 4.23. — Study Three Baseline Variables (atrit study visit). Expressed as n
(%) for categorical variables and mean (SD) for cotinuous variables * except
for area under curve measurements where median va#is and interquartile
ranges (IQR) are given t. These values (1) refer whanges following L-NMMA
infusion. ARB = angiotensin receptor blocker. MCAv= middle cerebral artery

flow velocity.
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Baseline Visit Response to L-NMMA Infusion

Mean (SD) ICA flow rate pre L-NMMA infusion was 61262) ml / min. The median area
under the change in ICA flow/time curve followingNMMA infusion was -789 ml (IQR -
4194 to 735) (p=0.16 for test of median differemess than zero). ICA flow fell by a
median of 4.8% (95% CI -17.3 to 9.4, p=0.25) foliogv L-NMMA infusion. This, and
baseline values for the other parameters, are showable 4.24. There was no change in
blood pressure parameters where AUCs were consdidalthough systolic and diastolic
blood pressures were raised immediately post iofughy 3.6 mmHg, 95% CI -0.8 to 8.0
mmHg and 5.6 mmHg, 95% CI 1.2 to 9.9 mmHg respebt)v No change was seen in

PWA or PWV parameters following LNMMA.

Effect of Allopurinol on Response to L-NMMA Infusion

Allopurinol treatment significantly augmented theduction in ICA (expressed as area
under the flow time curve) following L-NMMA infusio(p=0.032, median improvement in
ICA flow reduction following LNMMA of 3144 (95% CB75 to 7143) mls). Allopurinol
did not significantly influence response of othezasured parameters to L-NMMA (4.24).
ICA flow fell by a median of 11.9% (95% CI -2.5 £8.3, p=0.04) following LNMMA
after treatment with allopurinol, The effect ofagurinol on the group and intra-individual

changes in ICA flow following LNMMA are shown indures 4.9 and 4.10.

- 214 -



Variable Following Allopurinol Difference Between P value t
Placebo Periods *

Change in ICA -1314 (-3359 tq 1134 (-964 tqg 3144 (375to 7143) 0.032

Flow (ml) 419) 7872)

Change in SBR20 (-260to 158) | 116 (-248 {dl4 (-461 to 588) 0.92

(mmHg*min) 501)

Change in DBR -55 (-220 to 86) -162 (-206 to-56 (-218 to 90) 0.48

(mmHg*min) 94)

Change in MCA| -41 (-112t0 108) | -38(-146t0-9) -35(-174t945 | 0.36

MFV (m/s*min)

Table 4.24 — Change in Haemodynamic Parameters / Reonse to L-NMMA During
Study Three. N = 10 included. All values refer tohte change in area under the time
curve. * = estimated difference in medians and th85% CI on Wilcoxon signed rank

test. T = for paired Wilcoxon signed rank test.

A mixed effects model sensitivity analysis adjusfed the order in which participants

received allopuri

nol and placebo.

The results wapasistent with the main analysis

(p=0.046 for allopurinol versus placebo) and fourdd significant order effect (p=0.51).

Baseline ICA flow level also did not explain thedoetion in ICA flow following L-

NMMA infusion.
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Difference in Response to LMMIMA Infusion Between Study
Perlods

L
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Figure 4.9. Intra-patient Change in ICA Flow Following L-NMMA Infusion in Study
Three. Each data point represents the difference imesponse to LNMMA between
study periods for one individual (in mls). For eab study phase, values were
calculated as the difference between the pre and gbintervention area under the
flow-time curve. The difference between study phase was then calculated
(allopurinol minus placebo) and positive values (téhe right) represent improvement
in response following allopurinol and negative valas improvement following
placebo.
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Figure 4.10. Change in ICA Flow Following L-NMMA Infusion in Study Three.
The values shown represent the median (+x 1 SE) chga in ICA flow following

intervention with allopurinol or placebo. The p value refers to between group
comparisons on non-parametric testing (Wilcoxon siged rank test). A greater
reduction in ICA flow following L-NMMA represents a n improved response.
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Effect of Allopurinol on Peripheral Vascular Reactity

The pre-infusion Al or PWV did not differ signifinly between the treatment periods
(estimated median difference between placebo aadnent periods of -4.3% (95% CI -11
to 7%, p=0.56) and -0.32 m/s(95% CI -2.1 to 7.8).89) respectively). The response to
L-NMMA did not differ significantly between the w@mément periods for both the Al

(estimated median difference between placebo aadntent periods of 7%, 95% CI -11.5
to 23%, p=0.54) and PWV (estimated median diffeeenic-0.7 m/s, 95% CI —7.6 to 1.85,

p=0.68) (table 4.25).

Variable Baseline Change Post| Change Post| Difference | P value||
Visit § Placebat Allopurinol | Between
T Periods §
Al (%) T 23.5 (185t -3 (-14.5 to|2 (6.00 to|-4.3 (-11 to| 0.56
29.5) 4.5) 10) 7)
PWV (m/s) t|9 (7.6 to[/0.8 (0.1 to|0.75 (-0.85 -0.32 (-2.1 tg 0.39
9.6) 10.2) to 2.3) 7.8)

Table 4.25. Change in Measures of Peripheral VasauReactivity During Study Three.
T = values refer to difference between pre-infusivalues. ¥ = values shown are median
and interquartile range. 8 = values shown areigstted difference in medians and the

95% CI on Wilcoxon signed rank test. || = for pad Wilcoxon signed rank test.

Effect of Allopurinol on Circulating Markers of Inf lammation/Endothelial Function

No significant differences were seen in any mairftable 4.26). The VEGF level rose
during allopurinol treatment, although this did ne&ch statistical significance and s-ICAM
levels seemed to be lower following allopurinoktireent. However, with all blood markers,

the confidence intervals for the differences betwsteidy periods were large.
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Variable Placebo Allopurinol Difference P value t
Between
Periods *
VEGF (pg/ml) | -14 (-67 t0 59.1)66.9 (5.9 to 91 (-53to 151) | 0.08
119.6)
s-ICAM (ng/ml) | 73.6 (-85.3 tgq 9 (-7.8t065.3) | -51.7 (-81 00.69
96.5) 91.9)
e-Selectin 0.01 (-14.6 td2.4 (-12.9 to 16 (-19to26) | 0.45
(ng/ml) 10.3) 17.1)
CRP (mg/l) 0.09 (-0.3 100.195 (-0.01 tq 0.33 (-0.48 tg 0.40
0.75) 1) 1.29)
Table 4.26. Change in Markers of Endothelial Funieh During Study Three. N = 11
included. Median values (interquartile range) arevgn for each study period. A negatiye
difference in medians represents improvement in dav of allopurinol. * = estimated
difference in medians. T = for paired Wilcoxon sigd rank test.

4.05.3 Study Three Discussion

L-NMMA can be used as a pharmacological tool teessghe extent of underlying NO
activity. In the cerebral vasculature, L-NMMA remhis CBF through restriction of NO
activity and the higher the basal NO activity, theger the effect. In this study, treatment
with allopurinol enhanced this effect implying thatmproves basal levels of NO activity
and raises the possibility that use of allopuricalld improve cerebrovascular health. The
response to L-NMMA improve toward the previoushbpshed (530) 12.8% (95% CI 3.29
to 22.31%) fall in ICA flow seen in healthy voluete (from a non-significant 4.8% (95%
Cl -17.3 to 9.4) reduction at baseline to an 11@%% CIl -23.3 to 2.5) fall following

allopurinol treatment).
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The potential beneficial effects of allopurinol the vasculature are two fold; it reduces XO
mediated -@. production and serum uric acid. The XO system lbe=n shown to be an
important source of -0 in the vasculature (408) but this is the firstaun study to show
that inhibition of XO improves cerebral NO bioawdillity. Most large, well-conducted
epidemiological studies suggest that increasingrserric acid is associated with increased
cardiovascular event rate and mortality (519), jphgwvia detrimental effects on platelet,
smooth muscle and endothelial function (521), addr&duction may impact favourably

on cardiovascular risk (472).

Previous studies, typically also utilising crossowesign and brief treatment duration,
have shown a beneficial effect of XO inhibition omeasures of forearm or coronary
endothelial function in patients with or at higkkriof vascular disease (521) - including in
patients with diabetes. One previous small stu®2)4ailed to show benefit of allopurinol

on markers of oxidative stress (such as the limdoxidation assay) in patients with

diabetes, although there were large differencebarievels of baseline HbAlc and cardiac
risk factors such as smoking with levels worsehose randomised to allopurinol. This
study is the first to show benefit of allopurinah @erebrovascular endothelial function.
Whether these improvements are driven by changedracid or XO activity is unclear but

previous work suggests the later (483), althougmastioned, uric acid reduction may

bring other benefits in the longer term.

There are strengths to this study; it utilised gomous protocol, with which there is
considerable experience, and a similar baselimsoree to L-NMMA was found compared
to that seen in previous work (530). The responde-llMMA is a valid measure; it is an

analogue inhibitor of eNOS and infusion has presipieen shown to reduce both CBF
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(531) and forearm blood flow (533), to increasgdaartery stiffness (534) and to increase
blood pressure (535). Also, improvements in thespaonses have been shown following
treatment with other agents proven to impact omiosascular morbidity and mortality

(536:537).

There are limitations to the study and areas tbaguire further study. Fewer patients were
included than intended because of the lack of amggaivailability of L-NMMA, reducing
the statistical power of the study. The unfortureipply problem affected several centres
in the UK. Even so, the consistency of effect seenreassuring; 8 of 10 patients who
completed the protocol experienced an improvementerebrovascular NO availability
during the allopurinol phase. The dosing period sfagrt (a limitation of many previous
studies) and it is possible that any changes icutas function afforded by a reduction in
XO activity and -@. production may be short lived and soon by-pabsesther sources of
-Q,’. The effect of more prolonged XO inhibition reeps clarification. Also, while it is an
appropriate measure to study, this study has o@yneed the effect on eNOS activity and

other forms of NO and -O production may be important in both disease aadth.

No improvement was seen in blood markers or measfrperipheral arterial stiffness in

this study. Pre-infusion measures of arterial rs¢i§ls did not differ significantly between
the study periods and neither did the responseNMIMA. These results contrast with a
previous study where forearm blood flow responsesewmproved following allopurinol

(490) but a different technique was employed heré the study was not specifically
powered to detect differences in these parameiss, at the baseline visit, the increase in
Al or PWV following L-NMMA seen in previous studied healthy volunteers (534) was

not replicated. This is perhaps because the respgnsipaired in those with diabetes or
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because of the comparatively low dose of L-NMMA dis8tudy to further evaluate this
response in those with diabetes would be of uspoitantly, it is possible that there are
regional differences in basal NO production betwelfferent vascular beds and that

responses to treatment may similarly differ (560).

In summary, this study showed that XO inhibitiorthamallopurinol improves cerebral NO

bioavailability and suggest a beneficial effect adopurinol on cerebrovascular health.

Further investigation to establish the use of altopl in stroke prevention is required.
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4.06 Study Four -The Effect of Allopurinol on the Cerebral Vasculatue of Patients

with Subcortical Stroke

The hypothesis was that allopurinol would improeeebrovascular reactivity in a cohort of
patients with recent subcortical stroke. A rand@ajdlinded, placebo controlled trial was

performed to test this hypothesis.

4.06.1 Study Four Methods
The study was performed in the University Divisiof Cardiovascular and Medical
Sciences at the Western Infirmary, Glasgow. Thdystuas approved by the West Medical

research ethics committee and was registered IIBRRETN database (ISRCTN 06452574).

Patients aged over 18 years old with subcorticakstbetween two weeks and six months
prior to randomisation were studied. Exclusioneci# were: >70% extra-cranial internal
carotid artery stenosis, known coronary arteriakdse, significant co-morbidity or frailty
likely to cause death within 3 months or likelynh@ke adherence to study protocol difficult
for patient, contra-indication to or indication fadministration of allopurinol (as detailed
in summary of medicinal product characteristicspnaurrent azathioprine or 6-
mercaptopurine therapy, contra-indication to adstiation of acetazolamide, serum
creatinine > 250mmol/l, enrolment in another clinical trial and wemof childbearing
potential. Exclusion criteria were chosen to migienithe potential risks of allopurinol
treatment and acetazolamide infusion and to ensanaid flow readings were not falsely

elevated because of intrinsic carotid disease.
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Patients were identified during admission to thet&cStroke Unit at the Western Infirmary
and out-patient attendance at hospital clinics. pdirticipants gave written informed
consent to participate. All drug treatments remainechanged throughout the study period,
except in one participant who was commenced onridipsnole and perindopril during the

study.

Study Assessment
Study visits took place in the Investigations Wafdhe Acute Stroke Unit in the Western
Infirmary and were supervised by one of the stuestigators. The participant schedule

is shown in figure 4.11.

Assessment of mean flow velocity in the ICA and diedcerebral artery (MCA) was
performed, along with measures of ICA diameter areh. Peripheral (radial) pulse wave
analysis (PWA) and (carotid-radial) pulse wave gi#lo(PWV) measurements were also
performed. On completion of these measurementsl5amg/kg ml infusion of
acetazolamide was given intravenously over 3 msufessessment of ICA and MCA
parameters and PWA and PWV measurements were egpaatl5 thereafter. Carotid
insonation was performed using an Acuson Aspen W28 a 5-Mhz linear transducer
(Acuson, Mountain View, CA, USA) and measurementyentaken 1 cm distal to the
carotid bifurcation. MCA insonation was performeding a TCD 100M (Spencer
Technologies, Seattle, WA, USA) and readings wakern at, or as near as possible to, a
depth of 50 cm. Ultrasound examinations were peréal by a sonographer with several
years’ experience of neurovascular ultrasound. PANA PWV measurements were made
using a SphygmoCor device (Atcor Medical, Sydneystfalia) by operators with several

years experience.
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Following baseline assessment, participants werdomised to receive either 300 mg of
allopurinol or placebo orally once daily (on a basis). Dosing began on the day of
baseline assessment and continued for 90 daysvaiieh participants returned for further
assessment as described above. All haemodynaniestwere conducted as near to
midday as feasible and subjects were asked toimdfi@n caffeine for 24 hours prior to

each study.

At each study visit, blood was drawn to allow meament of routine biochemistry and
haematology parameters and circulating markers nafotlelial/inflammatory function
(VEGF, sICAM, eSelectin and CRP). For these testsum was frozen and stored for

subsequent analysis using ELISA techniques.

ini Measurement of:
Clinical ek
Assessment and
-
and Blood Tests B_:_Oggs
pay 4 3 MONTHS

Placebo \

Measurement of:

e

- 3MONTHS - -

Figure 4.11. Study Four Participant Study Schedule.
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4.06.1.1 Rationale for Use of Response to Acetazoide as a Measure of
Cerebrovascular Function

Impaired regulation of the subcortical microvastuia has been proposed as a pathogenic
mechanism in first and recurrent lacunar cerelmfarction and in vascular dementia (561).
This impaired regulation can be assessed usingnaatd non-invasive ultrasound protocol
which measures cerebral vasomotor reactivity (C\WR),compensatory dilatatory capacity
of cerebral resistance vessels in response toasedearterial carbon dioxide concentration,
which can be manipulated by an acetazolamide iofub62-564). The magnitude of the
change in cerebral blood flow is the measure of GMR is a functional assessment of the
cerebral vasculature (562mpaired CVR occurs in a variety of cardiovasculak states
(565;566), correlates with the severity of leucagi@lopathy seen on magnetic resonance
imaging (567) and confers an increased risk ofdsafic stroke, possibly due to increased
rigidity in the arteriolar wall and to failure ohe cerebral vasculature to compensate for
fluctuations in perfusion pressure (566;568). Inigatly, CVR can be improved with statin
(569) and ACE inhibitor (562) therapy, both stragsgnown to reduce incidence of stroke
in high-risk individuals and is thus a useful thgatic target upon which to test new

treatments.

CVR as measured by response to acetazolamidedgsatialid measure and a 15mg/kg or
1g dose of acetazolamide leads to maximal vasodylaffect (570) with a peak effect at

approximately 15 minutes (571). Acetazolamide isewersible inhibitor of the enzyme

carbonic anhydrase which catalyses the reaction;

CO, + H0 = H,CO3 = H' + HCOy.
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It is presumed that the effect of acetazolamideemrebral blood flow is mediated by the
increase in extracellular pG@nd decrease in extracellular pH it affords. Boththese
changes lead to dilatation of small cerebral bleeskels (572). However, it is important to
note that acetazolamide may have a direct effeshoooth muscle of the blood vessel wall
(573) and thus acts through both endothelium depdrehd independent mechanisms. It is
possible therefore that changes in CVR assessethibymeans may not truly reflect
benefits or otherwise of a treatment such as afloply whose vascular effects are
mediated by a reduction in oxidative stress andavgd endothelial function. Assessment
of effect on measures such as L-arginine reactotynfusion on L-NMMA may have thus
be a more appropriate measure (574;575) but isitabéel in this population due to

concerns with its administration in those with bished cardiovascular disease.

Randomisation and Treatment Allocation

Allopurinol tablets were manufactured by AlpharRéacebo tablets were manufactured by
Penn Pharmaceuticals. Both were packaged in idgrigishion in the Pharmacy Production
Unit at the Western Infirmary Hospital. Study treahts were collected by one of the
investigators on the day of the baseline and tis¢ lost-washout study visit. Concordance
with therapy was assessed by questioning and @ilhts where available. Investigators
remained blinded to serum uric acid data untilehd of the study to prevent unmasking of
treatment allocation. Randomisation was perforimgedhe pharmacy department and the
randomisation code was held by an independent sthdymacist. The code was not broken

until all follow up was complete and all data werepared for analysis.
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Statistical measures

The primary endpoint was the change in MCA flowoedly induced by the acetazolamide
expressed as the percentage change measured atutBsmafter the infusion compared to
the O minute value (termed CVR). Based on previdats (562), it was calculated that a
sample size of 25 patients per group would enadlection of a clinically meaningful 10%
improvement in CVR following allopurinol treatmemtith 90% power (alpha = 5%,
assumed standard deviation 10%). Secondary endpeere change in augmentation index
(Al, measured during PWA) and PWV, and change ic acid levels and circulating
markers of endothelial/inflammatory function duritige study. Approval was sought and
obtained to recruit 80 participants, which woullbal detection of a smaller yet potentially

significant 3.7% improvement in CVR with 90% power.

The difference in CVR values between the followamu baseline visits were compared
between treatment groups. For the Al and PWV, Quieivalues at the baseline visit and
follow-up visit were compared. The difference betwere and post treatment values was
compared for the circulating markers of endothétilhmmatory function. As data were
non-normally distributed, the Mann-Whitney test wased for all between group

comparisons. Minitab Software (version 15, CalifardSA).

4.06.2 Study Four Results

Fifty participants were recruited between March @@hd May 2008. Forty-five of those
recruited completed the protocol. Two participantdrew consent prior to the baseline
visit, one felt unwell following acetazolamide isfan so did not wish to continue, one had

an unreliable TCD window so that MCA velocities wboot be reproducibly measured and
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one participant (who had stopped study medicatiwhnot attend on two occasions for the
follow-up visit. Data from this latter participamere included in analyses of baseline levels
of blood markers and CVR. All these participantsev@ndomised to the allopurinol group.
There were two serious adverse events, both ofwdtcurred in the allopurinol group but
were deemed unrelated to treatment; one particidameloped tonsillitis and required
hospital admission while another developed acuteemgicitis. One participant in the

placebo group suffered gout. The study was termthafter recruitment of 50 participants.

Of these recruited, mean age (SD) was 58.3 yedds 1&4). Demographic details,
including baseline drug therapy, risk factor burdesmal function and uric acid levels are
shown table 4.27. Baseline variables were broadfyilax although the proportion
established on diuretic and ACE inhibitor or angiin receptor blocker therapy was

higher in the placebo group.

Baseline Response to Acetazolamide Infusion

At the baseline visit, MCAv increased by a meari®6 m/s (SD, 12) and by 36.3% (SD
26) following acetazolamide infusion in the wholeogp and by 36.5% (SD 27.9) and
36.2% (SD 4.9) in the allopurinol and placebo gsougspectively. The Al and PWV did

not alter following acetazolamide infusion.

Change in CVR Following Allopurinol Treatment
CVR did not change following treatment with allojmad (median change in CVR 0.89%
in the allopurinol group and -0.68% in the placgoup, p=0.64, (95% CI for estimated

difference in medians -13.4 to 25.5%)) (figure 4.12
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Variable Allopurinol Placebo All

Group Group Participants
Completed Protocol 20 (80%) 25 (100%) | 45 (90%)
Age 59.4 (9.3) 57.3 (11.5) |58.3(10.4)
Smoker 9 (37.5%) 13 (52%) 22 (44.9%)
Hyperlipidaemia 8 (33.3%) 7 (28%) 15 (30.6%)
Hypertension 13 (54.2%) 16 (64%) | 29 (59.1%)
Previous CVA 4 (16.7%) 0 4 (8%)
Diabetes 2 (8.3%) 3 (12%) 5 (10.2%)
Anti-platelet Therapy 23 (95.8%) 24 (96%) | 47 (95.9%)
ACE Inhibitor or ARB Therapy| 7 (29.2%) 20 (80%) | 27 (55.1%)
Diuretic Therapy 6 (25%) 11 (44%) 17 (34.7%)
Calcium Channel Antagonistl (0.04%) 3 (12%) 4 (8.2%)
Therapy
Beta-Blocker Therapy 5 (20.1%) 2 (8%) 7 (14.3%)
Lipid Lowering Therapy 23 (95.8%) 23 (92%) | 46 (93.9%)
Oral Hypoglycaemic Agent 2 (8.3%) 3 (12%) 5 (10.2%)
Serum Creatinine (Lmol/l) 91.1 (19.2) 90.4 (21.8)| 90.8 (20.4)
Serum Glucose (mmol/l) 6 (1.8) 6.6 (2.4) 6.3 (2.2)
Serum Uric Acid (mmol/l) 0.35(0.1) 0.33 (0.09) | 0.34 (0.09)
SBP (mmHg) 133.9 (17.1) 142.9 (24.1) 138.6 (21.3)
DBP (mmHg) 74.4 (11.8) 78.8 (11.4) | 76.7 (11.7)
MCAVv (m/s) 42.6 (10.8) 44.6 (12.5) | 43.7 (11.6)
Augmentation Index (Al, %) 24.4 (12.3) 22.4 (11.5)| 23.4 (11.8)
Pulse Wave Velocity (PW\,7.6 (1.6) 8.1 (1.6) 7.8 (1.6)
m/s)
Any Serious Adverse Event 2 (8.3%) 0 2 (4%)
Table 4.27 — Study Four Baseline Variables
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Percentage Change in CVR Following Treatment

x
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150+
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Allopurinol Placebo
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Figure 4.12. Percentage Change in Cerebrovasculargactivity
(CVR) Following Treatment in Study Four

Secondary Endpoints

The Al did not change following treatment with g@loinol (median change 0% in the
allopurinol group and 2 % in the placebo group, .p£D There was also no change in
PWV (median change -0.3 m/s in allopurinol groumpared to -0.35 m/s in the placebo
group, p=0.42) (table 4.28). Uric acid level wagng#icantly reduced by allopurinol
treatment but there were no significant changdkerother blood parameters or markers of

endothelial function (table 4.29).
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Variable First Visit ¥ | Change Post| Change Post| Difference P Value
Placebat Allopurinol 1 | Between I
Groups §
Al (%) 23.35 (14.25 2 (-3.75 to| 0 (-6 to 6) -15(-7t0 4)[ 0.5
to 52) 35)
PWV (m/s) | 7.82 (6.6 t§-0.35 (-1.35-0.3 (-1.25td 0.35 (-0.5 tg 0.42
8.9) to 0.35) 1.4) 1.5)

Table 4.28 - Measures of Peripheral Arterial Sti#ss in Study Four. All values refe

to the baseline pre-infusion values. ¥ = values simoare median and interquartilg

range.

Mann-Whitney testing. || = for Mann-Whitney testn

8 = values shown are estimated differemeemedians and the 95% CI o

=

Variable Placebo Allopurinol Difference Between| P value t
Periods *

Uric Acid | 0.02 (-0.02 tg -0.12 (-0.2 to {-0.15 (-0.2 to -0.09) | <0.0001

(mmol/l) 0.06) .05)

VEGF (pg/ml) | 11.8 (-60.6 tp-11.4 (-50 to|-27.3(-12.5t042) |0.23
157.4) 10.8)

s-ICAM 12.8 (-13.3 td 10 (-68to 56.7)| -32.7 (-142.4to0 25.10.3

(ng/ml) 93.7)

e-Selectin -4.71 (-13.35 td -6.43 (-21.51 tq -2.85 (-19.64 to 11) | 0.72

(ng/ml) 11.72) 8.06)

CRP (mg/l) 0.29 (-2.12 tp0.03 (-0.41 tqg 0.09 (-0.72to0 1.44) | 0.87

0.76)

0.93)

Table 4.29 — Change in Blood Parameters and Markess Endothelial Function

During Study Four
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4.06.3 Discussion

This study found no effect of allopurinol treatmemt CVR, as measured by response to

acetazolamide infusion in patients with recent sutbzal stroke.

The lack of effect of allopurinol on CVR is not keeping with data which support the
beneficial effect of allopurinol on the vasculatufée effect of XO inhibitors on measures
of endothelial and cardiovascular function has bessted in many small studies (521).
Trials have variously used oral or intravenous damg typically involved a cross over
design, with changes in arterial responsivenessuésome measures, which have been
shown to improve following treatment with CV riskedifying drugs (510). Improvements
following XO inhibition are seen in patients witgpe Il diabetes and hypertension,
hypercholesterolaemia, smokers, in those with @&belval0 year CV risk and
hyperuricaemia, in stable coronary disease andhén dontext of heart failure (521),
although beneficial effects were not seen in sondiss in heart failure and
hyperlipidaemia. This is the first study of the eeff of allopurinol on a measure of
cerebrovascular health in patients with previouskst Previous work from this unit has
shown that allopurinol use is associated with apidlly beneficial attenuation of the rise
in ICAM-1 levels after stroke (489) and improvengeint cerebrovascular function in those
with type 2 diabetes (576) hence the wish to evalushether allopurinol improves

cerebrovascular health after stroke.

This study employed a rigorous protocol, with whiblre is considerable local experience,
and CVR measured in this fashion has previousiy ls®wn by this group and others to

improve following treatment with statins and ACHiloitors (561;569). This study may
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have failed to see benefit for several reasonstl¥irthe study size would allow detection
of a 10% improvement in CVR with 90% power. Thishe same magnitude of benefit that
was previously seen with perindopril use but thiglg has limited power to detect smaller
yet potentially beneficial improvements. This ismmounded by the large variability seen
in the change and measures of CVR. Also, by chaltpatients who withdrew before or
early after starting medication had been randomisetthe allopurinol group. Further, in

this study, 94% of patients were established otinstherapy, compared to only 30% in
similar studies of ACE inhibition (562), and ovealthwere receiving ACE inhibition or

ARB therapy, while 70% were on some form of angpéntensive therapy. The rate of
concurrent ACE | / ARB therapy was more than doubléhe placebo group compared to
those who received allopurinol. It may be thatsirch a well treated cohort, the potential
beneficial effect of allopurinol is less than onglly anticipated. The potential limitations
of CVR measured in this way have already been dgl It remains, however, a valid
measure given the concerns surrounding other mesmsuich as response to L-NMMA in

those with established cardiovascular disease.

Further, while the baseline levels of CVR in thisdy are comparable to previous studies
in this patient group, there is considerable oyentathe literature between values reported
in healthy volunteers (577), those with elevatedicaascular risk, previous stroke and
occlusive carotid disease (563). It is therefof@atilt to estimate to what degree baseline
CVR was impaired in this group and thus the degfemprovement that one would expect

to see from effective therapy.

Many previous studies have investigated the efiéet short treatment duration, and even

single dose, of allopurinol treatment and have isbastly revealed benefit on measures of
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vascular function (521). It is of interest that 2tlee 3 published studies (487) (482;496)
testing a longer treatment duration have failegigdd benefit. Any beneficial effects of
xanthine oxidase inhibition on the vasculature rhayshort lived and by-passed by other
sources of oxidative stress. It may also be thategplation of xanthine oxidase occurs
with time, meaning any improvements may not beasnet for a prolonged period. Uric
acid levels were not elevated in this populatiod atudies in the setting of heart failure
suggest that the vascular effects of allopurin@ demonstrable only where xanthine
oxidase activity is up-regulated and uric acid Is\age increased (578), although the effects

may not be mediated by uric acid reduction ped88)

In summary, this study did not confirm a benefi@tkct of allopurinol on cerebrovascular
reactivity. It may therefore be that previous emeging findings will not therefore

translate into important clinical benefits. Furtlstndy is required and results of this trial
suggest this should focus on those with increaseahs uric acid levels and aim to clarify

whether the previous positive effects of allopuliaie sustained over a prolonged period.

Chapter Summary

These studies suggest uric acid is an importaktfastor for adverse vascular outcome.
Allopurinol may also be a promising preventativetggy. Serum uric acid predicts poor
functional outcome following acute stroke but noan independent fashion. There was no
evidence of an association with favourable outcasiether groups have found. Increasing
serum uric acid was also shown to be predictivenafeased risk of stroke, total, vascular

and coronary mortality in treated hypertensive grdi but interestingly, the relationship
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between stroke mortality and serum uric acid appelashaped and most apparent in

females.

Allopurinol was shown to improve cerebral nitric id& bioavailability suggesting a
beneficial effect of allopurinol on cerebrovascukealth. However, allopurinol did not
improve cerebrovascular reactivity (as measurecebgonse to acetazolamide infusion) in
a group of patients with recent subcortical stroKdis raises interesting questions
regarding the longevity of any positive effect dbpurinol as this, and other studies of 3
month duration, have revealed no benefit. Furtbeljects in this neutral study did not, on
balance, have elevated serum uric acid and it éeently been suggested that only those
with significantly elevated levels benefit in thetttng of congestive cardiac failure.
Further work should establish whether this is dls® in those with regard to stroke

prevention.
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CHAPTER FIVE

FUTURE DIRECTIONS
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Stroke is a common disorder with dire consequefarethe patient and for society and will
increase in prevalence over the coming years. Wollp stroke, many patients
unfortunately suffer a further stroke, and recurigrokes account for approximately 25%
of the total. Considerable scope therefore existsniprove both primary and secondary
stroke prevention. This thesis has addressedaexeas at key stages in the prevention of
stroke by developing strategies to better iderttilyse at highest risk, attempting to better
target pre-existing anti-platelet therapy and bgityeing the evaluation of xanthine oxidase

reduction and uric acid lowering therapy in thevergion of stroke.

A clinical scoring system to aid diagnostic recaoigmi in those with suspected transient
ischaemic attack (TIA) was successfully developed fzas the ability to reduce the referral
of those without cerebrovascular disease to bugyclihics. This would have a substantial
effect on waiting times for assessment; a key amergthe recent evidence that rapid
assessment and treatment of those with TIA greatlyces stroke risk. Further work to
evaluate and introduce the score to routine clinicactice is required. It is planned to
incorporate use of the scoring system into therr@f@rocess to our TIA clinic. It will be

established whether, when used by General Prawitso the scoring system can identify
those without TIA whilst safely identifying thosetiwv true TIA. The potential impact on

services will also be assessed.

Aspirin resistance was confirmed to be a commomehenon, although the role of poor
compliance with therapy as a cause in a substamtimber of cases was established. This
suggests that objective measures to confirm asjpigestion should be mandatory in future
studies of aspirin resistance. Aspirin resistarveas also higher in those with

cerebrovascular microembolic signals (MES) and tchrdisease compared to those with
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equivalent carotid disease and no MES. This previddink to a well established and
robust surrogate marker of outcome and thus a usefdel to further study the benefits of
guided anti-platelet strategies. An interventioiéhical anti-platelet trial based upon
individual aspirin responsiveness in high risk induals such as those with MES is now

warranted and funding will be sought for this ie tiear future.

Increasing serum uric acid was found to be a ptediof poor functional outcome
following acute stroke but not in an independeshfan. However, there was no evidence
of an association with favourable outcome as ogjieups have found. Increasing serum
uric acid was also shown to be predictive of insesharisk of stroke, total, vascular and
coronary mortality in treated hypertensive patiebtg interestingly, the relationship
between stroke mortality and serum uric acid appeashaped and most apparent in
females. A study of the use of allopurinol in thegth diabetes showed that XO inhibition
improves cerebral NO bioavailability suggesting endficial effect of allopurinol on
cerebrovascular health. However, a study of theceffof allopurinol treatment on
cerebrovascular reactivity (as measured by resptinaeetazolamide infusion) in a group
of patients with recent subcortical stroke revealegositive effect. This raises interesting
guestions regarding the longevity of any positifeea of allopurinol as it, and other
studies of 3 month duration, have revealed no liekefrther, subjects in this study did not
on balance have elevated serum uric acid and itdwntly been suggested that only those
with significantly elevated levels benefit in thetttng of congestive cardiac failure.
Whether this is also true in those with stroke atsguires to be clarified. A large study of
the effect of allopurinol on carotid intima-medradkness, a robust and modifiable marker

of vascular risk, in those with recent stroke snpled to address these questions.
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The planned study is a randomised, double-blinccgila controlled pilot study to
investigate benefit of 2 years allopurinol 300 mig change in carotid intima-media
thickness in those with recent stroke. Levels afathelial progenitor cells and circulating
markers of endothelial function and safety andicdihendpoint data will also be gathered
assessed. The trial will require approximately p@@ticipants to be followed for a two
year period to ensure adequate power. The studgthggis is that allopurinol will reduce
IMT progression rate, increase levels of EPCs auldice levels of circulating endothelial
markers with no increase in serious adverse evéhtsstudy will begin in May 2009 and

take five years to complete.

- 239 -



REFERENCE LIST

- 240 -



Reference List

1 Warlow C, Dennis M, van Gijn J, Hankey G, &arcock P, Bamford J. Stroke: A
Practical Guide to Management. ed 2nd, London,BVat Sciences Limited, 2001.

2 Mackay J, Mensah G. World Health Organizatidme Atlas of Heart Disease and
Stroke; 2007.

3 Palmer AJ, Valentine WJ, Roze S, Lammert pleSser J, Gabriel S. Overview of
costs of stroke from published, incidence-basedistuspanning 16 industrialized countries.
Current Medical Research and Opinion 2005;21:19-26.

4 Martinez-Vila E, Irimia P. The cost of strokeerebrovascular Diseases 2004;17:124-
129.

5 National Audit Office Reducing Brain Damag@ster Access to Better Stroke Care.
http://www.nao.org.uk/publications/nao reports/@5H06452.pdf Accessed 20-7-0006.

6 Du XL, Sourbutts J, Cruickshank K, et al. @&manunity based stroke register in a
high risk area for stroke in north west Englandirdal of Epidemiology and Community
Health 1997;51:472-478.

7 Bamford J, Sandercock P, Dennis M, et alrédspective-Study of Acute
Cerebrovascular-Disease in the Community - the @sture-Community-Stroke-Project
1981-86 .1. Methodology, Demography and InciderdgSaf 1St-Ever Stroke. Journal of
Neurology Neurosurgery and Psychiatry 1988;51:1B330.

8 Rodgers H, Greenaway J, Davies T, Wood RerSt¢ Thomson R. Risk factors for
first-ever stroke in older people in the north eddEngland - A population-based study.
Stroke 2004;35:7-11.

9 Stewart JA, Dundas R, Howard RS, Rudd AG,fé&/6DA. Ethnic differences in
incidence of stroke: prospective study with strodgister. British Medical Journal
1999;318:967-971.

10 Truelsen T, Piechowski-Jozwiak B, BonitaMthers C, Bogousslavsky J, Boysen
G. Stroke incidence and prevalence in Europe: izwesf available data. European Journal
of Neurology 2006;13:581-598.

11 Syme PD, Byrne AW, Chen RL, Devenny R, Ferlie Community-based stroke
incidence in a Scottish population - The Scottisind@rs Stroke Study. Stroke
2005;36:1837-1843.

12 Thorvaldsen P, Asplund K, Kuulasmaa K, Rafjajas AM, Schroll M. Stroke
Incidence, Case-Fatality, and Mortality in the V\Monica Project. Stroke 1995;26:361-
367.

13 British Heart Foundation Statistics Datab26€8.
http://lwww.heartstats.org/homepage.asp. AccessE9/B

- 241 -



14 Leeder S, Raymond S, Greenberg H, Liu HolE$S A Race Against Time: The
Challenge of Cardiovascular Disease in Developiognémies. The Trustees of Columbia
University in the City of New York, 2004.

15 World Health Organisation. World Health 8tats Annual, 1993. Geneva, WHO,
1994.

16 Wu ZS, Yao CG, Zhao D, et al. Sino-MONICAject - A collaborative study on
trends and determinants in cardiovascular diseagebkina, Part I: Morbidity and mortality
monitoring. Circulation 2001;103:462-468.

17 Thorvaldsen P, Kuulasmaa K, Rajakangas Adstéhyte D, Sarti C, Wilhelmsen L.
Stroke trends in the WHO MONICA Project. Stroke 728:500-506.

18 Truelsen T, Mahonen M, Tolonen H, AsplundBlénita R, Vanuzzo D. Trends in
stroke and coronary heart disease in the WHO MONp@#ect. Stroke 2003;34:1346-
1352.

19 Anderson CS, Carter KN, Hackett ML, et akrids in stroke incidence in Auckland,
New Zealand, during 1981 to 2003. Stroke 2005;3%/22093.

20 Sarti C, Rastenyte D, Cepaitis Z, Tuomilehttmternational trends in mortality
from stroke, 1968 to 1994. Stroke 2000;31:1588-1601

21 World Population Prospects 208#p://esa.un.org/unppAccessed 10/09/2008.

22 Liao JK. Secondary prevention of stroke taadsient ischemic attack - Is more
platelet inhibition the answer? Circulation 20051615-1621.

23 Kaplan RC, Tirschwell DL, Longstreth WT akt Vascular events, mortality, and
preventive therapy following ischemic stroke in giéerly. Neurology 2005;65:835-842.

24 CAPRIE Steering Committee. A randomisedyd#gd, trial of clopidogrel versus
aspirin in patients at risk of ischaemic events RRAE). Lancet 1996;348:1329-1339.

25 Kolominsky-Rabas PL, Sarti C, Heuschmannd&d). A prospective community-
based study of stroke in Germany - The Erlangeok8tProject (ESPro) incidence and
case fatality at 1, 3, and 12 months. Stroke 1¥23301-2506.

26 Burn J, Dennis M, Bamford J, Sandercock Bg8WD, Warlow C. Long-Term Risk
of Recurrent Stroke After A First-Ever Stroke - tBgfordshire Community Stroke Project.
Stroke 1994;25:333-337.

27 Hardie K, Hankey GJ, Jamrozik K, Broadh&3t Anderson C. Ten-year risk of
first recurrent stroke and disability after firstee stroke in the Perth Community Stroke
Study. Stroke 2004;35:731-735.

28 Leoo T, Lindgren A, Petersson J, von ArbinRvBk factors and treatment at

recurrent stroke onset: Results from the recustoke quality and epidemiology
(RESQUE) study. Cerebrovascular Diseases 2008;22286.

- 242 -



29 Ad Hoc Committee on the Classification andlide of Cerebrovascular Disease.
Stroke 1975;6:566-616.

30 Rothwell PM, Warlow CP. Timing of TIAs pretirg stroke - Time window for
prevention is very short. Neurology 2005;64:817-820

31 Rothwell PM, Giles MF, Flossmann E, et akifple score (ABCD) to identify
individuals at high early risk of stroke after tsgant ischaemic attack. Lancet 2005;366:29-
36.

32 Johnston SC, Rothwell PM, Nguyen-Huynh Mit\gleValidation and refinement of
scores to predict very early stroke risk after srant ischaemic attack. Lancet
2007;369:283-292.

33 The Intercollegiate Working Party For StroMational Clinical Guidelines For
Stroke; 2004.

34 Wolf PA, Clagett GP, Easton JD, et al. Pnéing ischemic stroke in patients with
prior stroke and transient ischemic attack - Aestant for healthcare professionals from
the Stroke Council of the American Heart Assocratitroke 1999;30:1991-1994.

35 Department of Health. National Service Fraonk for Older People, Standard
Five.; 2001, pp 61-75.

36 Brown RD, Petty GW, O'Fallon WM, Wiebers D@hisnant JP. Incidence of
transient ischemic attack in Rochester, Minnesif385-1989. Stroke 1998:29:2109-2113.

37 Kleindorfer D, Panagos P, Pancioli A, etratidence and short-term prognosis of
transient ischemic attack in a population-basedyst8troke 2005;36:720-723.

38 Rothwell PM, Coull AJ, Silver LE, et al. Rdgtion-based study of event-rate,
incidence, case fatality, and mortality for all scuascular events in all arterial territories
(Oxford Vascular Study). Lancet 2005;366:1773-1783.

39 Ginsberg MD, Pulsinelli WA. The Ischemic Betbra, Injury Thresholds, and the
Therapeutic Window for Acute Stroke. Annals of N#agy 1994;36:553-554.

40 Castillo J, Davalos A, Naveiro J, Noya M.ukegexcitatory amino acids and their
relation to infarct size and neurological defiaiischemic stroke. Stroke 1996;27:1060-
1065.

41 Brown RC, Davis TP. Calcium modulation ohackens and tight junction function -
A potential mechanism for blood-brain barrier digran after stroke. Stroke
2002;33:1706-1711.

42 Kuroda S, Siesjo BK. Reperfusion damagevalhg focal ischemia:
Pathophysiology and therapeutic windows. ClinicalMscience 1997;4:199-212.

43 Saver JL. Time is brain - Quantified. Neagyl 2005;64:A295.

- 243 -



44 Kazui S, Naritomi H, Yamamoto H, Sawada &méaguchi T. Enlargement of
spontaneous intracerebral hemorrhage - Incidenteire course. Stroke 1996;27:1783-
1787.

45 Brott T, Broderick J, Kothari R, et al. Banemorrhage growth in patients with
intracerebral hemorrhage. Stroke 1997;28:1-5.

46 Qureshi Al, Tuhrim S, Broderick JP, Batjed HHondo H, Hanley DF. Medical
progress: Spontaneous intracerebral hemorrhage Byefyand Journal of Medicine
2001;344:1450-1460.

47 Jauch EC, Lindsell CJ, Adeoye O, et al. Lafckvidence for an association between
hemodynamic variables and hematoma growth in speotss intracerebral hemorrhage.
Stroke 2006;37:2061-2065.

48 Asplund K, Berman P, Blomstrand C, et alwHio stroke units improve patient
outcomes? A collaborative systematic review ofrHr@lomized trials. Stroke
1997,28:2139-2144.

49 Wardlaw JM, Seymour J, Cairns J, Keir S, iise8y Sandercock P. Immediate
computed tomography scanning of acute stroke iseftective and improves quality of
life. Stroke 2004,35:2477-2483.

50 Chalela JA, Kidwell CS, Nentwich LM, et Blagnetic resonance imaging and
computed tomography in emergency assessment ehpatvith suspected acute stroke: a
prospective comparison. Lancet 2007;369:293-298.

51 Schlaug G, Benfield A, Baird AE, et al. Tisehemic penumbra - Operationally
defined by diffusion and perfusion MRI. Neurolog§9P;53:1528-1537.

52 Leonardi-Bee J, Bath PMW, Phillips SJ, Sacmiek PAG. Blood pressure and
clinical outcomes in the international stroke tridiroke 2002;33:1315-1320.

53 Willmot M, Leonardi-Bee J, Bath PMW. HighobHd pressure in acute stroke and
subsequent outcome - A systematic review. Hypeidaarz004;43:18-24.

54 Meyer JS, Shimazu K, Fukuuchi Y, et al. limgd Neurogenic Cerebrovascular
Control and Dysautoregulation After Stroke. Strak&3;4:169-186.

55 The European Stroke Organisation (ESO) Brec@Committee and the ESO
Writing Committee: Guidelines for the Managementsachaemic Stroke and Transient
Ischaemic Attack 2008; 2008, pp 457-507.

56 Potter J, Robinson T, Ford G, et al. CHH(€8ntrolling hypertension and
hypotension immediately post-stroke) pilot tri@tionale and design. Journal of
Hypertension 2005;23:649-655.

57 Robinson TG. COSSACS (Continue or Stop Bbostke Antihypertensives
Collaborative Study): rationale and design. Jouahddypertension 2005;23:455-458.

- 244 -



58 Thomas D, Bath PM, Lees K, et al. Glycenylitrate vs.. control, and continuing
vs.. stopping temporarily prior anti hypertensikierapy, in acute stroke: rationale and
design of the Efficacy of Nitric Oxide in StrokeNBS) trial International Journal of
Stroke 2006;1:245-249.

59 Capes SE, Hunt D, Malmberg K, Pathak P, t@er$iC. Stress hyperglycemia and
prognosis of stroke in nondiabetic and diabetitepids - A systematic overview. Stroke
2001;32:2426-2432.

60 Weir CJ, Murray GD, Dyker AG, Lees KR. Igleyglycaemia an independent
predictor of poor outcome after acute stroke? Resila long term follow up study.
British Medical Journal 1997;314:1303-1306.

61 Parsons MW, Barber PA, Desmond PM, et alitdb&yperglycemia adversely
affects stroke outcome: A magnetic resonance ingagind spectroscopy study. Annals of
Neurology 2002;52:20-28.

62 Ribo M, Molina CA, Delgado P, et al. Hypsr@@mia during ischemia rapidly
accelerates brain damage in stroke patients tredatbdPA. Journal of Cerebral Blood
Flow and Metabolism 2007;27:1616-1622.

63 Ribo M, Molina C, Montaner J, et al. Acutghrglycemia state is associated with
lower tPA-induced recanalization rates in strokiego#s. Stroke 2005;36:1705-1709.

64 Gray CS, Hildreth AJ, Sandercock PA, eGllicose-potassium-insulin infusions in
the management of post-stroke hyperglycaemia: thé&llicose Insulin in Stroke Trial
(GIST-UK). Lancet Neurology 2007;6:397-406.

65 Hajat C, Hajat S, Sharma P. Effects of Padts Pyrexia on Stroke Outcome : A
Meta-Analysis of Studies in Patients. Stroke 2000{30-414.

66 Globus MY, Busto R, Lin B, Schnippering Hn&berg MD. Detection of free
radical activity during transient global ischemradaecirculation: effects of intraischemic
brain temperature modulation. J Neurochem 19955011 256.

67 Dietrich WD, Halley M, Valdes |, Busto Riénrelationships between increased
vascular permeability and acute neuronal damagdmwislg temperature-controlled brain
ischemia in rats. Acta Neuropathol 1991;81:615-625.

68 van Breda E, van der Worp HB, van Gemert ldbMal. PAIS: paracetamol
(acetaminophen) in stroke; protocol for a randomhiziouble blind clinical trial. BMC
Cardiovascular Disorders 2005;5:24.

69 Azzimondi G, Bassein L, Fiorani L, et al.r\ables associated with hospital arrival
time after stroke: effect of delay on the cliniefficiency of early treatment. Stroke
1997,28:537-542.

70 Lees KR, Ford GA, Muir KW, et al, for theTS-UK Group: Thrombolytic therapy

for acute stroke in the United Kingdom: experiefioen the safe implementation of
thrombolysis in stroke (SITS) register. Qjm 2008;/h@2.

- 245 -



71 Hacke W, Donnan G, Fieschi C, et al. Assmrieof outcome with early stroke
treatment: pooled analysis of ATLANTIS, ECASS, MI#8IDS rt-PA stroke trials. Lancet
2004,363:768-774.

72 Saver JL. Number needed to treat estimatesporating effects over the entire
range of clinical outcomes: novel derivation method application to thrombolytic
therapy for acute stroke. Arch Neurol 2004;61:12669.

73 Wahlgren N, Ahmed N, Davalos A, et al. Thbatysis with alteplase for acute
ischaemic stroke in the Safe implementation of Wiyolysis in Stroke-Monitoring Study
(SITS-MOST): an observational study. Lancet 2009;385-282.

74 Tanne D, Kasner SE, Demchuk AM, et al. Mes'ke# increased risk of intracerebral
hemorrhage after intravenous recombinant tissuspfeogen activator therapy for acute
ischemic stroke in clinical practice: the Multicentt-PA Stroke Survey. Circulation
2002;105:1679-1685.

75 Hill MD, Buchan AM. Thrombolysis for acutechemic stroke: results of the
Canadian Alteplase for Stroke Effectiveness St@wyAJ 2005;172:1307-1312.

76 Hacke W, Kaste M, Bluhmki E, et al. Thromjzi$ with Alteplase 3 to 4.5 Hours
after Acute Ischemic Stroke. N Engl J Med 2008;33%7-1329.

77 Furlan A, Higashida R, Wechsler L, et alrdrarterial prourokinase for acute
ischemic stroke. The PROACT Il study: a randomizextrolled trial. Prolyse in Acute
Cerebral Thromboembolism. JAMA 1999;282:2003-2011.

78 Arnold M, Nedeltchev K, Schroth G, et alin@lal and radiological predictors of
recanalisation and outcome of 40 patients witheabasilar artery occlusion treated with
intra-arterial thrombolysis. Journal of Neurologguosurgery and Psychiatry
2004;75:857-862.

79 Lindsberg PJ, Mattle HP. Therapy of basl&ery occlusion: a systematic analysis
comparing intra-arterial and intravenous thrombislyStroke 2006;37:922-928.

80 Smith WS, Sung G, Starkman S, et al. Safetiyefficacy of mechanical
embolectomy in acute ischemic stroke: results eMERCI trial. Stroke 2005;36:1432-
1438.

81 Smith WS, Sung G, Saver J, et al. Mechatitaimbectomy for acute ischemic
stroke - Final results of the multi MERCI trial r&te 2008;39:1205-1212.

82 Whiteley W, Lindley R, Wardlaw J, Sanderc®&cKr hird International Stroke Trial.
International Journal of Stroke 2006;1:172-176.

83 Donnan GA, Davis SM. Life after DIAS Il. émhational Journal of Stroke
2007;2:236-237.

- 246 -



84 Furlan AJ, Eyding D, Albers GW, et al. Desealation of desmoteplase for acute
ischemic stroke (DEDAS) - Evidence of safety arfccaty 3 to 9 hours after stroke onset.
Stroke 2006;37:1227-1231.

85 Hacke W, Albers G, Al Rawi Y, et al. The Degteplase In Acute Ischemic Stroke
Trial (DIAS) - A phase Il MRI-based 9-hour windowde stroke thrombolysis trial with
intravenous desmoteplase. Stroke 2005;36:66-73.

86 Chen ZM, Hui JM, Liu LS, et al. CAST: Randssad placebo-controlled trial of
early aspirin use in 20,000 patients with acutbasic stroke. Lancet 1997;349:1641-
1649.

87 Sandercock P, Collins R, Counsell C, eThé International Stroke Trial (IST): A
randomised trial of aspirin, subcutaneous hepéaotf), or neither among 19 435 patients
with acute ischaemic stroke. Lancet 1997;349:156%11

88 Chen Z, Sandercock P, Pan H, et al. Indinatfor Early Aspirin Use in Acute
Ischemic Stroke : A Combined Analysis of 40 000 &Ranized Patients From the Chinese
Acute Stroke Trial and the International Strokeal'rStroke 2000;31:1240-1249.

89 Gubitz G, Sandercock P, Counsell C. Anticteagts for acute ischaemic stroke.
Cochrane Database Syst Rev 2004;CD000024.

90 Camerlingo M, Salvi P, Belloni G, Gamba Bs@na BM, Mamoli A. Intravenous
heparin started within the first 3 hours after argesymptoms as a treatment for acute
nonlacunar hemispheric cerebral infarctions. St2d@5;36:2415-2420.

91 Chamorro A, Busse O, Obach V, et al. TheidRApticoagulation Prevents
Ischemic Damage study in acute stroke - Final tedtdm the writing committee.
Cerebrovascular Diseases 2005;19:402-404.

92 Chamorro A. Immediate Anticoagulation foruée Stroke in Atrial Fibrillation: Yes.
Stroke 2006;37:3052-3053.

93 Jeyaseelan K, Lim KY, Armugam A. Neuroprtaects in stroke therapy. Expert
Opinion in Pharmacotehrapy 2008;9:887-900.

94 Correia M, Silva M, Veloso M. Cooling theydipr acute stroke. Cochrane Database
Syst Rev 2000;CD001247.

95 Lanier WL. Cerebral metabolic rate and higpatia: their relationship with
ischemic neurologic injury. J Neurosurg Anesthe$if5;7:216-221.

96 Hammer MD, Krieger DW. Acute ischemic stroleethere a role for hypothermia?
Cleveland Clinic Journal of Medicine 2002;69:770-+.

97 Kammersgaard LP, Rasmussen BH, JorgenseReith, J, Weber U, Olsen TS.
Feasibility and safety of inducing modest hypotharim awake patients with acute stroke
through surface cooling: A case-control study: @openhagen Stroke Study. Stroke
2000;31:2251-2256.

- 247 -



98 Guluma KZ, Hemmen TM, Olsen SE, Rapp KS,dty®D. A trial of therapeutic
hypothermia via endovascular approach in awakempatiwith acute ischemic stroke:
methodology. Acad Emerg Med 2006;13:820-827.

99 Schwab S, Georgiadis D, Berrouschot J, 8oget PD, Graffagnino C, Mayer SA.
Feasibility and safety of moderate hypothermiaraftassive hemispheric infarction.
Stroke 2001;32:2033-2035.

100 Krieger DW, Yenari MA. Therapeutic hypotimé for acute ischemic stroke -
What do laboratory studies teach us? Stroke 2001482-1489.

101 Ridenour TR, Warner DS, Todd MM, McAllis&&€. Mild hypothermia reduces
infarct size resulting from temporary but not peneat focal ischemia in rats. Stroke
1992;23:733-738.

102 Morikawa E, Ginsberg MD, Dietrich WD, et @he Significance of Brain
Temperature in Focal Cerebral-Ischemia - Histodatiical Consequences of Middle
Cerebral-Artery Occlusion in the Rat. Journal ofébeal Blood Flow and Metabolism
1992;12:380-389.

103 Berger C, Schramm P, Schwab S. Reductialiffakion-weighted MRI lesion
volume after early moderate hypothermia in ischestrigke. Stroke 2005;36:E56-E58.

104 Krieger DW, De Georgia MA, Abou-Chebl A akt Cooling for acute ischemic
brain damage (COOL AID) - An open pilot study ofliced hypothermia in acute ischemic
stroke. Stroke 2001;32:1847-1854.

105 Hart RG, Boop BS, Anderson DC. Oral antigdants and intracranial hemorrhage.
Facts and hypotheses. Stroke 1995;26:1471-1477.

106 Fredriksson K, Norrving B, Stromblad LG. Egency reversal of anticoagulation
after intracerebral hemorrhage. Stroke 1992;23972-

107 Felfernig M, Huepfl M. Experience of recomdmt activated factor VII
(NovoSeven((R))) in the operating theatre and sitencare unit for the management of
intracranial bleeding in nonhaemophilic patientsniCal Neurology and Neurosurgery
2008;110:227-232.

108 von Heymann C, Jonas S, Spies C, Werneck&Zidiner S, Janssen D, Koscielny
J. Recombinant activated factor Vlla for the treatitof bleeding in major abdominal
surgery including vascular and urological surgeryeview and meta-analysis of published
data. Critical Care 2008;12.

109 Mayer SA, Brun NC, Begtrup K, et al. Recomaloit activated factor VII for acute
intracerebral hemorrhage. New England Journal ddiblee 2005;352:777-785.

110 Mayer SA, Brun NC, Begtrup K, et al. Effigaand safety of recombinant activated

factor VII for acute intracerebral hemorrhage. Nemgland Journal of Medicine
2008;358:2127-2137.

- 248 -



111 Tuhrim S, Dambrosia JM, Price TR, et alkdoérebral Hemorrhage - External
Validation and Extension of A Model for Predictioh30-Day Survival. Annals of
Neurology 1991;29:658-663.

112 Tuhrim S, Horowitz DR, Sacher M, Godbold Wdlume of ventricular blood is an
important determinant of outcome in supratentontthcerebral hemorrhage. Critical Care
Medicine 1999;27:617-621.

113 Hacke W, Schwab S, Horn M, Spranger M, DeG@adV, vonKummer R.
'Malignant' middle cerebral artery territory infaon - Clinical course and prognostic signs.
Archives of Neurology 1996;53:309-315.

114 Vahedi K, Hofmeijer J, Juettler E, et alrlifdecompressive surgery in malignant
infarction of the middle cerebral artery: a poodathlysis of three randomised controlled
trials. Lancet Neurology 2007;6:215-222.

115 Mendelow AD, Gregson BA, Fernandes HM, eEally surgery versus initial
conservative treatment in patients with spontansopsatentorial intracerebral
haematomas in the International Surgical Triahimdcerebral Haemorrhage (STICH): a
randomised trial. Lancet 2005;365:387-397.

116 STICH Il Trial http://www.ncl.ac.uk/stich/Accessed L September 2008.

117 Hennekens CH. Final Report on the Aspirim@onent of the Ongoing Physicians
Health Study. New England Journal of Medicine 182%;129-135.

118 Peto R, Gray R, Collins R, et al. Randomikadl of Prophylactic Daily Aspirin in
British Male Doctors. British Medical Journal 19886:313-316.

119 Hansson L, Zanchetti A, Carruthers SG, .eEffé¢cts of intensive blood-pressure
lowering and low-dose aspirin in patients with hypesion: principal results of the
hypertension optimal treatment (HOT) randomiseal.ttiancet 1998;351:1755-1762.

120 Meade TW, Wilkes HC, Kelleher CC, et al.drbosis prevention trial:
randomised trial of low-intensity oral anticoagiatwith warfarin and low-dose aspirin in
the primary prevention of ischaemic heart diseasaen at increased risk. Lancet
1998;351:233-241.

121 Tognoni G, Avanzini F, Pangrazzi J, et awtdose aspirin and vitamin E in
people at cardiovascular risk: a randomised tnajeneral practice. Lancet 2001;357:89-95.

122 Eidelman RS, Hebert PR, Weisman SM, Henreedh An update on aspirin in
the primary prevention of cardiovascular diseasehies of Internal Medicine
2003;163:2006-2010.

123 Ridker PM, Cook NR, Lee IM, et al. A randaed trial of low-dose aspirin in the
primary prevention of cardiovascular disease in wonNew England Journal of Medicine
2005;352:1293-1304.

- 249 -



124 Berger JS, Roncaglioni MC, Avanzini F, Pazgr |, Tognoni G, Brown DL.
Aspirin for the primary prevention of cardiovasautaents in women and men - A sex-
specific meta-analysis of randomized controlleal$tiJama-Journal of the American
Medical Association 2006;295:306-313.

125 Belch J, MacCuish A, Campbell I, et al. Pnevention of progression of arterial
disease and diabetes (POPADAD) trial: factoriat@nised placebo controlled trial of
aspirin and antioxidants in patients with diabeted asymptomatic peripheral arterial
disease. BMJ 2008;337:a1840.

126 Anti-platelet trialists’ collaboaration. Cadorative meta-analysis of randomised
trials of antiplatelet therapy for prevention obtle myocardial infarction, and stroke in
high risk patients: BMJ 2002;324:71-86.

127 Farrell B, Godwin J, Richards S, Warlow GeTUnited-Kingdom Transient
Ischemic Attack (Uk-Tia) Aspirin Trial - Final Re$s1 Journal of Neurology Neurosurgery
and Psychiatry 1991;54:1044-1054.

128 Norrving B, Elwin CE, Peterson B, et al. 8igd Aspirin Low-Dose Trial (Salt) of
75 Mg Aspirin As Secondary Prophylaxis After Cemltascular Ischemic Events. Lancet
1991;338:1345-1349.

129 Gent M, Easton JD, Hachinski VC, et al. Tamadian American Ticlopidine Study
(Cats) in Thromboembolic Stroke. Lancet 1989;1:12230.

130 Hass WK, Easton JD, Adams HP, et al. A Ramnged Trial Comparing
Ticlopidine Hydrochloride with Aspirin for the Premtion of Stroke in High-Risk Patients.
New England Journal of Medicine 1989;321:501-507.

131 Gorelick PB, Richardson D, Kelly M, et abp\rin and ticlopidine for prevention of
recurrent stroke in black patients - A randomizé&d.tJama-Journal of the American
Medical Association 2003;289:2947-2957.

132 Diener HC, Cunha L, Forbes C, Sivenius JtSm, Lowenthal A. European stroke
prevention study .2. Dipyridamole and acetylsalegkid in the secondary prevention of
stroke. Journal of the Neurological Sciences 199&11-13.

133 Leonardi-Bee J, Bath PMW, Bousser MG, eDadyridamole for Preventing
Recurrent Ischemic Stroke and Other Vascular Evéntdeta-Analysis of Individual
Patient Data From Randomized Controlled Trialsol&r2005;36:162-168.

134 ESPS Group: European Stroke Prevention S&tdyke 1990;21:1122-1130.

135 Diener HC, Bogousslavsky J, Brass LM, eRapirin and clopidogrel compared
with clopidogrel alone after recent ischaemic strok transient ischaemic attack in high-
risk patients (MATCH): randomised, double-blindaggbo-controlled trial. Lancet
2004;364:331-337.

136 Bhatt DL, Fox KA, Hacke W, et al. Clopidolgaaed aspirin versus aspirin alone for
the prevention of atherothrombotic events. N Endledl 2006;354:1706-1717.

- 250 -



137 Yusuf S, Fox KAA, Tognoni G, et al. Effedisclopidogrel in addition to aspirin in
patients with acute coronary syndromes without 83rsent elevation. New England
Journal of Medicine 2001;345:494-502.

138 Halkes PH, van Gijn J, Kappelle LJ, Koudskah Algra A. Aspirin plus
dipyridamole versus aspirin alone after cerebi@diagmia of arterial origin (ESPRIT):
randomised controlled trial. Lancet 2006;367:16633

139 Zhao L, Gray L, Leonardi-Bee J, Weaver C&ptihstall S, Bath PMW. Effect of
aspirin, clopidogrel and dipyridamole on solublerkeas of vascular function in normal
volunteers and patients with prior ischaemic strékatelets 2006;17:100-104.

140 Sacco RL, Diener HC, Yusuf S, et al. Aspammi Extended-Release Dipyridamole
versus Clopidogrel for Recurrent Stroke. N Engléd\2008;NEJM0a0805002.

141 Mohr JP, Thompson JLP, Lazar RM, et al. Aparison of warfarin and aspirin for
the prevention of recurrent ischemic stroke. Newl&md Journal of Medicine
2001;345:1444-1451.

142 Chimowitz MI, Lynn MJ, Howlett-Smith H, et &omparison of warfarin and
aspirin for symptomatic intracranial arterial steisoNew England Journal of Medicine
2005;352:1305-1316.

143 Franke CL, Koehler PJJ, Gorter JW, et aldomized trial of anticoagulants
versus aspirin after cerebral ischemia of presuanttial origin. Annals of Neurology
1997;42:857-865.

144  The Esprit Study Group. Medium intensitgl@nticoagulants versus aspirin after
cerebral ischaemia of arterial origin (ESPRIT)aadomised controlled trial. Lancet
Neurology 2007;6:115-24

145 Larosa JC, He J, Vupputuri S. Effect of statingiek of coronary disease - A meta-
analysis of randomized controlled trials. Jama-Jauof the American Medical
Association 1999;282:2340-2346.

146 1so H, Jacobs DR, Wentworth D, Neaton JD,dDa}D. Serum-Cholesterol Levels
and 6-Year Mortality from Stroke in 350,977 Men &ared for the Multiple Risk Factor
Intervention Trial. New England Journal of Medicit@89;320:904-910.

147 Qizilbash N, Lewington S, Duffy S, et al. Gsterol, diastolic blood pressure, and
stroke: 13000 strokes in 450000 people in 45 prispecohorts. Lancet 1995;346:1647-
1653.

148 Amarenco P, Labreuche J, Lavallee P, TouBdubtatins in stroke prevention and
carotid atherosclerosis: systematic review andodgate meta-analysis. Stroke
2004;35:2902-29009.

149 Collins R, Armitage J, Parish S, Sleight &oHR. MRC/BHF Heart Protection
Study of cholesterol lowering with simvastatin 0536 high-risk individuals: a
randomised placebo-controlled trial. Lancet 200Q;3&2.

- 251 -



150 S Sever, B Dahl6f, NR Poulter et al. andtie ASCOT investigators, Prevention of
coronary and stroke events with atorvastatin inenigmsive patients who have average or
lower-than-average cholesterol concentrationdiénAnglo-Scandinavian Cardiac
Outcomes Trial—Lipid Lowering Arm (ASCOTLLA): a midentre randomised controlled
trial, Lancet 200361569-572.

151 ALLHAT Officers and Coordinators for the AHAT Collaborative Research
Group. Major outcomes in moderately hypercholes&ena, hypertensive patients
randomized to pravastatin vs usual care: The Apehensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial (ALLHAT-L)LTIAMA 2002;288:2998-3007.

152 Amarenco P, Bogousslavsky J, Callahan A, Ill, eHidh-dose atorvastatin
after stroke or transient ischemic attack. N Engletl 2006;355:549-559.

153 Vergouwen MDI, De Haan RJ, Vermeulen M, REBSVE. Statin treatment and
the occurrence of hemorrhagic stroke in patientk wihistory of cerebrovascular disease.
Stroke 2008;39:497-502.

154 Scottish Intercollegiate Guidelines Netwdrisk Estimation and the Prevention of
Cardiovascular Disease; 2007.

155 Lewington S, Clarke R, Qizilbash N, PetddRllins R. Age-specific relevance of
usual blood pressure to vascular mortality: a nagi@ysis of individual data for one
million adults in 61 prospective studies. Lance®d2360:1903-1913.

156 Lawes CMM, Bennett DA, Parag V, et al. Blgwdssure indices and
cardiovascular disease in the Asia Pacific RegiArpeoled analysis. Hypertension
2003;42:69-75.

157 Collins R, MacMahon S. Blood-Pressure, Argédrtensive Drug-Treatment and the
Risks of Stroke and of Coronary Heart-DiseaseidrivMedical Bulletin 1994;50:272-298.

158 Zhang H, Thijs L, Staessen JA. Blood Preskowering for Primary and
Secondary Prevention of Stroke. Hypertension 2G0&8¥7-195.

159 Staessen JA, Birkenhager WH. Evidence thatanti hypertensives are superior to
older drugs. Lancet 2005;366:869-871.

160 The PROGRESS study group. A trial of a mepril-based blood-pressure-
lowering regimen among 6105 individuals with presgstroke or transient ischaemic
attack. Lancet 2001;358:1033-1041.

161 Schrader J, Luders S, Kulschewski A, etakbidity and mortality after stroke,
eprosartan compared with nitrendipine for secong@agyention - Principal results of a
prospective randomized controlled study (MOSESpKat 2005;36:1218-1224.

162 Fournier A, Messerli FH, Achard JM, FernantdeCerebroprotection mediated by

angiotensin II: A hypothesis supported by recentiomized clinical trials. J Am Coll
Cardiol 2004;43:1343-1347.

- 252 -



163 Yusuf S, Diener HC, Sacco RL, et al. Telm&ato Prevent Recurrent Stroke and
Cardiovascular Events. N Engl J Med 2008;359:1225-3

164 Manson JE, Colditz GA, Stampfer MJ, et aPrAspective-Study of Maturity-Onset
Diabetes-Mellitus and Risk of Coronary Heart-Digeand Stroke in Women. Archives of
Internal Medicine 1991;151:1141-1147.

165 Kannel WB, McGee DL. Diabetes and CardioukseDisease - Framingham-Study.
Jama-Journal of the American Medical Associationt241:2035-2038.

166 Burchfiel CM, Curb JD, Rodriguez BL, AbbotDRChiu D, Yano K. Glucose-
Intolerance and 22-Year Stroke Incidence - the Hdaddeart Program. Stroke
1994;25:951-957.

167 Arauz A, Murillo L, Cantu C, Barinagarremeamdd-, Higuera J. Prospective study
of single and multiple lacunar infarcts using magneesonance imaging - Risk factors,
recurrence, and outcome in 175 consecutive caie&eS2003;34:2453-2458.

168 Hillen T, Coshall C, Tilling K, Rudd AG, Mc@ern R, Wolfe CDA. Cause of
stroke recurrence is multifactorial - Patterngk fectors, and outcomes of stroke recurrence
in the South London stroke register. Stroke 2003:887-1463.

169 Petty GW, Brown RD, Whisnant JP, Sicks JIFraton WM, Wiebers DO. Survival
and recurrence after first cerebral infarction pdpulation-based study in Rochester,
Minnesota, 1975 through 1989. Neurology 1998;50:208.

170 Sacco RL, Adams R, Albers G, et al. A Statdrfmr Healthcare Professionals From
the American Heart Association/American Stroke Assoon Council on Stroke: Co-
Sponsored by the Council on Cardiovascular Radjoogl Intervention: The American
Academy of Neurology affirms the value of this glide. Stroke 2006;37:577-617.

171 Williams B, Poulter NR, Brown MJ, et al. Gelithes for management of
hypertension: Report of the fourth working partytloé British Hypertension Society, 2004
- BHSIV. Journal of Human Hypertension 2004;18: 18%-

172 Stearne MR, Palmer SL, Hammersley MS, é&ight blood pressure control and
risk of macrovascular and microvascular complicaio type 2 diabetes: UKPDS 38.
British Medical Journal 1998;317:703-713.

173 National Institute for Clinical ExcellencelE) (2008): Type 2 diabetes: the
management of type 2 diabetes (update). LondonENROOS.

174 Reichard P, Nilsson BY, Rosenqvist U. Thee&fbf Long-Term Intensified
Insulin-Treatment on the Development of Microvaac@omplications of Diabetes-
Mellitus. New England Journal of Medicine 1993;3%-309.

175 Ohkubo Y, Kishikawa H, Araki E, et al. Interesinsulin Therapy Prevents the
Progression of Diabetic Microvascular Complicationdapanese Patients with Non-
Insulin-Dependent Diabetes-Mellitus - A RandomiB¥dspective 6-Year Study. Diabetes
Research and Clinical Practice 1995;28:103-117.

- 253 -



176 Stamler J, Vaccaro O, Neaton JD, WentwortBiBbetes, Other Risk-Factors, and
12-Yr Cardiovascular Mortality for Men Screenedhe Multiple Risk Factor Intervention
Trial. Diabetes Care 1993;16:434-444.,

177 Turner RC, Holman RR, Cull CA, et al. Interesblood-glucose control with
sulphonylureas or insulin compared with conventidgreetment and risk of complications
in patients with type 2 diabetes (UKPDS 33). Lari®98;352:837-853.

178 The Action to Control Cardiovascular Risloiabetes Study Group. Effects of
Intensive Glucose Lowering in Type 2 Diabetes. NIEnMed 2008;358:2545-2559.

179 The ADVANCE Collaborative Group. IntensiveoBtl Glucose Control and
Vascular Outcomes in Patients with Type 2 DiabdteSngl J Med 2008;358:2560-2572.

180 Dormandy JA, Charbonnel B, Eckland DJA, eSalondary prevention of
macrovascular events in patients with type 2 dedbet the PROactive Study (PROspective
pioglitAzone Clinical Trial In macroVascular Evejita randomised controlled trial. Lancet
2005;366:1279-1289.

181 Wilcox R, Bousser MG, Betteridge DJ, et dfe&ts of pioglitazone in patients with
type 2 diabetes with or without previous strokees®lts from PROactive (PROspective
pioglitAzone Clinical Trial in macroVascular Evertig). Stroke 2007;38:865-873.

182 Asinger RW, Dyken ML, Hart RG. Cardiogeni@aBrEmbolism - the 2Nd Report
of the Cerebral Embolism Task-Force. Archives ofifééogy 1989;46:727-743.

183 Kannel WB, Wolf PA, Benjamin EJ, Levy D. Pagance, incidence, prognosis, and
predisposing conditions for atrial fibrillation: palation-based estimates. American
Journal of Cardiology 1998;82:2N-8N.

184 Ezekowitz M, Laupacis A, Boysen G, et al. &drdiographic predictors of stroke
in patients with atrial fibrillation - A prospectstudy of 1066 patients from 3 clinical
trials. Archives of Internal Medicine 1998;158:131820.

185 Gage BF, Waterman AD, Shannon W, BoechleRidh MW, Radford MJ.
Validation of clinical classification schemes faegicting stroke - Results from the
national registry of Atrial Fibrillation. Jama-Jowal of the American Medical Association
2001;285:2864-2870.

186 Laupacis A, Boysen G, Connolly S, et al. Risktors for Stroke and Efficacy of
Antithrombotic Therapy in Atrial-Fibrillation - Argsis of Pooled Data from 5
Randomized Controlled Trials. Archives of Interiadicine 1994;154:1449-1457.

187 Blackshear JL, Baker VS, Rubino F, et al.ustgd-dose warfarin versus low-
intensity, fixed-dose warfarin plus aspirin for higsk patients with atrial fibrillation:
Stroke prevention in atrial fibrillation Il randased clinical trial. Lancet 1996;348:633-
638.

- 254 -



188 Koudstaal PJ, Dehaene |, Dhooghe M, et abi@#ary Prevention in Nonrheumatic
Atrial-Fibrillation After Transient Ischemic Attad®r Minor Stroke. Lancet
1993;342:1255-1262.

189 Dale J, Myhre E, Storstein O, Stormorken f3ki&d L. Prevention of Arterial
Thromboembolism with Acetylsalicylic-Acid - Contted Clinical-Study in Patients with
Aortic Ball Valves. American Heart Journal 1977821t-111.

190 Hart RG, Pearce LA, Aguilar MIl. Meta-analyg\sitithrombotic therapy to prevent
stroke in patients who have nonvalvular atrialifistion. Annals of Internal Medicine
2007;146:857-867.

191 Mant J, Hobbs FDR, Fletcher K, Roalfe A, iFgrice D, Lip GYH, Murray E.
Warfarin versus aspirin for stroke prevention inedgherly community population with
atrial fibrillation (the Birmingham Atrial Fibrillaon Treatment of the Aged Study,
BAFTA): a randomised controlled trial. Lancet 2087/4):493-503.

192 Rash A, Downes T, Portner R, Yeo WW, Morgai€Nanner KS. A randomised
controlled trial of warfarin versus aspirin forae prevention in octogenarians with atrial
fibrillation (WASPO). Age and Ageing 2007;36:151615

193 Connolly S, Pogue J, Hart R, Pfeffer M, Halser S, Chrolavicius S, Yusuf S.
Clopidogrel plus aspirin versus oral anticoagulafior atrial fibrillation in the Atrial
fibrillation Clopidogrel Trial with Irbesartan fgrevention of Vascular Events (ACTIVE
W): a randomised controlled trial. Lancet 2006;368D3-1912.

194 Eriksson BI, Dahl OE, Rosencher N, et al.iDatioan etexilate versus enoxaparin
for prevention of venous thromboembolism afterltbip replacement: a randomised,
double-blind, non-inferiority trial. Lancet 2007 3949-956.

195 Eriksson BI, Dahl OE, Rosencher N, et all @abigatran etexilate vs..
subcutaneous enoxaparin for the prevention of vettmwmboembolism after total knee
replacement: the RE-MODEL randomized trial. Jounfalhrombosis and Haemostasis
2007;5:2178-2185.

196 Eriksson BI, Borris LC, Friedman RJ, et alal@ivaroxaban compared with
subcutaneous enoxaparin for extended thrombopragisy&fter total hip arthroplasty: The
RECORDL trial. Blood 2007;110:9A-10A.

197 Lassen MR, Ageno W, Borris LC, et al. Rivaioan versus enoxaparin for
thromboprophylaxis after total knee arthroplastgwNEngland Journal of Medicine
2008;358:2776-2786.

198 Akins PT, Feldman HA, Zoble RG, et al. Setaog stroke prevention with
ximelagatran versus warfarin in patients with afilaillation - Pooled analysis of
SPORTIF Il and V clinical trials. Stroke 2007;384880.

199 AstraZeneca Decides to Withdraw Exanta™ ¢iagatran). Press release from
AstraZeneca international . 14-2-2006.

- 255 -



200 The Active Investigators. Effect of Clopidoghelded to Aspirin in Patients with
Atrial Fibrillation. NEJM 2009.Published online Mdr 3" 2009.

201Kolominsky-Rabas PL, Weber M, Gefeller O, NeundeeB, Heuschmann PU.
Epidemiology of Ischemic Stroke Subtypes Accordmd OAST Criteria: Incidence,
Recurrence, and Long-Term Survival in Ischemic I&rSubtypes: A Population-Based
Study. Stroke 2001;32:2735-2740.

202 Taylor DW. Beneficial Effect of Carotid Earterectomy in Symptomatic Patients
with High-Grade Carotid Stenosis. New England Jauof Medicine 1991;325:445-453.

203 Warlow C. Mrc-European-Carotid-Surgery-Tritnterim Results for Symptomatic
Patients with Severe (70-99-Percent) Or with Mde2@-Percent) Carotid Stenosis. Lancet
1991;337:1235-1243.

204 Mayberg MR, Wilson SE, Yatsu F, et al. Gidr&ndarterectomy and Prevention of
Cerebral-Ischemia in Symptomatic Carotid Stenasima-Journal of the American
Medical Association 1991;266:3289-3294.

205 Rothwell PM, Eliasziw M, Gutnikov SA, et Alnalysis of pooled data from the
randomised controlled trials of endarterectomysfgmptomatic carotid stenosis. Lancet
2003;361:107-116.

206 Rothwell PM, Eliasziw M, Gutnikov SA, WandCP, Barnett HIM.
Endarterectomy for symptomatic carotid stenosi®lation to clinical subgroups and
timing of surgery. Lancet 2004;363:915-924.

207 Barnett HIM, Taylor W, Eliasziw M, et alerigfit of carotid endarterectomy in
patients with symptomatic moderate or severe stendew England Journal of Medicine
1998;339:1415-1425.

208 Streifler JY, Eliasziw M, Benavente ORaktThe Risk of Stroke in Patients with
First-Ever Retinal Vs. Hemispheric Transient IscieeAttacks and High-Grade Carotid
Stenosis. Archives of Neurology 1995;52:246-249.

209 Kappelle 13, Eliasziw M, Fox AJ, Sharpe Blarnett HIJM. Importance of
intracranial atherosclerotic disease in patientk symptomatic stenosis of the internal
carotid artery. Stroke 1999;30:282-286.

210 Henderson RD, Steinman DA, Eliasziw M, BdirilJM. Effect of contralateral
carotid artery stenosis on carotid ultrasound vloneasurements. Stroke 2000;31:2636-
2640.

211 Alberts MJ. Results of a multicenter prasdjve randomized trial of carotid artery
stenting vs.. carotid endarterectomy. Stroke 200 3Z%5.

212 Mas J, Chatellier G, Beyssen B, et al. Bedactomy versus stenting in patients
with symptomatic severe carotid stenosis. New EmylBournal of Medicine
2006;355:1660-1671.

- 256 -



213 Ringleb PA, Allenberg J, Berger J. 30 desuits from the SPACE trial of stent-
protected angioplasty versus carotid endartereciomymptomatic patients: a randomised
non-inferiority trial. Lancet 2006;368:1239-1247.

214 Brown MM, Rogers J, Bland JM. Endovascutsus surgical treatment in
patients with carotid stenosis in the Carotid amdt®bral Artery Transluminal Angioplasty
Study (CAVATAS): a randomised trial. Lancet 2001736/29-1737.

215 McCabe DJH, Pereira AC, Clifton A, Bland,Bfown MM, on behalf of the
CAVATAS Investigators. Restenosis After Carotid Aomasty, Stenting, or
Endarterectomy in the Carotid and Vertebral Arfergnsluminal Angioplasty Study
(CAVATAS). Stroke 2005;36:281-286.

216 BonatiL, Ederle J, Dobson J, Feathers®yrgrown M. Carotid Restenosis After
Endovascular Therapy or Endarterectomy in the @heotd Vertebral Artery Transluminal
Angioplasty Study (CAVATAS) - 8 Years Follow-Up; @8, p 62.

217 Yadav JS, Wholey MH, Kuntz RE, et al. Pct#d carotid-artery stenting versus
endarterectomy in high-risk patients. New Englanaidal of Medicine 2004;351:1493-
1501.

218 Gurm HS, Yadav JS, Fayad P, et al. Long-texsults of carotid stenting versus
endarterectomy in high-risk patients. New Englanardal of Medicine 2008;358:1572-
1579.

219 Hobson RW. Update on the Carotid Revaseakion Endarterectomy versus Stent
Trial (CREST) protocol. Journal of the American IEge of Surgeons 2002;194:5S9-S14.

220 Walker MD, Marler JR, Goldstein M, et ahdarterectomy for Asymptomatic
Carotid-Artery Stenosis. Jama-Journal of the AnaariMedical Association
1995;273:1421-1428.

221 Halliday A, Mansfield A, Marro J, et al.é®ention of disabling and fatal strokes
by successful carotid endarterectomy in patientsamit recent neurological symptoms:
randomised controlled trial. Lancet 2004;363:14902

222 Hobson RW, Weiss DG, Fields WS, et al.daffy of Carotid Endarterectomy for
Asymptomatic Carotid Stenosis. New England Jouohdedicine 1993;328:221-227.

223 Markus H. Monitoring embolism in real tin@&rculation 2000;102:826-828.

224 Babikian VL, Rosales R, Pochay V. Compositf particles associated with
embolic signals on transcranial Doppler ultrasoapby; 1994, pp 86-90.

225 Markus HS, Brown MM. Differentiation betwedifferent pathological cerebral
embolic materials using transcranial Doppler inrawitro model. Stroke 1993;24:1-5.

226 Siebler M, Kleinschmidt A, Sitzer M, Steietn H, Freund HJ. Cerebral
Microembolism in Symptomatic and Asymptomatic H@hade Internal Carotid-Artery
Stenosis. Neurology 1994;44:615-618.

- 257 -



227 Markus HS, Thomson ND, Brown MM. Asymptoimaerebral embolic signals in
symptomatic and asymptomatic carotid artery disdasen 1995;118:1005-1011.

228 Dittrich R, Ringelstein EB. Occurrence atidical impact of microembolic signals
during or after cardiosurgical procedures. Strok@3239:503-511.

229 Molloy J, Markus HS. Asymptomatic emboliaatpredicts stroke and TIA risk in
patients with carotid artery stenosis. Stroke 13909;440-1443.

230 Droste DW, Dittrich R, Kemeny V, Schultetédorneburg G, Ringelstein EB.
Prevalence and frequency of microembolic signalif patients with extracranial carotid
artery occlusive disease. Journal of Neurology Newrgery and Psychiatry 1999;67:525-
528.

231 Valton L, Larrue V, le Traon AP, Massabauweraud G. Microembolic signals
and risk of early recurrence in patients with strok transient ischemic attack. Stroke
1998;29:2125-2128.

232 Babikian VL, Wijman CA, Hyde C, et al. Cleral microembolism and early
recurrent cerebral or retinal ischemic events.ketr097;28:1314-1318.

233 Goertler M, Baeumer M, Kross R, et al. Ragecline of cerebral microemboli of
arterial origin after intravenous acetylsalicylimica Stroke 1999;30:66-69.

234 Markus HS, Droste DW, Kaps M, et al. Du#i@atelet therapy with clopidogrel
and aspirin in symptomatic carotid stenosis evaliasing doppler embolic signal
detection: the Clopidogrel and Aspirin for Reduntaf Emboli in Symptomatic Carotid
Stenosis (CARESS) trial. Circulation 2005;111:222310.

235 Junghans U, Siebler M. Cerebral microensbols blocked by tirofiban, a
selective nonpeptide platelet glycoprotein llb/lléeeptor antagonist. Circulation
2003;107:2717-2721.

236 Kaposzta Z, Clifton A, Molloy J, Martin JMarkus HS. S-nitrosoglutathione
reduces asymptomatic embolization after carotidaotgsty. Circulation 2002;106:3057-
3062.

237 Robbins AS, Manson JE, Lee IM, SatterfigldHennekens CH. Cigarette-Smoking
and Stroke in A Cohort of Us Male Physicians. Asral Internal Medicine 1994;120:458-
462.

238 Shinton R, Beevers G. Meta-Analysis of RefeBetween Cigarette-Smoking and
Stroke. British Medical Journal 1989;298:789-794.

239 Wannamethee SG, Shaper AG, Whincup PH, &/alk Smoking Cessation and
the Risk of Stroke in Middle-Aged Men. Jama-Jouwfahe American Medical
Association 1995;274:155-160.

240 Pell JP, Haw S, Cobbe S. Smoke-free Legsland Hospitalizations for Acute
Coronary Syndrome. NEJM 2008; 359:482-491

- 258 -



241 Silagy C, Lancaster T, Stead L, Mant D, Fowler &diine Replacement Therapy
for Smoking Cessation; 2004.

242 Hughes J, Stead L, Lancaster T. Antidepnéssar smoking cessation; 2003.

243 Gill JS, Zezulka AV, Shipley MJ, Gill SK, Beers DG. Stroke and Alcohol-
Consumption. New England Journal of Medicine 19856;8041-1046.

244 Reynolds K, Lewis LB, Nolen JDL, Kinney Ghathya B, He J. Alcohol
consumption and risk of stroke - A meta-analysasnd-Journal of the American Medical
Association 2003;289:579-588.

245 Sacco RL, Zamanillo MC, Kargman DE, Shi fiedictors of Mortality and
Recurrence After Hospitalized Cerebral InfarctiorAn Urban-Community - the Northern
Manhattan Stroke Study. Neurology 1994;44.626-634.

246 Kurth T, Gaziano JM, Berger K, et al. Bodgsm index and the risk of stroke in
men. Archives of Internal Medicine 2002;162:255625

247 Mann GV. Influence of Obesity on HealthNew England Journal of Medicine
1974;291:178-185.

248 Mann GV. Influence of Obesity on HealthN2w England Journal of Medicine
1974;291:226-232.

249 Turcato E, Bosello O, Di Francesco V, eiaist circumference and abdominal
sagittal diameter as surrogates of body fat distigim in the elderly: their relation with
cardiovascular risk factors. International JouwfaDbesity 2000;24:1005-1010.

250 Suk SH, Sacco RL, Boden-Albala B, et al. édhal obesity and risk of ischemic
stroke - The Northern Manhattan Stroke Study. ®t@2B03;34:1586-1592.

251 Duncan P, Studenski S, Richards L, et atdRmized clinical trial of therapeutic
exercise in subacute stroke. Stroke 2003;34:2188-21

252 Rothwell PM, Giles MF, Chandratheva A, Aledar FC. Effect of urgent treatment
of transient ischaemic attack and minor strokeamyeecurrent stroke (EXPRESS study):
a prospective population-based sequential comparisancet 2007;370:1432-42.

253 Libman RB, Wirkowski E, Alvir J, Rao TH. Gditions That Mimic Stroke in the
Emergency Department - Implications for Acute Stérdkials. Archives of Neurology
1995;52:1119-1122.

254 Kothari RU, Brott T, Broderick JP, Hamilt@&A. Emergency Physicians -
Accuracy in the Diagnosis of Stroke. Stroke 1993288-2241.

255 Ferro JM, Pinto AN, Falcao I, et al. Diagsax stroke by the nonneurologist - A
validation study. Stroke 1998;29:1106-1109.

256 Tomasello F, Mariani F, Fieschi C, et als@ssment of Inter-Observer Differences
in the Italian Multi-Center Study on Reversible €aal-Ischemia. Stroke 1982;13:32-35.

- 259 -



257 Murray S, Bashir K, Lees KR, et al. Epidelwgical aspects of referral to TIA
clinics in Glasgow. Scottish Medical Journal 20@7458.

258 Dennis MS, Bamford JM, Sandercock PAG, Wai@P. Incidence of Transient
Ischemic Attacks in Oxfordshire, England. Strok83;20:333-339.

259 Sempere AP, Duarte J, Cabezas C, Claveriéncience of transient ischemic
attacks and minor ischemic strokes in Segovia,rSg&troke 1996;27:667-671.

260 Kidwell CS, Starkman S, Eckstein M, Weem$SHKyer JL. Identifying stroke in the
field. Prospective validation of the Los Angeleslprspital stroke screen (LAPSS). Stroke
2000;31:71-76.

261 Kothari RU, Pancioli A, Liu T, Brott T, Bredck J. Cincinnati prehospital stroke
scale: Reproducibility and validity. Annals of Ergency Medicine 1999;33:373-378.

262 Bray JE, Martin J, Cooper G, Barger B, Batr$ Bladin C. Paramedic
identification of stroke: Community validation dfet Melbourne Ambulance Stroke Screen.
Cerebrovascular Diseases 2005;20:28-33.

263 Harbison J, Hossain O, Jenkinson D, Davi®udw SJ, Ford GA. Diagnostic
accuracy of stroke referrals from primary care, g@ecy room physicians, and ambulance
staff using the face arm speech test. Stroke 2@081376.

264 Wojner-Alexandrov AW, Alexandrov AV, Rodrigu D, Persse D, Grotta JC.
Houston paramedic and emergency stroke treatmem@comes study (HOPSTO). Stroke
2005;36:1512-1518.

265 Nor AM, Davis J, Sen B, Shipsey D, Louw Byker AG, Davis M, Ford GA. The
Recognition of Stroke in the Emergency Room (ROSI&tale: development and
validation of a stroke recognition instrument. LanNeurology 2005;4:727-734.

266 Goldstein LB, Simel DL. Is this patient hayia stroke? Jama-Journal of the
American Medical Association 2005;293:2391-2402.

267 Cucchiara BL, Messe SR, Taylor RA, et athesABCD score useful for risk
stratification of patients with acute transientismic attack? Stroke 2006;37:1710-1714.

268 Hill MD, Weir NU. Is the ABCD score truly eful? Stroke 2006;37:1636.

269 Akaike H. Information theory and an extension @& thaximum likelihood
principle. 2nd International Symposium on InformatiTheory 1973;267-281.

270 Hosmer DW, Hosmer T, leCessie S, Lemeshowc®mparison of goodness-of-fit
tests for the logistic regression model. Statisiidsledicine 1997;16:965-980.

271 Koudstaal PJ, Vangijn J, Staal A, DuivendeorHJ, Gerritsma JGM, Kraaijeveld
CL. Diagnosis of Transient Ischemic Attacks - Impment of Interobserver Agreement
by A Checklist in Ordinary Language. Stroke 1986723-728.

- 260 -



272 Karanjia PN, Nelson JJ, Lefkowitz DS, ef\allidation of the ACAS TIA/stroke
algorithm. Neurology 1997;48:346-351.

273 Quinn TJ, Cameron A, Dawson J, Lees KR, Walt#R. ABCD2 Scores and
Prediction of Noncerebrovascular Diagnoses in atp&ient Population. Stroke
2009;40:749-752.

274  Krasopoulos G, Brister SJ, Beattie WS, Binetm MR. Aspirin "resistance” and risk
of cardiovascular morbidity: systematic review aneta-analysis. BMJ 2008;336:195-198.

275 Helgason CM, Bolin KM, Hoff JA, et al. Ddopment of aspirin resistance in
persons with previous ischemic stroke. Stroke 1202331-2336.

276 Snoep JD, Hovens MM, Eikenboom JC, varBden JG, Huisman MV.
Association of laboratory-defined aspirin resisamgth a higher risk of recurrent
cardiovascular events: a systematic review and-areddysis. Arch Intern Med
2007;167:1593-1599.

277 Grundmann K, Jaschonek K, Kleine B, Diclsg&nTopka H. Aspirin non-
responder status in patients with recurrent cetréfrhemic attacks. J Neurol 2003;250:63-
66.

278 Grotemeyer KH, Scharafinski HW, Husstedt TM¥o-year follow-up of aspirin
responder and aspirin non responder. A pilot-stadipding 180 post-stroke patients.
Thromb Res 1993;71:397-403.

279 Gengo FM, Rainka M, Robson M, et al. Prewed of Platelet Nonresponsiveness
to Aspirin in Patients Treated for Secondary StrBkephylaxis and in Patients With
Recurrent Ischemic Events. J Clin Pharmacol 200838343.

280 Pogliani EM, Fowst C, Bregani R, Corned(@eding-Time and Antiplatelet
Agents in Normal Volunteers. International JouroiaClinical & Laboratory Research
1992;22:58-61.

281 Mielke CH. Aspirin Prolongation of the Telate Bleeding-Time - Influence of
Venostasis and Direction of Incision. Blood 198216(39-1142.

282 Eikelboom JW, Hirsh J, Weitz JI, Johnston¥Q, Yusuf S. Aspirin-resistant
thromboxane biosynthesis and the risk of myocaidfalction, stroke, or cardiovascular
death in patients at high risk for cardiovasculaergs. Circulation 2002;105:1650-1655.

283 Cipollone F, Ciabattoni G, Patrignani PaleDxidant stress and aspirin-insensitive
thromboxane biosynthesis in severe unstable an@ineulation 2000;102:1007-1013.

284 Riess H, Braun G, Brehm G, Hiller E. Cati&valuation of Platelet-Aggregation
in Whole Human-Blood. American Journal of Clini€sdthology 1986;85:50-56.

- 261 -



285 Mammen EF, Comp PC, Gosselin R, GreenbgHpGts WK, Kessler CM, Larkin
EC, Liles D, Nugent DJ: PFA-100 (TM) system. A newthod for assessment of platelet
dysfunction. Seminars in Thrombosis and Hemostg98;24:195-202.

286 Gum PA, Kottke-Marchant K, Poggio EC, GutimWelsh PA, Brooks L, Sapp SK,
Topol EJ. Profile and prevalence of aspirin resis¢ain patients with cardiovascular
disease. American Journal of Cardiology 2001;88:236.

287 Craft RM, Chavez JJ, Bresse SJ, Wortham@®en E, Carroll RC. A novel
modification of the thrombelastograph assay, isodgplatelet function, correlates with
optical platelet aggregation. Journal of Laboratamg Clinical Medicine 2004;143:301-
309.

288 Michelson AD, Barnard MR, Hechtman HB, etllalvivo tracking of platelets:
Circulating degranulated platelets rapidly losdete P-selectin but continue to circulate
and function. Proceedings of the National Academ$aences of the United States of
America 1996;93:11877-11882.

289 Shattil SJ, Hoxie JA, Cunningham M, Brass CRanges in the Platelet Membrane
Glycoprotein-lib-lia Complex During Platelet Acation. Journal of Biological Chemistry
1985;260:1107-1114.

290 Harrison P, Segal H, Blasbery K, Furtad&itver L, Rothwell PM. Screening for
aspirin responsiveness after transient ischemaclatind stroke - Comparison of 2 point-
of-care platelet function tests with optical aggnegtry. Stroke 2005;36:1001-1005.

291 Schwartz KA, Schwartz DE, Ghosheh K, Redt&sBarber K, DeFranco A.
Compliance as a critical consideration in patievite appear to be resistant to aspirin after
healing of myocardial infarction. American Journ&Cardiology 2005;95:973-975.

292 Wang YJ, Wu D, Wang YL, Ma RH, Wang CX, Zh&&. A survey on adherence
to secondary ischemic stroke prevention. NeurobidResearch 2006;28:16-20.

293 De Schryver ELLM, van Gijn J, Kappelle LhutIstaal PJ, Algra A. Non-
adherence to aspirin or oral anticoagulants inrsgaxy prevention after ischaemic stroke.
Journal of Neurology 2005;252:1316-1321.

294 Newby LK, LaPointe NMA, Chen AY, et al. Lotgym adherence to evidence-
based secondary prevention therapies in coronggyatisease. Circulation 2006;113:203-
212.

295 Eagle KA, Kline-Rogers E, Goodman SG, efdherence to evidence-based
therapies after discharge for acute coronary syndso An ongoing prospective,
observational study. American Journal of Medici084£117:73-81.

296 Sud A, Kline-Rogers EM, Eagle KA, et al. &dbnce to medications by patients
after acute coronary syndromes. Annals of Pharrhacapy 2005;39:1792-1797.

297 Williams FM. Clinical-Significance of Estees in Man. Clinical Pharmacokinetics
1985;10:392-403.

- 262 -



298 Gonzalez-Conejero R, Rivera J, Corral IinacC, Guerrero JA, Vicente V.
Biological assessment of aspirin efficacy on heaitldividuals: heterogeneous response or
aspirin failure? Stroke 2005;36:276-280.

299 Anand BS, Sanduja SK, Lichtenberger LMeEifffof omeprazole on the
bioavailability of aspirin: A randomized controllstudy on healthy volunteers.
Gastroenterology 1999;116:A371.

300 Inarrea P, Esteva F, Cornudella R, Lana®rAeprazole does not interfere with the
antiplatelet effect of low-dose aspirin in man. i&tiaavian Journal of Gastroenterology
2000;35:242-246.

301 Catella-Lawson F, Reilly MP, Kapoor SCaktCyclooxygenase inhibitors and the
antiplatelet effects of aspirin. New England Jouofaedicine 2001;345:1809-1817.

302 MacDonald TM, Wei L. Effect of ibuprofen oardioprotective effect of aspirin.
Lancet 2003;361:573-574.

303 Poulsen TS, Mickley H. Is the antiplatel&éect of aspirin affected by systemic
inflammation? Annals of Hematology 2004;83:728.

304 Morrow JD, Frei B, Longmire AW, et al. Ieasse in Circulating Products of Lipid-
Peroxidation (F-2-lsoprostanes) in Smokers - Snpkia A Cause of Oxidative Damage.
New England Journal of Medicine 1995;332:1198-1203.

305 Eikelboom JW, Hankey GJ, Thom J, et al.dhclkd antiplatelet effect of
clopidogrel in patients whose platelets are |ladsibited by aspirin: a randomized
crossover trial. Journal of Thrombosis & Haemost26i05;3:2649-2655.

306 Cambria-Kiely JA, Gandhi PJ. Aspirin remsiste and genetic polymorphisms. J
Thromb Thrombolysis 2002;14:51-58.

307 Goodman T, Sharma P, Ferro A. The genetiaspirin resistance. Int J Clin Pract
2007;61:826-834.

308 Goodman T, Ferro A, Sharma P. Pharmacoigsrataspirin resistance: a
comprehensive systematic review. Br J Clin Pharin2@08.

309 Jilma B. Platelet function analyzer (PFA-100): Altto quantify congenital or
acquired platelet dysfunction. Journal of Laboratamd Clinical Medicine 2001;138:152-
163.

310 Kundu SK, Heilmann EJ, Sio R, Garcia C, iBson RM, Ostgaard RA.
Description of an in vitro platelet function anatyzPFA-100. Semin Thromb Hemost
1995;21 Suppl 2:106-112.

311 Christiaens L, Ragot S, Mergy J, Allal Addhi L. Major clinical vascular events
and aspirin-resistance status as determined byFAe100 method among patients with
stable coronary artery disease: a prospective siidpd Coagul Fibrinolysis
2008;19:235-239.

- 263 -



312 Cohen HW, Crandall JP, Hailpern SM, BilleH. Aspirin resistance associated
with HbAlc and obesity in diabetic patients. J [@itds Complications 2008;22:224-228.

313 Pamukcu B, Oflaz H, Onur I, et al. Aspirasistant platelet aggregation in a cohort
of patients with coronary heart disease. Blood Qtipn & Fibrinolysis 2007;18:461-465.

314 Narvaez |, Sagastagoitia JD, Vacas M,.dralvalence and biologic profile of
aspirin resistance in patients with angiographycaibven coronary artery disease. Thromb
Res 2007;120:671-677.

315 Christiaens L, Macchi L, Herpin D, et akdistance to aspirin in vitro at rest and
during exercise in patients with angiographicallgyen coronary artery disease.
Thrombosis Research 2002;108:115-119.

316 Wong S, Ward CM, Appleberg M, Lewis DR.Raf care testing of aspirin
resistance in patients with vascular disease. Al$4rd 2006;76:873-877.

317 Coma-Canellal, Velasco A, Castano S. Peaga of aspirin resistance measured
by PFA-100. Int J Cardiol 2005;101:71-76.

318 Andersen K, Hurlen M, Arnesen H, SeljefloAspirin non-responsiveness as
measured by PFA-100 in patients with coronary wrdésease. Thrombosis Research
2002;108:37-42.

319 Lordkipanidze M, Pharand C, Schampaert Egdan J, Palisaitis DA, Diodati JG.
A comparison of six major platelet function testgletermine the prevalence of aspirin
resistance in patients with stable coronary artésgase. Eur Heart J 2007;28:1702-1708.

320 Fateh-Moghadam S, Plockinger U, Cabeza B, €revalence of aspirin resistance
in patients with type 2 diabetes. Acta Diabetol2@2:99-103.

321 Pamukcu B, Oflaz H, Onur I, et al. Clinioallevance of aspirin resistance in
patients with stable coronary artery disease: ag@ctive follow-up study
(PROSPECTAR). Blood Coagulation & Fibrinolysis 20I8:187-192.

322 DiChiara J, Bliden KP, Tantry US, et al. Hifect of aspirin dosing on platelet
function in diabetic and nondiabetic patients: aalgsis from the aspirin-induced platelet
effect (ASPECT) study. Diabetes 2007;56:3014-3019.

323 Gurbel PA, Bliden KP, DiChiara J, et al. Enaion of dose-related effects of
aspirin on platelet function: results from the Aspinduced Platelet Effect (ASPECT)
study. Circulation 2007;115:3156-3164.

324 Angiolillo DJ, Fernandez-Ortiz A, Bernardp€E al. Influence of aspirin resistance
on platelet function profiles in patients on lomgrh aspirin and clopidogrel after
percutaneous coronary intervention. Am J Cardi@li297:38-43.

325 Ringelstein EB, Droste DW, Babikian VL, et@onsensus on microembolus
detection by TCD. International Consensus GroupMamoembolus Detection. Stroke
1998;29:725-729.

- 264 -



326 Harrison P. Platelet function analysis.d8l&kev 2005;19:111-123.

327 Wang JC, Aucoin-Barry D, Manuelian D, etlatidence of aspirin
nonresponsiveness using the Ultegra Rapid Pldtalettion Assay-ASA. American
Journal of Cardiology 2003;92:1492-1494.

328 Malinin A, Spergling M, Muhlestein B, Steutil S, Serebruany V. Assessing
aspirin responsiveness in subjects with multig& factors for vascular disease with a
rapid platelet function analyzer. Blood Coagulat®fibrinolysis 2004;15:295-301.

329 Ultegra Rapid Platelet Function Assay-ASRHR-ASA) [package insert]. San
Diego, CA: Accumetrics Inc., 2002: 2008.

330 Kraemer HC, Bloch DA. Kappa-Coefficient&Hpidemiology - An Appraisal of A
Reappraisal. Journal of Clinical Epidemiology 1988959-968.

331 Zimmermann N, Wenk A, Kim U, et al. Funcaband biochemical evaluation of
platelet aspirin resistance after coronary artgpals surgery. Circulation 2003;108:542-
547.

332 Serebruany VL, Malinin Al, Sane DC, et ahdnitude and time course of platelet
inhibition with Aggrenox (R) and Aspirin in patienafter ischemic stroke: the AGgrenox
versus Aspirin Therapy Evaluation (AGATE) trial.iépean Journal of Pharmacology
2004,499:315-324.

333 Iguchi Y, Kimura K, Kobayashi K, Ueno Y, 8harzaki K, Inoue T. Microembolic
signals at 48 hours after stroke onset contributeetv ischaemia within a week. Journal of
Neurology Neurosurgery and Psychiatry 2008;79:253-2

334 Trinder P. Rapid Determination of Salicylst@iological Fluids. Biochemical
Journal 1954;57:301-303.

335 Siddiqui BS, Bhatti HN, ljaz A, Rasheed 8legm B. Urinary Excretion of
Acetylsalicyclic Acid in Healthy Male Volunteersp@3, p 1415.

336 Shen JJ, Wanwimolruk S, Roberts MS. Nove¢®iHigh-Performance Liquid-
Chromatographic Method for Determination of Saktgl Glucuronide Conjugates in
Human Urine. Journal of Chromatography-Biomedicpphcations 1991;565:309-320.

337 Jarvie DR, Heyworth R, Simpson D. Plasmé&§ate Analysis - A Comparison of
Colorimetric, Hplc and Enzymatic Techniques. Anin@iochem 1987;24:364-373.

338 Cham BE, Bochner F, Imhoff DM, Johns D, Ravd M. Simultaneous Liquid-
Chromatographic Quantitation of Salicyclic AcidJi®gduric Acid, and Gentisic Acid in
Urine. Clinical Chemistry 1980;26:111-114.

339 Buskin JN, Upton RA, Williams RL. Improvedjuid-Chromatography of Aspirin,

Salicylate, and Salicyluric Acid in Plasma, withModification for Determining Aspirin
Metabolites in Urine. Clinical Chemistry 1982;280021203.

- 265 -



340 Janssen PLTM, Hollman PCH, Reichman E, VenB, vanStaveren WA, Katan
MB. Urinary salicylate excretion in subjects eatagariety of diets shows that amounts of
bioavailable salicylates in foods are low. Ameridanirnal of Clinical Nutrition
1996;64:743-747.

341 Baxter GJ, Lawrence JR, Graham AB, Wile®&terson JR. Identification and
determination of salicylic acid and salicyluricéan urine of people not taking salicylate
drugs. Ann Clin Biochem 2002;39:50-55.

342 Levy G, Tsuchiya T. Salicylate Accumulatkdinetics in Man. New England
Journal of Medicine 1972;287:430-&.

343 Bochner F, Williams DB, Morris PMA, Sieb&M, Lloyd JV. Pharmacokinetics
of Low-Dose Oral Modified Release, Soluble anddaénous Aspirin in Man, and Effects
on Platelet-Function. European Journal of Clinitlahrmacology 1988;35:287-294.

344 Benedek IH, Joshi AS, Pieniaszek HJ, KiMg SXornhauser DM. Variability in
the pharmacokinetics and pharmacodynamics of lose dspirin in healthy male
volunteers. Journal of Clinical Pharmacology 1995:281-1186.

345 Bae SK, Seo KA, Jung EJ, Kim HS, Yeo CWyr§bH, Park KM, Liu KH, Shin
JG. Determination of acetylsalicylic acid and itgjar metabolite, salicylic acid, in human
plasma using liquid chromatography-tandem massspeetry: application to
pharmacokinetic study of Astrix (R) in Korean hglvolunteers. Biomedical
Chromatography 2008;22:590-595.

346 Hartwig-Otto H. Pharmacokinetic considenatf common analgesics and
antipyretics. Am J Med 2008;75:30-37.

347 Kincaid RL, Mcmullin MM, Sanders D, RiedétsSensitive, Selective Detection
and Differentiation of Salicylates and MetabolitedJrine by A Simple Hptlc Method.
Journal of Analytical Toxicology 1991;15:270-271.

348 Blacklock CJ, Lawrence JR, Wiles D, etSallicylic acid in the serum of subjects
not taking aspirin. Comparison of salicylic acichcentrations in the serum of vegetarians,
non-vegetarians, and patients taking low dose iasgitClin Pathol 2001;54:553-555.

349 Lawrence JR, Peter R, Baxter GJ, Robs@naham AB, Paterson JR. Urinary
excretion of salicyluric and salicylic acids by reegetarians, vegetarians, and patients
taking low dose aspirin. J Clin Pathol 2003;56:G5B-

350 Duthie GG, Kyle JAM, Jenkinson AM, Duthi& 8axter GJ, Paterson JR.
Increased salicylate concentrations in urine of &wnwolunteers after consumption of
cranberry juice. Journal of Agricultural and Foolde@istry 2005;53:2897-2900.

351 Violi F, Pignatelli P. Aspirin resistanggthis term meaningful? Curr Opin
Hematol 2006;13:331-336.

- 266 -



352 Dorsch MP, Lee JS, Lynch DR, et al. Aspigsistance in patients with stable
coronary artery disease with and without a histdmnyocardial infarction. Ann
Pharmacother 2007;41:737-741.

353 Williams MS, Kickler TS, Vaidya D, Ng'allss, Bush DE. Evaluation of platelet
function in aspirin treated patients with CAD. Jualrof Thrombosis & Thrombolysis
2006;21:241-247.

354 Crowe B, Abbas S, Meany B, de Haan J, Cisiitl. Detection of aspirin resistance
by PFA-100: prevalence and aspirin compliance trepts with chronic stable angina.
Semin Thromb Hemost 2005;31:420-425.

355 Chen WH, Lee PY, Ng W, Tse HF, Lau CP. Aspesistance is associated with a
high incidence of myonecrosis after non-urgent y@armeous coronary intervention despite
clopidogrel pretreatment. J Am Coll Cardiol 2004422-1126.

356 Chen WH, Lee PY, Ng W, et al. Relation gjfian resistance to coronary flow
reserve in patients undergoing elective percutasieotonary intervention. American
Journal of Cardiology 2005;96:760-763.

357 Yilmaz MB, Balbay Y, Caldir V, et al. Lasaphenous vein graft occlusion in
patients with coronary bypass: possible role ofraspesistance. Thromb Res
2005;115:25-29.

358 McCabe D, Harrison P, Mackie |, Sidhu PcMa S, Brown M. Measurement of
aspirin responsiveness in ischaemic stroke anduBiAg the PFA-100. Stroke
2000;31:2797.

359 Mccabe DJH, Harrison P, Mackie 13, et @séssment of the antiplatelet effects of
low to medium dose aspirin in the early and latagals after ischaemic stroke and TIA.
Platelets 2005;16:269-280.

360 Hobikoglu GF, Norgaz T, Aksu H, et al. Highguency of aspirin resistance in
patients with acute coronary syndrome. Tohoku J Mgd 2005;207:59-64.

361 Navarro JC, Lao AY, Yumul MP, Araullo LCokin JK, Baroque AC. Aspirin
resistance among patients with recurrent non-cgedhic stroke detected by rapid platelet
function analyser; 2007, pp 89-95.

362 Macchi L, Christiaens L, Brabant S, eRasistance to aspirin in vitro is
associated with increased platelet sensitivitydenmsine diphosphate. Thrombosis
Research 2002;107:45-49.

363 Lee PY, Chen WH, Ng W, et al. Low-dose @gpincreases aspirin resistance in
patients with coronary artery disease.. Americanria of Medicine 2005;118:723-727.

364 Stejskal D, Vaclavik J, Lacnak B, ProskdvaAspirin resistance measured by
cationic propyl gallate platelet aggregometry aeclrrent cardiovascular events during 4
years of follow-up. Eur J Intern Med 2006;17:34%35

- 267 -



365 Gum PA, Kottke-Marchant K, Welsh PA, WhiteTopol EJ. A prospective,
blinded determination of the natural history ofiagpesistance among stable patients with
cardiovascular disease. J Am Coll Cardiol 2003;81:965.

366 Borna C, Lazarowski E, van Heusden C, OHlikrlinge D. Resistance to aspirin
is increased by ST elevation myocardial infarcémil correlates with adeonsine
diphosphate levels; 2005, p 10.

367 Cotter G, Shemesh E, Zehavi M, et al. Lafckspirin effect: aspirin resistance or
resistance to taking aspirin? Am Heart J 2004;1913-200.

368 Mueller MR, Salat A, Stangl P, et al. Val&aplatelet response to low-dose ASA
and the risk of limb deterioration in patients sitited to peripheral arterial angioplasty.
Thrombosis and Haemostasis 1997;78:1003-1007.

369 Poston RS, Gu J, Brown JM, Gammie JS, &ralothelial injury and acquired
aspirin resistance as promoters of regional thrarfdoimation and early vein graft failure
after coronary artery bypass grafting. J Thorad®@aasc Surg 2006;131:122-130.

370 Berrouschot J, Schwetlick B, von TwickeleBal. Aspirin resistance in secondary
stroke prevention. Acta Neurol Scand 2006;113:31-35

371 Faraday N, Becker DM, Yanek LR, et al. Retabetween atherosclerosis risk
factors and aspirin resistance in a primary pragargopulation. Am J Cardiol
2006;98:774-779.

372 Gurbel PA, Bliden KP, Hiatt BL, O'Connor ClMlopidogrel for coronary stenting:
response variability, drug resistance, and thecefiepretreatment platelet reactivity.
Circulation 2003;107:2908-2913.

373 ZhangY, Liang J, Zhou YJ, Yuan H, Zhang ©ong L. Study on the relationship
between aspirin resistance and incidence of myosecafter non-emergent percutaneous
coronary intervention. Zhonghua Xin Xue Guan Birsgzhi 2005;33:695-699.

374 Dalen JE. Aspirin resistance: is it reall? tdinically significant? Am J Med
2007;120:1-4.

375 Tantry US, Bliden KP, Gurbel PA. Overestimaif platelet aspirin resistance
detection by thrombelastograph platelet mappingvatidation by conventional
aggregometry using arachidonic acid stimulatioAmJColl Cardiol 2005;46:1705-1709.

376 Enomoto A, Kimura H, Chairoungdua A, et al. Molerubtentification of a renal
urate-anion exchanger that regulates blood uratddeNature 2002;417:447-452.

377 Eastmond CJ, Garton M, Robins S, Riddochh8.Hffects of Alcoholic Beverages
on Urate Metabolism in Gout Sufferers. British Jmirof Rheumatology 1995;34:756-759.

378 MaclLachlan MJ, Rodnan GP. Effects of Food &ad Alcohol on Serum Uric Acid
Levels and Occurrence of Acute Attacks of GouthAitis and Rheumatism 1965;8:454-&.

- 268 -



379 Baker JF, Krishnan E, Chen L, Schumacher$&Rum uric acid and cardiovascular
disease: recent developments, and where do theg le? Am J Med 2005;118:816-826.

380 Lehto S, Niskanen L, Ronnemaa T, Laakso MurSeuric acid is a strong predictor
of stroke in patients with non-insulin-dependerabdites mellitus. Stroke 1998;29:635-639.

381 Tseng CH. Independent association of urid siels with peripheral arterial
disease in Taiwanese patients with Type 2 diabBliedetic Medicine 2004;21:724-729.

382 Tapp RJ, Shaw JE, de Court, Dunstan DW, Welbd, Zimmet PZ. Foot
complications in Type 2 diabetes: an Australianypation-based study. Diabetic Medicine
2003;20:105-113.

383 Verdecchia P, Schillaci G, Reboldi G, SardeiusF, Porcellati C, Brunetti P.
Relation between serum uric acid and risk of caraoular disease in essential
hypertension. The PIUMA study. Hypertension 200@t882-1078.

384 Franse LV, Pahor M, Di Bari M, et al. Serunt &acid, diuretic treatment and risk of
cardiovascular events in the Systolic Hypertengidie Elderly Program (SHEP). Journal
of Hypertension 2000;18:1149-1154.

385 Alderman MH, Cohen H, Madhavan S, KivlighrS8rum uric acid and
cardiovascular events in successfully treated hgpsive patients. Hypertension
1999;34:144-150.

386 Wang JG, Staessen JA, Fagard RH, BirkenhagkrGong L, Liu L. Prognostic
significance of serum creatinine and uric acidladeo Chinese patients with isolated
systolic hypertension. Hypertension 2001;37:1062410

387 de Leeuw PW, Thijs L, Birkenhager WH, etRabgnostic significance of renal
function in elderly patients with isolated systdiigpertension: results from the Syst-Eur
trial. Journal of the American Society of Nephrold@§02;13:2213-2222.

388 Weir CJ, Muir SW, Walters MR, Lees KR. Serurate as an independent predictor
of poor outcome and future vascular events afteteastroke. Stroke 2003;34:1951-1956.

389 Newman EJ, Rahman FS, Lees KR, Weir CJ, V¢dlt&k. Elevated serum urate
concentration independently predicts poor outcantiewing stroke in patients with
diabetes. Diabetes-Metabolism Research and Revi806;22:79-82.

390 Cherubini A, Polidori MC, Bregnocchi M, et Antioxidant profile and early
outcome in stroke patients. Stroke 2000;31:2295230

391 Madsen TE, Muhlestein JB, Carlquist JF, eBafum uric acid independently
predicts mortality in patients with significant,gaagraphically defined coronary disease.
American Journal of Nephrology 2005;25:45-49.

392 Bickel C, Rupprecht HJ, Blankenberg S, eBaltum uric acid as an independent

predictor of mortality in patients with angiograpally proven coronary artery disease.
American Journal of Cardiology 2002;89:12-17.

- 269 -



393 Anker SD, Doehner W, Rauchhaus M, et al. "eid and survival in chronic heart
failure - Validation and application in metabolienctional, and Hemodynamic staging.
Circulation 2003;107:1991-1997.

394 Cengel A, Turkoglu S, Turfan M, Boyaci B. @aruric acid levels as a predictor of
in-hospital death in patients hospitalized for depensated heart failure. Acta
Cardiologica 2005;60:489-492.

395 Chamorro A, Obach V, Cervera A, Revilla Mulddéeu R, Aponte JH. Prognostic
significance of uric acid serum concentration itigrgs with acute ischemic stroke. Stroke
2002;33:1048-1052.

396 Fang J, Alderman MH. Serum uric acid andioaa$cular mortality the NHANES |
epidemiologic follow-up study, 1971-1992. Natiohkdalth and Nutrition Examination
Survey. JAMA 2000;283:2404-2410.

397 Culleton BF, Larson MG, Kannel WB, Levy Dr&®a uric acid and risk for
cardiovascular disease and death: the Framinghart Beudy. Ann Intern Med
1999;131:7-13.

398 Hu P, Seeman TE, Harris TB, Reuben DB. Ismsarric acid level associated with
all-cause mortality in high-functioning older pemsoMacArthur studies of successful
aging? Journal of the American Geriatrics Soci€§1249:1679-1684.

399 Jee SH, Lee SY, Kim MT. Serum uric acid dskl of death from cancer,
cardiovascular disease or all causes in men. Earopeurnal of Cardiovascular Prevention
& Rehabilitation 2004;11:185-191.

400 Moriarity JT, Folsom AR, Iribarren C, Nietd,/Rosamond WD. Serum uric acid
and risk of coronary heart disease: Atherosclemsisin communities (ARIC) study.
Annals of Epidemiology 2000;10:136-143.

401 Alderman MH, Cohen H, Madhavan S, KivlighrS8&rum uric acid and
cardiovascular events in successfully treated hgpsive patients. Hypertension
1999;34:144-150.

402 Bos MJ, Koudstaal PJ, Hofman A, WittemanBi@teler MM. Uric acid is a risk
factor for myocardial infarction and stroke: thetlRadam study. Stroke 2006;37:1503-
1507.

403 Zimmermann J, Herrlinger S, Pruy A, MetzgeWknner C. Inflammation enhances
cardiovascular risk and mortality in hemodialysadig@nts. Kidney International
1999;55:648-658.

404 Usberti M, Gerardi GM, Gazzotti RM, et al.i@ative stress and cardiovascular
disease in dialyzed patients. Nephron 2002;91:25-33

405 Simmons EM, Langone A, Sezer MT, et al. Eftdgenal transplantation on
biomarkers of inflammation and oxidative stressmal-stage renal disease patients.
Transplantation 2005;79:914-919.

- 270 -



406 Antolini F, Valente F, Ricciardi D, FaguglMR Normalization of oxidative stress
parameters after kidney transplant is secondafyliteecovery of renal function. Clinical
Nephrology 2004;62:131-137.

407 Antolini F, Valente F, Ricciardi D, Baroni Magugli RM. Principal component
analysis of some oxidative stress parameters adredationships in hemodialytic and
transplanted patients. Clinica Chimica Acta 2008;83-94.

408 Berry C, Hamilton CA, Brosnan MJ, et al. Istigation into the sources of
superoxide in human blood vessels: angiotensinchgases superoxide production in
human internal mammary arteries. Circulation 2000;2206-2212.

409 Hellstenwesting Y. Immunohistochemical Lazaiion of Xanthine-Oxidase in
Human Cardiac and Skeletal-Muscle. Histochemis#§31100:215-222.

410 Harrison D, Griendling KK, Landmesser U, HgrB, Drexler H. Role of oxidative
stress in atherosclerosis. American Journal of iGlrgly 2003;91:7A-11A.

411 Madamanchi NR, Vendrov A, Runge MS. Oxidattress and vascular disease.
Arteriosclerosis Thrombosis and Vascular Biologp225:29-38.

412 Hamilton CA, Miller WH, Al Benna S, et al.r&tegies to reduce oxidative stress in
cardiovascular disease. Clinical Science 2004; 186234.

413 Paravicini TM, Drummond GR, Sobey CG. Rea&ctixygen species in the cerebral
circulation - Physiological roles and therapeutiplications for hypertension and stroke.
Drugs 2004;64:2143-2157.

414 Cai H, Harrison DG. Endothelial dysfunctiorcardiovascular diseases: the role of
oxidant stress.. Circulation Research 87:840-40200

415 Fridovich I: Biology of Oxygen Radicals. Sue 1978;201:875-880.

416 Flamm ES, Demopoulos HB, Seligman ML, Poger Ransohoff J. Free-Radicals
in Cerebral Ischemia. Stroke 1978;9:445-447.

417 Lipton P. Ischemic cell death in brain negtdPhysiological Reviews
1999;79:1431-1568.

418 Grech ED, Bellamy CM, Jackson MJ, et al. fRadical Activity After Primary
Coronary Angioplasty in Acute Myocardial-Infarctiohmerican Heart Journal
1994;127:1443-1449.

419 Kondo T, Reaume AG, Huang TT, et al. RedaatibCuZn-superoxide dismutase
activity exacerbates neuronal cell injury and edéonmation after transient focal cerebral
ischemia. Journal of Neuroscience 1997;17:4180-4189

420 Kim GW, Kondo T, Noshita N, Chan PH. Manga&speroxide dismutase

deficiency exacerbates cerebral infarction afteafaerebral ischemia/reperfusion in mice
- Implications for the production and role of supade radicals. Stroke 2002;33:809-815.

-271 -



421 Sheng HX, Brady TC, Pearlstein RD, Crapo\@rner DS. Extracellular
superoxide dismutase deficiency worsens outconme fozal cerebral ischemia in the
mouse. Neuroscience Letters 1999;267:13-16.

422 Kinouchi H, Epstein CJ, Mizui T, Carlson hed SF, Chan PH. Attenuation of
Focal Cerebral Ischemic-Injury in Transgenic Miceegxpressing Cuzn Superoxide-
Dismutase. Proceedings of the National Academycdrfges of the United States of
America 1991;88:11158-11162.

423 Liu TH, Beckman JS, Freeman BA, Hogan EL, B3u Polyethylene Glycol-
Conjugated Superoxide-Dismutase and Catalase Résttleemic Brain Injury. American
Journal of Physiology 1989;256:H589-H593.

424 Spranger M, Krempien S, Schwab S, DonnebegHa&ke W. Superoxide dismutase
activity in serum of patients with acute cerebsahiemic injury. Correlation with clinical
course and infarct size. Stroke 1997;28:2425-8.

425 Leinonen JS, Ahonen JP, Lonnrot K, et al. [pb@gsma antioxidant activity is
associated with high lesion volume and neurologioglairment in stroke. Stroke
2000;31:33-39.

426 Palace VP, Hill MF, Farahmand F, Singal PKbMzation of antioxidant vitamin
pools and hemodynamic function after myocardiariction. Circulation 1999;99:121-126.

427 Kinugawa S, Tsutsui H, Hayashidani S, Id8dematsu N, Satoh S, Utsumi H,
Takeshita A. Treatment with dimethylthiourea preagdaft ventricular remodeling and
failure after experimental myocardial infarctionnmce - Role of oxidative stress.
Circulation Research 2000;87:392-398.

428 Fujii H, Shimizu M, Ino H, et al. Oxidativeass correlates with left ventricular
volume after acute myocardial infarction. Japartésart Journal 2002;43:203-209.

429 Grieve DJ, Byrne JA, Cave AC, Shah AM. Rdl®gidative Stress in Cardiac
Remodelling after Myocardial Infarction. Heart, lguand Circulation 2004;13:132-138.

430 Nieto FJ, Iribarren C, Gross MD, Comstock G3Aitler RG. Uric acid and serum
antioxidant capacity: a reaction to atherosclefositherosclerosis 2000;148:131-139.

431 Waring WS. Uric acid: an important antioxitlan acute ischaemic stroke. Qjm-An
International Journal of Medicine 2002;95:691-693.

432 Kanemitsu H, Tamura A, Kirino T, et al. Xaine and uric acid levels in rat brain
following focal ischemia. J Neurochem 1988;51:18885.

433 Yu ZF, Bruce-Keller AJ, Goodman Y, Mattso MJric acid protects neurons

against excitotoxic and metabolic insults in celtgre, and against focal ischemic brain
injury in vivo. Journal of Neuroscience ResearcB893:613-625.

-272 -



434 Squadrito GL, Cueto R, Splenser AE, et ahd®ion of uric acid with peroxynitrite
and implications for the mechanism of neuroprotechy uric acid. Archives of
Biochemistry and Biophysics 2000;376:333-337.

435 Tayag EC, Nair SN, Wahhab S, Katsetos Cghthiall JW, Lehmann JC. Cerebral
uric acid increases following experimental traumatiain injury in rat. Brain Research
1996;733:287-291.

436 Waring WS, Webb DJ, Maxwell SR. Systemic agid administration increases
serum antioxidant capacity in healthy volunteessirdal of Cardiovascular Pharmacology
2001;38:365-371.

437 Ginsberg MH, Kozin F, Omalley M, McCarty Release of Platelet Constituents
by Monosodium Urate Crystals. Journal of Clinicaldstigation 1977;60:999-1007.

438 Rao GN, Corson MA, Berk BC. Uric-Acid Stiratds Vascular Smooth-Muscle
Cell-Proliferation by Increasing Platelet-Derivedo@th-Factor A-Chain Expression.
Journal of Biological Chemistry 1991;266:8604-8608.

439 Descheerder IK, Vandekraay AMM, Lamers JKtkster JF, Dejong JW, Serruys
PW. Myocardial Malondialdehyde and Uric-Acid Releddter Short-Lasting Coronary
Occlusions During Coronary Angioplasty - Poteniedchanisms for Free-Radical
Generation. American Journal of Cardiology 1991362:395.

440 Mazzali M, Kanellis J, Han L, et al. Hypecemia induces a primary renal
arteriolapathy in rats by a blood pressure-indepehthechanism. American Journal of
Physiology-Renal Physiology 2002;282:F991-F997.

441 Saito |, Saruta T, Kondo K, et al. Seruncikcid and Renin-Angiotensin System
in Hypertension. Journal of the American GeriatBogiety 1978;26:241-247.

442 Dyer AR, Liu K, Walsh M, Kiefe C, Jacobs DBilld DE. Ten-year incidence of
elevated blood pressure and its predictors: The QIARStudy. Journal of Human
Hypertension 1999;13:13-21.

443 Feher MD, Hepburn AL, Hogarth MB, Ball SGay¢ SA. Fenofibrate enhances
urate reduction in men treated with allopurinol igperuricaemia and gout. Rheumatology
2003;42:321-325.

444 \Wurzner G, Gerster JC, Chiolero A, et aimParative effects of losartan and
irbesartan on serum uric acid in hypertensive ptiwith hyperuricaemia and gout.
Journal of Hypertension 1919;1855-1860.

445 Kamper AL, Nielsen AH. Uricosuric effectlosartan in patients with renal
transplants. Transplantation 2001;72:671-674.

446 Elion GB. Enzymatic and Metabolic Studiethwiillopurinol. Annals of the
Rheumatic Diseases 1966;25:608-&.

447 Terkeltaub RA. Gout. New England JourndWleflicine 2003;349:1647-1655.

-273 -



448 Emmerson BT. Drug therapy - The managemegbat. New England Journal of
Medicine 1996;334:445-451.

449 Hande KR, Noone RM, Stone WJ. Severe AllmaliToxicity - Description and
Guidelines for Prevention in Patients with Renatifficiency. American Journal of
Medicine 1984,;76:47-56.

450 Excess of Ampicillin Rashes Associated willopurinol Or Hyperuricemia. New
England Journal of Medicine 1972;286:505-506.

451 Bradford RH, Shear CL, Chremos AN, et ab&hded Clinical-Evaluation of
Lovastatin (Excel) Study Results .1. Efficacy in diffging Plasma-Lipoproteins and
Adverse Event Profile in 8245 Patients with Moderdypercholesterolemia. Archives of
Internal Medicine 1991;151:43-49.

452 Slater EE, Merrill DD, Guess HA, et al. @l Profile of Angioedema Associated
with Angiotensin Converting-Enzyme Inhibition. Jad@urnal of the American Medical
Association 1988;260:967-970.

453 Edwards IR, Coulter DM, Beasley DMG, Macsit®. Captopril - 4 Years of Post
Marketing Surveillance of All Patients in New-Zeaada British Journal of Clinical
Pharmacology 1987;23:529-536.

454 Keating GM, Ormrod D. Micronised fenofibratédn updated review of its clinical
efficacy in the management of dyslipidaemia. Dr20682;62:1909-1944.

455 Frick MH, Elo O, Haapa K, et al. HelsinkidteStudy - Primary-Prevention Trial
with Gemfibrozil in Middle-Aged Men with Dyslipideia - Safety of Treatment, Changes
in Risk-Factors, and Incidence of Coronary Heage2ase. New England Journal of
Medicine 1987;317:1237-1245.

456 Rubins HB, Robins SJ, Collins D, et al. [@i#s, plasma insulin, and
cardiovascular disease - Subgroup analysis fronD#partment of Veterans Affairs High-
Density Lipoprotein Intervention Trial (VA-HIT). Ahives of Internal Medicine
2002;162:2597-2604.

457 Koskinen P, Manttari M, Manninen V, Huttur#f Heinonen OP, Frick MH.
Coronary Heart-Disease Incidence in Niddm Patientse Helsinki Heart-Study. Diabetes
Care 1992;15:820-825.

458 Steiner G, Hamsten A, Hosking J, et al. &ftd fenofibrate on progression of
coronary-artery disease in type 2 diabetes: theédes Atherosclerosis Intervention Study,
a randomised study. Lancet 2001;357:905-910.

459 Keech A, Simes RJ, Barter P, et al. EffeEteng-term fenofibrate therapy on
cardiovascular events in 9795 people with typeabelies mellitus (the FIELD study):
randomised controlled trial. Lancet 2005;366:1888411

460 Desager JP, Hulhoven R, Harvengt C. Urigogtffect of Fenofibrate in Healthy-
Volunteers. Journal of Clinical Pharmacology 1980680-564.

- 274 -



461 Elisaf M, Tsimichodimos V, Bairaktari E, Biapoulos KC. Effect of micronized
fenofibrate and losartan combination on uric acetaholism in hypertensive patients with
hyperuricemia. Journal of Cardiovascular Pharmaypoli999;34:60-63.

462 Bastow MD, Durrington PN, Ishola M. Hypegtyiceridemia and Hyperuricemia -
Effects of 2 Fibric Acid-Derivatives (BezafibratacdaFenofibrate) in A Double-Blind,
Placebo-Controlled Trial. Metabolism-Clinical angdderimental 1988;37:217-220.

463 Takahashi S, Moriwaki Y, Yamamoto T, TsutsdnKa T, Fukuchi M. Effects of
combination treatment using anti-hyperuricaemimégevith fenofibrate and/or losartan on
uric acid metabolism. Annals of the Rheumatic Dsesa?003;62:572-5.

464 Hepburn AL, Kaye SA, Feher MD. Fenofibratetrew treatment for hyperuricaemia
and gout? Annals of the Rheumatic Diseases 20(H38086.

465 Elisaf M. Effects of fibrates on serum melabparameters.. Current Medical
Research & Opinion 2002;18:269-276.

466 Lipscombe J, Lewis GF, Cattran D, Bargman Dbterioration in renal function
associated with fibrate therapy. Clinical Nephrgi@§01;55:39-44.

467 Dahlof B, Devereux RB, Kjeldsen SE, et ardiovascular morbidity and mortality
in the Losartan Intervention For Endpoint reduciiohypertension study (LIFE): a
randomised trial against atenolol. Lancet 2002;388:1003.

468 Burnier M, RochRamel F, Brunner HR. Rentda$ of angiotensin Il receptor
blockade in normotensive subjects. Kidney Inteoratl 1996;49:1787-1790.

469 Burnier M, Waeber B, Brunner HR. ClinicalaPmacology of the Angiotensin-Ii
Receptor Antagonist Losartan Potassium in Healthiyj&ts. Journal of Hypertension
1995;13:523-S28.

470 Nakashima M, Uematsu T, Kosuge K, Kananvar®Rilot-Study of the Uricosuric
Effect of Dup-753, A New Angiotensin-li Receptor tAgonist, in Healthy-Subjects.
European Journal of Clinical Pharmacology 1992;32:335.

471 Liberopoulos E, Christides D, Elisaf M. Qmarative effects of losartan and
irbesartan on serum uric acid in hypertensive p#iwith hyperuricemia and gout. Journal
of Hypertension 2002;20:347.

472 Hoieggen A, Alderman MH, Kjeldsen SE, efldle impact of serum uric acid on
cardiovascular outcomes in the LIFE study. Kidnaty2004,;65:1041-1049.

473 Berry C, Anderson N, Kirk AJB, Dominiczak AfAicMurray JJV. Renin angiotensin
system inhibition is associated with reduced fesiaal concentrations in arteries of
patients with coronary heart disease. Heart 2002186218.

474 Athyros VG, Elisaf M, Papageorgiou AA, etRthogenesis and treatment of
kidney disease and hypertension - Effect of stat@rsus untreated dyslipidemia on serum
uric acid levels in patients with coronary heageagdise: A subgroup analysis of the GREek

- 275 -



Atorvastatin and Coronary-heart-disease EvalugdtBREACE) study. American Journal
of Kidney Diseases 2004;43:589-599.

475 Youssef F, Gupta P, Seifalian AM, Myint FkNailidis DP, Hamilton G. The
effect of short-term treatment with simvastatinrenal function in patients with peripheral
arterial disease. Angiology 2004;55:53-62.

476 Giral P, Bruckert E, Jacob N, Chapman Mglietii MJ, Turpin G. Homocysteine
and lipid lowering agents. A comparison betweemvaistatin and fenofibrate in patients
with mixed hyperlipidemia.. Atherosclerosis 2004 14321-427.

477 Kakafika A, Tsimihodimos V, Elisaf M. Effecf atorvastatin on serum uric acid
levels. Atherosclerosis 2001;158:255.

478 Cappola TP, Kass DA, Nelson GS, et al. Altaml improves myocardial
efficiency in patients with idiopathic dilated camhyopathy. Circulation 2001;104:2407-
2411.

479 Shehab AM, Butler R, MacFadyen RJ, StrutA&sA placebo-controlled study
examining the effect of allopurinol on heart ragigbility and dysrhythmia counts in
chronic heatrt failure. British Journal of Clinid&@harmacology 2001;51:329-334.

480 Doehner W, Schoene N, Rauchhaus M, et fdctsfof xanthine oxidase inhibition
with allopurinol on endothelial function and pergphl blood flow in hyperuricemic
patients with chronic heart failure: results frorpl2cebo-controlled studies. Circulation
2002;105:2619-2624.

481 Farquharson CA, Butler R, Hill A, Belch Sdruthers AD. Allopurinol improves
endothelial dysfunction in chronic heart failureraDlation 2002;106:221-226.

482 Gavin AD, Struthers AD. Allopurinol redudggype natriuretic peptide
concentrations and haemoglobin but does not atEncese capacity in chronic heart failure.
Heart 91:749-53, 2005.

483 George J, Carr E, Davies J, Belch JJ, $rstA. High-dose allopurinol improves
endothelial function by profoundly reducing vascuwaidative stress and not by lowering
uric acid. Circulation 2006;114:2508-2516.

484 Cingolani HE, Plastino JA, Escudero EM, Marg, Brown J, Perez NG. The
effect of xanthine oxidase inhibition upon ejectfeaction in heart failure patients: La
Plata Study. Journal of Cardiac Failure 2006;12-498.

485 Hare JM, Mangal B, Brown J et al. Impacbxypurinol in patients with
symptomatic heart failure. J Am Coll Cardiol 200BZ301-2309.

486 The EXOTIC-EF Study. Cardiome Press Relea2@88.
487 Baldus S, Koster R, Chumley P, et al. Oxiymlimproves coronary and peripheral

endothelial function in patients with coronary aytdisease. Free Radical Biology &
Medicine 2005;39:1184-1190.

- 276 -



488 Baldus S, Mullerleile K, Chumley P, et ahibition of xanthine oxidase improves
myocardial contractility in patients with ischentsiardiomyopathy. Free Radical Biology &
Medicine 2006;41:1282-1288.

489 Muir S, Harrow C, Dawson J, Lees KR, Weir &dttar N, Walters M. Allopurinol
Use Yields Potentially Beneficial Effects on Inflaratory Indices In Those With Recent
Ischemic Stroke; a Randomised, Double Blind Placeébiotrolled Trial. Stroke
2008;39:3303-33009.

490 Butler R, Morris AD, Belch JJF, Hill A, Sthers AD. Allopurinol normalizes
endothelial dysfunction in type 2 diabetics witHdypertension. Hypertension
2000;35:746-751.

491 Desco MC, Asensi M, Marquez R, et al. Xamgtoxidase is involved in free radical
production in type 1 diabetes: protection by allopol. Diabetes 2002;51:1118-1124.

492 Afshari M, Larijani B, Rezaie A, et al. Ifettiveness of allopurinol in reduction of
oxidative stress in diabetic patients; a randomidedble-blind placebo-controlled clinical
trial. Biomedicine & Pharmacotherapy 2004;58:546-55

493 Cardillo C, Kilcoyne CM, Cannon RO, Ill, @umi AA, Panza JA. Xanthine
oxidase inhibition with oxypurinol improves endadibkvasodilator function in
hypercholesterolemic but not in hypertensive pasiedypertension 1997;30:57-63.

494 O'Driscoll JG, Green DJ, Rankin JM, TayR®R. Nitric oxide-dependent
endothelial function is unaffected by allopurinelhypercholesterolaemic subjects. Clinical
& Experimental Pharmacology & Physiology 1999;2&-85.

495 Guthikonda S, Sinkey C, Barenz T, Haynes. Whthine oxidase inhibition
reverses endothelial dysfunction in heavy smokeirsulation 2003;107:416-21.

496 Mercuro G, Vitale C, Cerquetani E, et défe& of hyperuricemia upon endothelial
function in patients at increased cardiovascutd. \merican Journal of Cardiology
2004;94:932-935.

497 Yiginer O, Ozcelik F, Inanc T, et al. Allmmnol improves endothelial function and
reduces oxidant-inflammatory enzyme of myeloperagalin metabolic syndrome. Clinical
Research in Cardiology 2008;97:334-340.

498 El Solh AA, Saliba R, Bosinski T, Grant B&rbary E, Miller N. Allopurinol
improves endothelial function in sleep apnoeanaoaised controlled study. European
Respiratory Journal 2006;27:997-1002.

499 O'Driscoll G, Green D, Taylor RR. Simvastaan HMG-coenzyme A reductase
inhibitor, improves endothelial function within lomth. Circulation 1997;95:1126-1131.

500 Neunteufl T, Katzenschlager R, Hassan AJ.edystemic endothelial dysfunction

is related to the extent and severity of coronatgrg disease. Atherosclerosis
1997;129:111-118.

- 277 -



501 Hetzel J, Balletshofer B, Rittig K, et@apid effects of rosiglitazone treatment on
endothelial function and inflammatory biomarkerstefiosclerosis Thrombosis and
Vascular Biology 2005;25:1804-1809.

502 Pistrosch F, Passauer J, Fischer S, Fukckémnefeld M, Gross P. In type 2
diabetes, rosiglitazone therapy for insulin resistaameliorates endothelial dysfunction
independent of glucose control. Diabetes Care 200484-490.

503 Lyons D, Webster J, Benjamin N. The Eff#fcAntihypertensive Therapy on
Responsiveness to Local Intraarterial N-G-Monomleth#rginine in Patients with
Essential-Hypertension. Journal of Hypertension41821047-1052.

504 Mancini GBJ, Henry GC, Macaya C, et al. ldtensin-converting enzyme
inhibition with quinapril improves endothelial vamotor dysfunction in patients with
coronary artery disease - The TREND (Trial on Rewer ENdothelial Dysfunction) study.
Circulation 1996;94:258-265.

505 Simons LA, Sullivan D, Simons J, Celerm&)&: Effects of atorvastatin
monotherapy and simvastatin plus cholestyraminarterial endothelial function in
patients with severe primary hypercholesterolaeAiiaerosclerosis 1998;137:197-203.

506 Lefer AM, Scalia R, Lefer DJ. Vascular effeeof HMG CoA-reductase inhibitors
(statins) unrelated to cholesterol lowering: newaapts for cardiovascular disease.
Cardiovascular Research 2001;49:281-287.

507 Anderson TJ, Meredith IT, Yeung AC, Frei3lwyn AP, Ganz P. The Effect of
Cholesterol-Lowering and Antioxidant Therapy on Biie:lium-Dependent Coronary
Vasomotion. New England Journal of Medicine 1993;388-493.

508 Treasure CB, Klein JL, Weintraub WS, eBaneficial-Effects of Cholesterol-
Lowering Therapy on the Coronary Endothelium indétdas with Coronary-Artery Disease.
New England Journal of Medicine 1995;332:481-487.

509 Leung WH, Lau CP, Wong CK. Beneficial Effe€ Cholesterol-Lowering
Therapy on Coronary Endothelium-Dependent RelaratidHypercholesterolemic Patients.
Lancet 1993;341:1496-1500.

510 Nazzaro P, Manzari M, Merlo M, et al. Distiand combined vascular effects of
ACE blockade and HMG-CoA reductase inhibition impéstensive subjects. Hypertension
1999;33:719-725.

511 Latini R, Masson S, Arland |, et al. Effeof valsartan on circulating brain
natriuretic peptide and norepinephrine in symptaereironic heart failure - The Valsartan
Heart Failure Trial (Val-HeFT). Circulation 20023:2454-2458.

512 Hartmann F, Packer M, Coats AJS, et alpkbBNP in severe chronic heart

failure: rationale, design and preliminary resoltthe COPERNICUS NT-proBNP
substudy. European Journal of Heart Failure 2084%350.

- 278 -



513 Tsutamoto T, Wada A, Maeda K, et al. Eftédcdpironolactone on plasma brain
natriuretic peptide and left ventricular remodelingatients with congestive heart failure.
J Am Coll Cardiol 2001;37:1228-1233.

514 Ali M, Bath PMW, Curram J, et al. The virtual intational stroke trials archive.
Stroke 2007;38:1905-1910.

515 Asplund K. Multicenter Trial of Hemodilution Ischemic Stroke - Background and
Study Protocol. Stroke 1985;16:885-890.

516 Rankin J. Cerebral vascular accidents irept over the age of 60. Il. Prognosis.
Scott Med J. 1957; 2: 200-215; 1957, pp 200-215.

517 Lees KR, Zivin JA, Ashwood T, Davalos A, a8M, Diener H, Grotta J, Lyden P,
Shuaib A, Hardemark H, Wasiewski WW. NXY-059 fouteischemic stroke. New
England Journal of Medicine 2006;354:588-600.

518 Yu KH, Luo SF, Tsai WP, Huang YY. Intermittextevation of serum urate and 24-
hour urinary uric acid excretion. Rheumatology 2@341541-1545.

519 Dawson J, Walters M. Uric acid and xanthixiglase: future therapeutic targets in
the prevention of cardiovascular disease? Br JRHiarmacol 2006.

520 Kang DH, Nakagawa T, Feng LL, et al. A raeric acid in the progression of
renal disease. Journal of the American SocietyeyghYology 2002;13:2888-2897.

521 Dawson J, Quinn T, Walters M. Uric acid redduc a new paradigm in the
management of cardiovascular risk? Curr Med Che@72@:1879-1886.

522 Schretlen DJ, Inscore AB, Vannorsdall TDaleSerum uric acid and brain ischemia
in normal elderly adults. Neurology 2007;69:141&34

523 Amaro S, Soy D, Obach V, Cervera A, Planas Ekamorro A. A pilot study of
dual treatment with recombinant tissue plasminaggivator and uric acid in acute
ischemic stroke. Stroke 2007;38:2173-2175.

524 The Scottish record linkage system. Heath ([Balinb) 1993;51:1-15.

525 Culleton BF, Larson MG, Kannel WB, Levy &r8m uric acid and risk for
cardiovascular disease and death: the Framinghart Beudy. Annals of Internal
Medicine 1999;131:7-13.

526 Tuttle KR, Short RA, Johnson RJ. Sex diffiees in uric acid and risk factors for
coronary artery disease. American Journal of Cérdi2001;87:1411-1414.

527 Anton FM, Puig JG, Ramos T, Gonzalez P, ©dd&ex-Differences in Uric-Acid
Metabolism in Adults - Evidence for A Lack of Inélace of Estradiol-17-Beta (E2) on the
Renal Handling of Urate. Metabolism-Clinical andpgéximental 1986;35:343-348.

- 279 -



528 Wingrove CS, Walton C, Stevenson JC. Thecefif menopause on serum uric acid
levels in non-obese healthy women. Metabolism-Céihand Experimental 1998;47:435-
438.

529 Ogino K, Hisatome |, Saitoh M, et al. ClaliSignificance of Hypouricemia in
Hospitalized-Patients. Journal of Medicine 199178282.

530 Nazir FS, Alem M, Small M, Connell JM, Ld€R, Walters MR, Cleland SJ.
Blunted response to systemic nitric oxide synthak#ition in the cerebral circulation of
patients with Type 2 diabetes. Diabet Med 2006;23:302.

531 White RP, Deane C, Vallance P, Markus H8id\bxide synthase inhibition in
humans reduces cerebral blood flow but not the leype response to hypercapnia. Stroke
1998;29:467-472.

532 Aldasoro M, Martinez C, Vila JM, MedinalPuch S. Influence of endothelial
nitric oxide on adrenergic contractile responsesushan cerebral arteries. Journal of
Cerebral Blood Flow and Metabolism 1996:16:623-628.

533 Vallance P, Collier J, Moncada S. Effeé¢tEdothelium-Derived Nitric-Oxide on
Peripheral Arteriolar Tone in Man. Lancet 1989;Z:9900.

534 Wilkinson IB, MacCallum H, Cockcroft JR, WeDJ. Inhibition of basal nitric
oxide synthesis increases aortic augmentation iadexpulse wave velocity in vivo.
British Journal of Clinical Pharmacology 2002;532182.

535 Haynes WG, Noon JP, Walker BR, Webb DJ LaNmincreases Blood-Pressure in
Man. Lancet 1993;342:931-932.

536 O'Driscoll G, Green D, Maiorana A, Stantornd¢lreavy F, Taylor R. Improvement
in endothelial function by angiotensin-convertimgyme inhibition in non-insulin-
dependent diabetes mellitus. J Am Coll Cardiol 1399.506-1511.

537 John S, Schneider MP, Delles C, Jacobilim&aler RE. Lipid-independent effects
of statins on endothelial function and bioavaildpibf nitric oxide in hypercholesterolemic
patients. American Heart Journal 2005;149.

538 McCord JM. Oxygen-Derived Free-RadicalsastBchemic Tissue-Injury. New
England Journal of Medicine 1985;312:159-163.

539 Friedl HP, Till GO, Ryan US, Ward PA. Mediatnduced Activation of Xanthine-
Oxidase in Endothelial-Cells. Faseb Journal 192832-2518.

540 Safar ME, Blacher J, Pannier B, Guerin MBrchais SJ, Guyonvarch PM, London
GM: Central pulse pressure and mortality in endist@nal disease. Hypertension
2002;39:735-738.

541 Danchin N, Benetos A, Lopez-Sublet M, DdmaicT, Safar M, Mourad LJ. Aortic
pulse pressure is related to the presence andt@{teoronary artery disease in men

- 280 -



undergoing diagnostic coronary angiography: A mahter study. American Journal of
Hypertension 2004;17:129-133.

542 Franklin SS, Khan SA, Wong ND, Larson M@y D. Is pulse pressure useful in
predicting risk for coronary heart disease? Therfingham Heart Study. Circulation
1999;100:354-360.

543 Kroeker EJ, Wood EH. Comparison of Simwdtarsly Recorded Central and
Peripheral Arterial Pressure Pulses During Restyéige and Tilted Position in Man.
Circulation Research 1955;3:623-632.

544 Melenovsky V, Borlaug BA, Fetics B, KesdferShively L, Kass DA. Estimation
of central pressure augmentation using automatidlrartery tonometry. Journal of
Hypertension 2007;25:1403-1409.

545 Takazawa K, Kobayashi H, Shindo N, Tanaka&mashina A. Relationship
between radial and central arterial pulse waveesadLiation of central aortic pressure
using the radial arterial pulse wave. Hypertenftesearch 2007;30:219-228.

546 McEniery CM, McDonnell B, Munnery M, et @lentral pressure: Variability and
impact of cardiovascular risk factors - The Anglardiff Collaborative Trial II.
Hypertension 2008;51:1476-1482.

547 London GM, Blacher J, Pannier B, Guerin MRrchais SJ, Safar ME. Arterial
wave reflections and survival in end-stage renélfa Hypertension 2001;38:434-438.

548 Ueda H, Hayashi T, Tsumura K, YoshimariNKkayama Y, Yoshikawa J. The
timing of the reflected wave in the ascending aqutessure predicts restenosis after
coronary scent placement. Hypertension Research; 20%35-540.

549 Weber T, Auer J, O'Rourke MF, et al. Insesharterial wave reflections predict
severe cardiovascular events in patients undergmngutaneous coronary interventions.
European Heart Journal 2005;26:2657-2663.

550 Dart AM, Gatzka CD, Kingwell BA, et al. Rtaal blood pressure but not carotid
arterial waveforms predict cardiovascular eventslderly female hypertensives.
Hypertension 2006;47:785-790.

551 Roman MJ, Devereux RB, Kizer JR, et al.t2¢pressure more strongly relates to
vascular disease and outcome than does brachssysee- The strong heart study.
Hypertension 2007;50:197-203.

552 Dart AM, Cameron JD, Gatzka CD, et al. &neffects of treatment on central
and brachial blood pressures in older hypertersinggects in the Second Australian
National Blood Pressure Trial. Hypertension 2007,292-1247.

553 Williams B, Lacy PS, Thom SM, et al. Di#atial impact of blood pressure-

lowering drugs on central aortic pressure and @inbutcomes - Principal results of the
Conduit Artery Function Evaluation (CAFE) studyréilation 2006;113:1213-1225.

-281 -



554 Dahlof B, Sever PS, Poulter NR, et al. Bnéon of cardiovascular events with an
antihypertensive regimen of amlodipine adding p#pril as required versus atenolol
adding bendroflumethiazide as required, in the Arf§tandinavian Cardiac Outcomes
Trial-Blood Pressure Lowering Arm (ASCOT-BPLA): allticentre randomised controlled
trial. Lancet 2005;366:895-906.

555 Poulter NR, Wedel H, Dahlof B, et al. Rofélood pressure and other variables in
the differential cardiovascular event rates notethe Anglo-Scandinavian Cardiac
Outcomes Trial-Blood Pressure Lowering Arm (ASCORLB\). Lancet 2005;366:907-
913.

556 Blacher J, Guerin AP, Pannier B, MarchaisSafar ME, London GM. Impact of
aortic stiffness on survival in end-stage renatdse. Circulation 1999;99:2434-2439.

557 Boutouyrie P, Tropeano Al, Asmar R, et airtie stiffness is an independent
predictor of primary coronary events in hyperteagpatients - A longitudinal study.
Hypertension 2002;39:10-15.

558 Tomiyama H, Koji Y, Yambe M, et al. Brachaikle pulse wave velocity is a
simple and independent predictor of prognosis trepts with acute coronary syndrome.
Circulation Journal 2005;69:815-822.

559 Mattace-Raso FUS, van der Cammen TJM, Hofnas al. Arterial Stiffness and
Risk of Coronary Heart Disease and Stroke: TheeRddim Study. Circulation
2006;113:657-663.

560 Jacobi J, Schneider MP, John S, SchmiedetmRiact of NO-synthase inhibition
on renal hemodynamics in normotensive and hypeavtessibjects. Journal of
Hypertension 2002;20:525-530.

561 Walters M, Muir S, Shah I, Lees K. Effectpefrindopril on cerebral vasomotor
reactivity in patients with lacunar infarction. &te 2004;35:1899-1902.

562 Cupini LM, Diomedi M, Placidi F, SilvestriM, Giacomini P. Cerebrovascular
reactivity and subcortical infarctions. ArchivesMéurology 2001;58:577-581.

563 Settakis G, Molnar C, Kerenyi L, KollalL&gemate D, Csiba L, Fulesdi B.
Acetazolamide as a vasodilatory stimulus in cenedsoular diseases and in conditions
affecting the cerebral vasculature. European Joofrideurology 2003;10:609-620.

564 Ringelstein EB, Sievers C, Ecker S, Sclerdrh\, Otis SM. Noninvasive
Assessment of Co-2-Induced Cerebral Vasomotor Regpim Normal Individuals and
Patients with Internal Carotid-Artery Occlusiong.oBe 1988;19:963-9609.

565 Minematsu K, Yamaguchi T, Tsuchiya M, Itplkeda M, Omae T. Effect of
Angiotensin Converting-Enzyme-Inhibitor (Captopol) Cerebral Blood-Flow in
Hypertensive Patients Without A History of Strok#inical and Experimental
Hypertension Part A-Theory and Practice 1987;9:551-

- 282 -



566 Terborg C, Gora F, Weiller C, Rother J. iRl vasomotor reactivity in cerebral
microangiopathy - A study with near-infrared spestiopy and transcranial Doppler
sonography. Stroke 2000;31:924-929.

567 Bakker SLM, de Leeuw FE, de Groot JC, HofrAaKoudstaal PJ, Breteler MMB.
Cerebral vasomotor reactivity and cerebral whitétendesions in the elderly. Neurology
1999;52:578-583.

568 Molina C, Sabin JA, Montaner J, Rovira Ailkeira S, Codina A. Impaired
Cerebrovascular Reactivity as a Risk Marker fostHiEver Lacunar Infarction : A Case-
Control Study. Stroke 1999;30:2296-2299.

569 Sterzer P, Meintzschel F, Rosler A, LanBetmH, Steinmetz H, Sitzer M.
Pravastatin improves cerebral vasomotor reactimifyatients with subcortical small-vessel
disease. Stroke 2001;32:2817-2820.

570 Dahl A, Russell D, Rootwelt K, NyberghanserKerty E. Cerebral Vasoreactivity
Assessed with Transcranial Doppler and Regionati@?at Blood-Flow Measurements -
Dose, Serum Concentration, and Time-Course of g#epéhse to Acetazolamide. Stroke
1995;26:2302-2306.

571 Hamann GF, Stoll M, Jost V, Bompotti UARyiEige R, Schimrigk K. Time
course of acetazolamide effect in normal persamgnal of Neuroimaging 1996;6:29-31.

572 West GA, Leppla DC, Simard JM. Effects atdfnal Ph on lonic Currents in
Smooth-Muscle Cells from the Basilar Artery of thainea-Pig. Circulation Research
1992;71:201-209.

573 Hauge A, Nicolaysen G, Thoresen M. Acutiedt$ of Acetazolamide on Cerebral
Blood-Flow in Man. Acta Physiologica Scandinavi@83;117:233-239.

574 Pretnar-Oblak J, Sabovic M, Vidmar G, Zl&t. Evaluation of I-arginine
reactivity in comparison with flow-mediated dilatat and intima-media thickness.
Ultrasound in Medicine and Biology 2007;33:1546-155

575 Prettlar-Oblak J, Sabovic M, Sebestjen dgdenik T, Zaletel M. Influence of
atorvastatin treatment on L-ariginine cerebrovamcidactivity and flow-mediated
dilatation in patients with lacunar infarctionsrdke 2006;37:2540-2545.

576 Dawson J, Quinn TJ, Harrow C, et al. Allapal and nitric oxide activity in the
cerebral circulation of those with diabetes. Diasafare. Published ahead of print October
22"2008 (http://care.diabetesjournals.org/cgi/corédrstract/dc08-1179v1)

577 Schwertfeger N, Neu P, Schlattmann P, LelfhKdeuser |, Bajbouj M.
Cerebrovascular reactivity over time course in tgadubjects. Journal of the Neurological
Sciences 2006;249:135-139.

578 Doehner W, Anker SD. Xanthine oxidase iitluib for chronic heart failure: is
allopurinol the next therapeutic advance in heaiftife?. Heart 2005;91:707-709.

- 283 -



