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[bookmark: _Toc418780502][bookmark: _Toc418782726][bookmark: _Toc419941871]ABSTRACT
The use of an appropriate anticoagulation regiment for the treatment of venous thromboembolism (VTE) in patients with concomitant thrombocytopenia is based on anecdotal evidence and the opinions of managing physicians. The current guidelines suggest that therapeutic levels of anticoagulants may be safely administered to patients who have a minimum platelet count of 50 x 109/L. However, it has recently been suggested that the minimal platelet threshold for safe anticoagulation treatment can be provided at a reduced platelet count of 30 x 109/L. Thus, in order evaluate these platelet threshold we used a thromboelastography (TEG) model to evaluate the clotting parameters of whole blood at predefined platelet counts in the presence of unfractionated heparin (UFH) and low-molecular weight heparin (LMWH). Due to the importance of red blood cells on hemostasis a whole blood TEG model was designed in order to mimic in vivo hemostasis. Clotting was initiated using different concentrations of tissue factor for each anticoagulant at therapeutic and prophylactic levels of UFH and LMWH at predefined platelet counts. In the presence of therapeutic concentrations of either UFH or LMWH, there were no significant differences in TEG parameters of whole blood clots between platelet counts of 30 x 109/L and 50 x 109/L when clotting was driven by the extrinsic pathway. At prophylactic levels of LMWH clot formation was less compromised. Furthermore, no significant difference was noted between platelet-depleted blood (PDB; <10 x 109/L) and 30 x 109/L with respect to r-time. This suggests LMWH at prophylactic levels has no significant bearing on clot formation at a lower platelet threshold versus therapeutic levels of LMWH. Overall, it shows that clot formation is similar for UFH and LMWH when platelet counts are reduced from 50 x 109/L to 30 x 109/L. This work provides insight on the potential for anticoagulation at a reduced platelet threshold in thrombocytopenic conditions. 
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[bookmark: _Toc418780506][bookmark: _Toc418782730][bookmark: _Toc419941876]1.1 Overview
Hemostasis is the body’s ability to maintain the movement of blood in a fluid state while achieving a balance between coagulation, anticoagulation and fibrinolysis (Rosenberg & Aird, 1999).  However, this delicate balance is easily perturbed in cancer patients when complicated by thrombocytopenia and venous thrombosis (Benjamin & Anderson, 2002). Thrombocytopenia is a condition characterized by abnormally low platelet counts (<150 x 109/L), which may increase the risk for bleeding complications (Strauss et al., 2002). This can happen in cancer patients either due to the disease itself or the adverse effects of treatments such as chemotherapy or bone marrow transplantation (Benjamin & Anderson, 2002).  Platelets play an essential role in the blood clotting as they induce and enhance clot formation in order to stop bleeding (Ni & Freedman, 2003). Although cancer patients may develop thrombocytopenia that increases the risks of bleeding, these patients are paradoxically at risk for venous thromboembolism (VTE). Cancer patients may develop thrombosis due to chemotherapy or release of tissue factor (TF) from tumour cells (Gale & Gordon, 2001) or tissue injury.  These patients may also suffer from other comorbidity such as bed-ridden conditions causing blood flow stasis. When thrombosis happens in cancer patients with thrombocytopenia, it is a challenge for the managing physicians to start anticoagulant because it further increases the risk of bleeding.  Whereas some guidelines based on expert opinions suggest that anticoagulants may be safely administered to patients with a minimum platelet count of 50 x 109/L (Lyman et al., 2007), others suggest a lower platelet threshold of 30 x 109/L with or without dose reduction (Saccullo et al., 2013).  None of these guidelines is based on good quality randomized clinical data.  Hereby, we performed an in vitro study with thromboelastography (TEG) to evaluate the clot formation inhuman blood with low platelets (PDB) in the presence of anticoagulants. In this project, the perplexed interactions among blood cells, clotting proteins and anticoagulants will be measured with thromboelastography as a global assay.  Therefore, the general concepts of the coagulation cascade will first be reviewed in the following sections.
[bookmark: _Toc418780507][bookmark: _Toc418782731][bookmark: _Toc419941877]1.2 Coagulation Cascade 
When a vascular injury occurs, coagulation is initiated to stop blood loss. The coagulation cascade is a series of enzymatic reactions that involves the proteolysis of zymogen coagulation factors to their activated forms.  Zymogen substrates upstream and downstream the cascade are cleaved by its respective enzyme to generate these activated forms required for the procession of the cascade (Smith, 2009).  The rate at which these activated forms are generated increases with each subsequent step down the coagulation cascade (Gross et al., 2012).  The cascade itself consists of two separate pathways that diverge to form the common pathway (Smith, 2009). These two separate pathways are known as the contact pathway and the TF-FVIIa mediated pathway (Smith, 2009). The ultimate goal of both pathways is for the generation of a highly regulated coagulation factor known as thrombin. Thrombin is an essential enzyme for establishing a hemostatic plug at the site of injury (Coughlin, 2000). Thus, the purpose of the coagulation cascade in clotting is to generate thrombin the enzyme required for preventing further blood loss. Historically the coagulation cascade was outlined in literature illustrating the series of steps involved in zymogen activation in an in vitro plasma system (Smith, 2009). However, with an in vitro model it is void of vascular walls and cell surfaces hence, leading to the development of the cell-based model of coagulation that introduces clot formation in a dynamic vascular system (Hoffman, 2003). The cell-based model will be discussed in greater detail below and categorised into the initiation, amplification, propagation and termination phases (Hoffman, 2003). 
[bookmark: _Toc418780508][bookmark: _Toc418782732][bookmark: _Toc419941878]1.2.1 Initiation
	Upon vascular injury, the exposure of tissue factor (TF) allows further interaction with factor VII/VIIa to initiate the coagulation cascade in vivo (Butenas et al., 2005) (Giesen et al., 2000). TF is an integral membrane protein (46 kDa) primarily found in the subendothelium of blood vessels (Lockwood et al., 2000) (Stevic et al., 2011). A high concentration of TF are found within the vessel walls; however, soluble levels of unactivated TF (<20 fM) can be detected at physiological conditions (Butenas et al., 2005). TF acts as an anchor for circulating FVII/FVIIa to bind and form the TF-FVIIa complex (Rao & Rapaport, 1988). In circulation approximately 1% of FVII (only) can be found pre-activated at physiological levels (Morrissey et al., 1993).  However, the majority of circulating FVII is found free from activation as its contact with TF is limited due to the greater localization of TF within the subendothelium (Stevic et al., 2011). Although a greater degree of TF exposure can be found with the disruption of the subendothelium it can also be detected on circulating cells, such as monocytes (TF-bearing cells) (Monroe et al., 1996). On the surface of these TF-bearing cells, the TF-FVIIa complex further auto-activates FVII to FVIIa (Yamamoto et al., 1992). These TF-FVIIa complexes are than involved in activating small amounts of FIX and FX to FIXa and FXa, respectively (Hoffman et al., 1995). The FXa becomes available for interaction with its co-factor FVa and calcium ions on the surface of phosphatidylserine-bearing cells to form the prothrombinase complex (Comfurius et al., 1994). Upon the assembly of the prothrombinase complex it can enzymatically activate prothrombin to generate minute amounts of thrombin on the surface of TF-bearing cells (Hoffman, 2003). With FIX activation via TF-FVIIa complex it is free to interact with co-factor VIIIa to form the tenase complex. The tenase complex can loop back into the coagulation cascade for further FXa generation ultimately, leading to increased prothrombin activation (Hoffman, 2003). The difference between FIXa and FXa upon generation in the initiation phase is FIXa is free to dissociate from the surface of phosphatidylserine-containing cells allowing for interaction with surrounding cells. Whereas FXa is limited to its site of activation as it is quickly inhibited by the tissue factor pathway inhibitor (TFPI) and by antithrombin (AT) (Hoffman, 2003). Overall, the initiation phase involves the activation of FVII to form the TF-FVIIa complex in order to activate FIX and FX for its subsequent role in the initial thrombin generation on the surface of TF-bearing cells. 
[bookmark: _Toc418780509][bookmark: _Toc418782733][bookmark: _Toc419941879]1.2.2 Amplification 
At sites of injury not only is TF exposed, but collagen and von Willebrand factor (vWF) are also exposed from the subendothelium allowing for initial platelet aggregation via Glycoprotein (GP) Ib/IX/V (Inoue et al., 2008). Further platelet aggregation can occur with the small amounts of thrombin generated in the initiation phase. These thrombin can diffuse to areas of platelet aggregation for further platelet activation via the protease associated receptors (PAR), PAR1 and PAR4 (Kahn et al., 1999). Upon thrombin binding with PAR1/4  it induces a morphological change in platelets by generating a procoagulant membrane as it mobilizes the phosphatidylserine (PS) from the inner leaflet to the outer leaflet of the platelet membrane (Boon et al., 2003). Activated platelets release procoagulant microparticles which further activates other resting platelets (Barry et al., 1997). Microparticles, composed of the negatively charged PS membranes vary from 0.2-1 μM (Piccin et al., 2007). Not only is thrombin involved in platelet activation it is a multifaceted enzyme that can activate FXI, FV and vWF bound FXIII to FXIa FVa and FXIIIa respectively (Dasgupta et al., 2007) (Soons et al., 1986). Thus, acting as a positive feedback to amplify its own thrombin generation (Mann et al., 2003). The vWF released upon FXIII activation is available for aiding in platelet activation and aggregation (Inoue et al., 2008) (Mann et al., 2003). In essence the amplification phase involves the activation of platelets via thrombin which fosters a procoagulant environment with the release of microparticles as well as the role of thrombin activating zymogen factors upstream within the cascade. 
[bookmark: _Toc418780510][bookmark: _Toc418782734][bookmark: _Toc419941880]1.2.3 Propagation 
	The microparticles released with the few platelets activated in the amplification phase allows for enhanced platelet aggregation via the release of dense granules at the site of injury (Israels et al., 1990). It is on the surface of these newly recruited platelets where the propagation phase occurs. The dense granule cargo contains ADP which aids in the activation of glycoprotein IIb/IIIa receptors from its resting state allowing for increased fibrinogen binding (Cattaneo, 2010) (Nachman & Leung, 1982).  Fibrinogen is a soluble zymogen that is cleaved by thrombin to generate insoluble fibrin strands that polymerize (via FXIIIa) into a fibrin meshwork thus, stabilizing the haemostatic plug (Binnie & Lord, 1993) (Siebenlist et al., 2001). Fibrin formation within the propagation phase can occur upon thrombin generation.  Thrombin generation on the surface of these activated platelets can occur when the diffused FIX from the TF-bearing cells in the initiation phase escapes to associate with the thrombin-activated FVIIIa to form the tenase complex (Monroe et al., 1994). The tenase complex is initially required for greatly enhancing FX activation for its use in the assembly of the prothrombinase complex on the surface of activated platelets (Monroe et al., 1994) (Tracy & Mann, 1983). In the initiation and amplification phase the initial source of coagulation factors are generated on the surface of TF-bearing cells that are to be used for generating thrombin on the surface of activated platelets. Therefore, at the site of vascular injury platelets activated by thrombin form the initial platelet plug, whereas the coagulation cascade further stabilizes the clot by generating a fibrin meshwork encompassing the platelet plug.   
[bookmark: _Toc418780511][bookmark: _Toc418782735][bookmark: _Toc419941881]1.2.4 Termination 
	Upon the establishment of a fibrin a clot it is essential for coagulation activation be limited to the site of injury. This is necessary to prevent further occlusion of the vessel walls. Thus, a natural anticoagulant process is also at hand to regulate the advancement of coagulation activation beyond the site of injury. Natural anticoagulants that can be found physiologically include: tissue factor pathway inhibitor (TFPI), activated protein C (APC), and antithrombin (AT) (Hoffman, 2003).
 TFPI is released from the endothelium and its anticoagulant properties are through inactivation of FXa and TF-VIIa complexes (Broze, 1995). On the other hand, APC acts on cofactors involved in the coagulation cascade by degrading FVa and FVIIIa, which ultimately prevents the formation of the prothrombinase and tenase complexes, respectively (Comp et al., 1984). APC deters FVa activity by cleaving FVa at R506, R306 and R679 (Kalafatis et al., 1995). Cleavage at site R506 results in a reduced co-factor activity (Kalafatis et al., 1995) (Rosendaal, 1999). However, the activity of FVa is completely lost with further cleavage at sites R306 and R679 (Kalafatis et al., 1995). APC is generated in response to the dual role of thrombin within the cell based model of coagulation  as it can elicit an anticoagulant response (Esmon et al., 1982).In order for thrombin to elicit an effective anticoagulant response it must bind to a receptor on the endothelial surface known as thrombomodulin.  Thrombomodulin-bound thrombin can activate protein C once it is bound to the endothelial protein C receptor (Esmon et al., 1982) (Wouwer et al., 2004). Activation of protein C is further amplified when it becomes associated with its cofactor, protein S (Franco & Reitsma, 2001). Lastly, AT is a serine protease inhibitor, that when it interacts with glycosaminoglycans, a conformational change in AT occurs that makes it more readily reactive for inhibiting the serine proteases (Huntington, 2003). Therefore, the anticoagulant properties that are also in play within the cell-based model can define coagulation as a fine balance between procoagulant and anticoagulant activity. 
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[bookmark: _Toc418780513][bookmark: _Toc418782737][bookmark: _Toc419941883]1.3.1 Unfractionated Heparin (UFH)
	 
UFH is a pharmaceutical reagent administered by clinicians to treat patients at risk for developing and preventing further thrombosis. UFH is a sulfonated glycosaminoglycan molecule with a mean molecular weight of 15000 Da (Andersson et al., 1979). Its anticoagulant properties are mediated through AT by inhibiting FIXa, FXa and thrombin (Rosenber & Bauer, 1994). Traditionally two models of inhibition are understood using UFH either template mediated inhibition or conformational activation of AT via UFH (Rezaie, 1998). In the case of conformational activation of AT, a unique pentasaccharide sequence that is found in one third of the commercially available heparin molecules shows a strong affinity towards AT (Lindahl et al., 1984). Once bound to AT a conformational change in the reactive centre loop occurs, which increases the interaction of AT with the serine protease (specifically FIXa and FXa) for inhibition (Huntington et al., 1996). This interaction is achieved with the exposure of the arginine residue located near the C-terminal, which interacts with the serine residue found on its target protease (Rosenberg, 1974). On the other hand, template mediated inhibition involves the inactivation of thrombin by forming a ternary complex with AT and thrombin (Rezaie, 1998). This reaction is catalyzed by UFH acting as a template to bridge the interaction of thrombin to AT (Rosenber & Bauer, 1994). However, this form of template mediated inactivation requires a minimum molecular mass of 5400 Da (Hirsh & Levine, 1992).

Although it seems the template mediated form of inactivation may be limited to thrombin it is suggested that UFH may act as a template for AT-FXa mediated inactivation in the presence of calcium (Rezaie, 1998). In the presence of calcium, the randomly arranged 11 gamma-carboxylated glutamic acid domain of FXa can fold to its proper conformation and thus, expressing its positively charged residue (Rezaie, 1998). In doing so this may prevent the Gla domain of FXa from antagonizing with UFH hence, allowing heparin to act as a template in AT-FXa interaction (Rezaie, 1998). However, in the absence of calcium the negatively charged Gla domain expressed due to improper folding may induce an electronegative repulsion from the UFH molecule by the Gla domain of FXa (Rezaie, 1998). Thus, in order to achieve template mediated inactivation of FXa calcium is required in proximity of AT-UFH association (Rezaie, 1998). Overall, UFH can exert its anticoagulant properties either through the conformational change of AT or via a template mediated model bridging AT and its target protease.
As outlined above the benefits of UFH is in its ability to inhibit active coagulation enzymes, but it is not without limitations. For instance, UFH has nonspecific interactions with various proteins found within plasma or endothelium (Hirsh, 1991), which results in variable bioavailability, unpredictable half-life and anticoagulant response (Young et al., 1992). Furthermore, patients undergoing UFH treatment are at risk for developing heparin-induced thrombocytopenia (HIT) (Warkentin et al., 1995). HIT can occur during platelet activation where the released alpha granules contain positively charged proteins known as platelet factor 4 (PF4) (Harrison & Martin Cramer, 1993). These PF4 molecules have a high affinity towards UFH as well, the frequency of PF4-UFH interaction is dependent on the length and the sulfonation of the UFH molecule (Horn & Hutchison, 1998) (Greinacher et al., 1995). Once bound to UFH, PF4 experiences a conformational change that allows for the expression of an epitope that become the target of autoantibodies (Ziporen et al., 1998). These autoantibodies have Fab domains that than can adhere to Fc receptors that are expressed on the surface of platelets (Ziporen et al., 1998). This leads to platelet activation followed by degranulation, and ultimately destruction of platelets (Chong et al., 1981). The newly generated PF4 upon degranulation are then free to associate with other UFH molecules and propagate the response (Chong et al., 1981).  Furthermore, with this platelet activation/degranulation not only does it reduce platelet counts, but creates a hypercoagulable environment that causes a risk for thrombosis (Farner et al., 2001). Lastly, bleeding is a major characteristic that follows with UFH treatment (Morabia, 1986). Hence in order to counteract this limitation protamine sulfate (a polycationic protein) is introduced as an antidote to neutralize the effects of UFH (Carr & Silverman, 1999). In the end the major concern with UFH is its unpredictability following administration and thus, exploring other anticoagulants may serve to be beneficial in the prophylaxis and the treatment of thrombosis. 
[bookmark: _Toc418780514][bookmark: _Toc418782738][bookmark: _Toc419941884]1.3.2 Low-Molecular Weight Heparin (LMWH)
LMWH is a glycosaminoglycan molecule that is derived from the fragmentation of UFH. The mean molecular weight of LMWH is 5000 Da (Hirsh & Levine, 1992). Its pharmacokinetic properties are similar to UFH as it binds with AT to induce a conformational change within the reactive centre loop of AT to enhance protease inhibition (Beeler et al., 1979). However, unlike UFH, due to the smaller size of the molecule, LMWH is not able to bridge and initiate template-mediated thrombin inhibition (Danielsson et al., 1986). As the size of the molecule is one third the size of UFH making its unique pentasaccharide sequence to be one fifth the size of the anticoagulant (Eikelboom et al., 2000). Utilizing smaller forms of heparin reduces the incidence of HIT, which is dependent on the length and sulfonation of the molecule (Greinacher et al., 1995). Furthermore, where non-specific binding to proteins was a concern with UFH administration the frequency of nonspecific interactions is minimized with LMWH thus, yielding a greater bioavailability and a more predictable dose response (Handeland et al., 1990). Not only is its concern with heparin binding protein minimized LMWH has a lower affinity towards vWF, which may ultimately reduce the risk for bleeding as well (Sobel et al., 1991). 
In terms of route of elimination contrary to UFH the major clearance route for LMWH is via the renal system (Palm & Mattsson, 1987). Hence, with renal failure the half-life of the drug is elevated within the circulation which may lead to bleeding complications (Lim et al., 2006).
  Overall, the major advantage associated with LMWH therapy is that managing physicians may determine a more accurate dose response due to a greater half-life (Handeland et al., 1990). This allows for patients to be treated once daily without the constant monitoring that follows with UFH treatment (Hirsh & Levine, 1992). LMWH has been an effective drug in reducing the risk for major hemorrhaging (Mismetti et al., 2000). Lastly, when compared with UFH, patients are less likely to experience episodes of HIT with LMWH treatment (Warkentin et al., 1995). Although the benefits of LMWH are profound, there are still limitations with its use, and the cost of a single LMWH administration is ten-times the cost of UFH treatment (Wood & Weitz, 1997). Therefore, looking into alternative treatment methods that is more feasible is necessary. 
[bookmark: _Toc418780515][bookmark: _Toc418782739][bookmark: _Toc419941885]1.3.3 Fondaparinux
	Based on the mechanistic characteristics of UFH and LMWH it is evident that the molecular size of the molecule affects the overall property of the drug in terms of anticoagulation and side-effects. The commonality between UFH and LMWH is that their anticoagulant properties are exerted through the affinity towards AT by binding at the pentassacharide sequence of the molecule. Thus, fondaparinux was developed as a synthetically derived pentassacharide sequence for selective inhibition of FXa (Herbert et al., 1997). The molecular weight of fondaparinux is 1728 Da hence, making it the smallest of the heparinoids discussed above (UFH>LMWH>Fondaparinux) (Walenga et al., 2002). Consistent with previous heparinoids, the affinity of the pentassacharide sequence towards the AT regulates the inhibition of FXa (Herbert et al., 1997).  Once AT binds and inactivates FXa, the fondaparinux can dissociate from the AT without being consumed in the inactivation process (Bauer et al., 2002). Although fondaparinux is an FXa inhibitor once FXa is formed within the prothrombinase complex it is protected from inhibition by AT similar to UFH and LMWH (Brufatto et al., 2003). This indicates that FXa inactivation is only achieved with free soluble FXa and not complex-bound FXa.
	In further comparison with UFH and LMWH, this selective inhibitor achieves complete bioavailability following subcutaneous injections (Donat et al., 2002). Thus, its half-life ranges from 13 to 21 hours when given only a prophylactic dose of 2.5 mg/kg, suggesting that a daily dose is sufficient enough to achieve the anticoagulant effect (Turpie et al., 2003).  Furthermore, where concerns lied with nonspecific UFH protein interaction an in vitro, analysis showed no evidence for PF4 interaction which may indicate the absence of HIT development following fondaparinux treatment (Warkentin et al., 2005). The low risk of PF4 interaction is the result of fondaparinux having a 94% affinity towards AT thus, minimizing any potential for nonspecific protein binding (Paolucci et al., 2002). 
In terms of routes of elimination the major clearance route of fondaparinux is via the renal system (Donat et al., 2002). As well, for its interaction with cytochrome P450 based on an in vitro study, there seems to be no concrete evidence to indicate that fondaparinux inhibits cytochrome P450 enzymes, which suggest it does not affect the metabolism of other drugs via the liver (Lieu et al., 2002). 
In terms of limitation with all anticoagulants including fondaparinux bleeding is a risk. However, when compared to LMWH there seems to be no significant difference in the incidence of bleeding following knee surgery (Bauer et al., 2001). Not only is there an indifference in bleeding with fondparinux, when given 3 mg/kg of fondaparniux in patients undergoing orthopedic surgery their risk for developing venous thromboembolism (VTE) was reduced to 1.7% which was an 82% reduction in VTE development when compared to LMWH (Turpie et al., 2001). Therefore, it seems that fondaparaniux is the most superior heparinoid for the prophylaxis of VTE compared to LMWH and UFH.  
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[bookmark: _Toc418780517][bookmark: _Toc418782741][bookmark: _Toc419941887]1.4.1 Warfarin
	The previously mentioned anticoagulants are given parenterally. However, with warfarin injection is no longer necessary. Warfarin is an indirect oral anticoagulant that acts upon the vitamin K cycle targeting vitamin K dependent coagulation factors (Friedman et al., 1977). Vitamin K dependent proteins include the clotting factors prothrombin (FII), FIX, FX, and FVII in addition to natural anticoagulants protein C and S (Furie & Furie, 1988). These proteins undergo post-translational modification which involves the gamma carboxylation of the glutamic acid residues (Gla domain) found on the clotting factors (Furie & Furie, 1988). 
Through dietary means of vitamin K absorption, within the liver it is used as a cofactor via the vitamin K cycle (Kayata et al., 1989). Consumed vitamin K is initially converted to an accessible form called vitamin K quinone, by vitamin K epoxide reductase in the presence of dithiols (Greer, 2010).  The quinone form is further reduced by the vitamin K quinone reductase enzyme in the presence of NADPH to generate vitamin K hydroquinone (Greer, 2010). The hydroquinone form acts as a cofactor in the presence of carbon dioxide and oxygen to create the Gla domain via gamma carboxylation of the glutamic acid residue by the glutamyl carboxylase enzyme (Greer, 2010). During this conversion, vitamin K hydroquinone is reduced to its epoxide form (Greer, 2010).  Then vitamin K epoxide is converted back to its quinone form with vitamin K epoxide reductase enzyme (VKOR) in hand with dithiols (Greer, 2010). This in turn feeds vitamin K quinone back into the vitamin K cycle for further post translational modification of vitamin K dependent clotting proteins (Greer, 2010). It is to be noted that vitamin K epoxide generation is directly proportional to the number of gamma carboxylation (Stafford, 2005). 
Gamma carboxylation is essential for vitamin K clotting proteins in order to generate their active forms (Greer, 2010). The Gla-domains aid in the calcium mediated interaction of clotting proteins with the negatively charged phospholipid surfaces (Nelsestuen, 1976). Hence, it is imperative for Gla-domains to be generated in order for effective clotting and inhibition via protein C and S.  However, patients at risk for thrombosis can be administered warfarin, which inhibits VKOR. This in turn prevents the feedback of the vitamin K cycle in generating more cofactors (hydroquinone) required for gamma carboxylation (Hirsh et al., 2001). Although these clotting factors are still produced with the inhibition of VKOR, the proteins are inactive and non-functional due to their being either partially carboxylated or decarboxylated (Friedman et al., 1977). 
Warfarin itself is composed of two active isomers that are portioned equally in either the R or S form (Breckenridge, 1978).  It is found that the S- warfarin is more effective in the inhibition of VKOR when compared to the R isomer (Breckenridge et al., 1974).In terms of bioavailability of warfarin it is fairly high as it reaches optimal concentrations within the blood after 90 min (Hirsh et al., 2001).Its half-life upon circulation ranges from 36 to 42 hrs (Hirsh et al., 2001). As well within circulation prior to its delivery to the liver it circulates in blood bound to albumin (Hirsh et al., 2001). 
When taking warfarin precautions must be taken as patients must control their dietary vitamin K intake. Increased vitamin K intake may hinder its anticoagulant properties (O’Reilly & Rytand, 1980). Thus monitoring its international normalized ratio (INR) levels are essential (Hirsh et al., 2001). The INR is a measurement calculated by dividing the patient’s prothrombin time by average normal prothrombin time (Bussey et al., 1992). Prothrombin time is generated by inducing clot formation of citrated whole blood with thromboplastin (TF and phospholipids) and calcium (Kamal et al., 2007). INR monitoring allows for clinicians to adjust for dosages to achieve optimal effective concentration as well as prevent any inherent form of bleeding. Like with all anticoagulants, bleeding is a major risk factor associated with warfarin therapy as well (Connolly et al., 2009). Thus, regular INR monitoring is necessary. Since constant monitoring is required for warfarin therapy, an alternative treatment option is necessary.  
[bookmark: _Toc418780518][bookmark: _Toc418782742][bookmark: _Toc419941888]1.5 Direct Factor Specific Anticoagulants

[bookmark: _Toc418780519][bookmark: _Toc418782743][bookmark: _Toc419941889]1.5.1 Dabigatran
	The previously mentioned antithrombotic drugs targeted the coagulation factors indirectly. Whereas, dabigatran is an oral reversible and direct thrombin inhibitor that targets the active site of thrombin for inhibition (Connolly et al., 2009). Due to its mechanistic properties of targeting the active site the major benefit of dabigatran is that it can inhibit complex-bound thrombin in addition to the free thrombin (van Ryn et al., 2008). Thrombin itself contains an active site, exosite 1 (substrate docking site e.g. fibrin) and exosite 2 (UFH binding site), and it is this active site that is targeted by dabigatran (Huntington & Baglin, 2003). Thrombin exists in a ternary complex when bound to fibrin (at exosite 1) and UFH (at exosite 2) (Becker et al., 1999). The ternary complex prevents thrombin inhibition by UFH-AT due to exosite 2 being occupied by UFH (Becker et al., 1999). However, dabigatran is small molecule and is able to inhibit thrombin as it binds to the active site versus exosite 2 (van Ryn et al., 2008). Thus, adding another layer of anticoagulant properties by inhibiting clot bound thrombin versus UFH.
Dabigatran as mentioned previously is given orally, but in the form of a prodrug. The active dabigatran molecule itself cannot be absorbed when given orally due to its hydrophilic polar properties (Stangier et al., 1999).  Thus, it is given in the form of a prodrug called dabigatran etexilate (Blech et al., 2008). Once the prodrug is consumed the bioavailability of dabigatran etexilate is approximately 6.5% (Stangier et al., 2007). Therefore, due to its low bioavailability in order for effective absorption in the GI tract it requires a low pH environment, hence it is packaged in tartaric acid to mimic this environment (Eisert et al., 2010). 
Once Dabigatran etaxilate is consumed it is converted to its active form by a non-specific esterase enzyme that can be found in enterocytes, plasma and the liver (Eriksson et al., 2009). The half-life of this active dabigatran is roughly 7 to 9 h and doubled in geriatric patients (Stangier et al., 2007). As for its routes of clearance following oral consumption the majority of the molecule is excreted through the kidneys unchanged without leaving behind any active metabolites (Stangier et al., 2010). Additionally 20% of it can be removed through bowel movements (Golembiewski, 2011). Furthermore, due to the absence of its metabolism via the cytochrome P450 family of enzymes there are no active metabolites being produced (Blech et al., 2008). Lastly, in terms of its benefits dabigatran has been found to be linked with lower rates of haemorrhagic strokes in patients diagnosed with atrial fibrillation (Connolly et al., 2009). Compared to warfarin, dabigatran is superior in terms of no dietary precautions or routine monitoring requirement. Therefore, it can be viewed that dabigatran may be a safer oral alternative for anticoagulation therapy. 
[bookmark: _Toc418780520][bookmark: _Toc418782744][bookmark: _Toc419941890]1.5.2 Rivaroxiban
	An alternative oral, direct factor specific anticoagulant is rivaroxiban, which has a mechanism of action different than dabigatran. Where dabigatran is a direct thrombin inhibitor rivaroxiban is a reversible potent FXa inhibitor (Tersteegen et al., 2007). Its selectivity towards FXa is increased by 100, 000-fold compared to other serine proteases (Perzborn et al., 2005). In terms of its mechanistic properties rivaroxiban targets the active site of FXa at pockets S1 and S4 (Roehrig et al., 2005). Specifically morpholinone residue of rivaroxaban interacts with S4 and its chlorothiophene moiety associates with the S1 pocket (Roehrig et al., 2005). 
Following oral consumption rivaroxiban has roughly 60 to 80% bioavailability and it reaches its optimal plasma concentrations at 2.5 to 4 h (Kubitza et al., 2005). In comparison to dabigatran; rivaroxiban is not administered as a prodrug as it does not require conversion to its active form by the non-specific esterases (Gulseth et al., 2008). As well, it is also metabolized by cytochrome P450 (CYP3A4, CYP2J2), but it is to be noted that there is no detection of active metabolites (Weinz et al., 2004). However, similar to dabigatran, a majority of rivaroxiban (~66%) is excreted through the kidneys with minimal removal following bowel movements (Gross & Weitz, 2008).  In terms of its limitation as with all anticoagulants bleeding is its major risk (Gulseth et al., 2008). 
The major benefit of these direct factor specific anticoagulants lie in their ability to rapidly inhibit clot formation. Lastly, their convenience, no patient monitoring, predictable dose response, and ease of administration makes the factor specific anticoagulants far more superior compared to warfarin or the heparinoids. It is noteworthy that both dabigatran and rivaroxaban have no approved antidotes at this time.
[bookmark: _Toc418780521][bookmark: _Toc418782745][bookmark: _Toc419941891]1.6 Thromboelastography 
The ability to accurately assess the hemostatic function heavily relies upon the results of numerous measurements and tests along the coagulation cascade. Many of these measurements (i.e. platelet count/function, clotting factor concentration, etc.) help to provide independent information regarding the clotting process in addition to their mechanisms. However, they may not be fully indicative of the actual real-time clotting process. To effectively examine whole blood coagulation, thromboelastography (TEG) is utilized as a tool to analyze kinetics and overall clotting profiles in whole blood. The TEG measures clotting by correlating the physico-elastic properties of clots with the oscillating motion of the torsion wire in contact with the sample being tested (Luddington, 2005). The clot’s strength depends on the ability of fibrin to accumulate in the cup surrounding the torsion wire, which is sensed by an electromagnetic transducer that relays the signal to a monitor for viewing (Whitten & Greilich, 2000). The resultant TEG tracing provides four specific parameters (R, K, α, and MA) and post-hoc (AUC15), as described in Table 1 and Figure 1-2. 

	Parameters
	Description

	
Reactive time
	The period of time it takes for fibrin formation to be detected.

	
Coagulation time 
	Measures the time for the thickness of the fibres to reach 20mm following the end of r-time. It is indicative of the clot forming speed.

	
α- angle
	Measures the instantaneous rate of clot development based on fibrin generation and cross-linking. This parameter is indicative of fibrinogen levels.

	
Maximum Amplitude (mm) 
	Represents the final/overall strength of the clot and is a percentage ratio of platelet to fibrin based on its bonding via GPIIB/IIIa receptors.

	

Area Under the Curve 15 
	Represents the combination of clot strength and speed of clot formation. Measuring the area under the curve from R-time+15 min of a TEG tracing (Figure 2) using Adobe Photoshop (Post hoc). Used as an alternative test for substituting clot kinetics k-time and α- angle in the presence of anticoagulants as MA becomes significantly delayed.


Table 1: Parameters analyzed following clot formation via TEG (Senzolo et al., 2007) (Swallow et al., 2006) (Hobson et al., 2007)




[image: ]
Figure 1: TEG tracing displays four major clotting parameters, characterized by reaction time (R-time), coagulation time (K-time), alpha angle (α- angle) and maximum amplitude (MA). R-time represents the overall time elapsed for clot formation. K-time and α- angle displays information on the kinetics of clot formation regarding its speed and rate. MA defines the overall strength of the clot achieved. 
[image: ]
Figure 2: Post hoc analysis of TEG tracing via Adobe Photoshop in the quantification of Area under the curve 15 (AUC15). AUC15 combines the strength and speed of clot formation after 15 minutes of the r-time being established. 
[bookmark: _Toc418780522][bookmark: _Toc418782746][bookmark: _Toc419941892]1.7 Role of FXII In Vivo
For decades, questions have been raised on the physiological significance of FXII. Although it plays a role in determining the activated partial thromboplastin time (aPTT) for diagnostic purposes, its deficiencies in vivo have not been linked to risks for bleeding (Meijers, 2014). However, in light of recent evidence it suggests the importance of FXII in vivo contrary to popular beliefs. 
 FXII plays a role in the intrinsic pathway which involves the serine protease FXI, FIX and cofactor FVIII (Gailani & Renne, 2007). These serine proteases specifically FXI and FIX and cofactor FVIII can be activated under physiological conditions via thrombin and TF-FVIIa complex (Gailani & Renne, 2007). A deficiency in either FVIII or FIX are characterized as haemophilia A and B respectively with phenotypes ranging from mild to severe bleeding whereas, a deficiency in FXI is noted as haemophilia C characterized by minor increase in bleeding upon vascular injury (Muller et al., 2011) (Van den Berg et al., 2007). However, in terms of FXII it is suggested to be only activated upon contact with negatively charged surface such as an intravenous catheter (Cochrane & Griffin, 1982).  In spite of this knowledge there seems to be a role for FXII in vivo at physiological conditions. 
 	It has been proposed that extracellular RNA may serve as the natural foreign surface in the activation of FXII in vivo (Kannemeier et al., 2007). In response to damaged vessel walls extracellular RNA may be released from the damaged cells, hence providing a surface for FXII and FXI activation. Kannemeier et al. (2007) demonstrate that exogenous RNA was able to induce coagulation in an arterial thrombosis model. Moreover, when mice were treated with RNase antidote it was found to significantly delay thrombus formation. It was to be noted that when compared to DNA, the exogenous RNA had a more predominant role in a procoagulant response (Kannemeier et al., 2007). This may be due to the rapid exposure of RNA upon cell damage whereas DNA may still be complexed with histones in the nuclei, thus making it less readily accessible for coagulation factors (Kannemeier et al., 2007).  
In addition to RNA, polyphosphates (PolyP), which are anionic polymers synthesized from ATP, may serve as negative compounds responsible for FXII activation (Morrissey et al., 2012). PolyP are secreted by activated platelets from dense granules (Ruiz et al., 2004). As PolyP is stored in dense granules, it has been found that patients with dense granule defects have platelet derived PolyP levels ten times lower than the normal level (Hernandadez-ruiz et al., 2009).  PolyP itself is found to not only activate FXII, but also enhance the activation of cofactor FV, fibrin polymerization and FXI activation via thrombin feedback (Morrissey et al., 2012). For effective activation of these coagulation factors via PolyP, it is dependent on the size of the polymer itself (Smith et al., 2010). It has also been shown that shorter chained PolyP has a reduced procoagulant response compared to longer chained PolyP (Smith et al., 2010). However, shorter chained PolyP still serves its purpose in hemostasis as it is more specific towards increasing FV activation and inhibiting tissue factor pathway inhibitor (Smith et al., 2010). Despite these findings that suggest the role of PolyP in FXII activation in vivo recent evidence rebut the notion on the importance of PolyP in FXII activation, as Faxalv et al. (2013) found that PolyP is a poor activator of FXII (<10% activation) when compared to equal concentrations of Kaolin. However, the authors do not dispute that PolyP may play a hand in accelerating the activation of FV and FXI through thrombin. 
Lastly as FXII deficiency has been shown to exhibit normal hemostasis, it has also been shown that reduction in FXII activity may affect the overall structure of the thrombi (Muller et al., 2011). Blockage of FXII activation with monoclonal antibodies resulted in altered fibrin formation and prolongation of aPTT (Matafonov et al., 2014). Although the clot continues to develop, inactivation of FXII may affect the overall strength and quality of clot formation, thus making it more vulnerable to dislodge, particularly during laminar shear stress. Overall, there seems to be a physiological agent in vivo that are also able to activate FXII thus, highlighting its potential importance in a physiological environment.     
[bookmark: _Toc418780523][bookmark: _Toc418782747][bookmark: _Toc419941893]1.8 Overall Aim 
	The overall purpose of the project is to compare the clotting profile of whole blood at platelet counts of 30 x 109/L and 50 x 109/L in the presence of anticoagulants. 
[bookmark: _Toc418780524][bookmark: _Toc418782748][bookmark: _Toc419941894]1.9 Hypothesis
There will not be a statistical significant difference in the clotting profile of whole blood at platelet counts of 30 x 109/L versus 50 x 109/L in the presence of anticoagulants. 
[bookmark: _Toc418780525][bookmark: _Toc418782749][bookmark: _Toc419941895]1.10 Rationale
It is currently accepted in clinical practice that a minimum platelet threshold of 50 x 109/L is required for safe administration of anticoagulants to thrombocytopenic patients at risk of thrombosis. Anecdotally, recent observations suggest a reduced platelet count of 30 x 109/L may be just as safe to administer anticoagulants to these patients. 
[bookmark: _Toc418780526][bookmark: _Toc418782750]


[bookmark: _Toc419941896]1.11 Specific Objectives
1) Optimizing the throughput volume of the magnetic column chromatography
2) Determine the optimal volume of microbeads required to obtain platelet poor plasma (<10 x 109 platelets/L) while minimizing the effect of hemodilution
3) Determine the appropriate chelating agent to maintain the integrity of the platelets during venipuncture collection
4) Determine whether the eluted samples become procoagulant when exposed to the magnetic column
5) Optimize the appropriate percentage of hemodilution that does not impair the coagulant state of the eluted sample. 
6) Determine the effects of whole blood sample preparation at 4oC versus 22oC (room temperature) via TEG clotting profiles.
7) Determine the optimal TF concentration for clot initiation in PDB in the presence of anticoagulants.
8) Analyze the clotting profiles at pre-defined platelet counts (PDB, 30, 50, 75, 100 and 150) in the presence of anticoagulants (UFH, LMWH) (therapeutic versus prophylactic dose) via TEG.
	

	
	




[bookmark: _Toc418780527][bookmark: _Toc418782751]


[bookmark: _Toc419941897]2        Experimental Procedures
[bookmark: _Toc418780528][bookmark: _Toc418782752][bookmark: _Toc419941898]2.1 Materials and Methods 

[bookmark: _Toc418780529][bookmark: _Toc418782753][bookmark: _Toc419941899]2.1.1 Reagents
All reagents used were of analytical grade. Imidazole, 99% was purchased from Alfa Aesar (Heysham, Lancaster). Adenine, 99%, D-(+)-glucose were from Sigma (St Louis, Missouri). Trisodium citrate, citric acid, calcium chloride, sodium dihydrogen orthophosphate were from BDH (Toronto, Ontario). Sodium chloride and TRIS-HCL were from BioShop (Burlington, Ontario). Sodium phosphate, dibasic, anhydrous was from EMD (Darmstadt, Germany). Phenolphthalein was from Caledon (Georgetown, Ontario). Bromophenol Blue was from Fisher Scientific Company (Fair Lawn, New Jersey). CD 61 Microbeads was from MACS (Auburn, California). Albumin from Bovine Serum was from Sigma (St Louis, Missouri). Corn Trypsin Inhibitor was from Haematologic Technologies Inc. (Essex Junction, Vermont). Thromborel S was from Dade Behring (Newark, Delaware). Heparin was from Sandoz (Quebec, Canada) and Fragmin was from Pharmacia & Upjohn (Kalamazoo, Michigan).  
[bookmark: _Toc418780530][bookmark: _Toc418782754][bookmark: _Toc419941900]2.1.2 Blood Samples
With the approval from the McMaster University Research Ethics Board, healthy volunteers who were not taking antiplatelet drugs for at least two weeks, were recruited to donate blood on the day of the experiment. Under aseptic conditions, 21 G butterfly needle was used to draw10 to 30 mL of blood from the antecubital vein with either 5 mL 3.2% sodium citrate (light blue top) vacutainers or 10 mL  vacutainers  containing  5% v/v citrate phosphate dextrose adenine (CPDA-1) buffer. 
[bookmark: _Toc418780531][bookmark: _Toc418782755][bookmark: _Toc419941901]2.1.3 Thromboelastography
Two TEG Hemostasis Analyzers 5000 (Haemonetics, Braintree, MA) were used to analyze 4 samples for each experiment. Twenty µL of reaction mixture containing tissue factor (TF), 10 mM CaCl2 and either unfractionated heparin (UFH) or dalteparin (LMWH) were transferred to TEG cups and preincubated at 37oC for 5 min.  The amount of TF was pre-determined to maximize the sensitivity of TEG (see section xxx).  The clotting was initiated by mixing 340 µL blood samples with the reaction mixture for 10 sec inside the TEG cups with P1000 pipette.  Clot formation was then monitored for a maximum of 180 min and the profile was characterised with four parameters: R (reaction time), K (coagulation time),  angle and TMA (time to reach maximum amplitude).  Post hoc analysis of the TEG tracings was performed using Adobe Photoshop CS6 (Adobe, CA, USA) to determine AUC15 (dyn/cm2  min) which was defined as the area under TEG curve within the first 15 min after clotting had started. 
 
[bookmark: _Toc418780532][bookmark: _Toc418782756][bookmark: _Toc419941902]2.1.4 Blood Column Dilution Optimization
[bookmark: _Toc419941903]2.1.4.1 Bromophenol Blue as Blood Substitute
	To determine the dilution of samples between the void volume and the reservoir volume within the column, initially the whole blood magnetic bead chromatography columns were washed with 600 μL of imidazole buffer pH 7.4 (0.15M). The throughput diluted volume was measured by obtaining the eluted 600 μL of imidazole buffer enclosed within the void volume by pipetting 1800 μL of bromophenol blue (substitute for blood) prepared in imidazole buffer pH 7.4 (0.15M).  Single droplets of eluted samples were then collected in individual Costar microwells. The samples were then analyzed using the spectrophotometer at a wavelength of 600 nm.
[bookmark: _Toc419941904]2.1.4.2 Blood Volume Determination
	To determine the volume for a droplet of blood eluted from the column the mass for 20, 40, 60 and 80 μL of citrated blood was initially determined for use as a baseline. Then the mass for a droplet of blood eluted from the column were obtained. Using the determined mass of 20, 40, 60 and 80 μL of citrated blood, a baseline was determined by graphing the volume against its respective mass using Microsoft Excel.  The equation of the graph was calculated and with the mean mass of a droplet of blood that is eluted from the column, the approximate volume for a single droplet of blood passing through the column was obtained using the calculated equation of the line. 
[bookmark: _Toc419941905]2.1.4.3 Phenolphthalein Marker for Blood in Column Dilution
	In order to determine the volume of dilution between the void volume and the reservoir volume, untouched blood and phenolphthalein containing blood was used. The column was initially washed with 600 μL of imidazole buffer pH 7.4 (0.15M). The contents within the void volume was eluted and discarded by pipetting 2 mL of citrated blood. Following this step, 1800 μL of citrated blood+phenolphthalein prepared in 20% ethanol was introduced to the column where three droplets of the eluted sample were collected within the Costar microplate. The Costar microplate was centrifuged at 3000 RPM for 20 minutes to obtain the platelet poor plasma (PPP). Forty μL of the supernatant was pipetted into the empty microwells, where further centrifugation was performed at 3000 RPM for 15 minutes to remove unwanted red blood cells found within the PPP. The supernatant was removed and added into additional empty microwells then were treated with TRIS solution pH 13 into each wells until a stable pink solution was observed. The Costar microplate was analyzed using the spectrophotometer at a wavelength of 550 nm. 
[bookmark: _Toc418780533][bookmark: _Toc418782757][bookmark: _Toc419941906]2.1.5 Optimization for Whole Blood Column Coating 
In order to maximize platelet yield in the eluted samples following its passage through the column the columns were coated with albumin and compared against uncoated columns.  Control conditions: At 4oC magnetic bead chromatography (attached to Midimacs separator) was washed with 1200 μL of imidazole buffer pH 7.4 (0.15M) + 0.32% citrate. The throughput volume was eluted with 3 mL of citrated blood and discarded. Another 500 μL of eluted sample was collected from the column following the addition of 600 μL of citrated whole blood. Platelet counts were determined at the core lab by medical laboratory technologists using the Coulter LH 750 analyzer. Experimental conditions: Magnetic chromatography, pipette tips, and collection tubes that have been coated in 0.32% citrate and 200 mg/100 mL BSA prepared in 0.15M imidazole buffer pH 7.4 (0.15M) overnight at 4oC were used. At 4oC whole blood magnetic chromatography was washed with 1800 μL of citrated blood and the eluted waste was discarded. Six hundred μL of citrated blood was introduced to the column where 500 μL of the eluted sample was collected and analyzed at the core lab for its platelet counts.   
[bookmark: _Toc418780534][bookmark: _Toc418782758][bookmark: _Toc419941907]2.1.6 Determination of pH for CPDA-1 Chelated Whole Blood
In order to maximize the preservation of cells in blood citrate phosphate dextrose adenine (CPDA-1) chelating agent was used and its pH in blood was thus, determined. Four mL of CPDA-1 chelated blood 1:9 dilution was obtained from a healthy donor using a 5 mL syringe. The chelated blood was centrifuged at 3800 rpm for 20 minutes and the supernatant was obtained and analyzed using the Colorphast pH indicator strip to determine the pH of the sample. 
[bookmark: _Toc418780535][bookmark: _Toc418782759][bookmark: _Toc419941908]2.1.7 Determination on the Effects of Time on Citrate and CPDA-1 Chelated Blood
	In order to determine the superior chelating agent for optimal preservation of platelets overtime citrated and CPDA-1 chelated blood was analyzed. The 3.2% citrated (1:9 dilution) and CPDA-1 (1:9 dilution) chelated blood was obtained from a single healthy donor. Following venipuncture samples were placed within an ice box during the delivery process to the core lab at the Hamilton General Hospital to determine its initial platelet counts. The samples were then brought back and incubated on the Barnstead rotisserie for 2 hours at 4oC in the cold room. After 2 hours the samples were placed back into the ice box and platelet counts were obtained once more at the core lab. 
[bookmark: _Toc418780536][bookmark: _Toc418782760][bookmark: _Toc419941909]2.1.8 Optimization of Platelet Depletion with Reduced Microbead Volume
In order to minimize hemodilution with microbead addition while maximizing platelet depletion in blood different fractions of microbead was used. As outlined in section 2.1.2 two ten mL of CPDA-1 chelated blood was obtained. Following venipuncture samples were placed within an ice box and brought into the cold room (4oC). Within the cold room the blood samples were pooled together and divided into two Falcon Tubes (15mL). Two aliquots of 500 μL were obtained from either Falcon tube labelled 1 and 2. The Falcon tubes were placed on the Barnstead rotisserie and incubated at 4oC within the cold room. The two aliquots were placed in the ice box and delivered to the core lab for platelet count determination. Based on the platelet count acquired, the recommended microbead volume (RMV), required to remove a specific platelet count was then calculated. Based on the RMV the volume was reduced to 75% and 50% of the original RMV. Therefore, three different fractions of the RMVs were used, 100%, 75% and 50%. At 4oC, a 1500 μL aliquot of CPDA-1 chelated blood was taken from the Falcon tube that yielded the highest platelet count. The aliquot was incubated for 15 minutes with 100% of the RMV at 4oC. The latter two parameters (75% and 50% of the RMV) were also incubated at 4oC within 1500 μL of CPDA-1 chelated whole blood. After 15 minutes the whole blood magnetic chromatography column was rinsed with 1200 μL of PBS buffer pH 7.4. The column’s void volume was then displaced with 1800 μL of untouched blood. To deplete platelets from blood using the 100% RMV incubated blood, initially 800 μL of the 100% RMV incubated blood was added to the column and the eluted product was discarded. The remaining incubated sample was then added to the column and the eluted product was attained. To obtain the remaining PDB within the void volume 400 μL of untouched CPDA-1 chelated blood was added to the column and collected.  This same protocol was carried out for the other two parameters (75% and 50% RMV). Once all samples have been collected, platelet counts were determined as described previously. All samples were placed back on the Barnstead rotisserie at 4oC. 
[bookmark: _Toc419941910]2.1.9 Optimization of Platelet-depleted Blood
To determine if PDB eluted from the column becomes procoagulant a turbidometric clotting assay was implored. The samples for this experiment was prepared as followed: 
Positive Control: Using the other Falcon tube from section 2.1.8 PRP with proportional dilution as the experimental group, but using PBS buffer pH 7.4 as a substitute versus 100% of the RMV was attained via centrifugation at and RPM of 750 for 20 minutes. 
Negative Control: Similar to the positive control the PPP with proportional dilution as the experimental group, but using PBS buffer pH 7.4 a substitute versus 100% of the RMV was attained via centrifugation with the microcentrifuge for 20 minutes. 
Experimental: To determine if microparticles are generated, the PDB sample obtained from section 2.1.8 using 100% of RMV was centrifuged using the microcentrifuge for 20 minutes and its PPP was obtained.  All of the preparations were then subjected to a turbidometric analysis. 
Turbidometric clotting assay: The spectrophotometer was pre-warmed to achieve an internal temperature of 37 oC and parameters for a kinetics test were set at a wavelength of 350 nm that was read at 15 second intervals for a test period of 3 hours. Once the temperature was stable at 37oC 50 μL of PRP, PPP and PPP from PDB were added to wells A, B and C respectively. To initiate clotting, 50 μL of 10 mM CaCl2 was added to wells A, B and C, respectively (Figure 3).
	                
	

	A
	50 μL 10mM CaCl2+ PRP

	B
	50 μL 10mM CaCl2 + PPP

	C
	50 μL 10mM CaCl2 + PPP from PDB


Figure 3: Costar microwell reaction setup for clot analysis within the spectrophotometer at 37oC
[bookmark: _Toc419941911][bookmark: _Toc418780537][bookmark: _Toc418782761]2.2 Optimization of PDB with Washed Microbeads 
Effective platelet depletion was analyzed following the use of washed microbeads in addition to testing for microparticle generation following its exposure to the column.  As outlined in section 2.1.2 thirty mL of CPDA-1 chelated blood was obtained. The platelet count and RMV for these samples were obtained as outlined in section 2.1.8 with additional RMV fractions of 25% and 10%.  At 4oC microbeads were washed of EDTA by following the modified manufacturer’s protocol. Four different reaction volumes were used: 100%, 50%, 25% and 10% of the RMV. PDB and its platelet count was obtained with these RMV using the protocol outlined in section 2.1.8.  To test for platelet functionality and column exposure samples were prepared as followed:
 Positive Control: Using the untouched CPDA-1 chelated blood with the other falcon tube PRP with equal dilution as the experimental group, but using PBS buffer pH 7.4 versus 100% of the RMV was attained via centrifugation at an RPM of 750 for 20 minutes. 
Negative Control: Similar to the positive control the PPP with proportional dilution as the experimental group, but using PBS buffer pH 7.4 a substitute versus 100% of the RMV was attained via centrifugation at an RPM of 2400 for 20 minutes. 
Experimental: To determine how the platelets in the PDB behave the PDB samples that used 100%, 50%, 25% and 10% RMV were centrifuged at an RPM of 750 for 20 minutes to obtain PRP from PDB. Prior to centrifugation the samples that used only 50%, 25%, and 10% of the RMV were given additional PBS buffer pH 7.4, the difference in RMV with respect to 100% was added to each sample to achieve equal dilution. 
Column Exposure: With a new magnetic chromatography the column was rinsed with 1200 μL of PBS buffer pH 7.4 at 4oC. The PBS buffer pH 7.4 remaining within the void volume was flushed out with 1800 μL of untouched CPDA-1 chelated blood. Then 800 μL of CPDA-1 chelated blood diluted with PBS buffer pH 7.4 matching the 100% RMV dilution was added to the column and the eluted product was discarded. Following this step the remaining volume was added and approximately1500 μL were collected in two Falcon tubes. One test tube was centrifuged at 750 RPM for 20 minutes to obtain PRP and the latter was centrifuged at 2400 RPM to obtain PPP for20 minutes. 
Clotting Assay: The spectrophotometer was pre-warmed to achieve an internal temperature of 37oC and parameters for running a kinetics test was set at a wavelength of 350 nm, read at 15 second intervals, for a test period of 3 hours. Once the temperature was stable at 37oC  50 μL of PRP, 10% RMV used PRP from PDB, 25% RMV used PRP from PDB, 50% RMV used PRP from PDB, 100% RMV used PRP from PDB and PPP were added to wells A1, B1, C1, D1, E1 and F1. Then in wells A5, B5, C5 and D5 PRP, column exposed PRP, PPP and column exposed PPP were added respectively. Clotting was initiated (Figure 4) in each well by adding 50 μL of 10 mM CaCl2. 












	           
	

	A1
	50 μL 10mM CaCl2+ PRP

	B1
	50 μL 10mM CaCl2 + 10% RMV used PRP from PDB

	C1
	50 μL 10mM CaCl2 + 25% RMV used PRP from PDB

	D1
	50 μL 10mM CaCl2 + 50% RMV used PRP from PDB

	E1
	50 μL 10mM CaCl2 + 100% RMV used PRP from PDB

	F1
	50 μL 10mM CaCl2 + PPP

	A5
	50 μL 10mM CaCl2+ PRP

	B5
	50 μL 10mM CaCl2+ Column exposed PRP

	C5
	50 μL 10mM CaCl2+ PPP

	D5
	50 μL 10mM CaCl2+ Column exposed PPP


Figure 4: Costar microwell reaction setup for clot analysis within the spectrophotometer at 37oC



[bookmark: _Toc418780538][bookmark: _Toc418782762][bookmark: _Toc419941912]2.2.1 Effect of Temperature on Blood
In order to test the effects of varying temperature on platelet functionality the TEG was utilized. As outlined in section 2.1.2 ten ml of CPDA-1 chelated blood was obtained.   An adjusted volume of blood was added to two separate mini Eppendorf tubes labeled either 22oC or 4 oC containing 30 μg/μL of Corn Trypsin Inhibitor (CTI) (Total volume 500 μL). The cold labeled samples were incubated in the cold room at 4 oC for a fixed time period (15, 40, 80, 120 and 160 minutes) on a rocker. The 22oC labeled samples were placed on a rocker at room temperature for the respective time period as the 4 oC labeled samples.  Following the incubation periods in the cold room the samples were allowed to reach room temperature for 10 min. While the samples were equilibrating to room temperature the TEG was calibrated for use. Following the 10 min time period clotting was initiated using 20 μL of 10 mM CaCl2 for either samples (4oC versus 22oC) and monitored using the TEG. The clotting profiles determined from the TEG were then subjected to statistical analysis. 		
[bookmark: _Toc418780539][bookmark: _Toc418782763][bookmark: _Toc419941913]2.2.2 Reduced Modified Microbead Incubation Period
A reduced incubation period of 15 minutes with microbeads was tested to determine its efficiency in effective platelet depletion (>90%) in blood. As discussed in section 2.1.2 ten ml of CPDA-1 chelated blood was obtained and its platelet counts was determined. The appropriate volume of blood were separated into two mini Eppendorf tubes labeled either CD61 treated versus control (untreated) containing 30 μg/μL of CTI (Total volume 1200 μL). Then 50% of the washed RMV as outlined in section 2.1.8 was added to the “CD61 treated” labeled samples and using its proportional volume PBS buffer (pH 7.4) was added to the control (untreated) labeled sample. Then both samples were brought into the cold room and were briefly exposed /handled at 4 oC for 15 minutes. Within that 15 minute time frame the CD61 treated sample were incubated for 10 minutes on the Barnstead rotisserie. During this 10 minute period the whole blood chromatography column was prepared. The column was placed on the magnetic adapter and was rinsed with 1200 μL of PBS buffer pH 7.4. The void volume prefilled with the buffer (PBS) was displaced using 1800 μL of untouched blood. After 5 minute of the 10 minute incubation period 800 μL of the CD61 treated sample was placed within the column to displace the untouched blood within the void volume (all eluted samples were discarded). The “CD61 treated” labeled sample was then placed back on the Barnstead rotisserie for the remaining 10 minutes of the incubation period. Once the 10 min incubation period was completed using the remaining 5 minute within the 15 minute time frame the entire volume of the “CD61 treated” labeled sample was pipetted into the column and its eluted product was collected within a test tube. The remaining PDB within the void volume was displaced using 400 μL of untouched blood. Following the collection of the PDB the sample was placed back on the rotor at 22oC for 10 minutes to reach room temperature. After 10 minutes the platelet count of PDB was obtained at the core lab as described above. 	
[bookmark: _Toc418780540][bookmark: _Toc418782764][bookmark: _Toc419941914]2.2.3 Platelet Count Percentile
	In order to have a standard fixed hemodilution upon microbead addition with each experiments the general platelet count observed in a small population was determined. Previously determined untouched blood platelet counts from healthy volunteers were recorded onto a Microsoft Excel spread sheet. The following values were than used to create a percentile graph of the platelet counts obtained from healthy volunteers within a small population.  
[bookmark: _Toc418780541][bookmark: _Toc418782765][bookmark: _Toc419941915]2.2.4 Hemodilution Effect
To determine the effects of hemodilution on clot formation blood samples with fixed hemodilution values were measured and analyzed using the TEG. Approximately ten ml of CPDA-1 chelated blood was obtained as outlined in section 2.1.2.   Appropriate volume of PBS (pH 7.4) was added as a substitute for microbeads and 30 μg/μL of CTI (Total volume 1200 μL). The sample with the buffer addition was labeled either 26.7% total hemodilution or 18.8% total hemodilution and samples devoid of buffer were labeled control.  Based on the findings from the platelet count percentile the platelet count was assumed to be 250 x 109/L in order to use a fixed standard CD61 microbead volume. Clotting was initiated using 20 μL of 10 mM CaCl2 and monitored using the TEG. Using the same sample clotting was initiated two more times for both undiluted and diluted samples. 
Furthermore, after determining the appropriate volume of microbeads to use corresponding to the volume of blood required for a standard experiment the fixed total hemodilution in blood was calculated to be 21.8%. As outlined in section 2.1.2 three healthy volunteers were recruited and 10 ml of CPDA-1 chelated blood was obtained. Following the same procedure as described above hemodilution effect on clotting was analyzed at a total hemodilution of 21.8% via TEG. The TEG parameters were obtained for all three different volunteers and used for statistical analysis. 
[bookmark: _Toc418780542][bookmark: _Toc418782766][bookmark: _Toc419941916]2.2.5 Column Exposure (Microparticle Generation)
In order to test the generation of microparticles upon contact with the whole blood column the PPP of PDB and untouched blood was analyzed using TEG.  Thirty ml of CPDA-1 chelated blood was obtained as outlined in section 2.1.2.  Then using two test tubes labeled either “CD61 treated” or “buffer substitute” 254.1 μL of either CD61 microbeads or PBS buffer (pH 7.4) were added respectively in addition to 30 μg/μL of CTI (Total volume 2200 μL). PDB was than obtained as outlined in section 2.2.2. Then with the PDB and the untouched blood both samples were centrifuged to obtain its PPP. The PPP obtained from each labeled samples were brought to the Core lab to obtain its platelet count. Than using both PPP from either the CD61 treated or the buffer substitute clotting was initiated using 20 mM CaCl2 and monitored with the TEG. 
[bookmark: _Toc418780543][bookmark: _Toc418782767][bookmark: _Toc419941917]2.2.6 Appropriate TF concentration for the Optimization of TEG
In order to maximize the full sensitivity of the TEG PDB in the presence of anticoagulants were tested with various TF concentration to initiate clotting. Approximately ten ml of CPDA-1 chelated blood was obtained as outlined in section 2.1.2. Than PDB was prepared as outlined in section 2.2.2 using the fixed microbead volume from section 2.2.5.Than following the collection of the PDB (<10 x 109/L) it was placed back on the rotor at 22oC for a minimum of 10 minutes to reach room temperature. The newly acquired PDB samples were than brought to the core lab to determine it platelet counts. Then clotting was initiated for the PDB samples with 20 μL of 10 mM CaCl2 and various TF concentrations in the presence of therapeutic levels of LMWH (1.0 IU/ml) or UFH (0.3 U/ml)  and monitored via TEG. The following r-time derived was used to determine the TF concentration required to initiate bare minimal clotting (>120 min) of PDB at therapeutic levels of UFH and LMWH. 
[bookmark: _Toc418780544][bookmark: _Toc418782768][bookmark: _Toc419941918]2.2.14 Clotting Profiles at Predefined Platelet Counts in the Presence of Anticoagulants
The clotting profiles at platelet counts of 30 x 109/L and 50 x 109/L in the presence of anticoagulants were tested via TEG. Approximately ten ml of CPDA-1 chelated blood was obtained as outlined in section 2.1.2. PDB was than prepared using the protocol outlined in section 2.2.6.  The control and the newly acquired PDB samples were than brought to the core lab to determine it platelet counts upon reaching room temperature (10 minutes). Using the known platelet counts of PDB and its control they were mixed together at appropriate volumes to create blood with predefined platelet counts of 30, 50 and 150 x 109/L. The following four samples PDB, 30, 50 and 150 x 109/L were than subjected to clotting with 20 μL of 10 mM CaCl2 and 2.05pM or 2.25 pM of TF in the presence of either LMWH (0.1, 0.3, 0.5 or 1.0 IU/ml) or UFH (0.1 or 0.3 U/ml) respectively and monitored via TEG as outlined in section 2.1.3. The following TEG tracings and the values for R and MA derived upon clot formation was used for statistical analysis.
[bookmark: _Toc418780545][bookmark: _Toc418782769][bookmark: _Toc419941919]2.2.15 Statistical Analysis
All TEG experiments in the presence of therapeutic and prophylactic levels of anticoagulants were performed at least five times. For comparisons between samples, Student’s t-test and ANOVA with a post-hoc Tukey test was used. All TEG parameter values were subjected to a Grubbs test for potential outliers (no data was omitted). Values with a p ≤0.05 were considered to be statistically significant.  













[bookmark: _Toc418780546][bookmark: _Toc418782770][bookmark: _Toc419941920]3        Results
[bookmark: _Toc419941921][bookmark: _Toc418780547][bookmark: _Toc418782771]3.1 Blood Column Dilution Optimization 
The solution within the void volume accounts for 600 μL. Upon subsequent loading the initial void volume is displaced with the solution containing bromophenol blue. The total 600 μL of the original solution within the void volume eluted due to its displacement is not fully recovered as bromophenol blue is detected prior to the elution of the full 600 μL (Figure 5). Approximately 494 μL of the original solution is free from bromphenol blue contamination.  After determining the “true void volume” is less than 600 μL blood mixed with phenolphthalein was used to determine the approximate recovery of blood within the void volume free from contamination upon subsequent loading. The approximate volume of blood recovered from the column was approximated by determining its mean volume per drop of blood (Table 2). Upon calculating the mean volume per drop of blood eluted, blood recovered from the void volume free from phenolphthalein detection is less than 600 μL (565 μL) as indicated by Figure 6. 

Figure 5: Column dilution experiment identifying the level of dilution with the void volume and the reservoir volume upon subsequent sample loading using bromophenol blue as a marker for dilution detection in distilled water. Each symbol indicates a single absorbance value for eluted samples from the column. Red arrow identifies the initial change in absorbance value at a specific volume due to the presence of bromophenol blue detected by the spectrophotometer. 
	Equation of the Line
	Volume (μL)

	y=1.013x +0.22
	47.82

	y=0.9875x + 2.9
	47.2

	y=0.9875x + 2.9
	47.7

	Mean
	47.6


Table 2: Determination for the volume of a single droplet of blood eluted from the column. Baseline equation for each healthy volunteer (N=3) with respect to the volume of blood (x) versus mass (y). 
	

Figure 6: Column dilution experiment identifying the level of dilution with the void volume and the reservoir volume upon subsequent sample loading using phenolphthalein as a marker for dilution detection in blood. Each symbol indicates a single absorbance value for eluted samples from the column. Red arrow identifies the initial change in absorbance value due to the presence of phenolphthalein at a specific volume detected by the spectrophotometer. 
[bookmark: _Toc418780548][bookmark: _Toc418782772][bookmark: _Toc419941922]3.2 Albumin Coating
Upon comparison of either non albumin coated versus albumin coated column blood recovered from the albumin coated column has a platelet recovery of less than 34% of its original starting platelet count (Table 3). There seems to not be a significant difference in platelet recovery upon using coated versus non coated columns with respect to its original platelet count. 

	Untouched Blood 
Platelet Count (x109/L)
	Non-coated Columns
Platelet Count (x109/L)
	Albumin Coated Columns
Platelet Count (x109/L)

	133.4
	14.6
	16.4

	49.4
	13.3
	14.3

	215.8
	62.9
	75.4


Table 3: Table identifies donor platelet counts (N=3) pre and post exposure to non-coated or albumin coated columns.
[bookmark: _Toc418780549][bookmark: _Toc418782773][bookmark: _Toc419941923]3.3 pH of CPDA-1 Chelated Whole Blood
The pH of CPDA-1 solution seems to be ~5.5 and upon collection of blood in CPDA-1 the chelated blood exhibit a pH of ~7.5 when analyzed using a pH indicator (Figure 7).
[image: C:\Users\Jason\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\20130311_184236.jpg]Figure 7: Image shows pH indicator strips with its colour corresponding pH values upon exposure to CPDA-1 solution and CPDA-1 chelated blood samples.CPDA-1                CPDA-1+Blood

[bookmark: _Toc418780550][bookmark: _Toc418782774][bookmark: _Toc419941924]3.4 Effect of time on Platelet Preservation
	With the use of CPDA-1 for blood collection platelet preservation is greater than 96% after 2 hours following venipuncture (Table 4). In citrated blood platelet preservation seems to be compromised due to platelet clumping. After 2 hours platelet counts diminish greater than 20% when collected in CPDA-1.  
	Time (hours)
	CPDA-1 Blood Platelet Count (x109/L)
	Citrated Blood Platelet Count (x109/L)

	0
	155.9
	17.6*

	2
	150.6
	N/A*

	>2
	120.4
	N/A*


Table 4: Table compares platelet preservation overtime with different chelating agents (CPDA-1 versus Citrate). *Platelet count compromised due to platelet clumping.
[bookmark: _Toc418780551][bookmark: _Toc418782775][bookmark: _Toc419941925]3.5 Optimal CD 61 Microbead Volume
The fraction of microbead volume used for platelet depletion at either 50% or 75% of the RMV shows a greater than 90% depletion in platelet count similar to using 100% of the RMV (Table 5). The PDB obtained from using 100% of the RMV once centrifuged to generate PPP did not exhibit a clotting time shorter than PRP or PPP of untouched blood rather a delay in clotting time was observed for PPP derived from PDB (Table 6).  
	Untouched  Blood Platelet Count 
(x 109/L)
	
212.4

	100% RMV Platelet Count 
(x 109/L)
	
6.7

	75% RMV Platelet Count 
(x 109/L)
	
12.3

	50% RMV Platelet Count 
(x 109/L)
	
15.6



Table 5: Table indicates platelet values pre and post platelet depletion using various fractions of CD-61 microbead volumes. 
	Conditions Tested
	Platelet Count (x109/L)
	Time to ½ Maximum (secs)

	PRP Control
	212.4
	780.04

	PPP Control
	N/A
	874.35

	PPP from PDB
	6.7
	1858.6


Table 6: Table identifies clotting times in a turbidometric assay for untouched plasma and plasma obtained from PDB. 
[bookmark: _Toc418780552][bookmark: _Toc418782776][bookmark: _Toc419941926]3.6 Microparticle Generation and Platelet Functionality 
The platelets of the PDB seems to be functional in its ability to clot before PPP (Table 7). With reduced fraction of microbead volume used more platelets are available and its clotting time nears the clotting time of PRP. Either in the presence of column or in the absence of column PRP and PPP shows delayed clotting time when obtained in the presence of column (Table 8). 








	Conditions Tested
	Platelet Count (x109/L)
	Time to ½ Maximum (secs)

	PRP Control
	241.4
	691

	PRP from PDB 
(10% RMV)
	97.4
	768

	PRP from PDB 
(25% RMV)
	54.1
	641

	PRP from PDB 
(50% RMV)
	5.9
	884

	PRP from PDB 
(100% RMV)
	7.1
	998

	PPP
	N/A
	1154


Table 7: Table identifies clotting times in a turbidometric assay for untouched plasma and plasma obtained from PDB using different fraction of microbead volume. 
	Conditions Tested
	 Time to ½ Maximum (secs)

	PRP (-Column)
	691

	PRP (+Column)
	967

	PPP (-Column)
	747

	PPP (+Column)
	1002


Table 8: Table identifies clotting times in a turbidometric assay for PRP and PPP pre and post column exposure.
[bookmark: _Toc418780553][bookmark: _Toc418782777][bookmark: _Toc419941927]3.7 Effects of Temperature on Blood

	For optimal platelet depletion microbeads are to be incubated and mixed in blood at 4oC. Upon comparison of blood handled at room temperature (22oC) versus 4oC the clotting profile of blood based on the four common TEG parameters does not seem to be significantly compromised with an exposure as great as 40 minutes (p ≤0.05) (Figure 8 A-D). With prolonged exposure (>40 minutes) of blood at 4oC the r-time is statistically significant when compared to blood incubated at 22oC becoming hypercoagulable (Figure 8 A). Although not statistically significant there seems to be a greater fluctuation in k-time and MA with prolonged exposure (>120 minutes) of blood to 4oC.



Figure 8: Graphs showing the effects of temperature (22oC versus 4oC) on blood at various incubation periods represented by four common TEG parameters. (A) Reactive-time * statistical significant difference between 22oC and 4oC at incubation periods greater than 80 minutes (p ≤0.05). No statistical significant difference for (B) Coagulation time, (C) alpha angle and (D) maximum amplitude at all incubation periods. (N=3, 15 minutes & N=4, 40-160 minutes) 

[bookmark: _Toc418780554][bookmark: _Toc418782778][bookmark: _Toc419941928]3.8 Modified Microbead Incubation Period
	After determining the optimal microbead incubation period at 4oC its ability for effective platelet depletion was measured as it is less than the recommended manufacturer incubation period of 30 minutes. Blood incubated with CD 61 microbeads and handled at 4oC within a 15 minute time frame shows a greater than 90% platelet depletion (Table 9).  Furthermore, PBMC loss due to the use of CD61 microbeads found no significant difference in the percentage of monocytes observed post platelet depletion (Table 10). 
			Platelet Counts(x109/L)
	Post Platelet Counts(x109/L)
	% Difference

	265.3
	17.1
	93.5

	151
	7.7
	94.9


Table 9: Modified incubation/handling period of 15 minutes for platelet depletion experiment. Values show pre and post platelet counts following platelet depletion. (N=2)
	
	Monocyte %
	Post Monocyte %

	
	0.0663
	0.0523

	
	0.0566
	0.0569

	
	0.0693
	0.0564

	Mean
	        0.0641
	0.0522


Table 10: Table looks at pre and post monocyte % following platelet depletion to determine change in PBMC. Values obtained from core lab CBC results. (N=3)
[bookmark: _Toc418780555][bookmark: _Toc418782779][bookmark: _Toc419941929]3.9 Platelet Count Percentile
It seems within a small population of blood donated the greater frequency of platelet counts observed falls below the 80th percentile (Figure 9). There seems to be a greater occurrence of platelet counts between 203 x 109/L and 248 x 109/L.



Figure 9: Histogram percentile showing platelet count distribution in a small population upon donation from healthy volunteers. 20% of platelet counts lie between 113.1-158.1 x 109/L, 80% of platelet counts fall below 248.1 x 109/L and greater than 80% of platelet counts were observed in the range of 248.1-293.1 x 109/L. (N=6)
[bookmark: _Toc418780556][bookmark: _Toc418782780][bookmark: _Toc419941930]3.10 Hemodilution Effect
Following the addition of microbeads hemodilution is expected in blood and its ability to foster a hypocoagulable environment is assessed using the four common TEG parameters. With a final total hemodilution of 26.7% no significant difference was noted when compared to the control and a reduced hemodilution of 18.8% (Figure 10 A). When hemodilution of 21.8% was compared in three healthy volunteers a hypocoagulable environment did not exist at all four TEG parameters as no significant difference was noted (Figure 10 B).  


  
Figure 10: Graphs illustrate the effects of hemodilution represented by four common TEG parameters R, k,  and MA. (A) Compares control to 18.8% and 26.7% final hemodilution (N=1, 3 replications). (B) Compares control to 21.8% final hemodilution (N=3). 
[bookmark: _Toc418780557][bookmark: _Toc418782781][bookmark: _Toc419941931]3.11 Column Exposure (Microparticle Generation)
An indirect detection of microparticles generated in response to column exposure of blood is measured in TEG. Increase in r-time for PPP from PDB (+Column) versus PPP obtained via centrifugation was observed (Table 10). 
	Conditions
	R
	k
	
	MA

	PPP 
	26.8
	N/A
	11.9
	17.5

	PPP from PDB
	47.6
	N/A
	23.7
	18.5


Table 11: Table comparing the TEG parameters of R, k, and
	


[bookmark: _Toc418780558][bookmark: _Toc418782782][bookmark: _Toc419941932]3.12 TF Optimization in the Presence of UFH and LMWH
	Reducing the platelet count to <10 x 109/L (PDB) shows a compromise in the ability to clot at therapeutic levels of UFH and LMWH. Clotting seems to be further delayed with reduced TF concentration and improved with increasing TF concentration. An inverse relationship seems to exist with TF concentration and r-time. With increasing TF concentration r-time diminishes and with lower TF concentration r-time increases. It seems bare minimal clotting is best achieved in PDB for 0.3 U/ml UFH at a TF concentration of 2.25 pM (Figure 11 A). At therapeutic levels of LMWH (1 IU/ml) bare minimal clotting is optimally achieved at a lower TF concentration versus UFH at 2.05 pM (Figure 11 B). 



Figure 11: TF optimization experiments in PDB at therapeutic levels of anticoagulant where R was measured with varying amounts of TF. Optimal TF concentration was chosen based on achieving bare minimal clotting (120-160 minutes) in PDB. (A) UFH (N=2 1.2, 2.5 and 8pM N=1 2.25 and 4pM N=3 2pM) (B) LMWH (N=1 2.05 pM, N=3 2.1-2.2 pM).





[bookmark: _Toc418780559][bookmark: _Toc418782783][bookmark: _Toc419941933]3.13 Clotting Profiles at Predefined Platelet Counts in the Presence of Anticoagulants

[bookmark: _Toc419941934]3.13.1 R, Ma and AUC15 at Therapeutic and Prophylactic Levels of UFH 
After determining the optimal TF concentration for each individual anticoagulant the effects of platelets in blood was studied. Statistical significant difference was not found when comparing platelet counts 30 x 109/L and 50 x 109/L at therapeutic and prophylactic levels of UFH with respect to r-time (Figure 12 A and B). However, a statistical significant in the overall strength of the clot identified by MA is found at prophylactic levels of UFH (p ≤0.05) (Figure 13 B). There seems to be an inverse relationship between r-time and MA when comparing therapeutic and prophylactic levels of UFH. The quality of the clot (MA) seems to diminish with increasing levels of UFH. Overall a significant difference was noted when comparing the r-time of PDB or 150 x 109/L to the other predefined platelet counts.  In terms of the speed and strength of clot formation represented by AUC15 at therapeutic levels of UFH show no significant difference at platelet counts of 30 x 109/L and 50 x 109/L (Figure 14 A). However, similar to the MA for prophylactic levels of UFH a difference is noted at these specific platelet counts (p ≤0.05) (Figure 14 B). Furthermore, a significant difference is noted at therapeutic levels of UFH when comparing platelet counts of 150 x 109/L to the other reduced platelet level. In terms of prophylactic levels of UFH, AUC15 seems to be compromised significantly in a linear trend as platelet counts are further reduced. Interestingly the AUC15 of PDB at prophylactic levels of UFH is found to be similar statistically to the AUC15 at platelet counts of 150 x 109/L at therapeutic levels of UFH.





Figure 12: Modelling of TEG parameter r-time at therapeutic and prophylactic levels of UFH with TF concentration optimized for UFH (2.25 pM). (A) Therapeutic levels of UFH (0.3 U/ml) *PDB compared to 30 x 109/L, 50 x 109/L, and 150 x 109/L ** 150 x 109/L compared to PDB, 30 x 109/L and 50 x 109/L statistical significant difference exist (p ≤0.05). (B) Prophylactic levels of UFH (0.1 U/ml) *PDB compared to 150 x 109/L and ** 150 x 109/L compared to PDB, 30 x 109/L and 50 x 109/L statistical significant difference exist (p ≤0.05). (N=5) 



Figure 13: Modelling of TEG parameter MA at therapeutic and prophylactic levels of UFH with TF concentration optimized for UFH (2.25 pM). (A) Therapeutic levels of UFH (0.3 U/ml) *PDB compared to 150 x 109/L and ** 150 x 109/L compared to PDB, 30 x 109/L and 50 x 109/L statistical significant difference exist (p ≤0.05). (B) Prophylactic levels of UFH (0.1 U/ml) *PDB compared to 30 x 109/L, 50 x 109/L and 150 x 109/L, ** 30 x 109/L compared to 50 x 109/L and *** 150 x 109/L compared to PDB, 30 x 109/L and 50 x 109/L statistical significant difference exist (p ≤0.05). (N=5)




Figure 14: Post-hoc TEG tracing analysis for AUC15 at therapeutic and prophylactic levels of UFH with TF concentration optimized for UFH (2.25 pM). (A) Therapeutic levels of UFH (0.3 U/ml) *PDB compared to 150 x 109/L and ** 150 x 109/L compared to PDB, 30 x 109/L and 50 x 109/L statistical significant difference exist (p ≤0.05). (B) Prophylactic levels of UFH (0.1 U/ml) *PDB compared to 30 x 109/L, 50 x 109/L and 150 x 109/L, ** 30 x 109/L compared to 50 x 109/L and *** 150 x 109/L compared to PDB, 30 x 109/L and 50 x 109/L statistical significant difference exist (p ≤0.05). (N=5)













[bookmark: _Toc419941935]3.13.2 R, Ma and AUC15 at Therapeutic and Prophylactic Levels of LMWH 
Using the optimal TF concentration for LMWH the clotting profile of platelets in blood was studied using TEG similar to UFH.  At upper and lower therapeutic levels of LMWH at platelet counts of 30 x 109/L and 50 x 109/L are not found to be statistically significant with respect to r-time and MA (Figure 15 A and B) (Figure 16 A and B). However, the r-time is significantly prolonged at upper therapeutic levels of LMWH when compared to its lower therapeutic levels at platelet counts of 30 x 109/L and 50 x 109/L (p ≤0.05). Furthermore, it seems the r-time bar graph at a platelet count of 150 x 109/L at 1.0 IU/ml of LMWH seems similar to the r-time bar graph at a platelet count of 30 x 109/L in the presence of 0.3 IU/ml of LMWH (Figure 15 A and C). With respect to MA in a similar fashion the quality/strength of the clot improves at lower levels of LMWH. At upper and lower prophylactic levels of LMWH the r-times of 30 x 109/L and 50 x 109/L do not show any statistical significant difference (Figure 15 C and D). While no statistical significant difference seems to exist for MA at lower prophylactic levels of LMWH for 30 x 109/L and 50 x 109/L a change is noted at higher prophylactic levels of LMWH (p ≤0.05) (Figure 16 C and D). Interestingly at higher and lower prophylactic levels of LMWH no difference in terms of r-time can be seen amongst all predefined platelet counts. Thus, PDB in comparison to 30 x 109/L for both upper and lower prophylactic levels of LMWH show no significant difference.  In terms of the strength and speed of clot formation represented by AUC15 is not compromised at platelet counts of 30 x 109/L and 50 x 109/L for therapeutic and prophylactic levels of LMWH (upper or lower). It seems AUC15 improves linearly at all platelet levels with reducing levels of LMWH concentrations.  






Figure 15: Modelling of TEG parameter r-time at therapeutic and prophylactic levels of LMWH with TF concentration optimized for LMWH (2.05 pM). (A) Upper therapeutic levels of LMWH (1 IU/ml) *PDB compared to 30 x 109/L, 50 x 109/L, and 150 x 109/L and ** 150 x 109/L compared to PDB, 30 x 109/L and 50 x 109/L statistical significant difference exist (p ≤0.05). (B) Lower therapeutic levels of LMWH (0.5 IU/ml) *PDB compared to 30 x 109/L, 50 x 109/L, and 150 x 109/L ** 150 x 109/L compared to PDB statistical significant difference exist (p ≤0.05). (C) Upper prophylactic levels of LMWH (0.3 IU/ml). (D) Lower prophylactic levels of LMWH (0.1 IU/ml). (N=5)
	





Figure 16: Modelling of TEG parameter MA at therapeutic and prophylactic levels of LMWH with TF concentration optimized for LMWH (2.05 pM). (A) Upper therapeutic levels of LMWH (1 IU/ml) *PDB compared to 150 x 109/L and ** 150 x 109/L compared to PDB, 30 x 109/L and 50 x 109/L statistical significant difference exist (p ≤0.05). (B) Lower therapeutic levels of LMWH (0.5 IU/ml) *PDB compared to 50 x 109/L and 150 x 109/L ** 150 x 109/L compared to PDB, 30 x 109/L and 50 x 109/L statistical significant difference exist (p ≤0.05). (C) Upper prophylactic levels of LMWH (0.3 IU/ml) *PDB compared to 50 x 109/L and 150 x 109/L, ** 30 x 109/L compared to 50 x 109/L and ***150 x 109/L compared to PDB, 30 x 109/L and 50 x 109/L statistical significant difference exist (p ≤0.05). (D) Lower prophylactic levels of LMWH (0.1 IU/ml) *PDB compared to 30, 50 and 150 x 109/L ** 150 x 109/L compared to PDB, 30 x 109/L and 50 x 109/L statistical significant difference exist (p ≤0.05). (N=5)






Figure 17: Post-hoc TEG tracing analysis for AUC15 at therapeutic and prophylactic levels of LMWH with TF concentration optimized for LMWH (2.05 pM). (A) Upper therapeutic levels of LMWH (1 IU/ml) *PDB compared to 150 x 109/L and ** 150 x 109/L compared to PDB, 30 x 109/L and 50 x 109/L statistical significant difference exist (p ≤0.05). (B) Lower therapeutic levels of LMWH (0.5 IU/ml) *PDB compared to 150 x 109/L ** 150 x 109/L compared to PDB, 30 x 109/L and 50 x 109/L statistical significant difference exist (p ≤0.05). (C) Upper prophylactic levels of LMWH (0.3 IU/ml) *PDB compared to 150 x 109/L and **150 x 109/L compared to PDB, 30 x 109/L and 50 x 109/L statistical significant difference exist (p ≤0.05). (D) Lower prophylactic levels of LMWH (0.1 IU/ml) *PDB compared to 30, 50 and 150 x 109/L ** 150 x 109/L compared to PDB, 30 x 109/L and 50 x 109/L statistical significant difference exist (p ≤0.05). (N=5)
		
[bookmark: _Toc418780560][bookmark: _Toc418782784][bookmark: _Toc419941936]4        Discussion

The anticoagulation regiment for the management of VTE and concomitant thrombocytopenia is still quite controversial. The platelet threshold at which managing physicians must hold off on anticoagulant treatments is still debated. Previous literature suggested platelet counts should be elevated to a minimal platelet threshold of 50 x 109/L before any anticoagulation therapy may be provided (Lee, 2009). However, Arnold & Lim (2011) suggest anticoagulation therapy can be provided at a reduced platelet level of 30 x 109/L when given prophylactic doses.  In the most recent literature it suggest that anticoagulants may be provided at a reduced platelet count of 30 x 109/L even at therapeutic levels (Athale et al., 2012). Therefore, due to these contradictory suggestions this in vitro study explores the clotting profiles in blood at predefined platelet counts in the presence of UFH and LMWH specifically looking at platelet counts of 30 x 109/L and 50 x 109/L. Initially due to the novelty in generating thrombocytopenic blood using CD 61 microbeads with the magnetic bead column optimization protocols are necessary before generating and analyzing thrombocytopenic blood in the presence of UFH and LMWH.
[bookmark: _Toc419941937] 4.1 Magnetic Column Chromotorgraphy Optimization
The mechanistic design of the magnetic bead column involves the removal of molecules from samples pre-incubated with monoclonal antibodies (CD 61 microbeads). These samples pass through the column and the monoclonal bound molecules adhere to the iron spheres layered within the column as it is subjected to a high gradient magnetic force. The iron sphered portion of the column itself has a void volume of 600 μL. Thus, the loading of further volumes to the column will displace the initial 600 μL sample within the column. However, contamination may occur between the samples if the void volume is not taken into consideration between subsequent sample loadings. Therefore, in order to test for the degree of contamination (dilution) with subsequent loading bromophenol blue was used as a surrogate marker of contamination. Its purpose was to determine the initial contamination of samples within the void volume following subsequent displacement of the void volume with further sample addition. Following this experiment it was determined that the “true void volume” is not 600 μL (suggested by manufacturer), but rather ~494 μL which is the approximate volume free of bromophenol blue detection at the initial contact between the void volume and the reservoir volume. Hence, adding in approximately 800 μL of the subsequent sample to the column should remove any unwanted contamination from the prior run. As well with additional volumes added to the column it is evident that the samples are not further diluted with bromophenol blue (whole blood substitute) based on the observed plateau effect from the absorbance readings (Figure 5).This suggests that there are no further dilutions beyond the “true void volume”, which may infer that whole blood is not compromised by additional loading of samples. 
[bookmark: _GoBack]However, the limiting factor with this experiment is the use of bromophenol blue as a substitute for whole blood. This assumes that each single droplet accounts for a density of 1 kg/m3 (equivalent of water). However, the density of whole blood is not identical to water. Thus, with determining the mean volume for a single droplet of blood as ~47.6 μL (Table 2) (passing through column) it provided an estimate for at which volume of phenolphthalein mixed blood can be detected upon elution from the column. It is clear that in both cases the throughput volume free of dilution is not 600 μL (Figure 6), hence by adding 800 uL (additional 200 μL) it would displace the contaminated portion within the void volume.  In this experiment phenolphthalein was used as the dye to determine whether any contamination occurred versus bromophenol blue due to the latter inducing hemolysis. Steigmann & Dyniewicz (1944) determined that the resistance of red blood cells was not altered in the blood of rats administered with phenolphthalein, which suggests that it does not induce hemolysis, making it the appropriate dye to be added in blood. Furthermore phenolphthalein was dissolved in 20% ethanol due to its inability to dissolve in water, which was found to not be hemolytic at that particular concentration. After determining the volume required to avoid contamination between subsequent loading column coatings was optimized as a way to reduce platelet loss during sample loading.
[bookmark: _Toc419941938][bookmark: _Toc418780562][bookmark: _Toc418782786]4.2 Albumin Coating 
	The initial purpose of using magnetic chromatography is to control for platelet depletion with varying CD 61 microbeads as blood passes through the column. However, it is suggested that when foreign surfaces such as the column comes in contact with whole blood, platelets are the first to adhere (Broberg et al., 2002).  Thus, it was suggested that albumin coating of columns may reduce the adhesion of proteins and platelet aggregation to the surface of walls (Kinnari et al., 2002) (Jorgensen & Stoffersen, 1979).  Upon passing blood through coated columns our results showed albumin coating yielded <10% platelet count versus non-coated columns (Table 3). Additionally, there was significant loss in platelets when passing through either the coated or non-coated columns. Therefore, it is evident that coating of columns is not necessary as it does not preserve platelet counts versus non-coated columns. 
[bookmark: _Toc418780563][bookmark: _Toc418782787][bookmark: _Toc419941939]4.3 CPDA-1 Whole Blood Chelating Agent
It is necessary for this study to preserve platelet counts untouched blood prior to mixing with thrombocytopenic blood. Therefore, CPDA-1 chelating was used for collecting blood due to its superior properties in platelet preservation. Initially it is imperative to determine the pH of CPDA-1 chelated blood in order to preserve the physiological pH of blood samples.   Maintaining the pH balance is essential for the normal hemostatic response and to reduce hemolysis. Upon analysis it was determined that the pH of CPDA-1chelated whole blood was 7.5, which suggests the buffer is able to maintain the physiological pH of blood (Figure 7). Furthermore, the pH is consistent with the study of Moore et al. (1981) which shows the pH of whole blood stored in CPDA-1 buffer to be 7.6 +/- 0.13.  
[bookmark: _Toc418780564][bookmark: _Toc418782788][bookmark: _Toc419941940]4.4 Preservation of Platelet Count Overtime
As stated in section 4.3 CPDA-1 was used as it has been noted to increase the shelf life of whole blood which suggests the components of whole blood are better preserved (Beutler & West, 1979). As well, in transfusion medicine, CPDA-1 is used as the primary chelating agent when prolonging whole blood storage from 28 to 35 days (Moore et al., 1981).  In order to confirm whether or not CPDA-1 has any effect on stored whole blood, it was compared against a commonly used chelating agent, sodium citrate. Initially whole blood was stored at 4oC as it better preserves platelet functionality versus 37oC, which showed reduced platelet function (Kattlove et al., 1972). However, it was determined that citrated whole blood stored in an ice box initiated platelet clumping, which significantly reduced platelet count. Whereas, the platelets of CPDA-1 chelated whole blood incubated at 4oC did not experience clumping, and in addition, CPDA-1 preserved the platelet count by 96.6% compared to the control after 2 hours post venipuncture (Table 4). This suggests that CPDA-1 is an effective reagent in preserving the stability of platelets in whole blood overtime. This result provides the optimal time for using whole blood stored in CPDA-1 thus, we can determine an effective time frame for using whole blood during our experiments. 
[bookmark: _Toc418780565][bookmark: _Toc418782789][bookmark: _Toc419941941]4.5 Platelet Removal via CD 61 Antibody
The optimization of volume of microbeads used is essential in order to achieve effective platelet depletion from whole blood as well as reducing hemodilution.  It is important to note that peripheral blood mononuclear cell (PBMC) found in whole blood competes the removal of platelets effectively as PBMC’s are also targeted by anti-CD 61 antibodies. Therefore, it is inevitable that not all platelets are bound by the magnetic force when subjected to the column because not all CD 61 antibodies would bind the platelets equally. However, it is essential that PBMC not be removed from the whole blood as the focus of this study was to mimic in vivo thrombocytopenia.  As well, PBMC may play a role in coagulation via the cell based model of hemostasis as it may act as a TF-bearing cell (Monroe et al., 1996). 
Upon CBC reports obtained following platelet depletion it was found that PBMC was not reduced significantly versus the control (Table 10).Furthermore CBC reports showed approximately 94 % of platelets were depleted from whole blood when a minimal RMV of 50% was used. This was essential as platelet counts must be significantly reduced for this study prior to testing with TEG. Prior to this work, the goal of the optimization was to control for platelet depletion via anti-CD 61 antibodies. However, the preservation of platelets using albumin coating was not predictable enough for the project to proceed. Hence, an alternative approach was initiated which involves removing 90% of the original platelet count. By greatly reducing the platelet count, we can then introduce and mix untouched whole blood at various volumes to achieve a specific platelet count. Most importantly, by reducing the volume of antibodies introduced, it minimizes hemodilution. By adding 50% of CD 61 antibodies it will increase the hemodilution to 22.5%. Based on clotting tests using the TEG, hemodilution of up to 50% does not affect the clotting properties of whole blood when compared to its control (undiluted) (Tobias, Wambold, Pilla, & Greer, 1998). Therefore, the dilution of whole blood up to 50% should be acceptable as clot formation is not significantly affected. 
[bookmark: _Toc418780566][bookmark: _Toc418782790][bookmark: _Toc419941942]4.6 Microparticle Generation during Platelet Depletion
The microbeads being used were intended to be devoid of EDTA and sodium azide as EDTA itself may alter the clotting assay by further preventing clotting once the activator (calcium chloride) is introduced into the sample. Also, using two different chelating agents may further deter coagulation as samples are initially collected in CPDA-1. Moreover, it is imperative that EDTA be removed from the microbead solution as EDTA added to CPDA-1 chelated whole blood has been shown to increase mean platelet volume (MPV) (McShine, Das, Smit Sibinga, & Brozovic, 1991). Elevated levels of MPV have been linked to activated platelets, thus this may suggest that platelets can become prone to activation in the presence of EDTA (Park, Schoene, & Harris, 2002).  As well, the removal of sodium azide is necessary because of its ability to induce hemolysis (Inns, Cecchini, & Mattoni, 1989). The concern that may exist with the removal of EDTA and sodium azide does not compromise the intended purpose of the beads. This was evident by the >90% platelet depletion following the use of washed beads at 100% and 50% of the RMV (Table 5). In addition, evaluating the functionality of platelets following the use of washed microbeads is imperative as it contradicts any notion that the platelet depletion process affects normal platelet function. In the clotting assay, it was determined that platelets were functional after the centrifugation of PDB to PRP as evident by its ability to clot (Table 6). Furthermore, the platelets from the whole blood of 100% and 50% of the RMV treated samples (reduced platelet counts) clotted within the half-maximum time of the untouched PPP whereas the 10% and 25% of the RMV treated samples experienced a shorter clotting time than the untouched PPP (Table 7). The clotting assay also determined that the concentrations of platelets within the PDB were not found to be in a procaogulant state. In the event platelets would be activated, degranulation would occur, which would result in the release of platelet-derived microparticles, which would subsequently cause an elevated procoagulant state within the whole blood. However, this was not the case as the half-max time for clot formation for platelets within PDB was not found to be similar to the positive control. As well platelets were not further activated when in contact with the magnetic chromatography as the PRP and PPP of the column exposed group did not quicken clot formation before the control group (Table 8). This further suggests that the exposure of the column does not induce platelet activation thus, not leading to a greater procoagulant state of whole blood. 
[bookmark: _Toc418780567][bookmark: _Toc418782791][bookmark: _Toc419941943]4.7 Effect of Temperature on Whole Blood
The morphology of unstimulated platelets in circulation tends to be in the form of a flat disc (White & Krivit, 1967). Upon platelet activation this morphology is lost and platelets begin developing pseudopods as the shape transitions from a flat disc to an irregular shape (White & Krivit, 1967). This modification is necessary for platelets to adhere and aggregate at sites of injuries (White & Krivit, 1967). However, White and Krivit (1967) have found that when platelets are exposed to cold temperatures (4oC) their morphology changes in the same manner as when platelets become activated. The platelets seems to lose its marginal bundles of microtubules as it deviates from a flat disc to a more discoid shape (White & Krivit, 1967). But it is important to note that the authors have found that the original morphology can be rescued with prolonged incubation at 37oC (White & Krivit, 1967). The importance of this background is that within this project in order for the antibodies (CD61 microbeads) to work optimally it must be incubated in whole blood at 4oC. Therefore, this form of platelet cooling may cause the platelets within the whole blood to become procoagulant, hence affecting the overall clotting profile. When comparing whole blood stored at room temperature (22oC) versus 4oC the TEG parameters (r, k, alpha and MA) were not statistically different up to an incubation period of 40 minutes (Figure 8 A-D), which suggests that the platelets were not compromised during this experiment. At incubation periods greater than 80 min, there was a statically significant difference in the r-time, which suggests the platelets may have become compromised during this prolonged period of chilling. Thus, the whole blood exposed at 4oC over prolonged incubation periods (>40 min) experience a shortened r-time suggesting a more procoagulant condition. Overall, it seems that a chilling period within 40 minutes does not affect the clotting profiles when compared to whole blood stored at 22oC via TEG.  
[bookmark: _Toc418780568][bookmark: _Toc418782792][bookmark: _Toc419941944]4.8 Modified Microbead Incubation Period
	MACs microbead company standard protocol for the removal of platelets require beads to be incubated within whole blood for approximately 30 miuntes at 4oC. Although our previous work found no statistical significant difference in TEG parameters up to a cooling period of 40 minutes, a smaller p value (0.103) was noted at 40 minutes with a reduced r-time. However, a chilling period of 15 minute yielded a higher p value (0.85) with near identical TEG parameters when compared to samples incubated at room temperature (22oC) suggesting less statistical error. Therefore, a minimum incubation period of 15 minute was implemented as a new standard protocol. Furthermore, it is imperative to confirm whether or not a brief 15 minute exposure of whole blood with microbeads at 4oC can optimally deplete platelets in whole blood to less than 10 x 109/L. The results confirm a platelet depletion of > 90% was achieved with a 15 minute exposure of anti-CD61 microbeads to whole blood at 4oC (Table 9). Therefore, a 15 minute incubation period at 4oC is effective in creating PDB.
[bookmark: _Toc418780569][bookmark: _Toc418782793][bookmark: _Toc419941945]4.9 Platelet Count Percentile
	Based on company standard protocol the volume of microbeads required to effectively remove >90% of the original platelet count is dependent on the initial platelet count of the healthy volunteer. Thus, the volume of microbeads used may vary with different volunteers. This will cause a dilution variation amongst samples which may affect the clotting profiles. Hence, by pooling previous platelet counts from healthy volunteers it was determined that 80% of platelet counts fall below 250 x 109/L (Figure 9). Therefore, a platelet count of 250 x 109/L was assumed in order to achieve equal hemodilution amongst all samples for all experiments. 
[bookmark: _Toc418780570][bookmark: _Toc418782794][bookmark: _Toc419941946]4.10 Hemodilution Effect
	Hemodilution has been found to delay prothrombin time (PT) and aPTT by inducing a hypocoagulable state (Tobias, Wambold, Pilla, & Greer, 1998). As our protocol requires the addition of anti-CD 61 microbeads to the whole blood, the added volume of the sample may induce a hypocoagulable state. Hence, it was necessary to optimize the minimum hemodilution acceptable without affecting the overall hemostasis of the sample. Our results found no statistical significant difference in terms of TEG parameters (r, k, alpha and MA) at normal platelet counts (>150 x 109/L to 400 x 109/L) up to a hemodilution of 26.7% versus the control (<10%) when recalcified [N of 1 (3 times)] (Figure 10 A). Based on the volume of whole blood and microbeads required for each experiment the final hemodilution upon calculation is determined to be 21.8%.  Thus, when the work was repeated with n of 3 at a final hemodilution of 21.8% there was no significant difference at all 4 TEG parameters as well (Figure 10 B).  Therefore, a final hemodilution of 21.8% does not induce a hypocoagulable state when conducting experiments using the TEG for all testing purposes.
[bookmark: _Toc418780571][bookmark: _Toc418782795][bookmark: _Toc419941947]4.11 Column Exposure (Microparticle Generation)
	As mentioned in the introduction, platelet activation may trigger the release of microparticles. Platelets may become activated when in contact with foreign surfaces, thus enhancing platelet activation and aggregation (microparticle release) (Packham, 1988) (White et al., 1989). Hence, it is important to confirm whether or not microparticles are generated during the platelet depletion process, which may produce a procoagulant sample. When centrifuging the PDB to obtain PPP the r-time was prolonged versus the r-time of untouched whole blood’s PPP (not exposed to column) (Table 11). This suggests no microparticles were generated within the eluted product. The reason for the delayed clotting may be due to the superiority of the platelet depletion process using the column as the anti-CD61 antibodies can also target microparticles (Piccin et al., 2007). Therefore, the column may be removing platelets in addition to microparticles generated within the process. In terms of the PPP from the untouched whole blood, microparticles were more than likely generated due to the centrifugation process (Piccin et al., 2007). 
[bookmark: _Toc418780572][bookmark: _Toc418782796][bookmark: _Toc419941948]4.12 TF Optimization in the Presence of UFH and LMWH
	As the mechanism for UFH and LMWH are different the concentration of TF required was optimized in order to fully maximize the sensitivity of the TEG for each individual anticoagulants.  For these experiments as clotting is induced in the presence of anticoagulants at extremely low platelet counts recalcification alone may not trigger clotting hence, the exogenous addition of TF is necessary. Furthermore, due to the limitations of the device (TEG) clotting profiles can only be monitored within a 3 h time frame. Therefore, maximizing the r-time at extremely low platelet counts (PDB) at therapeutic levels of anticoagulants is necessary in order to gain a better depiction of the r-time at higher platelet counts within the 3 h time frame. Our results find that bare minimal clotting (>120 min) is achieved at a TF concentration of 2.25 and 2.05 in the presence of UFH and LMWH respectively (Figure 11 A and B). The higher TF concentration required for UFH may be due to its ability to be a more potent anticoagulant as it targets both FXa and FII versus LMWH.
[bookmark: _Toc418780573][bookmark: _Toc418782797][bookmark: _Toc419941949]4.13 Clotting Profiles at Predefined Platelet Counts in the Presence of Anticoagulants
Due to the contradictory guidelines from different literature as described above this study evaluated the clotting profiles of platelets counts of 30 x 109/L and 50 x 109/L in the presence of UFH or LMWH in blood. In our work the therapeutic and prophylactic levels for UFH were within the anti-Xa levels of 0.3-0.7 U/ml and 0.1-0.3 U/ml respectively (Eikelboom & Hirsh, 2006) (Monagle et al., 2008). Due to the different routes of administration with LMWH (subcutaneous injection) its therapeutic and prophylactic levels were evaluated at upper and lower levels. The therapeutic and prophylactic anti-Xa levels of LMWH were 0.5-1.0 IU/ml and 0.1-0.4 IU/ml respectively (Duhl et al., 2007). 
Following a TEG analysis at therapeutic and prophylactic levels of UFH no statistically significant difference was noted at platelet counts of 30 x 109/L and 50 x 109/L with respect to r-time (Figure 12 A). However, when platelet levels were reduced below 10 x 109/L (PDB) a significant difference was found when compared to platelet levels of 30 x 109/L. This may correlate with the risk for spontaneous bleeding when platelet counts fall below 20 x 109/L (Stasi, 2012). Furthermore, a statistically significant difference in the overall strength of the clot represented by MA at platelet counts of 30 x 109/L and 50 x 109/L is found at prophylactic levels of UFH (p ≤0.05) (Figure 13 B) specifically at 0.1 U/ml of UFH. As r-time is dependent on the enzymatic properties, whereas MA is represented by platelet counts and fibrinogen levels, the reduced platelet levels may be the contributing factor for its significant difference at low UFH concentrations. An inverse relationship between r-time and MA is noted when comparing therapeutic and prophylactic levels of UFH. With elevated UFH levels r-time is prolonged as platelet counts are lowered, on the other hand as UFH levels decrease the strength of the clot improves with increased platelet counts. As well, the speed and strength of clot formation, represented by AUC15, at therapeutic levels of UFH show no significant difference at platelet counts of 30 x 109/L and 50 x 109/L (Figure 14 A).  However, similar to the MA for prophylactic levels of UFH a difference is noted at these specific platelet counts (p ≤0.05) (Figure 14 B) at reduced levels of UFH. It seems the prophylactic levels of UFH are having a less profound effect on clot formation at lower platelet counts. The more surfaces available for coagulation complexes to form and generate fibrinogen at varying platelet levels does not seem to be significantly deterred at prophylactic levels of UFH. However, at therapeutic levels of UFH the increased UFH compounds may be inhibiting thrombin at a greater degree thus, leading to reduced platelet activation, hence the reason for no significant difference in MA and AUC15 at therapeutic levels of UFH.   Additionally, a significant difference was noted at therapeutic levels of UFH when comparing platelet counts of 150 x 109/L to the other reduced platelet levels. As platelet counts fall below the normal range it may be expected that clotting times defer with respect to normal platelet counts in the presence of anticoagulants. Moreover, the AUC15 of PDB at prophylactic levels of UFH is found to be similar statistically to the AUC15 at platelet counts of 150 x 109/L at therapeutic levels of UFH. This suggest that platelet counts below 10 x 109/L in the presence of prophylactic levels of UFH the strength and speed of clot formation is not any more deterred than at platelet counts of 150 x 109/L at therapeutic levels of UFH. 
Similar to UFH at therapeutic upper and lower levels of LMWH no statistically significant difference was found at platelet counts of 30 x 109/L and 50 x 109/L with respect to r-time (Figure 15 A-D). This was also noted at prophylactic upper and lower levels of LMWH. However, the r-time was significantly prolonged at upper levels of LMWH when compared to its lower levels (p ≤0.05). It seems LMWH is most effective at reduced platelet counts at upper levels. As LMWH levels decrease the r-time shortens as it gets closer to the clotting time of normal platelet counts 150 x 109/L. Interestingly at lower prophylactic levels of LMWH no difference in terms of r-time can be seen at all predefined platelet counts. This suggest that at low platelet counts in the presence of prophylactic lower levels of LMWH a delay in clotting is non-existent as clotting time is similar to normal platelet counts. Furthermore, at prophylactic levels of LMWH PDB in comparison to 30 x 109/L for both upper and lower levels show no significant difference. Although platelet counts are less than 10 x 109/L for PDB which may suggest spontaneous bleeding, the risk for major bleeding where it signals for hematological emergency may only be in the event where platelet counts fall below 5 x 109/L coupled with a prior medical condition (Gauer and Braun, 2012) (Slichter, 2004). However, a significant difference between PDB and 30 x 109/L was evident at therapeutic upper and lower levels which may be attributed to the increased abundance of LMWH compound coupled with extremely low platelet counts. In terms of the overall quality of the clot a difference was only noted at prophylactic upper levels of LMWH when comparing platelet thresholds of 30 x 109/L and 50 x 109/L (Figure 16 C). As well, it seems the quality of the clot improves with decreasing levels of LMWH which is similar to UFH. Furthermore, the strength and speed of clot formation is compromised neither at platelet counts of 30 x 109/L nor 50 x 109/L for therapeutic and prophylactic levels of LMWH (upper & lower). Ultimately, it seems at prophylactic levels of UFH and LMWH its effect on clotting time is less effective at lower platelet counts thus, supporting the platelet threshold beyond 30 x 109/L for prophylactic use. Lastly, for therapeutic use the platelet threshold seems to exist at 30 x 109/L for UFH and LMWH hence, rejecting the hypothesis as there are no differences at platelet counts of 30 x 109/L and 50 x 109/L on the clotting profiles as measured by TEG. 
[bookmark: _Toc418780574][bookmark: _Toc418782798][bookmark: _Toc419941950]4.14 Limitations 
 Our study evaluates experimental data for thrombocytopenic blood clot formation in the presence of anticoagulants. However, our in vitro model contains some limitations. One limitation of this work is that currently an algorithm does not exist for the translation of r-time to PT or aPTT. Furthermore, CD61 microbeads are not specifically selective for platelets as CD 61 is found on other cells. As well our use of CTI to inhibit FXIIs limits our understanding of clot formation to the extrinsic pathway. This is important with recent evidence supporting the role of FXII in vivo.  Furthermore, our work evaluates clot formation within a TEG cup rather than on an endothelial surface. This is important as the endothelial surface plays a major contribution into understanding the cell based model of coagulation. Lastly, our use of different TF concentration amongst different anticoagulants limits our understanding of clot formation to within each anticoagulants. Although we find no statistical significant difference at platelet counts of 30 x 109/L and 50 x 109/L with respect to R it is important to stress that statistical correlation does not lead to a clinical outcome. Therefore, future work looking at clotting profiles of thrombocytopenic blood obtained from thrombocytopenic patients is worth evaluating. 
[bookmark: _Toc419941951]4.15 Conclusions/Future Directions 
In conclusion, this study showed that, clot formation is not more deterred or significantly different at a platelet threshold of 30 x 109/L versus 50 x 109/L in the presence of anticoagulants. For both UFH and LMWH it seems at prophylactic levels clot formation is less compromised when evaluated by TEG. Ultimately, it seems anticoagulants in this study elicit no statistical significant difference in clot formation at a reduced platelet threshold of 30 x 109/L. Future work may include the evaluation of clot formation in the presence of direct factor specific anticoagulant as wells as clotting induced through the intrinsic pathway.
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