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Abstract 

Introduction/Aims: Patients undergoing interventional neuroradiology (IVN) procedures to treat 

intracranial aneurysms experience a minor, but potentially life threatening risk of thromboembolic 

or haemorrhagic complications. Antiplatelet medications, such as clopidogrel and aspirin, are 

routinely administered pre-operatively for elective IVN procedures to reduce the risk of 

thromboembolic events. There are known hyper- or hypo-effective responses to these pre-operative 

antiplatelet medications, notably clopidogrel, which may insufficiently inhibit platelet function in 

some patients and increase the risk of complication. The point-of-care (POC) Multiplate® analyser 

was used to assess platelet function (aggregation) at numerous time points. Patient outcome (ie. 

those who suffered surgical complications, and those who did not) was assessed to establish 

whether platelet functionality was related to IVN complication. Additionally, analysing platelet 

response data in patients with and without complications aimed to establish the potential diagnostic 

value of Multiplate® response for negative clinical outcomes. In addition, platelet aggregation as 

recorded by Multiplate® analysis was with platelet activation as assessed using flow cytometry in an 

attempt to compare functional Multiplate® data to sensitive molecular activation markers. 

Methods: This project received ethical approval from Griffith University and the Gold Coast 

University Hospital (GCUH), including amendments for the inclusion of flow cytometric analysis. 

Demographic and surgical data, as well as blood samples were collected from adult patients 

admitted to the GCUH for elective or emergent treatment of intracranial aneurysms between March 

2015 and April 2018. Blood samples were collected at five separate time points: admission (pre-

antiplatelet administration), pre-operatively (post-antiplatelet administration), post-surgically, and 

at days 1 and 4 post-operatively. The samples of 120 patients and 131 procedures were analysed on 

Multiplate®, while 12 matched patient samples were also analysed using a BD LSRFortessa™ Cell 

Analyser for flow cytometric analysis. Samples were collected from elective and emergent (ruptured 

aneurysm) patients. The main variable of interest were the extent of platelet aggregation/activation 

at each time point, as well as any peri- or post—surgical complications the patient experienced. 

Results: Analysis of the 120 patients showed that pre-operative aspirin and clopidogrel 

administration significantly reduced platelet aggregation (Multiplate®) and platelet activation (flow 

cytometry). A total of 26 complications were recorded including ischaemic, haemorrhagic events, 

vasospasm and evidence of temporary neurological deficit. Elective patients who suffered 

complications (composite score of all adverse events) had significantly higher pre-operative, ADP-

induced Multiplate® scores compared to their non-complication counterparts (P<0.05). There were 

no significant differences in Multiplate® scores in the elective cohort when comparing the non-
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complication group to those who suffered  ischaemic or haemorrhagic complications specifically 

(P>0.05). Furthermore, Multiplate® scores did not differ in patients in non-complication versus 

complications within the emergent cohort.  

ROC analysis of pre-operative Multiplate® data demonstrated that a ADP-induced platelet 

aggregation score of >31.5AUC was a significant predictor of elective complications (i.e. all 

complications excluding haemorrhagic). This allowed successful identification of 88.89% (i.e. 

sensitivity) of surgical complications pre-surgically by assessing their platelet aggregation with a 

34.62% false positive rate. There were no significant predictors of haemorrhagic complication, or for 

any type of emergent complication. 

Platelet activation recorded by flow cytometry followed a similar trend over time to platelet 

aggregation as recorded by Multiplate® analyser. “A significant but weak correlation between flow 

cytometric and Multiplate® analysis was established for agonists including ADP (p=>0.01, r2=0.32) 

and TRAP-6 (p=0.05, r 2= 0.12). 

Conclusion:  Elective patients experience significant inhibition of platelet function following 

antiplatelet administration for IVN procedures as recorded by Multiplate®. Furthermore, this study 

demonstrated, for the first time, that pre-operative ADP induced platelet aggregation can sensitively 

predict patients’ risk of experiencing thromboembolic events and/or vasospasm.   However, the 

predictive values established are only reliable for elective patients and do not predict haemorrhagic 

complications. This is likely due to the small number of patients suffering complication throughout 

the study. This thesis also presents the first data to compare and potentially validate Multiplate® 

recorded platelet aggregation against flow cytometry analysis for platelet activation. 

Keywords: Intracranial aneurysm, Multiplate® analyser, flow cytometry, ischaemic complication, 

haemorrhagic complication, interventional radiology 
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Chapter One – Literature Review and Introduction 

1.1 Cerebral Aneurysms and subarachnoid haemorrhage 

Cerebral aneurysms (CA) are commonly acquired lesions characterised by a pathological 

deterioration of the arterial wall, resulting in vessel dilation. CAs affect 2-5% of the world’s adult 

population, regardless of ethnicity [1, 2]. The formation and presence of CAs are mostly 

asymptomatic, though they have the potential to cause significant injury or death upon rupture, in 

the form of a subarachnoid haemorrhage (SAH). 

Subarachnoid haemorrhage occurs because of uncontrolled bleeding  into the subarachnoid space, 

the area between the arachnoid membrane and pia mater surrounding the brain [3]. While this type 

of bleed can be brought on by trauma, around 80% of all spontaneous SAHs are caused by aneurysm 

rupture [4]. Unlike dormant CAs, the symptomology of SAHs are very obvious, with acute and severe 

‘thunderclap’ headaches the most obvious first sign of intracranial vessel rupture. Loss of 

consciousness, nausea and stiffness of the neck are other hallmark signs of SAH, though do not occur 

as quickly as the debilitating headaches experienced by sufferers [3]. 

Aneurysms typically form at the intracranial artery bifurcations within the Circle of Willis where 

excessive haemodynamic stresses are exerted on the arterial wall [5]. While there are numerous 

contributors to aneurysm formation, the exact pathogenesis remains unclear. Evidence  supports 

both genetic and environmental factors as aetiologic agents for  aneurysm formation, progression 

and rupture. Regardless of the initiating disease or environmental factor, most CAs develop due to 

an imbalance between haemodynamic stress and the strength of the arterial wall [5, 6]. 
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Figure 1.1: A: Left internal carotid arteriography showing 12x11x14mm left posterior communicating 

artery aneurysm at bifurcation, marked by arrow. B: Opacification of image A [18] 

Arterial wall strength is commonly jeopardised by the degradation of the internal elastic lamina (IEL) 

[7], a layer of elastic tissue that separates the tunica intima and media within arterial vessels. This 

degradation is  crucial for aneurysmal formation on a structural level. Animal models and post-

mortem histological examinations have shown the depletion of IEL at arterial junctions and 

bifurcations is present in nearly all CAs [8, 9]. Genetic diseases such as autosomal dominant 

polycystic kidney disease, neurofibromatosis type I and Marfan’s Syndrome are associated with 

increased prevalence of CA due to their role in arterial weakening [10].  

Observational studies report a 50-70% greater prevalence of CA in women [11, 12], with the  

majority forming between 40 and 60 years of age [12]. Just under a third of patients with a CA will 

harbour additional aneurysms, commonly localised to a single vessel [5]. Most CA discoveries are 

incidental, though continual improvements to the quality of intracranial imaging, such as MRI and 

CT, have increased the capture rate in recent decades [13, 20]. There is no specific biochemical or 

phenotypic  marker for CA diagnosis [14], and due to the asymptomatic nature of these aneurysms, 

the majority of sufferers are unaware they possess them [12, 15]. 

Certain risk factors specifically increase the propensity for an already established aneurysm to 

rupture, including smoking, hypertensive state and hyperlipidaemia [1, 5, 13, 16]. While the rate of 

SAH in Australia is 10.3 per 100,000 [17] in the general population, the fatality rate is roughly 45% in 

sufferers, and more than half of survivors will experience a lifetime debilitating injury sustained from 

the event [16]. Because of this, the pre-emptive elective treatment of an unruptured aneurysm is 

preferred due to its significantly reduced complication rate [98]. 

1.2 Interventional neuroradiology as treatment for ruptured and unruptured cerebral 

aneurysms 

Historically, the primary treatment of a cerebral aneurysm was through ‘clipping’, a procedure in 

which a craniotomy was performed to access the aneurysm site and affixing a titanium clip around 

the neck of an aneurysm to occlude parental circulation [2, 19]. While effective, the invasiveness of 

the technique correlates with a 5-10% mortality and 4-15% complication rates as determined by 

historic meta-analysis of numerous observational trials [21, 23, 28]. Despite the heightened risks, 

clipping procedures are still continued today, albeit rarely, notably in younger patients due to the 

reduced longevity of stents [19]. 
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Figure 1.2A: A: Cerebral angiography showing 6mm right MCA bifurcation aneurysm. D: Post-

operative angiography showing clipping of aneurysms, denoted by arrow [22] 

In recent decades the amalgamation of electrothrombosis and endovascular surgery established 

endovascular coil embolization via electrolytic coils [24]. The procedure is performed under 

fluoroscopic imaging guidance, providing the surgeon with real time vascular imaging to navigate a 

microcatheter into the femoral artery towards the cerebral vasculature,  which houses the CA. The 

insertion of positively charged electrolytic coils (usually platinum or tungsten) into the aneurysm 

attracts negatively charged red and white blood cells, platelets and fibrinogen [25], triggering 

thrombosis and contributing to the aneurysm occlusion along with the coils [26, 27]. Due to its non-

invasive nature, surgical complication and rate of death is significantly lower in coiled populations 

compared to patients whose CAs are clipped [28, 29]. The use of electrolytic coils in aneurysms with 

broader necks runs the risk of coil protrusion into the parent vessel, triggering arterial thrombus 

formation or compromising the haemodynamics of the vessel itself [30-32]. 

The introduction of flow-diverting stents has allowed the treatment of broad necked aneurysms that 

traditional coiling would inadequately treat. Flow-diverting stents are instead deployed within the 

parent artery, occluding flow from the aneurysm by blocking the neck and reducing the risk of 

additional strain on the already weakened vasculature [32]. The occluded flow to the aneurysm 

dome subsequently promotes thrombosis due to stasis of the blood, contributing to the stability of 

the aneurysm post-surgically. Complication rates are higher with stenting procedures due to 

increased thrombogenicity of such devices. Antiplatelet agents may negate this additional risk, 

though for this reason is impractical to implement in ruptured aneurysms due to the risk of bleed 

exacerbation of the medication [33].  
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In some cases, utilisation of both coiling and stenting is preferable due to the combined thrombotic 

effect within the aneurysm dome, haemodynamic diversion and promotion of fibroelastic tissue 

along the aneurysm neck [32]. 

 

 

Figure 1.2B: Schematic diagram of a broad neck aneurysm treatment. A: balloon assisted coil 

insertion. B: Coil insertion with addition to flow diverting stent. Image source [32]. 

Despite the non-invasive nature of coiling and stenting techniques, notable risk of thrombotic and 

haemorrhagic complications remain peri- and post-surgically. Thromboembolic complications occur 

in 3.7-6.9% of unruptured and 4.7-12.5% of ruptured aneurysm procedures [34]. While 

haemorrhagic complications, such as re-rupture of a secured aneurysm, still occur in as many as 1% 

of unruptured and 4.1% of ruptured aneurysm operations [34-37]. The introductions of foreign 

surgical materials (such as stents and coils) as well as exposure of the cerebral vasculature 

endothelium are suspected contributors to these complication rates [37]. 

Monitoring platelet function of patients undergoing these coiling and stenting procedures may offer 

insight to the correlation between platelet function and complication rate. 
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1.3 Platelets and their function in haemostasis and thrombosis 

Haemostasis is an innate physiological process induced to stop haemorrhage in damaged blood 

vessels. Platelets play a significant and rapid role in haemostasis and assists in vessel repair. 

Platelets circulate in close proximity to  the blood vessel endothelium, which under normal 

circumstances is a non-adhesive surface. However, upon vascular injury, the exposure of collagen 

fibres within the subendothelial matrix triggers rapid platelet adhesion due to the thrombogenicity 

of collagen [37, 38]. A number of platelet surface receptors interact directly or indirectly with 

collagen, promoting initial adhesion to the site of vascular injury. The platelet surface GPIb-IX-V 

receptor promotes binding to collagen at higher shear rates via the GPIbα subunit, which contains 

indirect binding sites for collagen via von Willebrand factor (vWF). GPIb-IX-V is of notable 

importance during cerebral vasculature damage due to higher arterial shear rates [39] This initial 

binding promotes intracellular signalling, starting the platelet activation process. 

Platelet activation initiates cortical actin cytoskeleton reorganisation, changing the platelets from 

biconcave disk shapes to ‘flattened’ cells. These ‘flattened’ platelets extend filopodia and form 

lamellipodia, significantly increasing their surface area to help promote adherence to the exposed 

vessel wall and additional platelets in the vasculature flow [40].  

 

Figure 1.3A: Time-course shape changes to an individual platelet as recorded by scanning electron 

microscopy. 

In addition, this structural change triggers the relocation of phosphatidylserine, an anionic 

phospholipid associated with the activation of coagulation factors, to the surface of platelets. 

Surface phosphatidylserine promotes the coagulation cascade to increase localised thrombin 

production which is vital for stable clot formation [41]. 

The coagulation cascade, shown in Figure 1.3.2, involves a series of serine protease reactions which 

trigger the formation of numerous essential clotting constituents such as thrombin, fibrinogen and 

fibrin [41, 42]. Thrombin release from activated platelets binds to protease-activated-receptors 
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(PAR-1/PAR-4) on platelet surfaces which further trigger platelet activation. A serine protease itself, 

thrombin is also capable of converting soluble fibrinogen to insoluble fibrin, a non-globular protein 

that combines with platelet aggregates to stablise a forming clot [41-43].  

 

Figure 1.3B: Simplified model of the major enzymatic processes of the coagulation cascades with 

emphasis on thrombin, fibrinogen and fibrin formation [41] 

In addition, activated platelets display the prothombinase complex which is functional in the 

presence of Ca2+ ions. The prothombinase complex catalyses the conversion of prothrombin to 

thrombin, enhancing further thrombin formation and subsequent platelet activation in a positive 

feedback mechanism [44]. 

Activated platelet conformational change also triggers the exocytic release of the stored contents 

within dense- and alpha-storage granules into the surrounding plasma [37, 38, 45]. 

The released contents of dense- and alpha-storage granules play a significant role in the recruitment 

and subsequent activation of additional platelets, either directly or through the coagulation cascade. 

Dense granules trigger the release of high concentrations of ADP, which act on P2Y1 and P2Y12 G-

protein coupled receptors (GPCR) on the surface of nearby circulating platelets, triggering their 

activation and further granule content release [37, 41, 46, 47].  Alpha granules notably trigger the 

release of factor V [47], which when activated complexes with factor Xa for further prothrombin to 

thrombin production [41-43] as shown in Figure 1.3.2. Alpha granules are also responsible for the 

release of circulating vWF. 
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Upon exposure of  activating agonists (ADP, thrombin) platelets trigger the release of arachidonic 

acid (AA) from membrane phospholipids which is subsequently converted to and released as 

thromboxane A2 (TXA2) via the arachidonic acid metabolism pathway [37, 48]. This TXA2 release 

acts as a positive feedback mechanism to recruit and activate more circulating platelets by acting 

upon the thromboxane receptor (TP) [48, 49], subsequently contributing to the formation of a 

primary platelet plug. 

Additionally, activated platelets trigger an intracellular Ca2+ increase, which in turn prompts Ca2+ 

dependent activation of the integrin GPIIb/IIIa. This activation stimulates conformational change of 

the GPIIb/IIIa, promoting fibrinogen and vWF binding, which function as bridges between 

neighbouring activated platelets and expanding the aggregation of platelets [50, 51]. 

Unregulated release or inhibition of these platelet activating factors therefore have the propensity 

to cause significant thromboembolic and haemorrhagic complications in response to the stressors of 

surgery [34]. 

 

1.4 Antiplatelet medication and their roles in interventional neuroradiology procedures 

Antiplatelet medications are frequently prescribed to reduce the thromboembolic risk of treating 

unruptured intracranial aneurysms by inhibiting the function of platelets. Aspirin and clopidogrel are 

a commonly prescribed dual antiplatelet therapy (DAT) administered pre- and post-surgically to 

reduce these risks. The aspirin and clopidogrel dosage varied depending on the surgical department 

performing the IVN procedure, though is usually between 75-600mg of each drug for each patient 

[52, 53]. Despite universal utilisation, there is limited evidence to support aspirin and clopidogrel’s 

role in preventing thromboembolic complications during interventional neuroradiological 

procedures [54]. 

The lack of an appropriate evidence-base has reduced the potential for personalisation of DAT prior 

to surgery. The GCUH interventional radiology department administers a 600mg aspirin and 600mg 

clopidogrel pre-surgical dose as standard prophylactic treatment for unruptured intracranial 

aneurysm procedures. There is no protocol for dosage variation depending on patient demographics 

such as BMI, known DAT resistance or potential medication interactions. Any changes made are at 

the discretion of the medical staff and are usually only in the instance of an existing anti-platelet 

regimen. 
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1.4.1 Aspirin 

Acetylsalicylic acid (aspirin) is a non-steroidal anti-inflammatory drug that inhibits prostaglandin 

formation by irreversible inactivation of the cyclooxygenase-1 and 2 enzymes (COX-1, 2). Due to 

prostaglandins role in inflammation and pain signalling, COX-1 and COX-2s inhibition allows aspirin 

to serve as a mild painkiller for users [54]. The inhibition of COX-1 also disrupts the conversion of 

arachidonic acid to thromboxane A2 (TXA2)  [37, 54], which when released by platelets triggers 

adjacent platelet activation via a positive feedback mechanism as explained in Section 1.3. As 

mentioned above, COX inhibition is irreversible, therefore allowing inhibition of arachidonic acid 

induced platelet activation for their lifetime of 8-10 days [55]. These factors make aspirin an ideal 

antiplatelet agent pre- and post-surgically. 

 

Figure 1.4.1: Simplified arachidonic acid pathway showing thromboxane and prostaglandin 

production and the inhibitory step of aspirin [56] 

 

Much debate exists regarding the efficiency of aspirin as an antiplatelet, with estimates that 8-45% 

of the population are aspirin resistant [57, 58]. It should be noted that ‘aspirin resistance’ refers to a 

clinical definition of inappropriate inhibition, encompassing improper dosage, compliance and drug 

contradictions [57]. In preparation for an IVN procedure, these risk factors would be eliminated due 

to proper aspirin administration from medical staff. 

Genetic polymorphisms of COX-1 and thromboxane A2-synthase contributes to poor platelet 

inhibition by aspirin [57, 60]. Variation in platelet turnover by bone marrow in response to stress 

may contribute to increased release/circulation of newly formed platelets [57], though this would 
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likely be mediated by continuous aspirin dosage during and following hospitalisation. Historically, 

aspirin is also associated with insufficient inhibition of platelet aggregation under significant shear 

stress [52]. This improper platelet inhibition may be more notable during the treatment of 

intracranial aneurysms due to high arterial shear stressors at common aneurysm sites. 

1.4.2 Clopidogrel 

Clopidogrel is a rapidly absorbed, thienopyridine inhibitor of the P2Y12 ADP receptor on platelets 

[61], which in turn inhibits ADP-mediated platelet activation and aggregation as highlighted in 

Section 1.3. Clopidogrel is a prodrug that is absorbed by the intestine and utilises the hepatic 

cytochrome P450 enzymes (CYP1A2, CYP2B6, CYP2C19 and CYP2C9) to undergo two oxidative steps 

to its activate metabolite [62, 63]. The active metabolite irreversibly binds to a free cysteine on the 

P2Y12 receptor, inhibiting ADP mediated activation for the platelets lifetime (8-10 days) [61]. Only 

15% of the prodrug is converted to the active metabolite, with the residual 85% being hydrolysed to 

an inactive carboxylic acid derivative in a competing metabolic reaction [64]. Despite this reduced 

activation, clopidogrel efficiently inhibits platelet activation in humans [65, 66] and is significantly 

more effective than aspirin in reducing the risk of ischaemic stroke, myocardial infarction and other 

forms of cardiovascular death [65]. A maximum platelet inhibition of 40-50% is achieved within 2 to 

5 hours of a 400mg dose, or within 3 to 7 days of continuous 75mg loading doses [80]. 
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Figure 1.4.2: Pathway of clopidogrel absorption, metabolism and action on P2RY12 (P2Y12) receptor 

of platelets [62] 

Despite its effectiveness, there is an substantial variation in patient response to clopidogrel, with 20-

40% of individuals being classed as ‘partial’ or ‘non-responders’ to the P2Y12 inhibitor [67]. All of the 

contributors to non-response are not yet known, but the highly polymorphic nature of the genes 

encoding the clopidogrel activating cytochrome P450 enzymes have been demonstrated to reduce 

clopidogrel functionality. Recent studies show that a hypo-functioning form of the CYP2C19 gene 

leads to sub-therapeutic levels of activated clopidogrel by reduced CYP2C19 enzyme production, and 

contributes to roughly 12% of all clopidogrel ‘non-responders’ [68]. Interestingly, increasing the pre-

surgical clopidogrel loading dose increases platelet inhibition in individuals with these 

polymorphisms [70, 71], though no studies have shown whether this reduces the rate of 

complication in patients undergoing any type of surgery. 

Conversely, certain CYP2C19 polymorphisms result in hyperproduction of the CYP2C19 enzyme, 

resulting in clopidogrel ‘hyper-responders’, though this mutation is rare [68, 69]. An observational 
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study in 2013 reported a significant increase in major bleeding complications by patients who 

experience a hyper clopidogrel response [72]. 

Clopidogrel resistance may also occur due to drug interactions. The most notable drug interaction 

with clopidogrel, is that of  the proton pump inhibitor (PPI) omeprazole, which inhibits CYP2C19 

enzyme production, and is commonly prescribed to counter the gastrointestinal side effects of 

antiplatelet medications [73]. In addition, lipophilic statins such as atorvastatin are commonly 

metabolised by cytochrome P450 enzymes required for clopidogrel activation, and exacerbate 

existing clopidogrel non-responsiveness [74]. Both classes of drugs are commonly administered to 

aged cohort who routinely undergo treatment for intracranial aneurysms and have the potential to 

affect the responsiveness of clopidogrel for these procedures. Nominal  literature exists highlighting 

the effect of these interactions on antiplatelet mediated surgical complications (thromboembolic, 

haemorrhagic, etc). 

Patient demographics also play a role in the effectiveness of clopidogrel as an antiplatelet agent. For 

example, overweight patients (BMI ≥ 25kg/m2) undergoing PCI procedures have suboptimal platelet 

inhibition, when compared to patients in a healthy BMI range, in response to 300mg and 600mg 

clopidogrel loading dosages [75, 76]. Older age has also been reported to be associated with poorer 

clopidogrel response [77]. A 2012 study by Silvain et al. showed patients undergoing coronary 

surgery over the age of 75 were twice as likely to have an increased platelet functionality in the 

presence of clopidogrel than patients under 75 [101]. 

Due to the number of factors contributing to clopidogrel resistance it may be insufficient to treat all 

patients under the same DAT dosage regimen. Adeeb et al. attempted to evaluate the effect of 

personalised DAT on patients who were undergoing stenting of intracranial aneurysms. This involved 

the identification of clopidogrel non-responders by point of care (POC) platelet functionality testing 

and administering additional or alternate P2Y12 receptor antagonists accordingly. They showed that 

the rate of post-surgical thromboembolic complications were significantly reduced in clopidogrel 

non-responders when they were loaded with additional clopidogrel (42.1% reduction) or swapped to 

an alternate P2Y12 receptor antagonist (21.7% reduction) [78]. 

Utilising a point of care (POC) platelet functionality test pre- and post-surgically may open the door 

for personalisation of antiplatelet therapy in the treatment of intracranial aneurysm. 
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1.5 Platelet functionality testing and personalised DAT for treatment of intracranial 

aneurysms 

In recent years there has been an emphasis on the role of antiplatelet medications and their ability 

to alter the rate of peri- and post-surgical complications for patients undergoing intracranial 

aneurysm repair. While POC analysis may be used to help predict antiplatelet non-responders, there 

is no established protocol to provide additional therapy to them. 

Most published literature within this field is observational, evaluating the correlation between anti-

platelet response and the rate of complication in patients [79]. It is well documented that a poor 

response to antiplatelet medication coincides with increased thromboembolic complications for IVN 

procedures [68, 70, 71, 79, 84], though few interventional studies have attempted to establish 

alternate antiplatelet options should a patient be a non-responder. Confusingly, the definition of a 

clopidogrel non-responder varies depending on the surgical department completing the study and 

the type of POC test used [78, 81], providing inconsistencies in study comparisons. 

Recent comparative studies between alternate P2Y12 receptor antagonists, such as prasugrel and 

ticagrelor, to clopidogrel have been established with varied results. Sedat et al.  found no additional 

effect of prasugrel over clopidogrel on the rate of intracranial aneurysm repair complications [82]. A 

similar study by Cazayus et al. showed no difference in complication when ticagrelor was utilised 

instead of clopidogrel [83]. These similar complication rates do not dismiss the possibility of using 

alternate P2Y12 receptors in clopidogrel non-responders. As mentioned in Section 1.4.2, a significant 

reduction in complications were seen when clopidogrel non-responders received an increased or 

alternate P2Y12 antagonist dosage [78]. “In addition, the inclusion of comparative secondary 

treatment P2Y12 receptor antagonists, such as prasugrel or ticagrelor, would establish their use in a 

clinical setting compared to the mainstay antiplatelet, clopidogrel. The usefulness of this comparison 

is yet to be investigated and could allow alternate treatment to those who are clopidogrel naive.” 

A very recent restrospective study highlighted the insignificance of post-surgical platelet 

functionality testing to predict complication for unruptured aneurysm patients who were on 

clopidogrel [85].  Conversely, the study showed pre-operative testing predicted haemorrhagic 

complications despite a small sample size, highlighting the importance of using POC testing to 

evaluate post-dosage, pre-operative blood samples for patients. 

Observing platelet functionality by POC testing and personalisation of antiplatelet medication has 

been utilised for PCI procedures with positive results [86]. The ability to use POC testing to identify 

clopidogrel non-responders using a universally defined ‘cut-off value’ may open the doors to 
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personalisation of antiplatelet medication for IVN procedures, hopefully reducing the risk of 

complication in a similar manner to their coronary counterparts. 

 

1.6 Point of care testing of platelet function 

As mentioned in Section 1.5, there is growing emphasis on monitoring the efficacy of antiplatelet 

therapies with POC instruments. Numerous POC instruments have been established with emphasis 

on certain clinical requirements such as speed and simplicity of testing (Multiplate®, VerifyNow, 

ROTEM) and accuracy of result (light transmission aggregometry, flow cytometry). 

 

1.6.1 Multiplate® 

The Multiplate® Analyzer is a widely used, POC device that measures platelet aggregation of whole 

blood using the principles of electrical impedance aggregometry. Whole blood is pipetted into 

single-use test cells, submerging a pair of twin impedance sensors which detect electrical impedance 

between them. After a short incubation, a series of agonists (TRAP-6, AA, ADP) are added to 

promote platelet aggregation. During aggregation, platelets adhere to the sensors and increase 

viscosity between them, increasing the impedance. Changes in impedance are calculated as indirect 

measures of platelet functionality.  

Patients who respond well to an antiplatelet regimen will demonstrate minimal platelet aggregation 

due to the inhibitory effects of clopidogrel and aspirin. Patients who have resistance to an 

antiplatelet regimen, or individuals who are not on any antiplatelet medication, will show a 

significantly greater aggregation result. 
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Figure 1.6.1A: Top: Mechanisms and time effects of the Multiplate® analyser for an antiplatelet non-

responder. Significant aggregation and impedance is expected. Bottom: Mechanisms and time 

effects of the Multiplate® analyser for an antiplatelet responder. Reduced aggregation and 

impedance is expected. Modified from [87] 

 

Each agonist used by Multiplate® tests an alternate pathway of platelet activation. The addition of 

AA evaluates the inhibitory effects of aspirin on COX-1, where in a proper response would stop the 

conversion of AA to TXA2 and inhibit the activation of surrounding platelets [39, 48]. The addition 

ADP evaluates the direct binding and inhibitory effect of clopidogrel and other P2Y12 antagonists to 

the P2Y12 receptor on platelets [62]. TRAP-6 mimics the effect thrombin by binding to protease-

activated receptors PAR-1 and 4 on platelet surfaces as mentioned in Section 1.3. The use of a TRAP-

6 agonist tests the efficacy gpIIb/IIIa receptor antagonists, such as eptifibatide [88].  

Results for each agonist test are displayed graphically; the extent of platelet aggregation is 

correlated to an arbitrary area under the curve (AUC) value. As mentioned in Section 1.5, no values 
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have been established to determine clopidogrel or aspirin non-responders using Multiplate® AUC 

values, though trends in aggregation reduction offer some indication of patients’ response to DAT. 

 

Figure 1.6.1B: Expected of output from Multiplate® analysis showing ADP and AA (ASP) testing for a 

single patient. Top: Healthy patient who has received no antiplatelet medication. Bottom: Same 

patient under the influence of clopidogrel (75mg) and aspiring (100mg). Modified [89] 

Recently, the use of Multiplate® and other impedance aggregometry devices have been used to 

assess platelet functionality in fields of cardiovascular surgery. In 2016, Petricevic et al. successfully 

introduced Multiplate® analysis in pulmonary bypass surgeries to predict post-surgical complications 

relating to inadequate platelet functionality [100]. In addition, by analysing patient samples are 

numerous points of hospitalisation, the study successfully determined the most opportune time to 

test and subsequently treat improper platelet function, which was within 10 minutes of protamine 

administration. In 2014, Petricevic et al. successfully used impedance aggregometry to identify 

responsiveness of aspirin and clopidogrel in CABG procedures, further highlighting the potential for 

personalised antiplatelet treatment [102]. At the time of writing, there is no study that evaluates the 

use of Multiplate to establish platelet functionality in IVN procedures and whether a model of 

complication predictability could be generated from this analysis. 

Due to its simple, automated functionality and the rapid processing time of tests (6 mins), 

Multiplate® is a common predictor of platelet functionality in both clinical and research settings. 
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However, little evidence exists to support the ability of Multiplate®’s assessment of platelet  

aggregation to reflect direct markers of  platelet activation by flow cytometry. 

 

1.6.2 Flow cytometry 

Flow cytometry is a highly accurate cell counting and biomarker detection unit implemented for 

simultaneous multiparametric analysis of cells physical and biochemical characteristics. Flow 

cytometry uses electronic detection units to measure the presence and complexity of cell 

populations where the individual cells in the suspension have been stained with a suitable, and 

specific fluorescent marker for detection. For example, by staining a fixed sample with fluorescent 

antibodies that bind to markers of activated platelets (such as P-selectin or activated gpIIb/IIIa, PAC-

1), flow cytometry can determine the proportion of activated and resting platelets in  a small blood 

sample [91]. Flow cytometry can rapidly detect and analyse of thousands of platelets directly, and 

therefore  holds great potential in research, which aims to validate POC platelet function diagnostic 

tools. 

As shown in Figure 1.6.2A, cells are individually forced through the tubing of a flow cytometer by 

focusing hydrodynamic pressures. As each cell passes through a laser beam, forward and side scatter 

light detectors measure the disturbance of the light pathway, allowing information of the cells size 

and complexity to be calculated. Laser can also excite fluorescent antibodies bound to cells, which in 

the study of platelet functionality, can be used to determine activated and resting platelets based 

upon specific markers for each platelet state [90]. Compared to Multiplate®, flow cytometry allows 

for the direct determination of platelet activation by counting individual cells and quantifying their 

fluorescence.  
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Figure 1.6.2A: Mechanisms of flow cytometry. Nozzle and additional sheath fluid pinpoints the 

suspended sample, forcing cells through the laser beam one at a time [90] 

 

A host of fluorescent antibodies can be used to discern the unique markers of platelet activation. 

CD42b is perhaps the most commonly used detector of platelet activation via flow cytometry, 

binding to the GPIb component of the GPIb-V-IX complex on activated platelets, which usually serves 

for initial collagen binding via vWF. CD62p and FITC antibodies bind to P-selectin of released alpha-

granules and activated gpIIb/IIIa receptors on platelet surfaces respectively [91]. 
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Figure 1.6.2B: Simplified diagram showing the binding of antibodies to sites on activated platelets. 

A: CD62P binding to P-selectin on release alpha granules, FITC binding to activated gpIIb/IIIa 

receptors and CD42b bound to exposed GPIb-V-IX. B: Resting platelet does not display markers of 

activation, no subsequent antibody binding and recognition by flow cytometry occurs. 

 

Little research has used flow cytometry as a diagnostic tool, and therefore  most literature utilises 

flow cytometry as a validation method for other indirect POC platelet function devices. Gremmel et 

al. showed a significant but moderate correlation when identifying activated P-selectin and GPIb-V-

IX receptors between flow cytometry and light transmission aggregometry (LTA) and VerifyNow 

analysis systems for patients on antiplatelet medication. The study surprisingly failed to find any 

significant correlation between flow cytometry and Multiplate® analysis regardless of the cytometric 

antibody or Multiplate® agonist used [92]. 

While the accuracy of flow cytometry is unrivalled, the preparation of samples can take upwards of 3 

hours. In addition, most flow cytometric units require significant training to fully operate and 

understand the results presented. While POC devices rely on accuracy, rapid use and 24/7 

availability is equally essential, for these reasons flow cytometry would represent a poor solution in 

a clinical setting. Due to a recent emphasis on clinically validating flow methods, as well as the 

development of software such as FCSExpress for rapid, clinical flow analysis, it is likely variations of 

flow cytometry will be used in a clinical setting soon. 

As mentioned in Section 1.6.1, little data currently exists verifying the use of Multiplate® by a direct 

method of platelet activation, such as flow cytometry. This validation could strengthen the use of 
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electrical impedance aggregometry until a reliable and rapid form of flow cytometry is available in a 

clinical setting. 

 

1.7 Significance 

As previously mentioned, it is predicted 2-5% of individuals harbour an unruptured cerebral 

aneurysm [1, 2]. Characterised by focal dilation and progressive arterial wall weakening within the 

cerebral vasculature, cerebral aneurysms have the propensity to rupture, resulting in an acute 

subarachnoid haemorrhage. Even when treated, SAH has a 45% fatality rate, and majority of 

survivors will live with lifetime disabilities because of the event [16]. In Australia the rate of aSAH is 

roughly 10 in 100,000 [17] with an increased prevalence in older patients and women [1]. 

Treatment of intracranial aneurysms by endovascular neurocoiling procedures are common, with 

complication rates reported between 3.7-6.9% for unruptured and 4.7-12.5% for ruptured 

aneurysms [34-35]. Because of this relatively low risk, patients are encouraged to have their 

unruptured aneurysms surgically treated with either coiling, stenting or clipping. While other 

management methods exist, the non-invasive nature of neurocoiling procedures makes it the least 

risky and most promoted method of cerebral aneurysm treatment. 

A potential contributor of surgical complication is the variability of patient response to antiplatelet 

medication, notably clopidogrel. Upwards of 40% of all patients have an impaired response of 

platelet inhibition while on the medication [67]. The use of POC platelet functionality devices such as 

Multiplate® can detect a patients response to antiplatelet agents such as clopidogrel, and identify 

non- and partial responders. Despite this, there is no current protocol in place to personalise a 

patients antiplatelet regime should they be considered an antiplatelet non-responder. 

By investigating the correlation between surgical complication and platelet functionality as recorded 

by Multiplate®, it may be possible to establish a ‘cut-off’ value of platelet functionality that is 

predictive of higher complication rates in patients. Using this may help reduce the already low rates 

of surgical complication for a common surgical practice worldwide. 

The study will also aim to correlate platelet activation identified by flow cytometry to the degree of 

platelet aggregation by Multiplate®. While this correlation has been examined before, the findings 

were insignificant [92]. The use of an alternate sample preparation protocol, as discussed in Section 

3.7, may help further validate platelet aggregation data using flow cytometry. This may allow 
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alternate and more accurate measure of platelet functionality in the presence of antiplatelet 

medications, which in turn may support point of care platelet aggregation analysis in clinical settings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Mark J. Aberdour 
7004MSC Masters of Medical Research Thesis 

36 

Chapter Two – Aims and Hypothesis 

 

2.1 Aims 

The aims of this research were: 

1. To determine the correlation between Multiplate® recorded platelet aggregation and flow 

cytometric recorded platelet activation 

2. To identify changes in platelet aggregation using the Multiplate®® Analyser system for 

patients undergoing interventional neuroradiological procedures throughout the length of 

hospitalisation with emphasis on: 

a. Differences between elective and emergent patients 

b. Differences between patients of certain demographic cohorts (BMI, smoking status, 

antiplatelet medication administration) 

3. To establish a pre-operative Multiplate®® Analyser value that was predictive of increased 

complication rate in patients undergoing interventional neuroradiological procedures 

 

2.2 Research hypothesis 

Aim one 

1. Null hypothesis (H0): Multiplate analysis is not sufficiently sensitive or specific to predict 

complications in neuroradiology patients.  

 

1. Alternate hypothesis (H1): Multiplate analysis is sufficiently sensitive or specific to predict 

complications in neuroradiology patients.  

Aim two 

2. Null hypothesis (H0): Platelet function will remain the same between elective and emergent 

neuroradiology patient groups throughout hospitalisation 

2. Alternate hypothesis (H1): Platelet function will differ between elective and emergent 

neuroradiology patient groups throughout hospitalisation demographics and would decrease after 

antiplatelet medication administration in the elective cohort 

Aim three 



Mark J. Aberdour 
7004MSC Masters of Medical Research Thesis 

37 

3. Null hypothesis (H0): Platelet aggregation assessed by Multiplate® will not be positively correlated 

with platelet activation as assessed by recognition of activated P-selectin and GPIb-V-IX markers 

through flow cytometry 

3. Alternate hypothesis (H1): Platelet aggregation assessed by Multiplate® will be positively 

correlated with platelet activation as assessed by recognition of activated P-selectin and GPIb-V-IX 

markers through flow cytometry 
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Chapter Three - Methodology 

3.0 Ethical approval 

This study conducted has been granted ethical approval by the Griffith University Human Research 

Ethics Committee (reference: MSC/07/15/HREC) and GCUH Human Research Ethics Committee 

(reference: HREC/14/QGC/149" (2015/418)). Ethical approval for participation to this study was 

granted in January 2017. Amendment and variation to the protocol  to allow for  flow cytometry 

analysis was  approved 21/09/2017. Full documentation available in Appendix A-D. 

 

3.1 Recruitment and Consent 

All non-pregnant patients over the age of 18 admitted to the Gold Coast University Hospital (GCUH) 

for elective or emergent interventional neuroradiological (IVN) procedures of an intracranial 

aneurysm (IA) were approached for enrolment into the study. A total of one-hundred and twenty 

patients met these criteria and provided written consent to be included in the study between June 

2015 and March 2018. In cases where patients were unresponsive, their next of kin was approached 

for enrolment into the study.  

All consent was completed by an approved medical or research professional nominated for this 

study in accordance with ethical approval. Both elective and emergent patients were recruited upon 

admission to the hospital, prior to any form of intervention. A full copy of the patient information, 

consent and withdrawal forms provided to patients is available in Appendix N. 

“Patients ranged in age between 23 years and 82 years (mean 57 years) with 83 (69.2%) being 

female. Of the 120 patients admitted, 11 underwent secondary IVN procedures in which consent 

was reaffirmed. All patients were identified through the interventional radiological surgical team as 

undergoing coiling and/or stenting procedures for aneurysm only. 

 

3.2 Inclusion and exclusion criteria 

3.2.1 Inclusion criteria 

1. Patients undergoing elective IVN coiling and/or stenting treatment of an unruptured 

intracranial aneurysm 

 OR 
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2. Patients undergoing emergent IVN coiling and/or stenting treatment of a ruptured 

intracranial aneurysm 

3.2.2 Exclusion criteria 

 1. Any patient under the age of 18 

 2. Any pregnant patient 

3. Where significant surgical techniques were changed beyond standard coiling and/or 

stenting (example: vessel dissection, aneurysm clipping) 

4. Where intervention was considered futile; imminent death is expected 

3.3 Study design 

3.3.1 Ethical approval, student involvement and variations 

This study was an observational and non-interventional project conducted within the ICU of the 

GCUH and Griffith University’s health science laboratories. Throughout the entire project, 

continuous platelet function testing was completed using Multiplate® analysis at the GCUH ICU. 

From March 2016, amendments to ethics allowed inclusion of platelet activation testing by flow 

cytometry (BD LSRFortessa™ Cell Analyser) at Griffith University. As of September 2017, a 

modification to the existing ethics allowed changes to the flow cytometry protocol. In total three 

students gathered Multiplate data, while two utilised flow cytometric testing. All flow cytometric 

testing used in this analysis was completed by Mark Aberdour due to changes to the flow cytometric 

preparation and running protocol. 

Student Sub-study 

duration 

Patient 

recruitment 

Multiplate® 

testing 

Flow 

cytometry 

testing 

Amendments 

Sarah 

Czuchwicki^ 

Mar 2015 - 

Sep 2015^ 

Yes Yes No  

Lauren 

Gurney 

Mar 2016 - 

Sep 2016 

Yes Yes Yes Addition of flow 

cytometry 

measuring platelet 

activation 

Mark 

Aberdour 

Feb 2017 – 

May 2018 

Yes Yes Yes Flow cytometry 

protocol change 

Table 3.3.1: Griffith University students and their involvement in the study 
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^ Additional contribution to study as research assistant from November 2015 – June 2016 

 

3.3.2 Patient timeline 

3.3.2A Elective patients 

The majority of elective patients were admitted to a pre-operative ward the day prior to their 

procedure, allowing for physiological/pathological observations to be made, in addition to the 

administration of antiplatelet medications. The majority of elective patients received a 300mg 

aspirin and 300mg clopidogrel loading dose the evening before their surgery (~20:00). A second, 

equal loading dose was given the following morning before their procedure (08:00). The majority of 

patients continued to be loaded with 75mg clopidogrel and 100mg aspirin each morning following 

the day of their surgery, though there were some dose variations depending on surgical outcomes. 

A total of five collection time points were completed for Multiplate® and four for flow cytometric 

testing. The first blood sample was taken before antiplatelet loading and allowed for the assessment 

of baseline platelet aggregation and activation. A pre-surgical sample was collected shortly after the 

second antiplatelet administration, allowing a measurement of patients’ response to aspirin and 

clopidogrel in comparison to baseline result. A post-surgical sample was taken within 4 hours of IVN 

procedure completion, to determine the effect of surgery on platelet aggregation and activation. A 

second post-surgical sample was taken the day following surgery (within 24 hours of procedure). A 

final sample was taken on the day of discharge, which was usually 1-4 days post-operation. Flow 

cytometric analysis was completed on the first four samples only, due to relatively few samples 

being collected at discharge, due to this typically occurring on the weekend. 

3.3.2B Emergent patients 

Emergent patients had blood samples taken at near identical time points to elective patients. The 

majority of patients did not receive the standard DAT in order to reduce risk of exacerbating their 

intracranial bleed.  The severity of the SAH dictated how quickly the patient would be transferred to 

the operation theatre after admission to the GCUH ICU. While the majority of patients underwent 

surgery within a few hours of admission, less urgent cases could wait upwards of 48 hours before  

surgery. Beyond the variation of admission times; pre-operative, post-operative, day one post-

operative and discharge samples were all taken in the same manner as elective patients. As the 

length of stay for emergent patients was typically longer, the day of discharge sample was drawn 

upwards of 7 days post-operation. 
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Figure 3.3.2: Timeline of patient recruitment, sample collection, blood analysis and eMR data 

collection for each patient. 
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3.4 Blood sample collection 

At each time point indicated in 3.3.2A/B and Figure 3.3.2, approximately 6 mL of whole blood was 

collected. Approximately 3.0mL was collected in a vacutainer containing sodium citrate to allow for  

flow cytometric analysis. The remaining3mL was collected into a vacutainer containing 15µg/mL 

recombinant hirudin for Multiplate® analysis. 

All blood samples were collected by medical personnel at the GCUH. Admission samples were 

collected via venepuncture technique. Pre-operative samples were collected by anaesthesiology 

staff via a femoral artery cannula whilst the patient was anaesthetised. All samples post-surgically 

were obtained by a pre-placed arterial line using a vacutainer. 

A researcher was contacted within 30 minutes of all blood draws for sample collections. To comply 

with manufacturers recommendations, hirudin tube samples were incubated for >30 minutes at 

room temperature prior to running Multiplate® analysis. Sodium citrate samples were transported 

from the GCUH ICU to Griffith University in a closed lid and insulated specimen transport device 

(esky). Sodium citrated samples were fixed within 4 hours and either immediately run on a 

BDFortessa™ cell analyser or refrigerated for a maximum of 1 week before analysis was conducted. 

Whole blood samples that were not processed within 4 hours were excluded from the study. 

 

3.5 Blood sample analysis 

3.5.1 Multiplate® protocol 

Multiplate® impedance aggregometry was used to test platelet aggregation, a measure of platelet 

functionality. 3.0mL of whole blood was collected in hirudin tubes at time points mentioned in 

3.3.2A/B and Figure 3.3.2 and allowed to  incubate for a minimum of 30 minutes at room 

temperature. Following incubation samples were gently inverted to allow mixing of whole blood. 

Following this, single use test cells were placed into the magnetised Multiplate® heat pad and 

connected via sensor data cables to record each cells aggregometry. Patient identification 

information was input for each test time point. Multiplate® software had an inbuilt software system 

to guide correct pipetting of each test constituent into each cell as follows: 

1) 300µL of preheated (37.0±0.5°C) 0.9% NaCl solution 

2) Hirudin 300uL of Hirudin containing whole blood 
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The diluted blood sample was allowed to incubate for 3 minutes at 37°C with mixing facilitated by 

the movement of a teflon coated magnetised bead within the test cell. Following this, additional 

constituents were added: 

3) 32µM of TRAP (06675883, Roche), 0.5mM AA (06675816190, Roche) and 6.5µM ADP 

(06675794190, Roche). One agonist was added per test cell 

 

The final concentration of each agonist in incubated whole blood was: 32µM TRAP, 0.5mM AA and 

6.5µM ADP. All agonists were pre-made and frozen (<-5°C) before being  thawed for testing. After 

addition of each agonist, measurement of aggregation began automatically and ran for a total of 6 

minutes.  

All results were calculated using an arbitrary area under the curve (AUC) value which is unique to 

Multiplate® testing. Platelet aggregation was then compared to manufacturers standards, previous 

patients and the GCUH ICU’s definition of a clopidogrel non-responder. Full list of each comparison 

value can be seen in table 3.5.1. 

 TRAP-6 Arachidonic Acid ADP 

Manufacturers 

standards 

84-128AUC 71-115AUC 57-113AUC 

GCUH ICU 

‘Clopidogrel non-

responder’ 

- - >46AUC 

Table 3.5.1: Comparison of manufacturer’s standards of proper platelet functionality in healthy 

individuals who undergo Multiplate® test to GCUH ICU clopidogrel non-responder definition 

 

3.5.2 BD LSRFortessa™ Cell Analyser (flow cytometry) Protocol 

3.5.2A Sample preparation 

Flow cytometry was used to measure platelet activation in collected whole blood samples. 3.0mL of 

whole blood was collected in sodium citrate tubes at time points mentioned in 3.3.2A/B and Figure 

3.3.2. The extent of platelet activation was measured in standardised platelet rich plasma (PRP) 

extracted from whole blood samples: 
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1) Blood contained within citrate  tubes were centrifuged at x200g for 10 minutes with no 

brake(to avoid mechanical platelet activation) 

2) PRP was aspirated from the citrate tube and transferred to a 15mL  falcon tube via a wide 

orifice pipette. Amount extracted varied depending on PRP generated but was usually 

between 500-1000µL 

3) PRP platelet counts were ascertained using an  FBE analyser and standardised to 1x108 

platelets per mL with 1% HEPES buffered saline 

 

For each patient sample a series of agonist titrations were completed for analysis using flow 

cytometry as follows. 

Tube number Sample Antibody present Rationale 

1 Unstained None Control. Allows FSC, SSC 

gating and identification 

of platelet population 

2 No Agonist CD42b, CD62P, PAC-1 Measures resting (non-

agonist propagated) 

activation 

3-5 ADP 5, 10, 20µM CD42b, CD62P, PAC-1 Measures platelet 

response to ADP 

6-8 TRAP10, 20, 40µM CD42b, CD62P, PAC-1 Measures platelet 

response to TRAP 

9 ADP 20µM + 

Eptifibatide (2 µM) 

CD42b, CD62P, PAC-1 Negative control. 

Prevents PAC-1 binding 

10 TRAP 40µM + 

Eptifibatide (2 µM) 

CD42b, CD62P, PAC-1 Negative control. 

Prevents PAC-1 binding 

Table  3.5.2A: List of flow cytometric tube samples analysed from each patient blood collection. 

ADP: Adenosine diphosphate, TRAP: thrombin receptor activating peptide 

 

Each sample was prepared in a 0.65mL microcentrifuge Eppendorf tube.  

1) 88µL of standardised PRP (steps 1-3) was added to each Eppendorf tube 
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2) 2.5µL-10µL stock concentrated  ADP and 1µL-4µL stock concentrated TRAP-6 were added to 

relevant tubes to meet concentrations 

3) 2µL of stock eptifibatide (100µM concentration) was added to tubes 9 and 10  

4) 1% HEPES saline was added to tubes to bring final volume to 100µL 

Each sample was allowed to incubate for 5 minutes at room temperature in the dark. Samples were 

then moved to a new  5mL falcon tube. Tubes had 5µL of each antibody added to them 

corresponding to figure 3.5.2 creating a 1:10 antibody:agonist incubated PRP sample: 

1) 5µL of CD42b, CD62P and PAC-1 were added to each falcon tube1 

2) 50µL of each agonist incubated PRP was added to their respective falcon tube and incubated 

for a further 30 minutes at room temperature in a dark draw 

3) Each sample was fixed with 800µL (w/v) PFA HEPES saline (pH 7.21-7.39) for 30 minutes at 

room temperature in the dark 

4) Each sample was fixed with 1000µL filtered phosphate-buffered saline (PBS) and centrifuged 

at x1200g for 10 minutes (no brake)  

5) Supernatant from all samples were discarded 

6) All samples were resuspended in 500µL of filtered PBS 

7) Samples were either immediately run or stored in a refridgerator (4°C) for up to 1 week  

1 After updates to Yellow/Green (PE detecting) lasers from 20-27th December 2017, CD62P was 

concentration was halved due to intensity of new lasers. 2.5µL of agonist was added to samples from 

this point onwards. All other agonist remained at their old concentrations. 

 

3.5.2B Compensation bead preparation 

In order to compensate for detection of unbound fluorescent antibodies which may disrupt the true 

activated platelet count, compensation beads were recorded after each run on the BD LSRFortessa™ 

cell analyser. These samples contained no PRP and were used to determine what intensity unbound 

antibodies appeared on the analysis so they could be subtracted from patient samples. A total of 

four tubes were run for compensation; unstained, CD42b, CD62P and PAC-1. 

1) 1 drop of negative and positive anti-mouse Ig control beads added to each tube 

2) 0.5µL of antibody added to each of their respective tubes (no antibody for unstained) 

3) 50µL of filtered PBS added to each tube before incubating for 30 minutes at room 

temperature in the dark 
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4) Each tube had a further 500µL of PBS added and was then centrifuged at x800g for 10 

minutes 

5) Supernatant discarded for each tube and beads were resuspended in 500µL of PBS 

6) Samples were either immediately run or stored in a refrigerator  (4°C) for up to 1 week  

 

3.5.2C BD LSRFortessa™ Cell Analyser protocol 

Maintenance and analysis were performed according to Griffith University and BD operation 

protocols. 

Parameters used were designed in order to limit interference of robust standard deviation of 

electronic noise (RSDEN) from altering activated platelet count. While changes were made to 

parameters used, the RSDEN remained within 2 standard deviations of the value appropriate to limit 

this background noise. 

Patients FSC (nM) SSC (nM) APC (red) 

(nM) 

PE (yellow/green) 

(nM) 

FITC (blue) 

(nM) 

1-7 300 190 570 580 460 

8-12 200 190 415 775 415 

Table 3.5.2C: Changes to flow cytometric laser parameters for patients. Parameters dictate the 

intensity of fluorescent antibody recognition for each coloured laser. 

Compensation beads were also run at identical intensity as in Figure 3.5.2C for each patient. 

 

3.6 Data collection and analysis 

3.6.1 Data collection 

As part of the consent process, researchers had full access to patient medical history, including: 

medical history, social/medication history, administered drugs during hospitalisation, prescribed 

drugs for post-hospitalisation, procedure information, general demographics and any future 

hospitalisations related to aneurysms/complications. All data was obtained from the GCUH 

electronic medical records system (EMR), the ICU clinical information system (Metavision) and 

Enterprise Picture Archiving and Communications System (PACS). Patient demographic and historic 

data was obtained between March 2017 and April 2018 while test results (Multiplate®, ROTEM) 

were obtained throughout the 35 months of study. 
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All patient data , test and procedural results were stored under password protection within the 

GCUH ICU database. All patient data was de-identified, with patient URN numbers and date of birth 

removed from datasets before being transferred from secure storage, for statistical analysis. 

3.6.2 Data/statistical analysis 

Statistical analysis was completed using GraphPad Prism, R Project, FlowJo Version 10, BD 

FACSDiva™ Software and Microsoft Excel. Shapiro-Wilk and Kolmogorov-Smirnov tests were used to 

establish normality of data before analysis. Patient demographic and surgical data was analysed 

using Fisher’s exact test and presented as a number and percent of total patients in group (n (%)). 

The D'Agostino & Pearson normality test was used to determine the normality of data before 

analysis where sample size was large enough. Descriptive analysis in the form of Chi Square 

skewness and kurtosis testing was completed on smaller sample sizes. 

The time dependent effect on Multiplate® tests were evaluated using one-way repeated measures 

ANOVA (RM-one-way-ANOVA) with Bonferroni’s post-hoc test. Comparison of Multiplate® scores 

over time between independent groups was done using repeated measures two-way ANOVA (RM-

two-way-ANOVA) with Holm-Sidak post-hoc tests. One-way ANOVA with Tukey post-hoc testing was 

used to establish differences between independent Multiplate® groups when samples were missing 

significant portions of data. 

Receiver operator characteristic (ROC) analysis was used to discriminate Multiplate® score 

thresholds for predictors of all complications. Specific cut-offs were calculated using Youden’s J 

statistic to maximise sensitivity and specificity for each ROC curve. 

Pearson Product-Moment Correlation was used to determine the extent and significance of 

correlation between platelet activation and platelet aggregation data, as identified by flow 

cytometry and Multiplate® analysis respectively. Activated platelets were determined as a 

percentage of platelets that fell within an ‘activated gated region’ by comparing unstained (control) 

and no agonist populations. All gating was completed in FlowJo V10. 

 

3.7 Sub-study: Flow cytometry protocol 

3.7.1 Sub-study overview 

A newly established flow cytometry protocol for improving the sensitivity of activated platelets. 
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A total of eight volunteers, 4 males and 4 females, between the ages of 18 and 43 consented to give 

6mL of blood. Volunteers consented to standard FBE analysis of their blood and platelet count 

assessed.. Volunteers were healthy individuals with no known haematological disease and were not 

on any anti-platelet medication at the time of blood collection.  

3.7.2 Blood sample collection 

“All blood samples were collected into 2.7mL sodium citrate vacutainers from the median cubital 

vein using standard winged infusion collection needles. All samples were fixed for flow cytometric 

analysis within 4 hours of blood collection. 

3.7.3 BD LSRFortessa™ Cell Analyser protocol 

3.0mL of whole blood was collected in sodium citrate tubes. The protocol used whole blood to 

establish platelet activation. The same titration agonist concentrations and controls were used as 

per table 3.5.2A. 

1. Whole blood was diluted to a 1:5 blood to x1 HEPES saline (pH: 7.25-7.35) mixture 

2. 20µL of diluted whole blood was dispensed into 5mL round-bottomed falcon tubes for the 

10 individual samples. Each sample was left to incubate at room temperature in a dark 

drawer for 5 minutes 

3. 5µL of CD42b, CD62P and PAC-1 were added to tubes 2-10 (1:4 concentration) 

4. Sample was mixed three times using pipette aspiration and allowed to incubate for 15 

minutes at room temperature in a dark drawer 

5. ADP, TRAP and eptifibatide were added to their relevant tubes to match concentrations as 

per table 3.5.2A 

6. Samples were incubated for an additional 5 minutes at room temperature in a dark drawer 

7. Samples were fixed with 800µL of 1% (w/v) PFA-HEPES saline solution and mixed 

8. Samples were then immediately run on the BD LSRForestessa Cell Analyser 

3.7.4 Data analysis 

RM-ANOVA with Tukey’s post-hoc testing was used to validate the most effective agonist 

concentration to illicit platelet activation for both TRAP and ADP. Platelet activation was determined 

using geometric mean of fluorescence intensity and percentage of gated cells generated by BD 

FACSDiva™ Software. 
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Chapter Four – Results 

4.1 Patient Demographics 

A total of 120 patients undergoing interventional neuroradiological treatments (coiling and/or 

stenting) for cerebral aneurysms were enrolled in the study between June 2015 and March 2018. Of 

these, 91 patients underwent elective (75.8%) procedures and 29 received emergent treatment for 

rupture cerebral aneurysms (24.2%).  A total of 131 procedures were completed, with 102 being 

elective (77.9%) and 29 being emergent (22.1%). 

A total of 14 major complications (ischaemic or haemorrhagic) occurred throughout patient 

hospitalisation. Nine (10.0%) of these occurred during elective procedures, while 5 (17.4%) occurred 

in the emergent cohort. A total of 26 minor and major (including miscellaneous complications) 

occurred during hospitalisation, with 13 occurring in both elective and emergent patient groups, 

resulting in 14.3% and 44.8% complication rate respectively. The rate of complication was greater in 

the emergent cohort (p=0.001). 

Table 4.1: Demographic and medical history data for patients enrolled by subgroup 

 All patients 

N=120 

Elective 

N=91 

Emergent 

N=29 

Elect. non-

comp. 

N=78 

Elect. comp. 

N=13 

Age, mean (SD) 57.4 (10.9) 58.8 

(10.6) 

53.5 

(11.1) 

58.0 (10.4) 63.00 (11.2) 

Female, n (%) 83 (69.2%) 62 

(68.1%) 

21 

(72.4%) 

52 (66.7%) 10 (76.9%) 

BMI, mean (SD) 28.4 (6.3) 28.6 (6.3) 27.6 (6.3) 28.5 (6.4) 29.5 (5.8) 

Comorbidities, n (%) 

Hypertension (BP 

≥ 140/90 mmHg) 

58 (48.3%) 50 

(54.9%) 

8 (27.6%) 42 (53.8%) 8 (61.5%) 

Obesity (BMI ≥ 30) 32 (34.0%) 25 

(35.2%) 

7 (30.4%) 21 (35.6%) 4 (33.3%) 

Hypercholesterole

mia (TC ≥ 6.21 

mmol/L) 

15 (12.5%) 11 

(12.1%) 

4 (13.8%) 9 (11.5%) 2 (15.4%) 
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 All patients 

N=120 

Elective 

N=91 

Emergent 

N=29 

Elect. non-

comp. 

N=78 

Elect. comp. 

N=13 

Myocardial 

disease1 

15 (12.5%) 11 

(12.1%) 

4 (13.8%) 10 (12.8%) 1 (7.7%) 

 

Diabetes Mellitus 10 (8.3%) 8 (8.8%) 2 (6.9%) 5 (6.4%) 3 (23.1%) 

Current Smoker 38 (36.2%) 25 

(31.6%) 

13 

(52.0%) 

20 (29.0%) 5 (50.0%) 

Former Smoker 35 (33.3%) 29 

(36.7%) 

6 (24.0%) 27 (39.1%) 2 (20.0%) 

Medical history, n (%) 

Previous TIA/CVA2 27 (23.5%) 24 

(27.6%) 

3 (10.7%) 16 (21.6%) 8 (61.5%) 

Previous IR 

Intervention 

29 (27.4%) 27 

(34.2%) 

2 (7.4%) 24 (35.3%) 3 (25.0%) 

Family medical 

history of 

aneurysm 

12 (10.0%) 9 (9.9%) 3 (10.3%) 9 (11.5%) 0 (0.0%) 

1 Includes history or current presentation of: angina, arrhythmia, congestive heart failure, heart 

disease, myocardial infarction, valvular dysfunction/disease 

2 Includes SAH, CVA, TIA, Stroke and SDH 

Definitions: BP, blood pressure; BMI, body mass index; TC, total blood cholesterol concentration; 

TIA, transient ischaemic attack; CVA, cerebrovascular accident; SAH, subarachnoid haemorrhage; 

SDH, subdural haematoma 

 

Elective patients with a history of TIA/CVA were significantly more likely to experience complication 

compared to those who had no history (p=<0.05), with this likeliness further increased in the elective 

cohort (p=<0.01). Close to half of patients were hypertensive (n=58, 48.3%), with significantly more 

hypertensive patients undergoing elective coiling procedures (p=<0.05), though there was no 

significance between hypertensive state and complication in either cohort (p=>0.05). 

Proportionality, almost 4 times as many diabetic patients suffered elective complications (all types) 

compared to non-complications (p=0.08). No significance regarding complication or 



Mark J. Aberdour 
7004MSC Masters of Medical Research Thesis 

51 

elective/emergent status was seen between patients with hypercholesterolemia, myocardial 

disease, history of smoking, previous IR intervention or family medical history of aneurysm (P>0.05). 

Most treated aneurysms were small (<10mm), though aneurysm size as not associated to an 

increase in complication for either elective or emergent cohorts. Furthermore, no significant 

difference in aneurysm size existed between elective and emergent groups (p>0.05). Emergent 

patients were significantly more likely to be coiled than elective patients (p=<0.001), while elective 

patients were more likely to be stented than emergent patients (p=<0.001). Despite this, the choice 

between coiling and/or stenting patients did not significantly reduce complication rates for elective 

or emergent groups. 

A 15.39% reduction in complications were seen in the elective cohort who were either on aspirin 

and/or received an aspirin dosage prior to surgery (p=0.02).  A 4.85% complication reduction was 

observed in elective patients who were either prescribed clopidogrel and/or received a clopidogrel 

prior to surgery, however the result was not statistically significant (p=0.01). A 30.1% increase in 

complication rate was seen in elective patients who were on any antiplatelet medication prior to 

surgery (p=0.06). 

As mentioned above, the complication rate was significantly greater in the emergent cohort 

(p<0.05). There was no significant difference in the frequency of ischaemic or haemorrhagic 

complications between elective and emergent groups. A significant increase in miscellaneous 

complications (causing significant reduction of Glasgow Coma Score) occurred in the emergent 

cohort (p=<0.005). 

All surgical demographics are available in the Appendix J. All patient demographics of emergent 

patients in relation to complication outcome are presented in Appendix I. 
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4.2 Multiplate® analysis 

4.2.1 Multiplate® assessed platelet aggregation in response to TRAP, AA and ADP for elective 

patients 

    

Figure 4.2.1: Average platelet aggregation (AUC) result of the elective IVN patient at four time points 

during hospitalisation (n=91). Data for each time point are summarised as mean (bar) and standard 
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deviation (error bars). Platelet aggregation is reported using arbitrary area under the curve (AUC) 

Multiplate® units. Shaded grey areas denote manufacturer’s reference range for normal platelet 

function in response to each agonist. The GCUH ICU determined Clopidogrel non-responder cut-off 

line is denoted in red in diagram C. *p=<0.05, ****p=<0.001 compared to admission 

Prior to antiplatelet loading (admission samples), elective patients demonstrated normal platelet 

aggregation in response to TRAP and ADP, though a slightly below average mean was seen in 

response to AA.  

ADP induced aggregation significantly decreased in a time dependent manner, with reduced 

aggregation occurring at all time points when compared to admission (RM-ANOVA: p<0.001). A 

similar reduction in aggregation was observed under the influence of AA and TRAP (RM-ANOVA: 

p<0.001).  
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4.2.2 Multiplate® assessed platelet aggregation in response to TRAP, AA and ADP for emergent 

patients 

 

Figure 4.2.2: Average platelet aggregation (AUC) of the emergent INV cohort (n=29). Data for each 

time point are summarised as mean (bar) and standard deviation (error bars). Platelet aggregation is 

reported using arbitrary area under the curve Multiplate® units. Shaded grey areas denotes the 

manufacturer’s reference range for normal platelet function in response to each agonist. The GCUH 
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ICU determined Clopidogrel non-responder cut-off line is denoted in red in diagram C. *p=<0.05, 

compared to admission 

Only AA testing showed a significant difference in mean platelet aggregation between admission and 

another sample time point (day 1 post-operatively, p=<0.05). Significant reduction was seen 

between pre-operative and post-operative time points (p=<0.05) as well as D1 post-operative 

(p=<0.001) (RM-ANOVA: p=<0.005). 

A significant time effect in ADP AUC scores was observed (p=<0.05) (RM-ANOVA: p=0.04), with a 

significant decrease observed between preoperative and D1 postoperative timepoints. A similar 

reduction was observed between pre- and post-operative TRAP samples (p=<0.05) (RM-ANOVA: 

p=0.03). 
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4.2.3: Comparison of Multiplate® assessed platelet aggregation in response to TRAP, AA and ADP 

between elective and emergent cohorts 

 

Figure 4.2.3:  Comparison of Multiplate® scores (AUC) for each agonist between elective and 

emergent cohorts. Data for each time point are summarised as mean (bar) and standard deviation 

(error bars). **p=<0.01, ***p=<0.005, ****p=<0.001, dotted line in ADP figure C shows GCUH ICU 

recommended clopidogrel non-responder cut-off. 
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There was no significant difference between elective and emergent cohorts at admission. The 

elective cohorts mean platelet aggregation was significantly lower for pre-operative (TRAP, 

p=<0.005; AA/ADP, p=<0.001), post-operative (TRAP, p=<0.01; AA/ADP, p=0.001) and D1 post-

operative samples (TRAP/ASP, p=<0.01; ADP, p=<0.001). 

 

4.2.4. Comparison of Multiplate® assessed platelet aggregation in response to TRAP, AA and ADP 

in patients experiencing complications and recovering without complication in the elective cohort 
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Figure 4.2.4: Comparison of Multiplate® results (AUC) for each agonist, in elective cohort 

complication (all complications) and non-complication subgroups. Data for each time point are 

summarised as mean (bar) and standard deviation (error bars). *=p<0.05, **=p<0.01, ***=p<0.005, 

**** = p<0.001, dotted line in ADP figure C shows GCUH ICU recommended clopidogrel non-

responder cut-off. 

 

Pre-operative platelet aggregation (ADP) was significantly greater in the complication group 

(p=<0.001, mean difference: +13.36AUC), and marginally above the GCUH ICU clopidogrel ‘non-

responder’ cut-off value at 46.94AUC. Admission AA scores were significantly lower in the 

complication cohort (p=<0.001, mean difference: -36.95) and were significantly greater 1 day post-

operatively (p=<0.05, mean difference +8.83). Complication day 1 post-operative TRAP-6 scores 

were significantly greater than the non-complication sample (p=0.05, mean difference: +9.364).  

 

4.2.5: Comparison of Multiplate® assessed platelet aggregation in response to TRAP, AA and ADP 

between complication and non-complication patients in the emergent cohort 

 

No significant difference was observed between any time point for emergent complication/non-

complication groups, or for any agonist using Multiplate® analysis. 
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4.2.6: Multiplate® assessed platelet aggregation in response to TRAP, AA and ADP for elective 

patients experiencing ischaemic and haemorrhagic complications 

 

 

Figure 4.2.6: Comparison of Multiplate® scores (AUC) for each agonist between ischaemic (left) or 

haemorrhagic (right) complication and non-complication patients within the elective cohort at every 

recorded time point. Data for each time point are summarised as mean (bar) and standard deviation 
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(error bars). Dotted line in ADP figure C shows GCUH ICU recommended clopidogrel non-responder 

cut-off. 

No significant difference was seen between any time points for elective ischaemic complication 

regardless of Multiplate® agonist testing for platelet aggregation used. 

There was no significant difference in TRAP or ADP Multiplate® scores between complication and 

non-complication groups within the elective cohort. Admission AA was significantly lower in elective 

patients who had complications (p=<0.001, mean difference=-56.28), though no further AA time 

points had significantly different Multiplate® scores. 

4.3: ROC Analysis 

4.3.1 Receiver Operator Curve analysis of all elective patients, excluding patients experiencing 

haemorrhagic complications 

 

Figure 4.3.1: ROC analysis of pre-operative Multiplate® ADP agonist scores (AUC) and complication 

outcome. Cohort included 78 patients without complication and 9 patients with non-haemorrhagic 

complications. Blue line denotes Youden's J statistic (AUC >31.5). Youden’s J statistic calculated using 

J = sensitivity + specificity – 1 formula. 
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Pre-operative ADP score  

(R-AUC) 

Sensitivity 

(%) 

Specificity 

(%) 

False Positive Rate 

(%) 

> 23.50 100 43.59 56.41 

> 24.50 88.89 46.15 53.85 

> 25.50 88.89 47.44 52.56 

> 27.00 88.89 55.13 44.87 

> 28.50 88.89 60.26 39.74 

> 29.50 88.89 62.82 37.18 

> 30.50 88.89 64.1 35.9 

> 31.50 88.89 65.38 34.62 

> 33.00 77.78 65.38 34.62 

> 34.50 77.78 66.67 33.33 

> 36.50 66.67 66.67 33.33 

> 39.00 66.67 67.95 32.05 

> 41.00 55.56 69.23 30.77 

> 42.50 55.56 70.51 29.49 

> 43.50 44.44 73.08 26.92 

> 45.00 33.33 74.36 25.64 

 

Table 4.3.1: ROC determined cut-off points for all complication (excluding haemorrhagic 

complication) prediction derived from pre-operative Multiplate® ADP agonist scores (AUC). Full table 

analysis in Appendix K 

 

ROC analysis provided a moderate predictor of elective complication (all complication excluding 

haemorrhage) when using pre-operative ADP Multiplate® scores as the determining value (p=0.02, 

R-AUC=0.74). Youden’s index analysis determined optimum sensitivity-to-specificity% ratio for an 

AUC score of >31.5, capturing 88.89% of all complications with a 34.62% false positive rate.  
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4.3.2 Receiver Operator Curve analysis of all elective patients with ischaemic complications 

 

Figure 4.3.2: ROC analysis of pre-operative Multiplate® ADP agonist scores (AUC) and complication 

outcome. Cohort included 78 patients without complication and 5 patients with ischaemic 

complications. Blue line denotes Youden's J statistic (AUC >34.5). Youden’s J statistic calculated using 

J = sensitivity + specificity – 1 formula. 

Pre-operative ADP 

 (R-AUC) 

Sensitivity 

(%) 

Specificity 

(%) 

False Positive Rate 

(%) 

> 23.50 100 43.59 56.41 

> 24.50 80 46.15 53.85 

> 25.50 80 47.44 52.56 

> 27.00 80 55.13 44.87 

> 28.50 80 60.26 39.74 

> 29.50 80 62.82 37.18 

> 30.50 80 64.1 35.9 

> 32.50 80 65.38 34.62 

> 34.50 80 66.67 34.62 

> 36.50 60 66.67 33.33 
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> 39.00 60 67.95 32.05 

> 41.00 40 69.23 30.77 

> 42.50 40 70.51 29.49 

> 43.50 20 73.08 26.92 

> 45.00 0 74.36 25.64 

 

Table 4.3.2: ROC determined cut-off points for miscellaneous complication, prediction derived from 

pre-operative Multiplate® ADP agonist scores (R-AUC). Full table analysis in Appendix L 

ROC analysis demonstrated that preoperative ADP induced platelet aggregation could not accurately 

predict ischaemic complications in this cohort. (p=0.26, R-AUC=0.65). Youden’s index analysis 

determined optimum sensitivity-to-specificity% ratio of >34.5R-AUC, capturing 80% of all ischaemic 

complications with a 34.62% false positive rate.  

 

4.3.3: Receiver Operator Curve analysis for additional models 

ROC analysis poorly predicted the rate of overall complication (including and excluding haemorrhage 

complications) in all elective and emergent post-operative samples.   

Pre-operative TRAP-6 agonist testing significantly distinguished ischaemic complication and non-

complication groups in emergent patients (p=0.03, area = 0.91), though due to the low complication 

sample size (n=3) a reverse cut-off has been established (R-AUC =<116.00 for 100% sensitivity/50% 

specificity ratio) due to these ischaemic patients having greater measured platelet inhibition 

compared to the non-complication cohort. 

Full ROC analysis for additional models can be cited in Appendix F. 

4.4 Flow cytometry analysis 

4.4.1: Flow protocol sub-study 

There was no significant difference in platelet activation as determined using flow cytometry when 

using 5 or 20µM ADP to agonise platelets. Similarly, there was no significant difference in platelet 

activation when using TRAP 20-40µM agonist concentrations. A 20µM ADP concentration and 40µM 

TRAP concentration was used for flow analysis. 
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4.4.2 Extent of flow activation in elective and emergent patients 

 

Figure 4.4.2: RM-ANOVA analysis of patient platelet activation under the influence of no agonist, 

ADP and TRAP. Activation determined by % of PAC-1 gated cells compared to unstained sample. 
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Total sample n=13, 1 emergent and 12 elective patients. Significant differences denoted when 

compared to admission samples unless marked with lines. *=p<0.05, **=p<0.01. 

 

Flow cytometric determination of platelet activation in the presence of ADP and TRAP followed a 

similar trend to their respective Multiplate® platelet aggregation scores as shown in figures 1.1.1 and 

1.1.2. Pre-operative, post-operative and D1 post-operative activation was significantly reduced when 

compared to admission samples for ADP (RM-ANOVA: p=0.001) and TRAP-6 (RM-ANOVA: p=0.002). 

There was no significant difference in platelet activation for the no agonist samples between 

admission following timepoints. However, a significant increase in platelet activation was noted 

post-operatively when compared to pre-operative and D1 post-operative samples (p=<0.05 for both) 

(RM-ANOVA: p=0.01). 

 

4.4.3 Correlation of platelet aggregation as determined by Multiplate® analysis to platelet 

activation as determined by Flow Cytometry (PAC-1%-gated population) in elective (n=11) and 

emergent (n=1) IVN patients during hospitalisation 
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Figure 4.4.3: Correlation of platelet activation measured using flow cytometry (PAC-1 % gated cells); 

and aggregation, measured using Multiplate®. p values demonstrate the significance of the 

relationship between flow cytometry and Multiplate scores, r2 identifies the strength of the 

variables’ correlation. Agonists A: ADP, B: TRAP 

Platelet activation and aggregation values in response to ADP and TRAP for all patients at all time 

points were compared using correlation (figure 1.3.2 A and B). In all figures, regardless of agonist or 

populated cells gated, a weak but significant correlation existed between aggregation and activation. 

The most significant correlation and subsequent significance was seen in platelets treated with ADP, 

using PAC-1% as the gated population to identify activated platelets (r2=0.316, p<0.001). Using PAC-1 

as a marker of platelet activation resulted in a more significant and greater correlated linear 

regression when compared to P-Selectin. PE correlation is available in Appendix G. 
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Chapter Five – Discussion 

5.1 Discussion 

The primary aim of this study was to evaluate the impact of interventional neuroradiological 

procedures and antiplatelet therapy on platelet function, using tests for platelet aggregation 

(Multiplate®) and activation (flow cytometry). Multiplate® analysis investigated changes in platelet 

aggregation over time, between elective and emergent cohorts, as well as within cohorts to determine 

the potential impact of demographic factors and antiplatelet responsiveness on complication rate. We 

then sought to determine a Multiplate® result, that could predict surgical complications. Finally, we 

determined the relationship between platelet aggregation (Multiplate®) and activation (flow 

cytometry) results to validate Multiplate® results, using highly sensitive and specific analysis of cellular 

function. 

Analysis of the 120 patients recruited into this study revealed that loading elective patients with 

aspirin and clopidogrel significantly reduced TRAP-6, AA and ADP-induced platelet aggregation in a 

time dependent manner when compared to admission (unloaded) samples. Clopidogrel reduced pre-

operative ADP-induced Multiplate® scores below the GCUH ICU responder value of 46AUC in 74.7% 

of elective patients. As mentioned in Section 1.4, there are no universal guidelines for antiplatelet 

medication administration for IVN. Despite this loading dosages administered to patients inhibited 

platelet function in the most patients. Furthermore, an additional, significant decrease in ADP-induced 

aggregation was observed between pre-operative and post-operative samples, potentially justifying 

the continued need for clopidogrel administration post-surgically. This finding coincides with the 

variability of individual patient response to clopidogrel [67], and supports previous reports, showing 

additional P2Y12 inhibitor therapy can further reduce platelet function after a significant loading dose 

has been administered [78]. 

Conversely, there was no significant time dependent change in TRAP-6 or ADP-induced platelet 

aggregation for the emergent cohort as the majority (80.0%) did not receive antiplatelet medication 

pre-surgically. There was a significant decrease in AA-induced platelet aggregation when comparing 

day-1 post-operative samples to admission, though this is likely because 78.3% of emergent patients 

received post-operative aspirin. Emergent Multiplate® results were significantly greater than for the 

elective cohort for all agonists at all time points excluding admission. This data agrees with previous 

studies showing the effects of antiplatelet medications and their role in IVN procedures [52, 53, 93]. 

There were no significant differences between the Multiplate® scores of elective patients who 

suffered ischaemic/haemorrhagic complications compared to patients who recovered without 
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complication, as shown in Figure 4.2.6. This was likely due to the relatively small number of 

complications including ischaemic (n=5) and haemorrhagic (n=4) events.  However, pre-operative 

ADP-induced aggregation was significantly greater in elective patients experiencing ischaemic and 

miscellaneous complications combined when compared to non-complicative patients. It should be 

noted that 33.3% of individuals who experienced complications exceeded the 46AUC pre-operative 

ADP-induced aggregation value and therefore, were categorised as non-responders. Therefore, if the 

GCUH ICU used this value for additional therapy, approximately two thirds of complications would 

have been missed. These findings emphasise the potential importance of pre-operative ADP induced 

platelet aggregation data for recognising IVN procedure complications.  

Admission AA-induced aggregation was significantly reduced in elective patients who suffered 

complications. Interestingly, 55.55% of complication patients were already taking aspirin before 

admission compared to 33% of patients who did not suffer complications. This result might simply 

reflect that patients at risk of thrombosis (who would be prescribed regular aspirin) were greater risk 

of complication. Despite this, once all patients were given aspirin as part of their pre-surgical routine, 

pre-operative AA-values were nearly identical between complication and non-complication groups. 

An additional (albeit small) post admission reduction in response to AA is expected to decrease the 

likelihood of surgical complication due to the inhibition of COX-2’s role in forming immune modulators 

known to contribute to intracranial aneurysm rupture [94]. Day-1 post-operative AA-induced 

aggregation was significantly greater in elective patients who suffered haemorrhagic complication. 

However, most of these complications occurred within 12 hours post-operatively, therefore day-1 

post-operative samples would likely be a poor predictor of complication. 

There was no significant difference between complication and non-complication Multiplate® scores 

for the emergent cohort, regardless of time point, agonist used, or type of complication examined. 

Again, this is likely due to emergent complications being the by-product of the aneurysm rupture itself, 

with platelet functionality playing a nominal role in injury exacerbation. Since antiplatelet medications 

were rarely given, the emergent group effectively acted as a control group to the elective cohort, 

showing the effect of the current antiplatelet regimen at the GCUH ICU in Figure 4.2.3. 

By comparing the Multiplate® scores of patients who experience complication to those who did not, 

ROC analysis can establish a ‘cut-off’ value that predicts a higher risk of certain complication. The 

GCUH ICU currently has a pre-operative ADP cut-off of >46, derived from the relationship between 

platelet function and complication during PCI procedures [89]. It was expected that patients who 

went on to have ischaemic complications would have had higher Multiplate® scores (i.e. antiplatelet 
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therapy was less effective in those patients) than those who did not, and patients who went on to 

have haemorrhagic complications would have had lower Multiplate® scores (and were potentially 

hyper-responders). Because of this, ischaemic and haemorrhagic complications were separated for 

analysis. A theoretical model of expected Multiplate® results and complication values is shown in 

Figure 5.1. Miscellaneous complications such as vasospasm were included in all analyses unless 

stated otherwise. All models of ROC analysis are available in Appendix F. 

 

 

 

 

      

ADP-induced Multiplate® score (AUC) 

Figure 5.1: Theoretical model of expected ADP Multiplate® results. It was expected patients who 

suffered haemorrhagic complications would have lower Multiplate® values and therefore a low ‘cut-

off’ value would been generated by ROC. The opposite was assumed for patients experiencing 

ischaemic complications. 

 

The analysis revealed that there are no predictors of complication in the emergent (ruptured 

aneurysm) cohort, regardless of when the blood sample was taken or agonist test used. This likely 

coincides with the already heightened risk of morbidity and mortality from the aneurysm rupture and 

haemorrhage itself [3, 4, 16], rather than improper platelet function. It may be possible to determine 

what role platelet function has in injury following aneurysm rupture, though it is unlikely to outweigh 

the risk of exacerbating haemorrhagic injury by administering antiplatelet medication to patients with 

higher platelet function scores.  

Receiver Operator Characteristic analysis predicted ischaemic and miscellaneous complications in the 

elective cohort when using pre-operative samples tested under ADP induced platelet aggregation 

(p=0.02, area=0.74). Of the 91 elective procedures, ROC analysis determined an optimised Multiplate® 

cut-off value of >31.5AUC. This would have captured 8 of the 9 (88.9%) complications between June 

2015 and March 2018, however, adopting this cut-off value would have incorrectly identified 27 

0 50 100 

19-46AUC 
Reduced risk of all 

complication 

>46AUC 
Increased risk of ischaemic complication 
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patients (34.6%) as having complications. Conversely, the >46 AUC non-responder cut-off currently 

set by the GCUH ICU would have captured 3 of the 9 (33.3%) complications, while 20 patients (25.6%) 

would have been incorrectly flagged for complication. It should be noted that a ROC R-AUC value of 

0.74 provides ‘moderate’ predictive value in complication and non-complication groups using the pre-

operative ADP value. T reiterate, this analysis includes miscellaneous complications that were neither 

ischaemic or haemorrhagic (full list of miscellaneous complications provided in Appendix O). While 

these miscellaneous complications required treatment and jeopardised the recovery of patients, they 

may not have been caused by improper platelet function. The small sample size is likely responsible 

for the ROC values crossing the 0.5R-AUC line of identity. This observation resulted in a small number 

of Multiplate scores that could not be used to assess complication predictability. 

 

While in an experimental sense these results are encouraging, they are not currently practical for 

application in a clinical environment due to a high false positive rate of 34.62%. For example, if 

additional antiplatelet treatment of these 34.6% falsely flagged patients was applied, this may 

exacerbate their already appropriate platelet function and put them at risk of haemorrhagic 

complication instead. This high false positive rate is likely due to only 9 patients suffering ischaemic or 

miscellaneous complications from the elective cohort. It was calculated that an additional 14 

ischaemic/miscellaneous complications would be required to improve the area of this ROC analysis 

(and therefore its accuracy) to 0.90, which in turn would improve true and false positive rates among 

patients. Unfortunately, since the current total complication rate is 11.53%, an additional 143 elective 

procedures would need to be completed to obtain this number of complications and sufficient 

statistical power. 

There were no significant predictors of complication in the elective cohort for ischemia or 

haemorrhage complications specifically. The closest predictor of haemorrhagic complication was pre-

operative TRAP-6 (p=0.10, area=0.74), although there were only four haemorrhagic complications in 

the elective cohort. Therefore, it is unlikely that a reliable cut-off could have been established with 

the small number of complications. Wozniak et al. utilised Multiplate in patients undergoing elective 

CABG procedures to predict haemorrhagic complications [99] in a sample of 200 patients (16 

complications). These results show the ability to predict certain complications in other surgical 

procedures, though given the less invasive nature of coiling and stenting procedures, any cut-off value 

for complication risk would likely differ. The strongest predictor of ischaemic complication was also 

pre-operative TRAP-6 data (p=0.54, area=0.78), but again discerning a reliable cut-off was unlikely due 
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to there being 5 ischaemic complications for comparison. It would also be impractical to use TRAP-

induced aggregation as a measure of platelet functionality for patients on aspirin and clopidogrel, 

since those antiplatelet agents do not directly inhibit PAR-1/4 receptors on platelets and would still 

allow some activation regardless of clopidogrel/aspirin responsiveness [41-43]. Furthermore, there 

were no significant relationships between TRAP-6 and complication found. 

The above results suggest it would be impractical to change antiplatelet protocol to treat patients at 

risk of complication. The only predictor of complication is still unsuitable for clinical use due to its 

high false positive rate. However, the fact that the accuracy of predicting complication increases 

with sample size is very encouraging, as specific complications may be predicted if more patients are 

brought into the study. The analysis also shows favour to pre-operative ADP as a predictor of 

complication, meaning additional patients recruited may only need admission and pre-operative 

samples taken for this analysis. 

At the time of writing, little data has been published regarding about the correlation between flow 

cytometry and Multiplate®’s ability to recognise platelet activation and aggregation respectively.  

Historically there have been criticisms of POC devices, with questions surrounding their accuracy of 

detecting platelet functionality by aggregation [95], so correlation to flow cytometry may assist in 

approving or dismissing these claims. In 2015, Gremmel et al. was able to correlate flow cytometry 

platelet activation to platelet aggregation by other POC devices, such as LTA and VerifyNow devices, 

but found no significant correlation to Multiplate® [92]. Perhaps one limitation of Gremmel et al.’s 

study was their exclusion of patients who were clopidogrel or aspirin resistant, offering less variation 

in platelet functionality to be examined by both flow cytometry and Multiplate®. In addition, 

patients in Gremmel et al.’s study only had one sample taken after the loading of antiplatelet 

medication. In comparison, this study had samples taken before and after antiplatelet loading, as 

well as before and after surgical intervention, providing greater variation in platelet function. A total 

of 12 patients were recruited for this correlation analysis, offering 40 samples for comparison, 

regardless of response to their antiplatelet therapy. Ten patients were elective and responded well 

to their antiplatelet therapy, 1 was emergent and received no antiplatelets pre-surgically, another 

patient was elective but was deemed a clopidogrel non-responder due to poor responsiveness as 

measured by Multiplate®. 

The markers of platelet activation used were PAC-1 (FITC) and PE (CD62P). As mentioned in Section 

1.6.2, PAC-1/FITC recognises platelet activation by binding to activated gpIIb/IIIa receptors on 

platelet surfaces. PE/CD62P determines platelet activation by binding to P-selectin of released alpha-
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granules from platelets. These markers of platelet activation are viable due to their response to ADP 

and TRAP, and allow comparison to other studies due to their universal use [92]. Due to upgrades to 

the BD LSRFortessa™ at Griffith University, the intensity of the laser used to recognise PE antibodies 

increased significantly, meaning only 24 samples were available for comparison using this marker. 

Flow cytometry showed platelet activation followed a similar trend to Multiplate® recognition of 

platelet aggregation. Pre-, post- and day-one post-operative platelet activation was significantly 

lower when compared to admission samples under the stimulation of TRAP and ADP. Platelet 

activation remained high for the emergent and non-responder patients in a similar manner to their 

Multiplate® results. Linear regression analysis showed a very significant, though weak correlation 

between flow cytometry and Multiplate®, regardless of the antibody marker used (PAC-1 or PE), or 

agonist (ADP or TRAP). While this result was expected we expected a stronger correlation between 

the two tests given the dependence platelet aggregation has on platelet activation. As mentioned 

above, changes to the BD LSRFortessa™ may have disrupted the extent of platelet activation 

recognition. Furthermore, not all flow data was compensated to remove the presence of unbound 

antibodies which may have reduced the correlation. It is expected a similar sized sample study with 

consistent instrument upkeep and complete compensation of flow data would improve the 

correlation, while keeping the exceptional significance of the linear regression. 

While unrelated to the aims of the study, a significant increase in platelet activation was recognised 

by flow cytometry in post-operative samples in the presence of no agonist. This interestingly shows 

the effect of the neurosurgical intervention on platelet activation itself. This result is expected due to 

the platelet stimulation nature of electrolytic coils and impedance of flow in the cerebral vasculature 

[24, 32]. At the time of writing, no data exists showing this effect in coiling and or stenting patients 

under the influence of antiplatelet medication. 

 

5.2 Limitations 

The most notable limitation of the study was the small sample size. While 131 operations were 

recorded from 120 patients, the small complication rate for interventional neuroradiological 

procedures meant any significant findings were unlikely. As mentioned above, an additional 143 

operations (274 total operations) would be needed to discern the risk of heightened haemorrhagic 

and ischaemic complication risk using Multiplate® analysis. A larger sample size would also increase 

the presence of certain demographics (such as smoking status), potentially improving the correlation 

between these cofounders and an increased likeliness of complication. Furthermore, this study did 
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not adjust for these potential risk increasing comorbidities, so by establishing their relationship to 

IVN complication we can adjust for them in future studies. 

There were times where blood samples were either missed or could not be run due to deviations 

from the Multiplate®/flow protocol. On a number of occasions, the admission (baseline) sample 

would be drawn by an intern and left for hours before the call was made to pick it up. As these 

samples needed to be collected and processed within 2-4 hours to reduce stagnant platelet 

activation, they could not be used as part of the study. This was of particular trouble as admission 

samples were our only baseline for comparison after antiplatelet loading. In some cases, certain 

post-operative samples were missed if collection bags had been misplaced. On one occasion, post=-

operative samples from an elective patient who suffered a complication could not be collected due 

to the importance of their treatment, reducing our ability to observe their post-operative platelet 

function and see what contribution that may have had to their complication. 

Occasionally doctors would change the post-operative antiplatelet regimen of patients who were 

deemed to be clopidogrel non-responders (>46AUC ADP Multiplate® score). This was not consistent 

for every patient who scored about this value and was usually introduced for patients who were 

suspected of suffering a complication. While the wellbeing of the patient is the priority in this 

scenario, it reduced the number of complications we may have seen by alleviating heightened 

platelet functionality. These patients were therefore recorded as ‘no complication’; though they may 

have gone on to have one if no intervention had been made. 

Flow analysis has also been disrupted due to continuous maintenance and changes to the BD 

LSRFortessa™ at Griffith University. The intensity of the y/green lasers required to read PE antibodies 

(P-selectin detectors) was increased dramatically. While the antibody concentration was changed (as 

per Section 3.5.2A) to compensate for this intensity, the results for PE-gating were skewed 

significantly. Due to this, only the first 7 patients could be analysed for correlation between PE-gated 

platelet activation and Multiplate® recorded platelet aggregation. While the results were still 

significant it is expected that significance would increase dramatically should all 12 patients be 

available for analysis (as per FITC-gating). 

Despite these limitations, this study is the first of our knowledge to successfully show the correlation 

between platelet aggregation and activation using Multiplate® and flow cytometry respectively. This 

is likely due to the variation of platelet functionality in the presence of antiplatelet medication, 

which other studies have not included. The results also suggest the design of the study is 

appropriate for establishing predictors of ischaemic and haemorrhagic IVN complication using 
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Multiplate® analysis, though would require further patients. Due to the limited research on 

predicting IVN complication using POC devices, this provides a strong foundation for any follow-up 

or continuation of the study. 

 

5.3 Future research 

While the primary aim of this study was not completely achieved, the study has offered valuable 

insight into the relationship between platelet functionality and complication in IVN procedures.  

A significant predictor of ischaemic and miscellaneous complication in elective IVN patients was 

obtained, limited only by the small sample size. It also highlighted that pre-operative ADP-induced 

platelet aggregation was the best time point and agonist to use to make complication predictions. 

Because of this, it may be possible to continue the study completing only admission (baseline) and 

pre-operative Multiplate® samples. This would allow the projected 143 additional required 

operations to be completed easier, and would not waste time and resources running numerous 

post-operative samples as they are unlikely to be useful in predicting complication. Given the GCUH 

only completes 50-80 of these operations each year; this would still take upwards of 24 months to 

complete. As Multiplate® is an automated, quick POC device that doctors can be trained to use and 

read, it is possible to expand the study to multiple hospital sites if only these time points are needed. 

This may allow the additional 143 operations to be achieved in a matter of months, rather than 

years from a single site. 

If the results continue as expected, and predictors of haemorrhagic and ischaemic complications in 

IVN procedures can be obtained using Multiplate® analysis, this would open the door to additional 

studies in which antiplatelet therapies are personalised based off of this test.  As the 

personalisation’s of antiplatelet regimens have improved the complication rate in other procedures, 

such as PCI [96, 97] and CABG [97], it is expected further investigation could do the same for IVN 

procedures. An increased sample size could also highlight the comorbidities and social factors that 

contribute to increased surgical complication, allowing additional precautionary measures to be 

taken to insure the wellbeing of these patients.  

While already proven to be significant, the correlation between Multiplate® recorded platelet 

aggregation and flow cytometry recorded platelet activation could be improved by repeating the 

protocol used in this study during a time where no maintenance or changes are made to the 

recording flow cytometer. 



Mark J. Aberdour 
7004MSC Masters of Medical Research Thesis 

75 

Chapter Six – References 

1) Vlak, M., Algra, A., Brandenburg, R., & Rinkel, G. (2011). Prevalence of unruptured 

intracranial aneurysms, with emphasis on sex, age, comorbidity, country, and time period: a 

systematic review and meta-analysis. The Lancet Neurology, 10(7), 626-636. doi: 

10.1016/s1474-4422(11)70109-0 

2) Williams, L., & Brown, R. (2013). Management of unruptured intracranial 

aneurysms. Neurology: Clinical Practice, 3(2), 99-108. doi: 10.1212/cpj.0b013e31828d9f6b 

3) Longmore, M., Wilkinson, I., Turmezei, T., & Cheung, C. (2007). Oxford Handbook of Clinical 

Medicine (7th ed., p. 841). Oxford University Press. 

4) Lawton, M., & Vates, G. (2017). Subarachnoid Hemorrhage. New England Journal Of 

Medicine, 377(3), 257-266. doi: 10.1056/nejmcp1605827 

5) Chalouhi, N., Hoh, B., & Hasan, D. (2013). Review of Cerebral Aneurysm Formation, Growth, 

and Rupture. Stroke, 44(12), 3613-3622. doi: 10.1161/strokeaha.113.002390 

6) Chalouhi, N., Ali, M., Jabbour, P., Tjoumakaris, S., Gonzalez, L., & Rosenwasser, R. et al. 

(2012). Biology of Intracranial Aneurysms: Role of Inflammation. Journal Of Cerebral Blood 

Flow & Metabolism, 32(9), 1659-1676. doi: 10.1038/jcbfm.2012.84 

7) STEHBENS, W. (1963). Histopathology of Cerebral Aneurysms. Archives Of Neurology, 8(3), 

272-285. doi: 10.1001/archneur.1963.00460030056005 

8) Kim, C., Kikuchi, H., Hashimoto, N., Kojima, M., Kang, Y., & Hazama, F. (1988). Involvement of 

internal elastic lamina in development of induced cerebral aneurysms in rats. Stroke, 19(4), 

507-511. doi: 10.1161/01.str.19.4.507 

9) Kim, C., Cerv�s-Navarro, J., Kikuchi, H., Hashimoto, N., & Hazama, F. (1993). Degenerative 

changes in the internal elastic lamina relating to the development of saccular cerebral 

aneurysms in rats. Acta Neurochirurgica, 121(1-2), 76-81. doi: 10.1007/bf01405187 

10) Theodotou, C., Snelling, B., Sur, S., Haussen, D., Peterson, E., & Elhammady, M. (2017). 

Genetic associations of intracranial aneurysm formation and sub-arachnoid 

hemorrhage. Asian Journal Of Neurosurgery, 12(3), 374. doi: 10.4103/1793-5482.180972 

11) Ghods, A., Lopes, D., & Chen, M. (2012). Gender Differences in Cerebral Aneurysm 

Location. Frontiers In Neurology, 3. doi: 10.3389/fneur.2012.00078 

12) de Rooij, N., Linn, F., van der Plas, J., Algra, A., & Rinkel, G. (2007). Incidence of subarachnoid 

haemorrhage: a systematic review with emphasis on region, age, gender and time 

trends. Journal Of Neurology, Neurosurgery & Psychiatry, 78(12), 1365-1372. doi: 

10.1136/jnnp.2007.117655 



Mark J. Aberdour 
7004MSC Masters of Medical Research Thesis 

76 

13) Brown, R., & Broderick, J. (2014). Unruptured intracranial aneurysms: epidemiology, natural 

history, management options, and familial screening. The Lancet Neurology, 13(4), 393-404. 

doi: 10.1016/s1474-4422(14)70015-8 

14) Li, P., Zhang, Q., Wu, X., Yang, X., Zhang, Y., Li, Y., & Jiang, F. (2014). Circulating microRNAs 

Serve as Novel Biological Markers for Intracranial Aneurysms. Journal Of The American Heart 

Association, 3(5), e000972-e000972. doi: 10.1161/jaha.114.000972 

15) Cebral, J., & Raschi, M. (2012). Suggested Connections Between Risk Factors of Intracranial 

Aneurysms: A Review. Annals Of Biomedical Engineering, 41(7), 1366-1383. doi: 

10.1007/s10439-012-0723-0 

16) van Gijn, J., Kerr, R., & Rinkel, G. (2007). Subarachnoid haemorrhage. The Lancet, 369(9558), 

306-318. doi: 10.1016/s0140-6736(07)60153-6 

17) Lai, L., & Morgan, M. (2012). Incidence of subarachnoid haemorrhage: An Australian national 

hospital morbidity database analysis. Journal Of Clinical Neuroscience, 19(5), 733-739. doi: 

10.1016/j.jocn.2011.09.001 

18) Meyers, P., Schumacher, H., Higashida, R., Derdeyn, C., Nesbit, G., & Sacks, D. et al. (2009). 

Reporting Standards for Endovascular Repair of Saccular Intracranial Cerebral 

Aneurysms. Journal Of Vascular And Interventional Radiology, 20(7), S435-S450. doi: 

10.1016/j.jvir.2009.03.004 

19) Komotar, R., Mocco, J., & Solomon, R. (2008). Guidelines for the surgical treatment of 

unruptured intracranial aneurysms: The first annual J. Lawrence pool memorial research 

symposium - controversies in the management of cerebral aneurysms. Neurosurgery, 62(1), 

183-194. doi: 10.1227/01.neu.0000311076.64109.2e 

20) Hwang, J., Hyun, M., Lee, H., Choi, J., Kim, J., & Lee, N. et al. (2012). Endovascular coiling 

versus neurosurgical clipping in patients with unruptured intracranial aneurysm: a 

systematic review. BMC Neurology, 12(1). doi: 10.1186/1471-2377-12-99 

21) Raaymakers, T., Rinkel, G., Limburg, M., & Algra, A. (1998). Mortality and Morbidity of 

Surgery for Unruptured Intracranial Aneurysms : A Meta-Analysis. Stroke, 29(8), 1531-1538. 

doi: 10.1161/01.str.29.8.1531 

22) Seibert, B., Tummala, R., Chow, R., Faridar, A., Mousavi, S., & Divani, A. (2011). Intracranial 

Aneurysms: Review of Current Treatment Options and Outcomes. Frontiers In Neurology, 2. 

doi: 10.3389/fneur.2011.00045 

23) Bederson, J., Awad, I., Wiebers, D., Piepgras, D., Haley, E., & Brott, T. et al. (2000). 

Recommendations for the Management of Patients With Unruptured Intracranial Aneurysms 



Mark J. Aberdour 
7004MSC Masters of Medical Research Thesis 

77 

: A Statement for Healthcare Professionals From the Stroke Council of the American Heart 

Association. Stroke, 31(11), 2742-2750. doi: 10.1161/01.str.31.11.2742 

24) Guglielmi, G., Viñuela, F., Sepetka, I., & Macellari, V. (1991). Electrothrombosis of saccular 

aneurysms via endovascular approach. Journal Of Neurosurgery, 75(1), 1-7. doi: 

10.3171/jns.1991.75.1.0001 

25) Relations of Abnormal and Injury Electric Potential Differences to Intravascular 

Thrombosis. American Journal Of Physiology-Legacy Content, 175(1), 108-112. doi: 

10.1152/ajplegacy.1953.175.1.108 

26) Padolecchia, R., Guglielmi, G., Puglioli, M., Castagna, M., Nardini, V., & Collavoli, P. et al. 

(2001). Role of Electrothrombosis in Aneurysm Treatment with Guglielmi Detachable Coils: 

An In Vitro Scanning Electron Microscopic Study. American Journal Of Neuroradiology, 22(9), 

1757-1760. 

27) Byrne, J., Hope, J., Hubbard, N., & Morris, J. (1997). The nature of thrombosis induced by 

platinum and tungsten coils in saccular aneurysms. American Journal Of 

Neuroradiology, 18(1), 29-33. 

28) Alshekhlee, A., Mehta, S., Edgell, R., Vora, N., Feen, E., & Mohammadi, A. et al. (2010). 

Hospital Mortality and Complications of Electively Clipped or Coiled Unruptured Intracranial 

Aneurysm. Stroke, 41(7), 1471-1476. doi: 10.1161/strokeaha.110.580647 

29) Ayling, O., Ibrahim, G., Drake, B., Torner, J., & Macdonald, R. (2015). Operative complications 

and differences in outcome after clipping and coiling of ruptured intracranial 

aneurysms. Journal Of Neurosurgery, 123(3), 621-628. doi: 10.3171/2014.11.jns141607 

30) Chalouhi, N., Jabbour, P., Singhal, S., Drueding, R., Starke, R., & Dalyai, R. et al. (2013). Stent-

Assisted Coiling of Intracranial Aneurysms: Predictors of Complications, Recanalization, and 

Outcome in 508 Cases. Stroke, 44(5), 1348-1353. doi: 10.1161/strokeaha.111.000641 

31) Bodily, K., Cloft, H., Lanzino, G., Fiorella, D., White, P., & Kallmes, D. (2011). Stent-Assisted 

Coiling in Acutely Ruptured Intracranial Aneurysms: A Qualitative, Systematic Review of the 

Literature. American Journal Of Neuroradiology, 32(7), 1232-1236. doi: 10.3174/ajnr.a2478 

32) Zhao, J., Lin, H., Summers, R., Yang, M., Cousins, B., & Tsui, J. (2017). Current Treatment 

Strategies for Intracranial Aneurysms: An Overview. Angiology, 69(1), 17-30. doi: 

10.1177/0003319717700503 

33) Chung, J., Lim, Y., Suh, S., Shim, Y., Kim, Y., & Joo, J. et al. (2014). Stent-assisted coil 

embolization of ruptured wide-necked aneurysms in the acute period: incidence of and risk 

factors for periprocedural complications. Journal Of Neurosurgery, 121(1), 4-11. doi: 

10.3171/2014.4.jns131662 



Mark J. Aberdour 
7004MSC Masters of Medical Research Thesis 

78 

34) Ji, W., Liu, A., Lv, X., Kang, H., Sun, L., & Li, Y. et al. (2016). Risk Score for Neurological 

Complications After Endovascular Treatment of Unruptured Intracranial 

Aneurysms. Stroke, 47(4), 971-978. doi: 10.1161/strokeaha.115.012097 

35) Orrù, E., Roccatagliata, L., Cester, G., Causin, F., & Castellan, L. (2013). Complications of 

endovascular treatment of cerebral aneurysms. European Journal Of Radiology, 82(10), 

1653-1658. doi: 10.1016/j.ejrad.2012.12.011 

36) Pierot, L., Cognard, C., Anxionnat, R., & Ricolfi, F. (2010). Ruptured Intracranial Aneurysms: 

Factors Affecting the Rate and Outcome of Endovascular Treatment Complications in a 

Series of 782 Patients (CLARITY Study). Radiology, 256(3), 916-923. doi: 

10.1148/radiol.10092209 

37) Michelson, A. (2002). Platelets (pp. 319-346). London: APUK. 

38) Li, Z., Delaney, M., O'Brien, K., & Du, X. (2010). Signaling During Platelet Adhesion and 

Activation. Arteriosclerosis, Thrombosis, And Vascular Biology, 30(12), 2341-2349. doi: 

10.1161/atvbaha.110.207522  

39) OZAKI, Y., ASAZUMA, N., SUZUKI-INOUE, K., & BERNDT, M. (2005). Platelet GPIb-IX-V-

dependent signaling. Journal Of Thrombosis And Haemostasis, 3(8), 1745-1751. doi: 

10.1111/j.1538-7836.2005.01379.x 

40) Kuwahara, M., Sugimoto, M., Tsuji, S., Matsui, H., Mizuno, T., Miyata, S., & Yoshioka, A. 

(2002). Platelet Shape Changes and Adhesion Under High Shear Flow. Arteriosclerosis, 

Thrombosis, And Vascular Biology, 22(2), 329-334. doi: 10.1161/hq0202.104122 

41) Rumbaut, R., & Thiagarajan, P. (2010). Platelet-vessel wall interactions in hemostasis and 

thrombosis (pp. 29-32). [San Rafael, CA]: Morgan & Claypool Life Sciences Publishers. 

42) Pallister, C., & Watson, M. (2011). Haematology (pp. 336-345). Banbury: Scion. 

43) Palta, S., Saroa, R., & Palta, A. (2014). Overview of the coagulation system. Indian Journal Of 

Anaesthesia, 58(5), 515. doi: 10.4103/0019-5049.144643 

44) Autin, L., Steen, M., Dahlbäck, B., & Villoutreix, B. (2006). Proposed structural models of the 

prothrombinase (FXa-FVa) complex. Proteins: Structure, Function, And Bioinformatics, 63(3), 

440-450. doi: 10.1002/prot.20848 

45) Yun, S., Sim, E., Goh, R., Park, J., & Han, J. (2016). Platelet Activation: The Mechanisms and 

Potential Biomarkers. Biomed Research International, 2016, 1-5. doi: 

10.1155/2016/9060143 

46) Rao, A. (2003). Inherited defects in platelet signaling mechanisms. Journal Of Thrombosis 

And Haemostasis, 1(4), 671-681. doi: 10.1046/j.1538-7836.2003.00129.x 



Mark J. Aberdour 
7004MSC Masters of Medical Research Thesis 

79 

47) Nurden, A. (2011). Platelets, inflammation and tissue regeneration. Thrombosis And 

Haemostasis, 105(S 06), S13-S33. doi: 10.1160/ths10-11-0720 

48) Wu, K., Le Breton, G., Tai, H., & Chen, Y. (1981). Abnormal platelet response to thromboxane 

A2. Journal Of Clinical Investigation, 67(6), 1801-1804. doi: 10.1172/jci110221 

49) Paul, B., Jin, J., & Kunapuli, S. (1999). Molecular Mechanism of Thromboxane A2-induced 

Platelet Aggregation. Journal Of Biological Chemistry, 274(41), 29108-29114. doi: 

10.1074/jbc.274.41.29108 

50)  Vickers, J. (1999). Binding of polymerizing fibrin to integrin alpha IIb beta3 on chymotrypsin-

treated rabbit platelets decreases phosphatidylinositol 4,5-bisphosphate and increases 

cytoskeletal actin. Platelets, 10(4), 228-237. doi: 10.1080/09537109976077 

51) Calvete, J. (1995). On the Structure and Function of Platelet Integrin  IIb 3, the Fibrinogen 

Receptor. Experimental Biology And Medicine, 208(4), 346-360. doi: 10.3181/00379727-208-

43863a  

52) Lee, D., Arat, A., Morsi, H., Shaltoni, H., Harris, J., & Mawad, M. (2008). Dual Antiplatelet 

Therapy Monitoring for Neurointerventional Procedures Using a Point-of-Care Platelet 

Function Test: A Single-Center Experience. American Journal Of Neuroradiology, 29(7), 1389-

1394. doi: 10.3174/ajnr.a1070 

53) Hwang, G., Huh, W., Lee, J., Villavicencio, J., Villamor, R., & Ahn, S. et al. (2015). Standard vs 

Modified Antiplatelet Preparation for Preventing Thromboembolic Events in Patients With 

High On-Treatment Platelet Reactivity Undergoing Coil Embolization for an Unruptured 

Intracranial Aneurysm. JAMA Neurology, 72(7), 764. doi: 10.1001/jamaneurol.2015.0654 

54) Matsumoto, Y., Kondo, R., Matsumori, Y., Shimizu, H., Takahashi, A., & Tominaga, T. (2012). 

Antiplatelet Therapy for Prevention of Thromboembolic Complications Associated with Coil 

Embolization of Unruptured Cerebral Aneurysms. Drugs In R & D, 12(1), 1-7. doi: 

10.1007/bf03259816 

55) Kerola, M., Vuolteenaho, K., Kosonen, O., Kankaanranta, H., Sarna, S., & Moilanen, E. (2009). 

Effects of Nimesulide, Acetylsalicylic Acid, Ibuprofen and Nabumetone on Cyclooxygenase-1- 

and Cyclooxygenase-2-Mediated Prostanoid Production in Healthy Volunteersex vivo. Basic 

& Clinical Pharmacology & Toxicology, 104(1), 17-21. doi: 10.1111/j.1742-7843.2008.00332.x 

56) Tohgi, H., Konno, S., Tamura, K., Kimura, B., & Kawano, K. (1992). Effects of low-to-high 

doses of aspirin on platelet aggregability and metabolites of thromboxane A2 and 

prostacyclin. Stroke, 23(10), 1400-1403. doi: 10.1161/01.str.23.10.1400 



Mark J. Aberdour 
7004MSC Masters of Medical Research Thesis 

80 

57) Velazquez, J., & Teran, L. (2012). Aspirin-Intolerant Asthma: A Comprehensive Review of 

Biomarkers and Pathophysiology. Clinical Reviews In Allergy & Immunology, 45(1), 75-86. 

doi: 10.1007/s12016-012-8340-0 

58) Hankey, G., & Eikelboom, J. (2006). Aspirin resistance. The Lancet, 367(9510), 606-617. doi: 

10.1016/s0140-6736(06)68040-9 

59) Shantsila, E., Watson, T., & Lip*, G. (2007). Aspirin resistance: What, why and 

when?. Thrombosis Research, 119(5), 551-554. doi: 10.1016/j.thromres.2006.08.009 

60) Sharma, V., Kaul, S., Al-Hazzani, A., Alshatwi, A., Jyothy, A., & Munshi, A. (2012). Association 

of COX-2 rs20417 with aspirin resistance. Journal Of Thrombosis And Thrombolysis, 35(1), 

95-99. doi: 10.1007/s11239-012-0777-8 

61) Savi, P., Pereillo, J., Uzabiaga, M., Combalbert, J., Picard, C., & Maffrand, J. et al. (2000). 

Identification and Biological Activity of the Active Metabolite of Clopidogrel. Thrombosis And 

Haemostasis, 84(11), 891-896. doi: 10.1055/s-0037-1614133 

62) Sangkuhl, K., Klein, T., & Altman, R. (2010). Clopidogrel pathway. Pharmacogenetics And 

Genomics, 1. doi: 10.1097/fpc.0b013e3283385420 

63) Savi, P., Herbert, J., Pflieger, A., Dol, F., Delebassee, D., & Combalbert, J. et al. (1992). 

Importance of hepatic metabolism in the antiaggregating activity of the thienopyridine 

clopidogrel. Biochemical Pharmacology, 44(3), 527-532. doi: 10.1016/0006-2952(92)90445-o 

64) Lins, R., Broekhuysen, J., Necciari, J., & Deroubaix, X. (1999). Pharmacokinetic profile of 14C-

labeled clopidogrel. Seminars In Thrombosis And Hemostasis, 2(25), 29-33. 

65) A randomised, blinded, trial of clopidogrel versus aspirin in patients at risk of ischaemic 

events (CAPRIE). (1996). The Lancet, 348(9038), 1329-1339. doi: 10.1016/s0140-

6736(96)09457-3 

66) Karaźniewicz-Łada, M., Danielak, D., Burchardt, P., Kruszyna, Ł., Komosa, A., Lesiak, M., & 

Główka, F. (2013). Clinical Pharmacokinetics of Clopidogrel and Its Metabolites in Patients 

with Cardiovascular Diseases. Clinical Pharmacokinetics, 53(2), 155-164. doi: 

10.1007/s40262-013-0105-2 

67) BRANDT, J., CLOSE, S., ITURRIA, S., PAYNE, C., FARID, N., & ERNEST, C. et al. (2007). Common 

polymorphisms of CYP2C19 and CYP2C9 affect the pharmacokinetic and pharmacodynamic 

response to clopidogrel but not prasugrel. Journal Of Thrombosis And Haemostasis, 5(12), 

2429-2436. doi: 10.1111/j.1538-7836.2007.02775.x 

68) Mega, J., Close, S., & Wiviott, S. (2009). Cytochrome P-450 Polymorphisms and Response to 

Clopidogrel. Journal Of Vascular Surgery, 49(4), 1083. doi: 10.1016/j.jvs.2009.02.023 



Mark J. Aberdour 
7004MSC Masters of Medical Research Thesis 

81 

69) Shuldiner, A. (2009). Association of Cytochrome P450 2C19 Genotype With the Antiplatelet 

Effect and Clinical Efficacy of Clopidogrel Therapy. JAMA, 302(8), 849. doi: 

10.1001/jama.2009.1232 

70) Ray, S. (2014). Clopidogrel resistance: The way forward. Indian Heart Journal, 66(5), 530-534. 

doi: 10.1016/j.ihj.2014.08.012 

71) Tunthong, R., Vathesatogkit, P., Yamwong, S., Sukasem, C., Chantratita, W., & Sura, T. et al. 

(2009). Inverse effect of Cytochrome P450 2C19 polymorphisms on platelet response in 

Clopidogrel low-responsive patient receiving higher dose adjustment. Presentation, 

Department of Internal medicine, Ramathibodi Hospital. 

72) Goh, C., Churilov, L., Mitchell, P., Dowling, R., & Yan, B. (2012). Clopidogrel Hyper-Response 

and Bleeding Risk in Neurointerventional Procedures. American Journal Of 

Neuroradiology, 34(4), 721-726. doi: 10.3174/ajnr.a3418 

73) Abraham, N., Hlatky, M., Antman, E., Bhatt, D., Bjorkman, D., & Clark, C. et al. (2010). 

ACCF/ACG/AHA 2010 Expert Consensus Document on the Concomitant Use of Proton Pump 

Inhibitors and Thienopyridines: A Focused Update of the ACCF/ACG/AHA 2008 Expert 

Consensus Document on Reducing the Gastrointestinal Risks of Antiplatelet Therapy and 

NSAID Use: A Report of the American College of Cardiology Foundation Task Force on Expert 

Consensus Documents. Circulation, 122(24), 2619-2633. doi: 10.1161/cir.0b013e318202f701 

74) Leoncini, M., Toso, A., Maioli, M., & Bellandi, F. (2013). Statin and clopidogrel 

pharmacological interaction. Giornale Italiano Di Cardiologia, 14(9), 574-584. 

75) Angiolillo, D., Fernandez-Ortiz, A., Bernardo, E., Ramirez, C., Sabate, M., & Fernandez, C. et 

al. (2004). Platelet aggregation according to body mass index in patients undergoing 

coronary stenting: should clopidogrel loading-dose be weight adjusted?. Journal Of Invasive 

Cardiology, 4(16), 169-174. 

76) Sibbing, D., von Beckerath, O., Schömig, A., Kastrati, A., & von Beckerath, N. (2007). Impact 

of Body Mass Index on Platelet Aggregation After Administration of a High Loading Dose of 

600 mg of Clopidogrel Before Percutaneous Coronary Intervention. The American Journal Of 

Cardiology, 100(2), 203-205. doi: 10.1016/j.amjcard.2007.02.081 

77) Shuldiner, A. (2009). Association of Cytochrome P450 2C19 Genotype With the Antiplatelet 

Effect and Clinical Efficacy of Clopidogrel Therapy. JAMA, 302(8), 849. doi: 

10.1001/jama.2009.1232 

78) Adeeb, N., Griessenauer, C., Foreman, P., Moore, J., Shallwani, H., & Motiei-Langroudi, R. et 

al. (2017). Use of Platelet Function Testing Before Pipeline Embolization Device 

Placement. Stroke, 48(5), 1322-1330. doi: 10.1161/strokeaha.116.015308 



Mark J. Aberdour 
7004MSC Masters of Medical Research Thesis 

82 

79) Skukalek, S., Winkler, A., Kang, J., Dion, J., Cawley, C., & Webb, A. et al. (2014). Effect of 

antiplatelet therapy and platelet function testing on hemorrhagic and thrombotic 

complications in patients with cerebral aneurysms treated with the pipeline embolization 

device: a review and meta-analysis. Journal Of Neurointerventional Surgery, 8(1), 58-65. doi: 

10.1136/neurintsurg-2014-011145 

80) Savcic, M., Hauert, J., Bachmann, F., Wyld, P., Geudelin, B., & Cariou, R. (1999). Clopidogrel 

loading dose regimens: kinetic profile of pharmacodynamic response in healthy 

subjects. Seminars In Thrombosis And Hemostasis, 15(9). 

81) Poljakovic, Z., Supe, S., Ljevak, J., Ozretic, D., Krbot-Skoric, M., & Bozina, N. et al. (2015). 

Pharmacogenomic approach to Clopidogrel resistance in patients with stent-assisted 

endovascular treatment of non-ruptured intracranial aneurysms. The Ejournal Of The 

European Society Of Minimally Invasive Neurological Therapy. Retrieved from 

http://www.ejmint.org/original-article/1543000269 

82) Sedat, J., Chau, Y., Gaudart, J., Sachet, M., Beuil, S., & Lonjon, M. (2016). Prasugrel versus 

clopidogrel in stent-assisted coil embolization of unruptured intracranial 

aneurysms. Interventional Neuroradiology, 23(1), 52-59. doi: 10.1177/1591019916669090 

83) Cazayus, M., Berge, J., Marnat, G., Menegon, P., Gariel, F., Dousset, V., & Barreau, X. (2018). 

Efficacy and safety of ticagrelor versus clopidogrel associated with aspirin for dual 

antiplatelet therapy in cerebral aneurysm stenting treatment: Monocentric cohort 

experience. Journal Of Neuroradiology, 45(2), 74. doi: 10.1016/j.neurad.2017.12.011 

84) Kim, M., Jo, K., Yeon, J., Kim, J., Kim, K., Jeon, P., & Hong, S. (2016). Safety and efficacy of 

antiplatelet response assay and drug adjustment in coil embolization: a propensity score 

analysis. Neuroradiology, 58(11), 1125-1134. doi: 10.1007/s00234-016-1742-6 

85) Kim, M., Park, E., Park, J., Lyo, I., Sim, H., & Kwon, S. (2018). Clopidogrel Response Variability 

in Unruptured Intracranial Aneurysm Patients Treated with Stent-Assisted Endovascular Coil 

Embolization : Is Follow-Up Clopidogrel Response Test Necessary?. Journal Of Korean 

Neurosurgical Society, 61(2), 201-211. doi: 10.3340/jkns.2017.0303.009 

86) Schulz, S., Bernlochner, I., Morath, T., Braun, S., Hausleiter, J., & Massberg, S. et al. (2014). A 

comparative cohort study on personalised antiplatelet therapy in PCI-treated patients with 

high on-clopidogrel platelet reactivity. Thrombosis And Haemostasis, 112(08), 342-351. doi: 

10.1160/th13-10-0874 

87) Clareus, A. (2015). Variability of platelet aggregation in patients with clopidogrel treatment 

and hip fracture: A retrospective case-control study on 112 patients. World Journal Of 

Orthopedics, 6(5), 439. doi: 10.5312/wjo.v6.i5.439 



Mark J. Aberdour 
7004MSC Masters of Medical Research Thesis 

83 

88) Gribble, G. (2011). Heterocyclic Scaffolds II. Berlin, Heidelberg: Springer Berlin Heidelberg. 

89) Multiplate® analyzer Cut-off-values ADPtest and ASPItest. (2013). Retrieved from 

http://www.cobas.com/content/dam/cobas_com/pdf/product/Multiplate®%20tests/ADPtes

t-ASPItest-Pocket%20guide%20-Cut-off-values%20.pdf 

90) Introduction to flow cytometry. (2018). Retrieved from 

http://www.abcam.com/protocols/introduction-to-flow-cytometry 

91) Saboor, M., Moinuddin, M. and Ilyas, S. (2013). New Horizons in Platelets Flow 

Cytometry. Malaysian Journal of Medical Sciences, 20(2), pp.62-66. 

92) Gremmel, T., Koppensteiner, R. and Panzer, S. (2015). Comparison of Aggregometry with 

Flow Cytometry for the Assessment of Agonists´-Induced Platelet Reactivity in Patients on 

Dual Antiplatelet Therapy. PLOS ONE, 10(6), p.e0129666. 

93) Zhang, H., Yu, L., & Kim, M. (2012). Effect of different anticoagulants on multiple electrode 

platelet aggregometry after clopidogrel and aspirin administration in patients undergoing 

coronary stent implantation: A comparison between citrate and hirudin. Platelets, 24(5), 

339-347. doi: 10.3109/09537104.2012.698431 

94) Starke, R., Chalouhi, N., Ding, D., & Hasan, D. (2015). Potential Role of Aspirin in the 

Prevention of Aneurysmal Subarachnoid Hemorrhage. Cerebrovascular Diseases, 39(5-6), 

332-342. doi: 10.1159/000381137 

95) Paniccia, R., Priora, R., Alessandrello Liotta, A., & Abbate, R. (2015). Platelet function tests: a 

comparative review. Vascular Health And Risk Management, 133. doi: 10.2147/vhrm.s44469 

96) Schulz, S., Bernlochner, I., Morath, T., Braun, S., Hausleiter, J., & Massberg, S. et al. (2014). A 

comparative cohort study on personalised antiplatelet therapy in PCI-treated patients with 

high on-clopidogrel platelet reactivity. Thrombosis And Haemostasis, 112(08), 342-351. doi: 

10.1160/th13-10-0874 

97) Pasea, L., Chung, S., Pujades-Rodriguez, M., Moayyeri, A., Denaxas, S., & Fox, K. et al. (2017). 

Personalising the decision for prolonged dual antiplatelet therapy: development, validation 

and potential impact of prognostic models for cardiovascular events and bleeding in 

myocardial infarction survivors. European Heart Journal, 38(14), 1048-1055. doi: 

10.1093/eurheartj/ehw683 

98) McLaughlin, A., Rice, H., de Viliers, L., Withers, T., Pearson, D., & Arnell, M. et al. (2017). 

Three-year experience with interventional neuroradiology for management of cerebral 

aneurysms at a single Australian centre. Journal Of Medical Imaging And Radiation Oncology, 

62(1), 51-56. doi: 10.1111/1754-9485.12634 

http://www.abcam.com/protocols/introduction-to-flow-cytometry


Mark J. Aberdour 
7004MSC Masters of Medical Research Thesis 

84 

99) Woźniak, S., Woźniak, K., Hryniewiecki, T., Kruk, M., Różański, J., & Kuśmierczyk, M. (2016). 

The predictive value of multiple electrode platelet aggregometry for postoperative bleeding 

complications in patients undergoing coronary artery bypass graft surgery. Polish Journal Of 

Cardio-Thoracic Surgery, 1, 3-9. doi: 10.5114/kitp.2016.58957 

100) Petricevic, M., Biocina, B., Dirkmann, D. and Goerlinger, K. (2016). Bleeding risk-

assessment in elective cardiac surgery - a reply. Anaesthesia, 71(9), pp.1121-1122. 

101) Silvain, J., Cayla, G., Hulot, J., Finzi, J., Kerneis, M., O'Connor, S., Bellemain-Appaix, 

A., Barthelemy, O., Beygui, F., Collet, J. and Montalescot, G. (2011). High on-thienopyridine 

platelet reactivity in elderly coronary patients: the SENIOR-PLATELET study. European Heart 

Journal, 33(10), pp.1241-1249. 

102) Petricevic, M., Biocina, B., Safradin, I. and Milicic, D. (2013). Modern antiplatelet 

management of coronary artery bypass patients: a role of platelet function testing in 

decision making. Journal of Thrombosis and Thrombolysis, 37(3), pp.249-250. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Mark J. Aberdour 
7004MSC Masters of Medical Research Thesis 

85 

Chapter Seven – Appendix 

 

Appendix A: Griffith University Human Research Ethics Committee Approval for 

Applicant: Mark James Aberdour (Amendment) 
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Appendix B: Initial GCUH Human Research Ethics Committee Approval 
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Appendix C: Griffith University Human Research Ethics Approval (initial approval) 

 

Appendix D: Site specific assessment approval for the study to take place at the GCUH 
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Appendix E: Multiplate assessed platelet aggregation in response to TRAP, ASP and ADP for 

emergent patients comparing all complication 

 

 

Figure E: Comparison of multiplate scores (AUC) for each agonist between all complication and non-

complication patients within the emergent cohort at every recorded time point. Data for each time 

point are summarised as mean (bar) and standard deviation (error bars). Dotted line in ADP figure C 

shows GCUH ICU recommended clopidogrel non-responder cut-of 
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Appendix F: Full ROC analysis for each Multiplate agonist, elective/emergent status and 

complication group 

 All 

(p value / 

area) 

All 

(haemorrhagic 

subtracted) 

(p value / 

area) 

Haemorrhagic 

(p value / 

area) 

Ischaemic 

(p value / 

area) 

Miscellaneous 

(p value / 

area) 

Elective 

Pre-

Operative 

TRAP-6 

0.1580 / 

0.6228 

0.4947 / 

0.5698 

0.1042 / 

0.7420 

0.7814 / 

0.5372 

0.1717 / 

0.7035 

Pre-

Operative 

ASP 

0.7811 / 

0.5242 

0.5537 / 

0.5605 

0.1493 / 

0.7147 

0.7594 / 

0.5410 

0.5684 / 

0.5849 

Pre-

Operative 

ADP 

0.0251* / 

0.6948 

0.01889* / 

0.7400^ 

0.5325 / 

0.5929 

0.2589 / 

0.6513 

0.01845* / 

0.8510^^ 

Post-

Operative 

TRAP-6 

0.9313 / 

0.5081 

0.7222 / 

0.5405 

0.5427 / 

0.5903 

0.1201 / 

0.7306 

0.2113 

/0.7130 

Post-

Operative 

ASP 

0.8273 / 

0.5204 

0.7735 / 

0.5330 

0.4448 / 

0.6138 

0.6435 / 

0.5689 

0.9303 / 

0.5150 

Post-

Operative 

ADP 

0.9215 / 

0.5092 

0.7164 / 

0.5416 

0.7498 / 

0.5475 

0.6324 / 

0.5712 

0.9901 / 

0.5021 

Emergent 

Pre-

Operative 

TRAP-6 

0.5747 / 

0.5639 

0.5858 

/ 0.5636 

 

 

 

 

 

0.02845* / 

0.9111^^^ 

0.6056 / 

0.5667 

Pre-

Operative 

ASP 

0.7884 / 

0.5306 

0.5334 / 

0.5727 

0.7671 / 

0.5556 

0.5398 / 

0.5792 
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Pre-

Operative 

ADP 

0.6256 / 

0.5556 

0.6220 / 

0.5576 

Insignificant 

patient count 

0.1098 / 

0.8000 

0.7963 / 

0.5333 

Post-

Operative 

TRAP-6 

0.1628 / 

0.6656 

0.1355 / 

0.6821 

0.0778 / 

0.8333 

0.3910 / 

0.6173 

Post-

Operative 

ASP 

0.7943 / 

0.5315 

0.4951 / 

0.5846 

0.8401 / 

0.5385 

0.3220 / 

0.6374 

Post-

Operative 

ADP 

0.3962 / 

0.6006 

0.2301 / 

0.6464 

0.1306 / 

0.7857 

0.5260 / 

0.5867 

Table F: Full ROC outcomes of elective and emergent cohorts to predict complication by class 
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Appendix G: Correlation of platelet aggregation as determined by Multiplate analysis to platelet 

activation as determined by Flow Cytometry (PE%-Gated population) in elective (n=6) and 

emergent (n=1) IVN patients during hospitalisation 
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Figure G: Correlation of platelet activation as measured by BD LSRFortessa Cell Analyser using PE% 

gated cells as identifier; and aggregation, measured by Multiplate. Induction of each by A: ADP, B: 

TRAP 

Appendix H: Platelet activation in response to ADP and TRAP in healthy individuals (n=8) to 

establish optimum flow cytometric evaluation of fluorescent antibodies CD62P and PAC-1 

 

FigureH: Platelet activation in response to varying concentrations of ADP (A,C) or TRAP (B,D) as 

measured by flow cytometric evaluation of CD62P (A,B) or PAC_1 (C,D) fluorescence. MFI = Mean 

(GeoMean) Fluorescence Intensity. NA = No agonist, E = Eptifibatide (2µM) pre-treatment. Data are 

means ±SD. N=8 
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Appendix I: Patient demographics for the emergent cohort divided into complication and non-

complication subsections 

 

 Emergent non-complication 

N=16 

Emergent complication N=13 

Age, mean (SD) 52.18 (12.38) 55.07 (9.43) 

Female, n (%) 10 (62.50%) 11 (84.61%) 

Hypertension (BP ≥ 

140/90 mmHg) 

2 (12.50%) 6 (46.15%) 

Hypercholesterolemia (TC 

≥ 6.21 mmol/L) 

3 (18.75%) 1 (7.69%) 

BMI 27.38 (7.74) 27.87 (3.98) 

Obesity 3 (25.00%) 4 (36.36%) 

Myocardial disease1 2 (12.50%) 2 (15.38%) 

Diabetes Mellitus 1 (6.25%) 1 (7.69%) 

Current Smoker 9 (60.00%) 4 (40.00%) 

Former Smoker 3 (20.00%) 3 (30.00%) 

Previous TIA/CVA2 1 (6.25%) 2 (16.66%) 

Previous IR Intervention 1 (6.66%) 1 (8.33%) 

Family medical history of 

aneurysm 

2 (12.50%) 1 (7.69%) 

 

1 Includes history or current presentation of: angina, arrhythmia, congestive heart failure, heart 

disease, myocardial infarction, valvular dysfunction/disease 

2 Includes SAH, CVA, TIA, Stroke and SDH 

Definitions: BP, blood pressure; BMI, body mass index; TC, total blood cholesterol concentration; 

TIA, transient ischaemic attack; CVA, cerebrovascular accident; SAH, subarachnoid haemorrhage; 

SDH, subdural haematoma 
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Appendix J: Surgical, medication and complication demographics for patients enrolled by 

subgroup, continues on following page 

 All 
procedur
es 
N=120 

Elective 
N=91 

Emerge
nt 
N=29 

Elective 
non-
complica
tion 
N=88 

Elective 
complicati
on 
N=13 

Emergent 
non-
complicati
on 
N=16 

Emergent 
complicati
on N=13 

Surgical demographics, n (%) 

Large 
>10mm1 

28 
(25.22%) 

23 
(27.38%) 

5 
(19.23%
) 

21  
(28.76%) 

2 (18.18%) 3 (21.42%) 2 (16.66%) 

Small 
<10mm1 

83 
(74.78%) 

61 
(72.62%) 

21 
(80.77%
) 

52 
(71.23%) 

9 (81.81%) 11 
(78.58%) 

10 
(83.34%) 

Coiled 73 
(56.58%) 

48 
(48.00%) 

25 
(89.28%
) 

43  
(48.86%) 

5 (41.66%)  13 
(86.66%) 

12 
(92.30%) 

Stented 83 
(63.35%) 

79 
(78.21%) 

4 
(13.79%
) 

67  
(76.13%) 

12 
(92.30%) 

3 (18.75%) 1 (7.69%) 

Coiled + 
Stented 

31 
(23.66%) 

30 
(30.00%) 

1 
(3.44%) 

26  
(29.54%) 

4 (33.33%) 1 (6.25%) 0 (0.00%) 

Medication demographics, n (%) 

Pre-surgical 
aspirin 

77 
(62.09%) 

75 
(76.53%) 

2 
(8.00%) 

69 
(80.23%) 

6 (50.00%) 2 (14.28%) 0 (0.00%) 

Pre-surgical 
clopidogrel 

97 
(78.22%) 

94  
(95.91%) 

3 
(12.00%
) 

83 
(96.51%) 

11 
(91.66%) 

3 (21.42%) 0 (0.00%) 

Post-
surgical 
aspirin 

114 
(94.21%) 

94 
(96.90%) 

18 
(78.26%
) 

84 
(98.82%) 

10 
(83.33%) 

12 
(92.30%) 

6 (66.66%) 

Post-
surgical 
clopidogrel 

85 
(69.67%) 

82 
(85.41%) 

3 
(12.00%
) 

72 
(86.74%) 

10 
(83.33%) 

3 (21.42%) 0 (0.00%) 

On 
antiplatelet
s prior to 
admission2 

40 
(32.00%) 

35 
(35.35%) 

5 
(20.00%
) 

27 
(31.39%) 

8 (61.53%) 4 (28.57%) 1 (9.09%)  

Received or 
were on an 
aspirin 
loading 
dose pre-
surgically 
 
 
 

104 
(83.20%) 

97 
(97.97%) 

7 
(28.00%
) 

86 
(100.00
%) 

11 
(84.61%) 

6 (42.85%) 1 (9.09%) 
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Complication demographics, n (%) 

 All 
procedur
es 
N=120 

Elective 
N=91 

Emerge
nt 
N=29 

Elective 
non-
complica
tion 
N=88 

Elective 
complicati
on 
N=13 

Emergent 
non-
complicati
on 
N=16 

Emergent 
complicati
on N=13 

All 
complicatio
ns 

26 
(19.84%) 

13 
(12.87%) 

13 
(44.82%
) 

NA 13 
(100.00%) 

NA 13 
(100.00%) 

Ischaemic 
complicatio
n 

8 (6.10%) 5 (4.95%) 3 
(10.34%
) 

NA 5 (38.46%) NA 3 (23.07%) 

Haemorrha
gic 
complicatio
n 

6 (4.58%) 4 (3.96%) 2 
(6.89%) 

NA 4 (30.76%) NA 2 (15.38%) 

Miscellaneo
us 
complicatio
n3 

12 
(9.16%) 

4 (3.96%) 8 
(27.58%
) 

NA 4 (30.76%) NA 8 (61.53%) 

1 Indicates size in at least one dimension (width, length, height) 

2 Includes solely or any combination of: Aspirin, Clopidogrel, Prasugrel, Ticagrelor 

3 Includes vasospasm requiring treatment, Glasgow Coma Scale score (GCS), cerebral oedema, 

hemiplegia, acute language difficulties (aphasia/dysphasia), hydrocephalus, hyponatremia, severe 

disorientation/confusion, intracranial pressure (ICP) 
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Appendix K: Receiver Operator Characteristic analysis performed on pre-operative 

ADP-induced Multiplate scores for all elective patients against complications 

excluding haemorrhage 

Area under the ROC curve 
  

Area 0.74 
 

Std. Error 0.06413 
 

95% confidence interval 0.6143 to 0.8657 

P value 0.01889 
 

Data 
  

Controls (No Complication) 78 
 

Patients (Complications) 9 
 

Missing Controls 10 
 

Missing Patients 0 
 

 

Table K1: Output from ROC analysis of all pre-operative ADP Multiplate scores for all patients, 

excluding haemorrhagic complication cases 

 

Appendix K cont.: Full ROC table for likeliness of elective complication (excluding haemorrhage) 

using pre-operative ADP-induced Multiplate platelet aggregation 

Pre-operative ADP score (R-AUC) Sensitivity (%) Specificity (%) False Positive Rate (%) 

> 5.000 100 1.282 98.718 

> 8.000 100 3.846 96.154 

> 9.500 100 5.128 94.872 

> 11.00 100 6.41 93.59 

> 12.50 100 8.974 91.026 

> 14.00 100 11.54 88.46 

> 15.50 100 14.1 85.9 

> 17.00 100 15.38 84.62 

> 18.50 100 19.23 80.77 

> 19.50 100 21.79 78.21 

> 20.50 100 30.77 69.23 



Mark J. Aberdour 
7004MSC Masters of Medical Research Thesis 

100 

> 22.00 100 39.74 60.26 

> 23.50 100 43.59 56.41 

> 24.50 88.89 46.15 53.85 

> 25.50 88.89 47.44 52.56 

> 27.00 88.89 55.13 44.87 

> 28.50 88.89 60.26 39.74 

> 29.50 88.89 62.82 37.18 

> 30.50 88.89 64.1 35.9 

> 31.50 88.89 65.38 34.62 

> 33.00 77.78 65.38 34.62 

> 34.50 77.78 66.67 33.33 

> 36.50 66.67 66.67 33.33 

> 39.00 66.67 67.95 32.05 

> 41.00 55.56 69.23 30.77 

> 42.50 55.56 70.51 29.49 

> 43.50 44.44 73.08 26.92 

> 45.00 33.33 74.36 25.64 

> 47.00 33.33 75.64 24.36 

> 50.00 33.33 79.49 20.51 

> 52.50 33.33 80.77 19.23 

> 54.00 22.22 80.77 19.23 

> 56.50 22.22 82.05 17.95 

> 59.00 22.22 84.62 15.38 

> 60.50 22.22 88.46 11.54 

> 62.50 22.22 89.74 10.26 

> 65.00 22.22 91.03 8.97 

> 69.00 22.22 92.31 7.69 

> 73.00 22.22 94.87 5.13 

> 80.50 11.11 94.87 5.13 

> 88.50 11.11 96.15 3.85 

Table K2: ROC determined cut-off points for all complication (haemorrhagic subtracted) prediction 

derived from pre-operative Multiplate ADP agonist scores (AUC). 
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Appendix L: Receiver Operator Characteristic analysis performed on pre-operative 

ADP-induced Multiplate scores for all elective patients against ischaemic 

complications 

Area under the ROC curve 
 

Area 0.6513 

Std. Error 0.06738 

95% confidence interval 0.5192 to 0.7834 

P value 0.2589 

Data 
 

Controls (No Complication) 78 

Patients (Complications) 5 

Missing Controls 10 

Missing Patients 0 

 

Table L1: Output from ROC analysis of all pre-operative ADP Multiplate scores for all patients, with 

only ischaemic complications included 

 

Appendix L cont.: Full ROC table for likeliness of elective ischaemic complication using pre-

operative ADP-induced Multiplate platelet aggregation 

Pre-operative ADP score (R-AUC) Sensitivity (%) Specificity (%) False Positive Rate (%) 

> 5.000 100 1.282 98.718 

> 8.000 100 3.846 96.154 

> 9.500 100 5.128 94.872 

> 11.00 100 6.41 93.59 

> 12.50 100 8.974 91.026 

> 14.00 100 11.54 88.46 

> 15.50 100 14.1 85.9 

> 17.00 100 15.38 84.62 

> 18.50 100 19.23 80.77 

> 19.50 100 21.79 78.21 

> 20.50 100 30.77 69.23 
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> 22.00 100 39.74 60.26 

> 23.50 100 43.59 56.41 

> 24.50 80 46.15 53.85 

> 25.50 80 47.44 52.56 

> 27.00 80 55.13 44.87 

> 28.50 80 60.26 39.74 

> 29.50 80 62.82 37.18 

> 30.50 80 64.1 35.9 

> 32.50 80 65.38 34.62 

> 34.50 80 66.67 33.33 

> 36.50 60 66.67 33.33 

> 39.00 60 67.95 32.05 

> 41.00 40 69.23 30.77 

> 42.50 40 70.51 29.49 

> 43.50 20 73.08 26.92 

> 45.00 0 74.36 25.64 

> 47.00 0 75.64 24.36 

> 50.00 0 79.49 20.51 

> 53.50 0 80.77 19.23 

> 56.50 0 82.05 17.95 

> 59.00 0 84.62 15.38 

> 60.50 0 88.46 11.54 

> 62.50 0 89.74 10.26 

> 65.00 0 91.03 8.97 

> 69.00 0 92.31 7.69 

> 79.50 0 94.87 5.13 

Table L: ROC determined cut-off points for ischaemic complication prediction derived from pre-

operative Multiplate ADP agonist scores (AUC) 
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Appendix M: Linear regression analysis performed on ADP-induced platelet aggregation 

(Multiplate recorded) and ADP-induced platelet activation (flow cytometry recorded) with PAC-1 

as detecting fluorescent antibody 

Best-fit values 
 

Slope 0.8897 ± 0.2154 

Y-intercept when X=0.0 -26.19 ± 16.75 

X-intercept when Y=0.0 29.44 

1/slope 1.124 

95% Confidence Intervals 
 

Slope 0.4531 to 1.326 

Y-intercept when X=0.0 -60.14 to 7.764 

X-intercept when Y=0.0 -16.77 to 46.33 

Goodness of Fit 
 

R square 0.3156 

Sy.x 24.29 

Is slope significantly non-zero? 
 

F 17.06 

DFn, DFd 1.000, 37.00 

P value 0.0002 

Deviation from zero? Significant 

Data 
 

Number of X values 39 

Maximum number of Y replicates 1 

Total number of values 39 

Number of missing values 0 

Equation Y = 0.8897*X - 26.19 

 

Table M1: Linear regression analysis of 6.5µM concentration ADP induced platelet aggregation as 

recorded by Multiplate to 20µM concentration ADP induced platelet activation as recorded by flow 

cytometry. PAC-1 was the detecting fluorescent antibody used during flow cytometric analysis. Total 

n = 12 (for both diagnostic tests) 
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Appendix M cont: Linear regression analysis performed on TRAP-induced platelet aggregation 

(Multiplate recorded) and TRAP-induced platelet activation (flow cytometry recorded) with PAC-1 

as detecting fluorescent antibody 

Best-fit values 
 

Slope 0.3916 ± 0.1754 

Y-intercept when X=0.0 64.41 ± 10.86 

X-intercept when Y=0.0 -164.5 

1/slope 2.553 

95% Confidence Intervals 
 

Slope 0.03607 to 0.7472 

Y-intercept when X=0.0 42.38 to 86.43 

X-intercept when Y=0.0 -2346 to -57.94 

Goodness of Fit 
 

R square 0.1188 

Sy.x 27.29 

Is slope significantly non-zero? 
 

F 4.986 

DFn, DFd 1.000, 37.00 

P value 0.0317 

Deviation from zero? Significant 

Data 
 

Number of X values 39 

Maximum number of Y replicates 1 

Total number of values 39 

Number of missing values 0 

Equation Y = 0.3916*X + 64.41 

 

Table M2: Linear regression analysis of 32 µM concentration TRAP induced platelet aggregation as 

recorded by Multiplate to 40µM concentration TRAP induced platelet activation as recorded by flow 

cytometry. PAC-1 was the detecting fluorescent antibody used during flow cytometric analysis. Total 

n = 12 (for both diagnostic tests) 

 

 

Appendix N: Patient consent form 
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Participant Information Sheet and Consent Form  

 

Department of Intensive Care 

 

Title 

ROTEM Delta® and ROTEM Platelet® guided 

anti-platelet and anti-coagulation therapy in 

neurosurgical patients undergoing interventional 

neuroradiology for cerebral aneurysms: A three 

phase study 

 

Principal Investigator  

Dr Aden McLaughlin 

Associate Investigator(s) 

 

Dr James Winearls 

Dr David Pearson 

Dr Andrew Bulmer 

Dr Hal Rice 

Dr Laetitia De Villiers 

Dr Teresa Withers    

   Gold Coast University 

Hospital 

Dr James Winearls 

Dr Christian Schwindack   

     Dr David 

Pearson 

      

  Department of Neurosurger 

     Gold Coast 

University Hospita 

Location Gold Coast University Hospital 

 

 

Part 1 What does participation involve? 

 

 

1 Introduction 

You are invited to take part in this research project, “ROTEM Delta® and ROTEM Platelet® 

guided anti-platelet and anti-coagulation therapy in neurosurgical patients undergoing 

interventional neuroradiology for cerebral aneurysms” because you are awaiting or have 

undergone an interventional neuroradiology procedure for your cerebral aneurysm and have 

met the inclusion and exclusion criteria specific to the study. The research project is aiming to 

improve the efficacy and safety of interventional neuroradiology for treatment of cerebral 

aneurysms. 
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This Participant Information Sheet and Consent Form will inform you about the research 

project. It explains the tests and research involved. Knowing what is involved will help you 

decide if you want to take part in the research. 

 

Please read this information carefully. Ask questions about anything that you don’t understand 

or want to know more about. Before deciding whether or not you want to take part, you might 

want to talk about it with a relative, friend or local doctor. 

 

Participation in this research is voluntary. If you do not wish to take part, you do not have to. 

You will receive the best possible care whether or not you participate. 

 

If you decide you want to take part in the research project, you will be asked to sign the consent 

section. By signing it you are telling us that you: 

 

• Understand what you have read 

• Consent to participating in the research project 

• Consent to having the tests and research that are described 

• Consent to the use of your personal and health information as described. 

 

You will be given a copy of this Participant Information and Consent Form to keep. 

 

 

2  What is the purpose of this research? 

Cerebral aneurysms can be devastating. Many are detected in asymptomatic individuals 

during routine investigations, however if ruptured can lead to long term disability and death. 

Interventional neuroradiology continues to evolve as an excellent therapy to prevent aneurysm 
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rupture in unruptured cerebral aneurysms and to secure those that have ruptured in order to 

give those patients a better chance of survival. Techniques used include coiling and stenting 

of cerebral aneurysms. These procedures continue to revolutionise care of patients with 

cerebral aneurysms. They are not without risk however. A small but significant percentage of 

patients undergoing coiling and stenting can suffer a stroke either as a result of a blood clot 

or a haemorrhage around the time of the procedure. This can lead to severe disability or death. 

The purpose of this study is to analyse individual patient response to blood thinning medication 

prescribed as part of their coiling or stenting treatment. We will compare these results with 

patient outcomes to develop a better understanding of how response to medications may lead 

to complications. This will help us predict the chance of a blood clot or haemorrhage in an 

individual patient and alter their treatment accordingly to reduce the risk of this happening. 

 

Individual patients respond to blood thinning medications, like all medications, differently. 

Some patients may respond too well and some not well enough. There is currently no way of 

easily and reliably analysing an individual patients’ response to their blood thinning 

medication. This research hopes to validate a new piece of medical equipment, ROTEM® 

(rotational thromboelastometry) for this very purpose. Our intensive care department has 

acquired a ROTEM® analyser that we hope to use to assess a patients response to their blood 

thinning medication so as to alter their medication regimen as appropriate to achieve the 

desired level of “thinness” of the patients blood. We believe this will help us reduce the 

chances of patients having a blood clot or haemorrhage during their procedure and therefore 

reduce the risk of a stroke. 

 

This research will take place in 3 phases. Initially (Phase 1) we will review all of the coiling and 

stenting procedures that have been performed by the Gold Coast health service to fully 

understand the complication profile of coiling and stenting. Secondly (Phase II)  we will begin 

collecting blood results using ROTEM®  and comparing these with patient outcomes to identify 

the link between patients response to their medications as detected by ROTEM® and the 

complications of their procedure (if any). We will then (Phase III) use the ROTEM® to identify 

patients at risk of having a bleeding or clotting complication and then modify their medication 

as appropriate. 
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Please note that participation in this research during Phase II will not change the ongoing 

management of your condition by the treating team in any way.  This research project may 

benefit future patients only (Phase III).  

The Principal Investigator, Doctor Aden McLaughlin has obtained a Gold Coast University 

Hospital Foundation Research Grant to assist with sample analysis that will be performed in 

Intensive Care using our ROTEM® analyser. 

This research is being conducted by members from Gold Coast University Hospital Intensive 

Care, Neurosurgical and Radiology departments. 

 

 

3 What does participation in this research involve? 

Consent forms will be signed prior to any study assessments being performed. 

 

The study involves the following procedures: 

 

1) Two extra blood tubes (totalling ~8ml) will be taken from you at times during your 

hospital admission when you would otherwise be having blood specimens being 

taken. For example upon your admission to the Neurosurgical ward, admission to 

ICU or prior to discharge home. In total an extra ~50ml of blood will be required. 

 

2) One extra blood test (which will be two tubes) will be taken with your consent at 

your first follow-up appointment in the Neurosurgical clinic 1-3 months after your 

procedure.  

 

These extra blood samples will be analysed using the ROTEM® analyser to determine how a 

patient has responded to their blood thinning medication. This data will be recorded. 
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Demographic information (eg. age, gender) and information about your health status will be 

collected from your hospital record. Any information relating to complications that may have 

occurred following your procedure will be collected in detail and correlated to your ROTEM® 

results. 

 

There are no costs to you associated with participating in this study, nor will you be paid. 

 

This research project has been designed to make sure the researchers interpret the results in 

a fair and appropriate way and avoids study doctors or participants jumping to conclusions. 

 

 

4 What do I have to do? 

The study will involve taking two extra tubes of blood at specific times during your admission 

when you would be having blood taken anyway.  There are no special requirements or 

restrictions concerning their ongoing clinical care associated with this research project. 

 

 

5 Other relevant information about the research project 

A total of fifty (50) participants in each of Phase II and Phase III will be recruited to 

participate in this research project.   

 

 

6 Does the participant have to take part in this research project? 

Participation in any research project is voluntary. If you do not wish to take part, you do not 

have to. If you decide to take part and later change your mind, you are free to withdraw from 

the project at any stage. 
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If you do decide to take part, you will be given this Participant Information and Consent Form 

to sign and you will be given a copy to keep. 

 

Your decision to participate in the study or not, or to participate and subsequently withdraw 

will not affect your routine treatment, relationship with your treating them or relationship with 

Gold Coast University Hospital. 

 

 

7 What are the alternatives to participation?  

If you do not wish you to participate in the study, you will continue to receive standard clinical 

care for your condition. 

 

8 What are the possible benefits of taking part? 

There may be no clear benefit to you for participating in this research.  Phase II of this research 

project is purely observational and no treatment will be changed. If during Phase II we find 

that using ROTEM® to guide medication is safer then current practice we will terminate Phase 

II and begin our intervention phase. Phase III may lead to better management of blood thinning 

medication and may lead to reduction in risk of stroke.  

 

Participation in this research does not allow you to receive any compensation, or other 

financial benefit.  The results from this study may benefit future patients. You may request to 

receive information about your health from any laboratory tests performed in this study. 

 

 

9 What are the possible risks and disadvantages of taking part? 

Taking part in this study will involve a small amount of extra blood being taken from you during 

your hospital admission and on one occasion after discharge. This will be approximately 50mls 

in total. The risk to an adult patient from this amount of blood loss is very minimal.  
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Whilst you are in Intensive Care, blood tests will be taken from your arterial drip, which is in 

place for standard Intensive Care management.  We do not believe that this will cause you 

any discomfort or potential side effects. 

 

Phase II of the study is not interventional and there will be no extra risk above that of 

removal of an extra 50ml of blood.  

 

Phase III is proposed to be the interventional phase of the study. We believe the risk of 

blood clots and bleeding following your procedure during this phase will actually be lower 

than it currently is. 

 

In the unlikely event that you suffer an injury as a result of participating in this trial, hospital 

care and treatment will be provided by the public health service at no extra cost. Neither the 

hospital nor the investigators guarantee that compensation for other loss or injury (such as 

health care costs not covered by public health services) will be available. However, by signing 

the consent form, you have not waived any legal or other right to seek compensation, including 

legal rights for negligence or other causes of action. 

 

 

10 What will happen to my test samples? 

This study involves the collection of blood samples as a mandatory component of the research 

project.  These blood samples are additional to any blood samples taken during routine clinical 

care as described above.  The blood samples will be run within 15 minutes of collection and 

will be irretrievably disposed of following standard Queensland health disposal of biological 

material protocols. 

 

Other blood samples taken during routine care will be tested by Pathology Queensland and 

stored according to their guidelines. 
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11 What if new information arises during this research project? 

During the research project, new information about the risks and benefits of the project may 

become known to the researchers. If this occurs, you will be told about this new information 

and the study doctor will discuss whether this new information affects you in any way. 

 

 

 

 

12 Can I have other treatments during this research project? 

Participating in this research project will not have any effect on your ongoing management in 

the Intensive Care Unit, by the Neurosurgical or Radiology teams. 

 

 

13 What do I do if I wish to withdraw from this research project? 

Participation in any research study is voluntary. If you do not wish to take part you do not have 

to. If you decide to take part and later change your mind, you are free to withdraw from the 

project at a later stage. If you wish to withdraw from this study please advise the study team.  

There will be no disadvantage to you if you do decide to withdraw. 

 

If you do withdraw, you will be asked to complete and sign a Withdrawal of Consent form. This 

will be provided to you by the study team. 

 

If you do decide to leave the study, the researchers would like to keep the personal and/or 

health information that has been collected. This is to help them make sure that the results of 

the research can be measured properly. If you do not want them to do this, you must tell them 

before you withdraw from the study. 
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14 Could this research project be stopped unexpectedly?  

If Phase II of the study shows there is no benefit of using ROTEM® to guide blood thinning 

medication and reduce complications we will stop the study and will not progress to Phase 

III. 

 

15 What happens when the research project ends? 

Once the study has finished there is nothing more required of you for the study.   

 

 

 

Part 2 How is the research project being conducted? 

 

 

16 What will happen to information about me? 

By signing the consent form you consent to the study doctor and relevant research staff 

collecting and using personal information about you for the research project. Any information 

obtained in connection with this research project that can identify you will remain confidential. 

All data will be de-identified. Your information will be re-identifiable by your medical record 

number. These will remain at all times in a locked office, only accessible to members of the 

research team.  The master list will be kept in the Intensive Care Research Office, at Gold 

Coast University Hospital which requires both swipe card and key access.  All computer 

records will be password protected. Your information will only be used for the purpose of this 

research project and it will only be disclosed with your permission, except as required by law. 

 

Information about you may be obtained from health records held at this and other health 

services, for the purpose of this research. By signing the consent form you agree to the 
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research team accessing health records if they are relevant to participation in this research 

project. 

 

It is anticipated that the results of this research project will be published and/or presented in 

a variety of forums. In any publication and/or presentation, information will be provided in 

such a way that no one can be identified, except with express permission.  

 

Information about participation in this research project may be recorded in your health 

records. 

 

In accordance with relevant Australian and/or Queensland privacy and other relevant laws, 

you have the right to request access to the information collected and stored by the research 

team. You also have the right to request that any information with which you disagree be 

corrected. Please contact the research team member named at the end of this document if 

you would like to access to your information. 

 

 

17 Complaints and compensation 

If you suffer any injuries or complications as a result of this research project, you should 

contact the study team as identified in this document as soon as possible and you will be 

assisted with arranging appropriate medical treatment. If you are eligible for Medicare, you 

can receive any medical treatment required to treat the injury or complication, free of charge, 

as a public patient in any Australian public hospital. 

 

 

18 Who is organising and funding the research? 

This research project is being conducted by Doctor Aden McLaughlin who has obtained a Gold 

Coast University Hospital Foundation Research Grant to assist with sample analysis. Other 
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research gifts and grants subject to ongoing application will be used where possible. Gold 

Coast University Hospital departmental funds will be used to cover the remaining costs. 

No member of the research team will receive a personal financial benefit from your 

involvement in this research project. 

 

19 Who has reviewed the research project? 

All research in Australia involving humans is reviewed by an independent group of people 

called a Human Research Ethics Committee (HREC).  The ethical aspects of this research 

project have been approved by the HREC of The Gold Coast University Hospital, Southport, 

QLD, 4215. 

   

This project will be carried out according to the National Statement on Ethical Conduct in 

Human Research (2007). This statement has been developed to protect the interests of 

people who agree to participate in human research studies. 

 

 

20 Further information and who to contact 

The person you may need to contact will depend on the nature of your query.  

If you want any further information concerning this project or if you have any medical 

problems which may be related to involvement in the project (for example, any side effects), 

you can contact the principal study doctor Doctor Aden McLaughlin on (07) 5687 5914 or 

any of the following people: 
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 Clinical contact person  TBA 

 

For matters relating to research at the site at which you are taking part, the details of the 

local site complaints person are: 

 

Complaints contact person TBA 

 

If you have any complaints about any aspect of the project, the way it is being conducted or 

any questions about being a research participant in general, then you may contact: 

. 

 

Reviewing HREC approving this research and HREC Executive Officer details 

Name Dr James Winearls 

Position Intensivist 

Telephone 0756875684 

Email James.winearls@health.qld.gov.au 

Name Kerin Walters 

Position Research Nurse  

Telephone  07 5687 5719 

Email  Kerin.Walters@health.qld.gov.au 

Reviewing HREC name GCUH HREC/14/QGC/149 

HREC Executive Officer  

Telephone 0756873879 

Email GCHEthics@health.qld.gov.au 
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Do not sign this consent form unless you have had a chance to ask questions and have 

received satisfactory answers to all of your questions. If you agree to be in this study, you 

will receive a signed and dated copy of this consent form.  

 

Participant Consent Form  

 

 

Title 

ROTEM Delta® and ROTEM Platelet® guided 

anti-platelet and anti-coagulation therapy in 

patients undergoing interventional neuroradiology 

for cerebral aneurysms: A three phase study 

 Principal Investigator  

Dr Aden McLaughlin 

Associate Investigator(s) 

 

Dr James Winearls 

Dr David Pearson 

Dr Andrew Bulmer 

Dr Hal Rice 

Dr Laetitia De Villiers 

Dr Teresa Withers    

   Gold Coast University 

Hospital 

     Dr James 

Winearls 

Dr Christian Schwindack   

     Dr David 

Pearson 

      

  Department of Neurosurger 

     Gold Coast 

University Hospita 

Location Gold Coast University Hospital 

 

 

 

 

1. I have read the Participant Information Sheet Version 1, dated 10th January 2014 or 

someone has read it to me in a language that I understand.  

 

2. I understand the purposes, procedures and risks of the research described in the 

project. 
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3. I have had an opportunity to ask questions and I am satisfied with the answers I have 

received. 

 

4. I freely agree to participate in this research project as described and understand that 

I am free to withdraw tat any time during the project without affecting my future health 

care. 

 

5. I understand that I will be given a signed copy of this document to keep. 

 

6. I give permission for the doctors, other health professionals, hospitals or laboratories 

outside this hospital to release information concerning my condition and treatment for 

the purposes of this project. I understand that such information will remain 

confidential.  

 

7. I understand that, if I decide to discontinue the study treatment a request may be 

made for me to attend follow-up visits to allow collection of information regarding my 

health status.  Alternatively, a member of the research team may request my 

permission to obtain access to my medical records for collection of follow-up 

information for the purposes of research and analysis. 

 

    
 Name of Participant (please print)   

    
    
 Signature of Participant  Date   

 
 

 
 

Declaration by Study Doctor/Senior Researcher† 

 

I have given a verbal explanation of the research project, its procedures and risks and I 

believe that the participant has understood that explanation. 
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 Name of Study Doctor/ 

Senior Researcher† (please 

print) 

  

   Signature   Date   

 
† A senior member of the research team must provide the explanation of, and information 

concerning, the research project.  

 

Note: All parties signing the consent section must date their own sign
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Form for Withdrawal of Participation 

 

 

 

Title 

ROTEM Delta® and ROTEM Platelet® guided 

anti-platelet and anti-coagulation therapy in 

patients undergoing interventional neuroradiology 

for cerebral aneurysms: A three phase study 

 Principal Investigator  

Dr Aden McLaughlin 

Associate Investigator(s) 

 

Dr James Winearls 

Dr David Pearson 

Dr Andrew Bulmer 

Dr Hal Rice 

Dr Laetitia De Villiers 

Dr Teresa Withers    

   Gold Coast University 

Hospital 

     Dr James 

Winearls 

Dr Christian Schwindack   

     Dr David 

Pearson 

      

  Department of Neurosurger 

     Gold Coast 

University Hospita 

Location Gold Coast University Hospital 

 

 

 

 

I hereby wish to WITHDRAW my intent to participate in the above research project and 

understand that such withdrawal will not affect my routine treatment, relationship with those 

treating me or relationship with [Institution]. 

 

    
 Name of Participant (please print) _________________  

    
    
 Signature of Participant  Date   
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In the event that the participant’s decision to withdraw is communicated verbally, the Study 

Doctor/Senior Researcher will need to provide a description of the circumstances below. 

 

 

 

 

 

 

Declaration by Study Doctor/Senior Researcher† 

 

I have given a verbal explanation of the implications of withdrawal from the research project 

and I believe that the participant has understood that explanation. 

 

 
 Name of Study Doctor/ 

Senior Researcher† (please 

print) 

  

   Signature   Date   

 
† A senior member of the research team must provide the explanation of, and information 

concerning, withdrawal from the research project.  

 

Note: All parties signing the consent section must date their own signature. 

 

 

Appendix O: Full complication list 
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Patient 
number 

Complication Elective/Emergent 

1 Intracranial haemorrhage D18 post during rehabilitation 
program, perioprative R-sided cerebral infarct D3 post, 
resolved 

Elective 

7 Intraprocedural aneurysm rupture following positioning of 3rd 
coil. Reversal of IV heprain with protamine (50mg) providing 
rapid haemostasis. 

Emergent 

18 Vasospasm of L MCA 6 days post op (27/11/15) Emergent 

22 GCS drop post-coiling, intubation required. L ICP + R EVD 
same day post op (30/11) 

Emergent 

26 Cerebral oedema, mulitiple other Emergent 

27 Intraprocedural aneurysm re-rupture Emergent 

30 Expressive dysphasia, severe disorientation/confusion 
resulting in restraint/multiple code blacks 

Elective 

31 Persistent vasospasm Emergent 

37 Post-procedural SAH separate to coiling site Elective 

41 Seizure activity, clopidogrel non-responder, desaturation with 
associated hypertonia, fever, E.coli/staph aureus UTI, 
subsequent sepsis/shock 

Emergent 

43 S aureus in sputum (11/04/16), Pulmonary oedema (12/04/16), 
vasospasm (15/04/16), Hyponatremia (16/04/16) 

Emergent 

45 Vasospasm (29/04/16) Elective 

48 Hyponatremia, L temporal haematoma, pneumocephalus and 
hydrocephalus 

Emergent 

55 Mild platelet aggregation in right ACA settled with 
administration of 300mg of aspirin 

Emergent 

61 Readmission to ICU required, suspected TIA (vasospasm?) 
notable left side facial droop, left side weakness, mild 
expressive dysphasia 

Elective 

64 Post-surgical ischaemic + absent episodes Elective 

66 Tonsillar herniation, haemodynamic instability (unstable 
BP/HR), hypernaturemia 

Emergent 

74 Ischaemic occulsion/infarction of L lentiform nucleus Elective 

79 Hydrocephalus, vasovagal syncope, vasospasm, diuresis Emergent 

90 Post op SAH, frontoparietal haematoma, polyuria associated to 
elevated Na+ (171 peak), haemodynamic instability 

Elective 

91 Vasospasm, L hemiparesis, infarct of R MCA, pyrexia,  Elective 

92 Post op SAH of bilateral frontal lobes, thrombocytopenia Elective 

96 Vasospasm, antiphospholipid syndrome, urethral 
haemorrhage, anaemia by haematuria,  

Emergent 

101 Acute R MCA infarct, swelling/ischaemia R 
frontal/parietal/temporal lobes, L hemiplegia, seizure 

Elective 

106 R sided stroke following discharge (01/06/17) Elective 

111 Postprocedural left frontoparietal haemorrhage D21 post-op 
(17/08), associated R hemiplegia 

Elective 

116 Post-op HTN (160-170 SBP). Transient left hemiplegia, 
aphasia (27/11/17) result of expected TIA. ALOC, right UL 
clonic tapping (29/11/17). Strong fatigue, retro-anterograde 
amnesia (19/12/17) 

Elective 

 

Blue = Ischaemic Red = Haemorrhagic Yellow = Misc 




