1 INTRODUCTION AND LITERATURE REVIEW

The platelet is a very important component of cardscular and cerebrovascular disease.
Recent platelet research has resulted in many dinagdave been found to improve health in
patients. The platelet was previously seen ongra®nlooker’ in haemostasis. The platelet is

now recognised to be an essential component ofrhosis and inflammatioh.

1.1 The haemostatic response

The normal haemostatic response to vessel injuslient on intricately linked interaction

between the blood vessel wall, blood coagulati@tofs and circulating platelets

(Figure 1.1)}

1.1.1 Vasoconstriction

A preliminary decrease in blood flow to the injui@@a is due to vasoconstriction of the
damaged vessel. This ensures contact activationagulation factors and platelets.
Thromboxane Ais liberated from platelets and fibrinopeptides @leased during fibrin

formation, which also have vasoconstrictive prapert
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Figure 1.1 The interaction of blood vessels, bloodgulation and platelets in haemostésis.
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1.1.2 Primary haemostasis and platelet reactions

Primary haemostasis involves the development pfa€let plug’ at the site of vessel damage

(Figure 1.2)

Single circulating platelets attach to the damagygdbthelial surface. These are then activated
via receptor-ligand interactions and release tip@nular contents (platelet secretion). The

resulting platelet aggregate forms a physical bata further blood loss. Coagulation factor
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Figure 1.2 Primary haemostasis.

Adhesion VWF, collagen, fibronectin and other subendothefialecules result in platelet
adhesion to the exposed subendothelium at pointaswular injury. VWF adheres the platelet
to the endothelium through interaction with itsaptor, platelet GP1b, in arterioles which

show high-shear conditions.

Activation Subendothelial collagen, thrombin and tissueoiaall stimulate platelets by
attaching to platelet surface receptors and a matlof/signal transduction events

commences.

Secretion Agonists, such as adrenaline, collagen, throraboh ADP attach to its’ platelet
membrane receptors and stimulate platelets thraugimber of biochemical events resulting
in its’ granule contents being released. The afergioned process promotes further platelet
activation and aggregation. Arachidonic acid ieaskd from the cell membrane with the
production of thromboxane Avhich reduces cAMP levels and commences the relaetson.

Substances such as BG®Vhich is produced by vascular endothelial cefisrease the level of



platelet cCAMP and prevent this release reaction, BG powerful platelet aggregation

inhibitor (Figure 1.3},

Aggregation When agonists bind, they cause structural alteratin the platelet GPIIb/llla
receptor, revealing its binding sites for VWF aititihogen. Single platelets at the site of
vessel wall damage are then cross-linked by VWHFfgmnchogen, thus promoting the creation

and stabilisation of the platelet plug.
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Figure 1.3 The production of prostacyclin and thiporane’

1.1.3 Stabilisation of the platelet plug by fibrin

Blood coagulation results in fibrin formation. Whiglorin is added to the platelet complex and

platelet-induced clot compaction occurs, definithaemostasis results. Following vessel wall



damage, activation of tissue factor causes factbtoMnitiate the coagulation cascade. By
contributing further membrane phospholipid, platelggregation and release reactions speed
up coagulation. Thrombin created at the point ohadge transforms fibrinogen into fibrin and
promotes platelet secretion and aggregation. Thioalbo activates factors Xl and Xl as
well as cofactors V and VIII. The fibrin componaitthe haemostatic plug enlarges as the
mass of platelets autolyse. A few hours later tagefet plug is transformed into a strong
complex of cross-linked fibrin., The platelet plsighultaneously autodigests as a result of

plasminogen and tPA.

1.2 Stroke

Stroke is the clinical term for acute loss of psiti to a vascular region, that results in
ischaemia and a consequent deficit of neurologiction. Strokes classically manifest with
the rapid onset of focal neurologic deficits- sashweakness, aphasia or sensory

abnormalities.

Stroke is the second most common cause of deativst countries.In South Africa, which
has a population undergoing demographic and epaegical transition, stroke is the third
most common cause of de&tivhile HIV is changing the mortality statisticssnb-Saharan
Africa, cardiovascular and cerebrovascular diseas®ins a leading cause of death in most
population groups which has a severe impact oistheh African econom$® HIV on its

own is a cause for cerebrovascular disease havimgriad of complicationd Patients on

antiretrovirals for HIV also suffer from atherotinbotic problems?



A stroke can result in permanent neurological danagmplications and death. A stroke is
therefore a medical emergency. The 24 hour linpasates stroke from TIA, which is a
related set of stroke symptoms that completely anpwithin 24 hours. A cerebral infarct
that lasts longer than 24 hours, but less thanot®dh is term a Reversible Ischaemic
Neurologic Deficit (RIND). Risk factors for strolkend/or TIAs includeinter alia, advanced
age, hypertension, previous stroke or TIA, hypelesterolaemia, diabetes mellitus, cigarette

smoking and atrial fibrillatiof.

A stroke is commonly treated with supportive cawanely physiotherapy, occupational and
speech therapy in a ‘stroke unit’. Thrombolysisgsasionally used to treat a stroke.
Secondary prevention is accomplished with antigagrugs, such as aspirin, as well as by
lowering cholesterol levels with statins and tnegthypertension with antihypertensives.

Carotid endarterectomy and anticoagulation maydnmsidered in certain patierfts.

Strokes are separated into two major categoriesgetbeing ischaemic and haemorrhagic.
Eighty percent of strokes are due to ischaemi&asmia occurs as a result of disruption of
the blood supply. The remaining twenty percenttiafkes are secondary to haemorrhage.
Bleeding occurs as a result of rupturing a bloosseéor an abnormal vascular structure. The
blood supply to an area of the brain is reduceahimschaemic stroke resulting in brain tissue
dysfunction in that part of the brain. There anerfeeasons why this might occur: arterial

thrombosis, embolisfhsystemic hypoperfusidhand venous thrombosis.

Numerous classification systems for acute ischastnike are available. The Oxford

Community Stroke Project classification relies niaom the initial symptoms. Based on the



extent of the symptoms, the stroke is defined &8 #&mterior circulation infarct (TACI),
partial anterior circulation infarct (PACI), lacunafarct (LACI) or posterior circulation
infarct (POCI). These four entities predict thetpdrthe brain involved, extent of the stroke,

predisposing cause and the progndsi&’

A few techniques are used to diagnose stroke: eofugical examination, CT scans or MRI
scans, Doppler ultrasound, and arteriography. Tagnadsis of stroke is essentially clinical

and is confirmed utilising imaging techniqu®s.

Notwithstanding the advances in acute stroke managg stroke prevention (both primary
and secondary) remains the mainstay of managemdns garticularly important in low-
income settings. The cornerstone in the prevemioschaemic vascular events is aspirin
(acetylsalicylic acid) therapy, which has been sihdovcause a 25% reduction in death,

myocardial infarction and stroke in high-risk valsecipatients®

1.3 Antiplatelet agents

Drugs that decrease platelet aggregation functiec@mmonly used in patients with
atherosclerosis who are at risk of arterial throgio~our families of antiplatelet agents are
used clinically: (i) Cyclooxygenase-1 (COX-1) inhdys such as aspirin; (ii) Adenosine 5-
diphosphate (ADP) receptor antagonists, for exantpienopyridine compounds such as
clopidogrel and ticlopidine; (iii) Glycoproteindillla antagonists, such as Abciximab,
Tirofiban and Eptifibatide; (iv) and Adenosine réale inhibitors, for example,

Dipyridamole. All the above drugs are used forredlical management of acute coronary



syndromes and during coronary interventions. Aspthienopyridines and Dipyridamole are,
however only used in long-term prevention of cepghscular and cardiovascular evefits.

(Figure 1.4§

Aspirin and thienopyridines selectively preventragke pathway of platelet activation. Aspirin
affects the thromboxane,ATxA,) pathway by irreversibly antagonising COX-1.
Thienopyridines affect the ADP pathway by irrevelginhibiting the platelet ADP receptor
P2Y1,.*® The excellent antithrombotic effect of these drisggue to both the TxAand the

ADP pathways increasing platelet activation andéhare important for platelet aggregation.

(i) Cyclooxygenase-1 (COX-1) inhibitors, such as aspRiease see Section 1.4.

(i) Adenosine 5-diphosphate (ADP) receptor antagonfists2xample, thienopyridine

compounds such as clopidogrel and ticlopidine @Féql.4Y:

Clopidogrelis a pro-drug that is made active by cytochrom&0Rehzymes in the liver,
including CYP2C19. The active metabolite functitwyscreating a disulfide bridge with the
platelet ADP receptor having a half-life of approgitely 8 hours. Patients expressing a
variant allele of CYP2C19 are 1.5 to 3.5 times niikkely to have complications or demise

than patients with the high-functioning alléf&®

Significant adverse drug reactions related to dogiel therapy include severe neutropenia,

Thrombotic Thrombocytopenic Purpura (TTP) and haenage®

Ticlopidineis utilised in patients who cannot tolerate aspin in those patients who require

dual antiplatelet therapy. Side effects also inelndutropenia and TTP.



(i) Glycoprotein lIb/llla antagonists, such as Abciximdirofiban and Eptifibatide

(Figure 1.4f:

These drugs inhibit the Glycoprotein lIb/llla ret@pon the platelet surface, thus inhibiting

platelet aggregation and thrombus generation.

Abciximabis a platelet aggregation inhibitor used during after coronary artery procedures.
Abciximab is linked to a lower incidence of ischaemomplications due to the
aforementioned intervention and a reduced neecefated coronary artery revascularisation
in the first month after the procedure. Abciximabmade from the Fab fragments of an
immunoglobulin that targets the GP lib/llla recepta the platelet membrane. Abciximab
may occupy some receptors for weeks due to itegtadfinity for its receptor on the

platelets®

Tirofibanis a synthetic, non-peptide inhibitor of GP llbédllleceptors on platelets. In
combination with heparin and aspirin, it is reqdire the treatment of patients with unstable
angina or non-Q-wave myocardial infarctions (MIhigreduces the risk of refractory

ischaemia, new MI and death.

Eptifibatideis a cyclic heptapeptide originating from a prote the venom of the
southeastern pygmy rattlesnalsstrurus miliarius barbouji It forms part of the class

arginine-glycine-aspartate-mimetics and reverdihgs to the platelet GP Iib/llla receptor.

(iv) Adenosine reuptake inhibitors, for example, Dipgritble (Figure 1.4)

Dipyridamoleprevents the cellular reuptake of adenosine irdtejdts, red blood cells and
endothelial cells, resulting in increased extradatl concentrations of adenosine. It also

inhibits the enzyme adenosine deaminase as wtiegshosphodiesterase enzymes which



usually degrade cAMP. Modified release dipyridagnslused together with aspirin in the
secondary prevention of stroke and TIA. Absorptbdipyridamole is pH-dependent and
simultaneous treatment with proton pump inhibi{@&®I) will prevent uptake as ratified by

the ESPRIT triaf*

1.4 Aspirin

Aspirin is a salicylate medication used as an asadg antipyretic, antiplatelet and anti-
inflammatory drug. Low dose (75 to 81 mg/day) cewplvith long-term aspirin intake helps
prevent MIs, CVAs and TIAs in patients with diagadsardiovascular diseaS&® Aspirin is

not prescribed to children and adolescents duleetoisk of Reye’s syndrome.

Sir John Vane was awarded the Nobel prize for dejiaspirin’s mechanism of action.
Aspirin inhibits the formation of thromboxane fan essential mediator of platelet
aggregation) by activated platelets, via inactivgtyclooxygenase enzymegFigure 1.4j
Aspirin irreversibly inhibits COX-1 and modifiesdlenzymatic activity of COX-2. Aspirin
also uncouples oxidative phosphorylation in cagtitaus and hepatic mitochondffaRecent
data shows that salicylic acid and its derivativexlulate signalling through NiEB. NF«B, a
transcription factor complex, plays a pivotal rolenumerous biological processes, including

inflammation?®

Salicylates are excreted mostly by the kidneysahsysuric acid (75%). When small doses are

taken, all pathways proceed by first order kinetigish a half-life of approximately 2 to 4.5
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hours® Individuals with ibuprofen or naproxen allergylisgate intolerance, increased risk
for both gastrointestinal bleeditfqand asthma, or NSAID-precipitated bronchospasmilsho

not ingest aspirin.

Aspirin can interact with other drugs, for exam@aleymonium chloride and acetazolamide
which augment the stimulating salicylate effect.tAese drugs imbibed with alcohol enhance
the risk for gastrointestinal bleeding. Aspirin aisplace certain drugs from their protein
binding sites in the blood, for example, the amipétic drugs, chlorpropamide and
tolbutamide, the immunosuppressant drug methoteexatproic acid, phenytoin, probenecid

and other NSAIDs.

Studies have indicated that there may be a roladpirin in decreasing the incidence of
certain types of cancer, including those of thextland lung®. By inhibiting COX-2
enzymes expressed in adenocarcinomas, aspirin aneyehpreventative effect against these

two malignancieg?

1.5 Aspirin resistance

It appears that aspirin’s antiplatelet effect is maiform in all patients as some patients
experience aspirin resistant®e>>" Aspirin resistance is demonstrated by patiefits w
experience secondary thrombotic or embolic vas@uants while on therapeutic doses of

aspirin®® Previous studies have estimated that between @%#tdof studied populations are
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aspirin resistarit’*° The prevalence of aspirin resistance is very degeinon the type of

assay utilised and the population studied.
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Figure 1.4 Sites of action of antiplatelet driigs.

A laboratory test to diagnose aspirin resistancelevbe beneficial to the clinician in deciding
on optimal antiplatelet therapy for a particulatigat. Aspirin resistant patients should be
offered newer antiplatelet agents, such as clopelag a combination of aspirin with

clopidogrel**

Platelet aggregation and sensitivity assays haea Btudied as indicators of
aspirin resistance. Available studies have usegimgudefinitions of the term “aspirin

resistance™ . There is still a paucity of confirmatory dateowing that those patients
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diagnosed “aspirin resistant” by laboratory invgastions are the ones who will be more likely

to suffer recurrent strokes.

A clinical definition of aspirin resistance could phrased as follows - the failure of the
compound to protect the patient from an ischaeménedespite regular intake

of appropriate dos&s Functional or biochemicanh vitro tests would be best if these tests
could be shown to correlate with clinical preventiand thus guide management. Antiplatelet
therapy could be individualised for those patieitask of thrombotic events, for example, the

secondary prevention of a Stroke or TIA.

1.6 Platelet aggregometry testing

Haematopathologists and clinicians have incredseid interest in using various tests of
platelet function to assess the efficacy of newegidd therapies because platelets play an
essential role in haemorrhagic, thrombotic, anatwias ischaemic disorders. Antiplatelet
therapy is seen as ‘the cornerstone of treatmentvdrious cerebrovascular and
cardiovascular thrombotic disord&tand this has resulted in an increase in new aieit

drugs.

Platelet function testing has been a componeritetlinical laboratory since the early"20
century. Various methodologies have been usedtesrdae normal and pathologic platelet
activity. These include thia vivo bleeding time, platelet aggregometry techniques,
measurement of platelet granular content and reJeasluation of platelet membrane surface
markers, assessment of platelet signalling pathyamdin vivo determination of platelet

survival®

13



Platelet aggregometry is a well known technologyciliinas been in use for more than 40
years. It is used to assess abnormal plateletibmdb measure platelet response, and

determine platelet inhibition by medicatioffs.

Platelet aggregating agents (also known as agpmsisde thrombin, collagen, ADP,
arachidonic acid, antigen-antibody complexes, veesgin and serotonin. It is important to
assess the mode of action of these agonists. ABnaline, and vasopressin cause direct
aggregation. Arachidonic acid, thrombin and coltad®y acting as stimulating chemicals,

promote thromboxanezfand ADP releas¥.

Born detailed the first platelet aggregometry perfed on a turbidometric aggregometer.
Once platelet rich plasma is stirred in a cuvefith an added agonist, the change in light
transmission as a function of time is recorded.Ufilesed, for the purpose of this study, the
technique of platelet aggregation and sensitiastihg/Light Transmission Aggregometry
(LTA) as it is regarded as the ‘gold standard tEstdetermining the prevalence of aspirin

resistance.

The analytical performance parameters, accuraegigon, positive and negative predictive
values of the ‘gold standard test’ are as follows:

Accuracy:In platelet aggregation, accuracy is dependenhertest system and is a relative
parameter.

Precision and reproducibilityThe limitations of platelet aggregometry makehialtenging to
supply a typical precision or reproducibility rasgélowever there is an experienced based

consensus for these parameters.

14



Test to test reproducibility: better than +%.5

Instrument to instrument reproducibility: bettlean + 15%
Reagent lot to lot variation: better than +526.
Laboratory to laboratory (same test system): béten + 12.5%

Positive and negative predictive valu@$te nature of the testing system predicts if there

aggregation or no aggregatioh.

15



2. STUDY OBJECTIVE

The study objective was to assess the prevalenagpifin resistance and/or platelet
hypersensitivity as determined by platelet aggregtoyrin sixty Caucasian patients who had
suffered one or more strokes and/or TIAs. Thesematwere compared with sixty controls
having no history of ischaemic heart disease, pergl vascular disease, connective tissue
disease, familial hypercholesterolaemia or anyipresty diagnosed bleeding or clotting

disorder.
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3. STUDY POPULATIONS, MATERIALSAND METHODS

31 Case selection

Patients attending the Charlotte Maxeke Johanngskeademic Hospital (CMJAH) (an

urban quartenary care hospital) neurovascularcclir@re consecutively selected. Patients
were between 20 and 90 years of age. Sufficierdifighwas available to include sixty
Caucasian patients who had previously sufferedoomeore strokes and/or TIAs, and who
were on long-term Aspirin therapy (75-150mg poydaitterically-coated or otherwise) for the

prevention of further atherothrombotic events.

3.2 Control selection

The patient group was compared to sixty contradsenof whom had suffered a stroke and/or
TIA, and were not on long-term aspirin therapy.i€tdas were encouraged to bring their
spouses, family and friends between the ages ahd®0 years for testing. The control
subjects were not age and sex-matched with thergatdue to the high number of older
people who were already on prophylactic long-tespiren therapy. Laboratory and hospital

staff also volunteered to be control subjects.

The control group took enterically-coated aspiiirig po daily; Ecotrin-Goldshield

Pharmaceuticals Ltd.) for one week prior to pldtatggregation and sensitivity testing.

General exclusion criteria for both cases and otsitncludedhon-caucasians, pregnancy,
usage of any other antiplatelet drugs within a wefelesting, and ingestion of onions or garlic

within three days of testing.
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33 Laboratory methods

3.3.1 Principle

LTA measures the increase in light transmissioaugh a platelet suspension that occurs
when platelets aggregate in response to an agonist.

The absorbance of platelet-rich plasma decreasglai@iets aggregate. The amount and rate
of fall is dependent on platelet reactivity to #eded agonist if other variables, such as
platelet count, temperature and mixing speed, @anéralled. The absorbance changes are

monitored on a chart recorder on the attached ceenpf®

3.3.2 Instrument description

Platelet aggregometry was performed utilizing tHAET 2 ON Helena Aggregometer™
(Figure 3.1). The APACT 2 is a new development dasethe Aggregometer APACT
(Automated Platelet Aggregation and Coagulatiorc@rpis manufactured by LAbor in
Ahrensburg, Germany. The APACT 2 is built in modulaits. The measuring channels are
labelled with the keys CH1 and CH2. The measurlranaels are integrated into a 37°C
incubation block with four positions for cuvettesddour positions for reagent bottles per

measuring channel (Figure 3%).
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Figure 3.1. APACT 2 ON Helena Aggregometer ™.,
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Figure 3.2. APACT 2 ON Helena Aggregometer ™ - Togw.*®
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3.3.3 Patient preparation and specimen collection

Patient preparationEach patient and control subject had fasting (ugét) blood taken at

the Johannesburg Hospital phlebotomy room.

Specimen collectiorB0 ml of blood was collected into citrated tubev ¢l 3.2% trisodium

citrate = 9 vol blood). Accurate coagulation stgdikepend on the correct whole blood to anti-
coagulant ratio. Only plastic or siliconised gliegsvare was used during all phases of

collection and post-collection of the speciméhs.

Handling conditions Platelet aggregations and sensitivities wereeatfiggmed within an hour

of sample collection from the patient.

3.34 Preparation of platelets

Samples were placed in the centrifuge and spuricat apeed (750 rpm for 15 minutes). The
top third of the plasma (Platelet Rich Plasma (FRR} removed. The pooled plasma from

all the tubes was placed into a plastic tube. Eis¢ of the plasma was spun at a high speed
(3500 rpm for 10 minutes) to obtain Platelet Pdasfa (PPP). The PPP was separated into a

second plastic tube.

The platelet count was measured on the PRP ustngBIC analyser

(Beckman Coulter - GENS).
The aforementioned value was adjusted to obtalatelpt count of 250 x £0 using the

following calculation: PPP (Platelet Poor Plasntelpé¢ added pl = (Platelet count X/16

PRP (Platelet Rich Plasma/10)) x %0.
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3.3.5 Aggregating agents (agonists)

The most common agonists are:

Arachidonic acid- determines the viability of the thromboxane pathw

Adenosine 5-Diphosphate (ADR)inds to a specific platelet membrane receptdrcauses

platelet activation and release of dense granoledtADP. Biphasic aggregation is noted.

Adrenaline— adheres to a specific receptor and causes ABetem, but does not cause

aggregation in release defects or storage pootdbss.

Collagen— no primary wave of aggregation seen and itsalie intact membrane receptors,

normal cyclooxygenase and thromboxane pathway ifumets well as membrane

phospholipase pathway integrity.

Aggregation tests using PRP require a photometidravcuvette equipped with a stir bar and

heated to 37°C. Agonists are included and alteratio optical density are plotted to visualise

the aggregation curve (Figure 3%3).
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Figure 3.3. Platelet aggregation studies.
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3.3.6 Stepwise procedureand interpretation of platelet aggregation curves
The procedure outlined in the Standard Operatingétiure (SOP) for platelet aggregation

and sensitivities on the APACT 2 ON Helena Aggregter™ was followed?

The baseline optical density was set with PPP laed &ctivated utilising the following
agonists in two concentrations (Table 3.1). Cesetontaining the new diluted plasma (PPP
and PRP) were placed in the incubation block ofatlpgregometer according to the

manufacturer’s instructions.

Table 3.1 High and low concentrations of agonists.

Agonist: high concentration Agonist: low concentration
Arachidonic acid high - 1.5 mM Arachidonic acid leW.187 mM
ADP high - 2.0x10 m ADP low - 0.1x10 m
Adrenaline high - 10.0 pg/mi Adrenaline low - 040§/ml
Collagen high - 2.0 pg/mi Collagen low - 0.2 pg/ml

Response to the reagents was measured as a pgecehpdatelet aggregation and reported as

normal (>60%), reduced (>20%) or flat (<20%).

Aspirin resistance was determined by platelet agagren (>20%) to one or more of the

agonists, namely arachidonic acid high (1.5mM), ABR (0.1x10° m), adrenaline low

(0.05 pg/ml) orcollagen low (0.2 pg/ml).
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337 Comments and limitations

3.3.7.1 Granulocytes and red cells should be excluded fP&R as these will cause a
decreased response height by disturbing the lkighsimission and the result could be
misinterpreted as abnormal aggregation. These eatirninated by further centrifugation of

PRP at 1500 rpm for two minutes, or after setthiag occurred.

3.3.7.2 Alterations in transmission similar to spontaneaggregation may occur if there are
cryoglobulins. The PRP and PPP should be heat8d°© for five minutes thus ensuring

aggregation can be performed in the normal manner.

3.3.7.3 Lipaemic plasma may cause difficulties in changhmaggregometer. The response

could be decreased due to the small differenceamsmitted light between PRP and PPP,
3.3.7.4 Aggregation must ideally be carried out withinrBhutes. In the event that testing

will be delayed, it is advisable to store the PREar 5% carbon dioxide or to allow a very

small air gap over the PRP and cap the tfib€.
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34 Statistical analysis

The basic collection and sorting of data was peréat using Microsoft Excel. Prof. Piet
Becker from the Biostatistics Unit of the South id&n Medical Research Council (SAMRC)
reviewed the advanced data analysis. Prof. Piekd@emported the data electronically into

Stata Statistical Software version 10, i.e. sofevased for data analysis.

Groups were compared with respect to categoricebbi@s using Fisher’'s exact test and
Student’s t-test was employed to test with respeetge. The odds ratio, along with its 95%
confidence interval, was computed to further féai& interpretation. Demographics were
summarised using frequencies, percentages andtatmgsation for categorical parameters i.e.
seXx, hypertension etc. Age was summarised using rmaed standard deviation. Testing was

done at the 0.05 level of significance.
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35 Ethics

Ethics approval was obtained from the Human Rebkeatitics Committee

(R14/49 JacobsoRrotocol number 03-09-58Y the Faculty of Health Sciences, University of

the Witwatersrand.

Informed consent was obtained from both the patiant control subjects.

25



4. RESULTS

41  Patient results

Sixty patients and sixty control subjects were stigated (Appendix B). The mean age of the
patient group was 65 years. Two patients demoestrasistance to arachidonic acid (high
concentration) i.e. ‘complete aspirin resistan€# these two patients, one also showed
resistance to collagen (high and low concentrajiohBP and Adrenaline (both high
concentrations). The second patient also showestaase to both ADP (high and low

concentrations) and collagen (high concentration).

Three patients demonstrated ‘partial aspirin rasst’ with resistance noted to adrenaline,

ADP and collagen (high and/or low concentratioespectively (Figure 4.1).

Five of sixty patients showed ‘complete or paréigbirin resistance’. This was significantly
more than the control group. The results showe8l.3% (95% CI: 0.5%-16.2%) prevalence
of aspirin resistance (complete and partial) intB@&frican Caucasian patients with previous

atherothrombotic cerebrovascular events.

A history of prior stroke or transient ischaemitaek was associated with an increased risk of

aspirin resistance with an odds ratio of 5.36 (95P4.6-47.4). The wide confidence interval

(CI) can be attributed to the very low prevalentagpirin resistance in the control group.
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Many more patients (58.3%) smoked than contro@). Fewer control subjects (16.7%)
had hypertension compared with the patient gro6p/@8). A higher percentage of patients

(53.3%) had hypercholesterolaemia when compar#tketoontrol group (8.3%).
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Figure 4.1 Trace from a patient with ‘partial agpnesistance’.

27



4.2 Control results

The mean age of the control group was 50 years.comeol subject showed ‘complete
aspirin resistance’ with resistance to Arachidau, ADP (high and low concentrations)
and adrenaline (high concentration) (Figure 4.2).

None of the control subjects showed ‘partial agpigsistance’.

There was a 1.67% (95% CI: 0%-5.7%) chance of &alsubject being resistant to aspirin in
a general South African Caucasian population. Vérg low prevalence in the control group
prevented testing for potential confounders, faregle, sex, age, hypertension,

hypercholesterolaemia etc.
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Figure 4.2 Trace from a control subject with ‘coetplaspirin resistance’.
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5. DISCUSSION

Cattaneo recently defined the term ‘resistancentiplatelet drugs’. Cattaneo states, “the term
‘resistance’ to a drug should be used when a drugable to hit its pharmacological target,
because of inability to reach it (as a consequehceduced bioavailabilityin vivo

inactivation, or negative interaction with othebstances) or to alterations of the tardgét.”

‘Clinical aspirin resistance’ appears to be th&fai of the drug to protect the patient from an
ischaemic event despite regular intake of apprtgdases. ‘Functional or biochemical aspirin
resistance’ is ascertained by certain plateletygsaad seems to be a real phenomenon which

is clinically relevant. Increasing the dose of &spiloes not overcome the resistafice.

These results indicate a prevalence of 8.3% (F3&ihemical aspirin resistance in Caucasian
South Africans having a prior history of ischaemstioke or transient ischaemic attack. This
finding is in keeping with the reported prevalent® to 40% in previous study populations
which are aspirin resistafit’® The wide range in prevalence is most likely dua humber

of factors including (i) inconsistency in the detion of aspirin resistance, for example,
variable number and types of agonists used ansta@sie to one agonist (partial aspirin
resistance) or many agonists (complete aspiristaste) (ii) variations in the type of assay

used and (iii) differences in the population stadi

In vitro platelet function is measured by many methodss iEhproblematic as the tests do not

recreaten vivo physiological states that result in platelet aggten.
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The ‘gold standard’ for testing of platelet aggtémais Light Transmission Aggregometry
(LTA), which is extensively described in the mat¢siand methods section. Unfortunately
further limitations of this test are that it shoble carried out in reference laboratories and is
also time-consuming. The results from LTA are iaflued by numerous pre-analytical and
analytical variables. Unfortunately the reprodudipiand accuracy of this method is also poor
and there is minimal standardisation. The resuésrdluenced by the type of anticoagulant
used for venesection as well as the type and coratiem of agonist usetd LTA may also

exaggerate the incidence of aspirin resistdfice.

For the purpose of this study ‘complete aspirinstasce’ was defined as platelet aggregation
of greater than 20% to the agonist Arachidonic A&i4) high concentration alone or

together with aggregation at a low concentratidatedRet aggregation to other agonists such as
adrenaline (high concentration), and/or ADP (highazntration) and/or collagen (high

concentration) may also be present, but are natitheé¢ of ‘complete aspirin resistance’.
For the purpose of this study ‘partial aspirin semnce’ was defined as platelet aggregation of
greater than 20% to two or more agonists other Arachidonic acid i.e. to Adrenaline (high

concentration) and/or ADP (high concentration) andbllagen (high concentration).

Other assays that have been used to measure pfatedon during antiplatelet treatment

include:
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Impedance aggregometry

This measures the alteration in electrical impedamicich occurs when platelets aggregate on
platinum electrodes which are placed in diluted Habood after stimulation with a platelet
agonist®

Whole blood platelet aggregation measured by pdditebunting

Individual platelets in whole blood activated wih agonist diminish as a result of platelet
aggregation. This is a precise and simple method.

The Platelet Function Analyser (PFA-f)Gystem in vitro bleeding time.

It is an automated, rapid and easy system requérisipall amount of whole bloGdThe
PFA-10¢ system should not be utilised to assess platetétition by aspirin or
thienopyridines>>*

The Ultegra Rapid Platelet Function Assay (RPFAarify Now

The agglutination of fibrinogen-coated beads byghds activated by an agonist is determined
in citrated whole blood. The RPFA has been slightbdified to become more sensitive and
specific for the monitoring of aspirin treatmeRRFA — Verify Now AS&®

Flow cytometry

A costly and complicated instrument is requireghdimits the assessment of platelet
sensitivity to agonists vitro, platelet-leucocyte masses, circulating stimulgtetelets and
platelet-derived microparticles.

Thromboelastograpl® (TEG)

The TEG assesses the viscoelastic alterationsghout clot development in whole blood.

Platelet Mappin®/Modified Thromboelastrography (nTEG)

This is a modification of the Thromboelastograpf@&G) that can determine the extent of

platelet inhibition by anti-platelet drugs. Sampdes heparinised to inhibit the contact
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activation of thrombin. Clot development commenwe@h Factor Xllla and reptilase. The
resultant maximum amplitude of the clot relies tatglet agonists -Arachidonic Acid or
Adenosine Diphosphate added to the blood. Thisngpared to a kaolin activated trace to
determine the degree of inhibitidh.The mTEG’s sensitivity to monitoring the effedt o

aspirin and clopidogrel has been shown to be satisfy in a new study/.

Serum thromboxane;BTxB,)
The most precise test to assess the pharmacolagitaime of aspirin. It indicates the entire
ability of platelets to produce thromboxang Af which it is a permanent metabolite.

Urinary levels of 11-dehydro-thromboxang (BxB, metabolite)

This characterises a time incorporated indicatdha%; biosynthesisn vivo*® Eikelboomet
al. showed that atherosclerotic patients on aspiho tad increased concentrations of urinary

11-dehydro-thromboxane,Bvere more likely to suffer future ischaemic epissti

Evaluation of various laboratory techniques fori@spesistance in published studies
frequently illustrate inadequate or no associasignifying that they are susceptible to various

parameterg>>>60:6!

The prevalence of ‘aspirin resistance’ differs agteely in published studies, depending on
the laboratory assay used to determine the phatogical outcome and the cut-off values
selected to classify patients as ‘complete or gliytaspirin resistant’. The prevalence of
aspirin resistance as reviewed by Campbell anahl@ibi varies between 5.5% and 61% in 11
studies. These studies utilised various testsaiéf@t aggregation to determine aspirin’s

effect®?
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Laboratory monitoring of antiplatelet therapy uspigtelet aggregometry and sensitivity
testing to aspirin may guide clinical decision nmakand prevent ischaemic vascular events,
however, this approach needs to be tested agdimstatoutcomes. The cost effectiveness of
this approach needs to be determined in the SoluiteA setting before monitoring of

antiplatelet therapy can be recommended in clirpcattice.

Findings should also be interpreted in conjunctath the platelet polymorphisms known to
cause the phenomenon of aspirin resistance orcagased tendency to stroke. A
polymorphism found to have a positive correlatiathvaspirin resistance is the polymorphism
of the Human Platelet Antigen 1 (HPA1) (compristhg PLA1 and PLA2 alleles of the GP

llla gene)®®

Other polymorphisms suspected of increasing theetecy to stroke are:
- Polymorphisms involving platelet glycoprotein la/llb/V/IX, and Ilb/llla receptofé,
collagen and VWF receptofs.
- Polymorphisms of cyclooxygenasé&icyclooxygenase®, thromboxane Asynthase,
or other arachidonate metabolism enzymes.
- Factor Xlll Val34Leu polymorphism leading to variabnhibition of factor Xl

activation by low dose aspirff.
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Other possible mechanisms of resistance to anglpladrugs such as aspirin include:

Reduced bioavailability of aspirff.

Interference with other drugs. Other non-steroaddi-inflammatory drugs (NSAIDS),

such as, ibuprofen can compete with and prevemtimasgcess at certain enzyme

sites®®

- Recently produced non-aspirinated platelets whiehalle to create TxAnay be
introduced into the blood due to increased platetetover 2

- In recently produced platelets Txformation by the aspirin-insensitive COX-2
isoform may occut®

- The existence of COX-1 variants that may be leastiee to aspirin inhibitiof{°

- Possibly the most common and likely cause of aspasistance is lack of

compliance?®

In patients who are found to be aspirin resistaithér complete or partial), other antiplatelet
agents may be useful, for example, ADP recept@agamtists, such as thienopyridine
compounds like Clopidogrel. The aforementioned dnongy be used alone or in combination
with aspirin for the primary or secondary preventad thrombotic cerebrovascular and/or
myocardial events. Whilst it would appear logiaabffer these aspirin resistant patients
other antiplatelet agents such as Clopidogrel,icoatory tests to show benefit are urgently

required.
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6. CONCLUSION

In conclusion, this study shows an increased peena of aspirin resistance in South African
Caucasian patients who have had prior strokes $ &i#l raises the question whether people
who have had these events are somehow predispmsaddular events or recurrent

vascular events. ‘Aspirin resistant’ patients ardpresponders’ to aspirin must be considered
at heightened risk of atherothrombotic events. katooy monitoring of antiplatelet therapy
may become clinically useful and a long term obagownal study of these patients would be

extremely interesting.

The perfect test for laboratory monitoring of asptherapy should be quick, inexpensive,

simple to perform, accurate, reproducible and st@hdardised. This would ensure that similar

results would be obtained from a patient on aspiramapy in any laboratory.

Further studies are needed to definitively concltiether laboratory monitoring of aspirin

therapy is clinically relevant and cost effective.
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Appendix B Results on which statistical analysis was perforinad data).
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