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This thesis is an investigation of the effects of acetylsalicylic acid (ASA), clopidogrel, or 

combination therapy in six healthy laboratory Beagles using three platelet function tests: 

Multiplate Analyzer (MP), Platelet Function Analyzer-200 (PFA), and Plateletworks (PW). 

In this randomized, double-blinded, placebo controlled study, each dog was given ASA 1 

mg/kg/day, clopidogrel 2 mg/kg/day, or combination therapy for 1 week each, with a washout 

period of 2 weeks between each phase. Platelet function was assessed on days 0 and 7 of each 

phase using MP (adenosine diphosphate [ADP], arachidonic acid [AA], collagen [COL] agonists), 

PFA (P2Y, COL-ADP [CADP], COL-Epinephrine [CEPI] cartridges), and PW (ADP, AA, COL 

agonists). Platelet counts were obtained with both impedance and optical instruments. 

For MP, mean aggregation was decreased for COL and AA with combination therapy and 

for ADP with all treatments. For PFA, mean CT was increased for the CEPI cartridge with ASA; 

and for the P2Y and CADP cartridges with clopidogrel or combination therapy. More dogs 

receiving clopidogrel showed an increase in PFA CT using the P2Y than the CADP cartridge. For 

PW, mean aggregation was decreased for AA with all treatments; for ADP with clopidogrel or 

combination therapy; and for COL with clopidogrel. PW results with the two hematology 

instruments showed almost perfect agreement. 

In conclusion, all platelet function tests detected treatment effects in some dogs and may 

have utility for monitoring therapy.  
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Chapter 1: Literature Review 

1.0. Introduction 

Various diseases can result in a state of hypercoagulability, resulting in thromboembolism, 

which may be fatal1. Antiplatelet therapy is commonly used with intent to decrease that risk when 

a hypercoagulable state is identified. The antiplatelet medications currently most commonly used 

in dogs are acetylsalicylic acid (ASA) and clopidogrel2. However, response to those drugs has 

been shown to be variable in humans3, and the same is suspected in dogs. Therefore, platelet 

function monitoring may be warranted to ensure appropriate response to therapy. 

Dual therapy using ASA and clopidogrel is a common practice in human medicine. It is 

considered standard-of-care in patients with some cardiovascular diseases, such as acute coronary 

syndrome, where it reduces the risk of adverse cardiovascular events4,5. However, there is a paucity 

of data in veterinary medicine to guide clinical decisions, and clinicians tend to refer to their 

personal experience and level of comfort with those drugs to make such decisions. 

Several platelet function tests are available to evaluate response to antiplatelet therapy. 

However, there is no consensus regarding the best platelet function test or the definition of 

appropriate response to therapy, and no standardized guidelines to help clinicians adjust therapy 

based on test results6,7. Furthermore, the use of platelet function tests is limited in veterinary 

medicine by the cost and availability of highly specialized equipment only found in research 

laboratories and the need for fresh blood samples that preclude submission to reference 

laboratories. The increased availability of new platelet function tests that use readily available 

equipment, such as Plateletworks, may allow veterinarians in general and non-academic referral 

practices to evaluate platelet function in dogs and monitor response to clopidogrel and ASA 

therapy. 

The goal of this study was to compare the platelet function test systems Platelet Function 

Analyzer-200a, Plateletworksb and Multiplatec to detect decreased platelet function in healthy dogs 

treated with clopidogrel, ASA, or a combination of both. 
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1.1. Platelets 

1.1.1. Structure 

Platelets are the smallest blood cellular components8. They are produced from the 

fragmentation of megakaryocytes in the bone marrow under the influence of several cytokines (IL-

2, IL-6, IL-11) and most importantly thrombopoietin, the key regulator of their production2. Once 

released in the circulation, a dog platelet’s lifespan ranges from 5 to 7 days as determined by 

indium-111 radiolabelling9. 

Platelets lack a nucleus; however, they contain messenger RNA and all the machinery needed 

to synthesize proteins10. Their cellular membrane is composed of a thick glycocalyx and a lipid 

bilayer, and contains an abundance of receptors that allows them to interact with other platelets, 

erythrocytes, leukocytes, and the subendothelial matrix8,11. They possess mitochondria which are 

responsible for energy generation. Their dense tubular membrane, a remnant of the 

megakaryocytes’ smooth endoplasmic reticulum, contains the enzymes cyclooxygenase and 

thromboxane synthase, and is the site of production of prostaglandins. They have a maze of open 

interconnecting channels, called the open canalicular system, which connects to their cytoplasm 

and allows the uptake of extracellular content and the discharge of their granules. Their discoid 

shape is maintained by a cytoskeleton, microtubules and microfilaments. Their granules (alpha, 

dense, lysosomal) contain several proteins which are important in platelet adhesion and activation, 

and interactions with other cells2.  

The glycocalyx is a dynamic structure covered with glycoproteins (GP) which play a key role 

in platelet activation, adhesion and aggregation11. Some of the most important glycoproteins 

include GP Ib-IX-V, which interacts with von Willebrand factor; GP IIb-IIIa (integrin αIIbβ3) 

which interacts with von Willebrand factor and, when activated, with fibrinogen, fibronectin, 

collagen and thrombospondin-1; and the collagen receptors GP VI and GP Ia-IIa (integrin α2β1)2. 

1.1.2. Functions 

The platelet’s main function in hemostasis is to prevent blood loss by rapidly creating a plug 

at a site of vascular injury. In normal conditions, their small size and disk-shaped form allow them 

to flow peripherally in the bloodstream, where they remain in close contact with the endothelium. 
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Vasculature breach leads to exposure of subendothelial components such as collagen and von 

Willebrand factor. In response to exposure to those components, platelets undergo intracellular 

signal transduction, leading to their activation and triggering a cascade of events2. A change in 

platelet shape occurs, which increases the surface area of the membrane available to support 

hemostasis. Expression of transmembrane receptors such as integrin αIIbβ3 is enhanced, thus 

allowing fibrinogen-mediated platelet aggregation. Activation of the enzymes scramblase and 

flippase ensues, causing translocation of the negatively charged phospholipids phosphatidylserine 

and phosphatidylethanolamine from the inner leaflet to the outer leaflet of the plasma membrane12. 

Platelets granule content release, including the agonists thromboxane A2 (TXA2) and adenosine 

diphosphate (ADP), leads to the recruitment of additional platelets, vasoconstriction and decreased 

blood flow2. Additional TXA2 is synthetized by the platelets.  

Hemostasis is classically described as a three step process which includes primary hemostasis 

(formation of a platelet plug), secondary hemostasis (strengthening of the platelet plug by fibrin), 

and fibrinolysis (degradation of fibrin to remove the thrombus)2. The cascade model was the first 

coagulation model to be developed and contributed to unravelling the function and interactions of 

the procoagulant proteins. However, that model had important flaws. It suggested that the 

coagulation process could be initiated by either one of the intrinsic or extrinsic pathways in vivo, 

and that those pathways were redundant and operated independently of each other. However, this 

is clearly not the case as isolated factor deficiencies associated with either the extrinsic or intrinsic 

pathways can cause severe clinical manifestations even if the other pathway is intact (for example, 

deficiency of factor VIII [FVIII] causing hemophilia A) and, alternatively, deficiency of other 

factors do not result in bleeding (for example, FXII deficiency in cats). This model has since been 

replaced by the cell-based model, which compensates for the flaws of the cascade model and 

underlines the key role of platelets and endothelial cells in hemostasis. The cell-based model 

describes three phases: initiation, amplification, and propagation. 

The initiation phase starts when a vascular injury exposes blood to tissue factor-bearing cells12. 

Circulating activated FVII (FVIIa) binds to tissue factor (TF). The TF-VIIa complex activates 

additional FVII and a small amount of FIX and FX. FXa activates a small amount of FV. The FXa-

FVa complex (prothrombinase complex) cleaves prothrombin, generating a small amount of 

thrombin. Although the FXa cannot dissociate from the TF-bearing cells without being rapidly 
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inactivated by antithrombin or tissue factor pathway inhibitor, FIXa can dissociate and move to 

the surface of other cells, including platelets.   

During the amplification phase, the thrombin generated in the previous phase dissociates from 

the TF-bearing cells and activates additional platelets, as well as FVII, FXI, FV, FVIII and FXIII12. 

During the propagation phase, FIXa binds to FVIIIa to form the intrinsic tenase complex, 

which generates additional FXa on the platelet surface. Additional FIXa is generated from the 

cleavage of FIX by FXIa. FXIII form cross-links between fibrin strands which strengthen the fibrin 

clot12. 

Although platelets are mostly recognized for their role in hemostasis, they have other important 

non-hemostatic functions, and play a key role in inflammation, pathogen surveillance, tumor 

growth and metastasis10. They express several toll-like receptors which allow them to interact with 

pathogens and cells of the immune system. They represent one of the most important sources of 

CD40L, an important mediator of interactions between lymphocytes and antigen-presenting 

cells13. Their granules contain several microbicidal proteins and peptides which can directly 

disrupt the membrane of some bacteria13. They also participate in tumor growth through the release 

of growth factors from their granules, and they can shield tumors from the immune system by 

forming aggregates around tumor cells10. 

1.2. Hypercoagulability 

A fine balance exists between prothrombotic and antithrombotic mechanisms, which must be 

maintained to prevent hemorrhage and disseminated thrombosis. This finely regulated state can be 

disrupted by inflammation and disease, and shifted towards a state of hypo- or hypercoagulability.   

Hypercoagulability is defined as an increased tendency to form thrombi. Three factors 

contribute to that state and are referred to as Virchow’s triad: increased coagulability, blood flow 

stasis and vascular injury14. Disease processes most commonly associated with thromboembolism 

in dogs include neoplasia, hyperadrenocorticism, disseminated intravascular coagulation, sepsis, 

immune-mediated diseases, pancreatitis, cardiac diseases, protein-losing nephropathy and protein-

losing enteropathy1,14. 
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Hypercoagulability results from one or a combination of the following factors: decreased 

activity of endogenous anticoagulant proteins, increased activity of procoagulant proteins, 

increased platelet activity and hypofibrinolysis15.  

The most important endogenous anticoagulants are antithrombin, protein C and its cofactor 

protein S, and tissue factor pathway inhibitor. The latter does not appear to be significantly altered 

by inflammation15. A decrease in the former three may result from decreased production, such as 

seen in inflammation or liver failure; increased consumption, such as seen in sepsis or disseminated 

intravascular coagulation; or increased loss, such as seen in protein-losing nephropathy or protein-

losing enteropathy14,16,17. 

Increased procoagulant activity is not well described in dogs. An increase in FVIII activity has 

been proposed as a possible mechanism for hypercoagulability in humans and dogs with 

hyperadrenocorticism18; however, this finding has not been supported by results of other studies19. 

Increased thrombin generation due to increased TF expression on endothelial cells, circulating 

monocytes and macrophages has been reported in several diseases, including neoplasia, trauma, 

immune-mediated hemolytic diseases and sepsis15,20. 

During inflammation, C-reactive protein and inflammatory cytokines (TNF-alpha) cause 

enhanced production of plasminogen activator inhibitor, which is an inhibitor of tissue 

plasminogen activator and urokinase plasminogen activator15. This leads to inhibition of 

fibrinolysis. Inhibited fibrinolysis has been demonstrated in humans with protein-losing 

nephropathy due to decreased plasminogen levels21, however this has not been documented in 

dogs. 

Platelet hyperaggregability may be a component of several diseases, including neoplasia, 

hyperadrenocorticism, protein-losing nephropathy, immune-mediated hemolytic anemia (IMHA), 

disseminated intravascular coagulation, cardiac diseases, diabetes mellitus and 

hypothyroidism14,17,22. Platelet activation can also be triggered by bacterial endotoxins and 

inflammatory mediators, such as TXA2, platelet activating factor and cathepsin G15.  
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1.3. Antiplatelet agents 

Anticoagulants and antiplatelet medications, alone or in combination, are routinely used to 

decrease the risk of thrombotic events when a hypercoagulable state or other risk factors for 

thrombosis are identified. Antiplatelet agents may be preferred to anticoagulants in some cases, 

due to their overall lower cost, less risk for bleeding and ease of administration. The antiplatelet 

medications currently most commonly used in dogs are acetylsalicylic acid and clopidogrel2. 

1.3.1. Aspirin 

Acetylsalicylic acid (ASA) is a cyclooxygenase-1 (COX-1) inhibitor. It causes irreversible 

acetylation of the hydroxyl group on a serine residue located on the COX-1 enzyme2. COX-1 is a 

constitutive enzyme expressed in all cells. Its substrate is the arachidonic acid (AA) released from 

phospholipid membranes, and its products are prostaglandins. The prostaglandins H2 are converted 

to TXA2 by the enzyme thromboxane synthase2. TXA2 is primarily produced in platelets and in 

the kidney, and causes vasoconstriction and enhanced platelet aggregation23. Prostacyclin 

(prostaglandin I2; PGI2) is produced in endothelial cells, and causes vasodilation and decreased 

platelet aggregation. 

The inhibition of TXA2 production by ASA is saturable (dose-independent) and irreversible at 

low doses24. Due to the inability of platelets to produce new proteins, the effects last for the entire 

lifespan of the cell. The inhibition of PGI2 and other prostaglandins, on the contrary, is dose-

dependent25. A low dose of ASA is thus preferred for antiplatelet therapy because it allows TXA2 

inhibition while sparing PGI2 and other prostaglandins, consequently enhancing antiplatelet effects 

and decreasing the risk of adverse effects such as gastrointestinal ulceration. This selective 

inhibition is partly due to first-pass hepatic metabolism which, at low ASA doses, results in only 

minimal exposure of the systemic endothelium to ASA as opposed to greater exposure of platelets 

in the portal vasculature; and partly due to the inability of platelets to synthesize new COX, as 

opposed to endothelial cells23. The optimal dose that allows maximal platelet inhibition while 

minimizing the risk of adverse effects is unknown. The dose used for antiplatelet therapy in dogs 

is variable, but typically ranges between 0.5 and 1 mg/kg/day. The minimal dose of ASA that result 

in inhibition of PGI2 in dogs has not been characterized; however a dose of 5 mg/kg every 12 hours 

for 10 days does not result in a change in serum concentrations of the PGI2 metabolite 6-keto-PGF-
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1α26. The anti-inflammatory dose ranges from 10-20 mg/kg every 8 to 12 hours27.  Preliminary 

data published in an abstract form revealed that 1 mg/kg/day was the lowest dosage to inhibit 

platelet function as assessed by Platelet Function Analyser-100 (PFA-100) and optical 

aggregometryd. However, preliminary data from another study suggested that an ASA dose of 2 

mg/kg may be more reliable for platelet inhibitione. In that study, the 2 mg/kg dose resulted in 

superior platelet inhibition compared to the 1 mg/kg dose as assessed by PFA-100 and optical 

aggregometry. However, it is unknown if platelet function inhibition as demonstrated by platelet 

function tests reflects the in vivo response to ASA. 

ASA resistance has been described in both dogs and humans. The estimated prevalence of 

ASA resistance in people ranges from 8 to 45%28-30. A distinction is often made between clinical 

resistance and laboratory resistance. Clinical resistance is defined as the occurrence of 

thromboembolism despite ASA therapy. Laboratory resistance is defined as the failure of ASA to 

inhibit platelet function as assessed by in vitro methods3,29,31,32. Laboratory resistance can be 

further classified based on TXA2 inhibition and platelet function evaluation after ASA treatment, 

and after incubation of platelets with ASA33. In type 1 laboratory resistance (pharmacokinetic 

type), TXA2 concentrations and platelet function tests results are unchanged after ASA treatment, 

but TXA2 concentrations are decreased and platelet aggregation is inhibited after incubation of 

platelets with ASA. In type 2 laboratory resistance (pharmacodynamic type), TXA2 concentrations 

and platelet function tests results are unchanged after oral ASA treatment and after incubation of 

platelets with ASA. In type 3 laboratory resistance (pseudo-resistance), TXA2 concentrations are 

decreased after oral ASA therapy, but platelet inhibition is not observed after ASA therapy or 

incubation of platelets with ASA. 

Type 3 laboratory resistance appears to be more common than type 1 and type 2 in humans. 

Several studies have shown that most patients that are classified as “ASA resistant” based on 

platelet function tests (often PFA-100 using the collagen/epinephrine cartridge [CEPI]) have 

significantly decreased concentrations of serum thromboxane B2 (TXB2)
34-36. TXB2 is a metabolite 

of TXA2 and can be measured to evaluate ASA response. In those patients, the lack of response to 

ASA as assessed by platelet function tests is likely not the result of failure to suppress COX-1 as 

demonstrated by the decrease in TXB2 concentrations. Additionally, using a novel method to detect 

acetylation of COX-1 in platelets via western blotting, complete acetylation of COX-1 in response 
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to ASA was demonstrated in all of 108 healthy volunteers tested37,38. This has led to the conclusion 

that true ASA resistance is probably uncommon, and that the terms “ASA unresponsiveness”, 

“platelet residual activity” or “high on-treatment platelet reactivity” may be more appropriate to 

describe the absence of response to ASA as detected by platelet function tests34,35,37-40. 

Causes of high on-treatment platelet reactivity (HPR) may include increased reactivity to 

platelet agonists other than AA, genetic polymorphism of COX-1 or thromboxane synthase, 

alternative pathways of TXA2 synthesis, or decreased bioavailability (due to lack of compliance, 

insufficient dosing, or concurrent intake of another non-steroidal anti-inflammatory 

drug)3,24,29,31,35,37,38. 

In human medicine, poor compliance is an important cause of HPR and is reported in up to 

40% of patients with cardiovascular disease41,42. In one study42, lack of platelet aggregation 

inhibition as assessed by arachidonic acid-induced optical aggregometry was observed in 17/190 

patients (9%); however, non-compliance was demonstrated in all 17 patients. Nevertheless, non-

compliance cannot account for all cases of HPR. In a meta-analysis including only patients with 

confirmed ASA adherence, HPR was still documented in 33% of patients43.  

Many efforts have been made to correlate HPR and clinical outcome. Available data are 

conflicting. Several meta-analyses have demonstrated that patients with HPR were at greater risk 

of death or recurrence of a cardiovascular event30,43-45; however, other studies have not46,47. 

Moreover, it is difficult to draw conclusions as to the best test that can predict an increased risk 

for an adverse outcome because those studies evaluated a wide variety of platelet function tests 

and agonists (including optical aggregometry, impedance aggregometry, PFA-100, VerifyNow, 

and serum or urine TXB2 levels). Furthermore, for most platelet function tests, there is no 

standardized definition of platelet function inhibition. For example, studies using PFA-100 CEPI 

to evaluate ASA response have used a CT cut-off varying between 130 and 196 seconds34,48-55. 

ASA resistance has also been documented in dogs, although the quantity and quality of data 

are much less than in human medicine. In one study25, only 8/24 dogs were classified as ASA 

responder as assessed by PFA-100 CEPI using a CT cut-off of 300 seconds (maximum analyzer 

value). In that study, similar to what has been noted in human studies, urinary 11-dehydro-

thromboxane B2 concentrations were decreased in all dogs. This suggests that an alternative 
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pathway of TXA2 synthesis is unlikely to be the mechanism for ASA resistance, and that agonists 

other than AA may have a more important role for platelet aggregation in dogs. Several studies 

have looked at the sensitivity of dogs’ platelets to AA and have found different results: in one 

study, 70% of dogs had platelets that were insensitive to the effects of AA56; in a second study, 

canine platelets were completely insensitive to AA57; and in a third study, all canine platelets 

responded to AA58. The lack of response to AA may be due to a surface membrane G-protein-

coupled TXA2 receptor dysfunction59. Differences in methodology or breed variability may have 

also accounted for the differences found in those studies. Breed variability in ADP-induced platelet 

aggregation was previously demonstrated in dogs; however, this has not been investigated with 

AA-induced platelet aggregation60. 

The impact of low-dose ASA on survival was investigated in dogs with IMHA61. In that 

retrospective study, dogs were administered either ASA, unfractionated heparin, a combination of 

both medications, or neither medication, in combination with immunosuppressive treatment 

consisting of glucocorticoids and azathioprine. Dogs treated with ASA or a combination of ASA 

and unfractionated heparin had significantly improved survival (30 day survival rate of 82% and 

67%, respectively) compared with dogs that did not receive ASA (30 day survival rate of 17% for 

dogs that received unfractionated heparin; and 57% for dogs that did not received unfractionated 

heparin). Platelet function was not assessed in any of the dogs. Evidence of thromboembolism was 

noted in all dogs that did not survive and on which a necropsy examination was performed. This 

study suffered from limitations that are inherently associated with retrospective studies, including 

lack of randomization and lack of treatment standardization. Several dogs (12%) received 

additional immunosuppressive drugs, including cyclosporine, cyclophosphamide, leflunomide, 

and IV human immunoglobulin, which may have impacted the survival. Subsequent studies have 

not confirmed these findings. In another retrospective study, all dogs were treated with a 

combination of prednisone and azathioprine, and no dog received any antiplatelet or anticoagulant 

medications62. Despite this, the 14 day survival rate was 78.5%, and the 6 month survival rate for 

dogs that survived the first 14 days was 92.5%. The similar survival rate obtained in the dogs in 

this study compared to the dogs treated with ASA in the study discussed above61 questions the 

impact of ASA on survival.  
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1.3.2. Clopidogrel 

Clopidogrel is a second-generation thienopyridine. It is a prodrug that requires hepatic 

metabolism. In humans, clopidogrel’s active metabolite, the thiol derivative R-130964, is produced 

following a 2-step pathway, involving hepatic cytochrome P450 enzymes (CYP2C19, CYP3A4, 

CYP1A2, CYP2B6)63. It is unknown if the metabolic pathway for clopidogrel activation is the 

same in dogs64. 

Clopidogrel causes irreversible inhibition of the ADP platelet receptor P2Y12
2. There are two 

ADP platelet receptors: P2Y1 and P2Y12. Co-activation of both receptors is needed for platelet 

aggregation, and blockage of either one results in impaired platelet function2. The P2Y12 receptor 

also amplifies the effects of other agonists such as serotonin, TXA2, thrombin, and collagen (COL), 

and activates the GP IIb-IIIa complex, which allows interactions with fibrinogen2. 

Due to the activation process, the onset of action can be delayed. In human medicine, an initial 

loading dose of 300-600 mg is recommended which allows a more rapid onset of action65,66. In 

dogs, a dose of 2 mg/kg/day is typically recommended. A loading dose of 10 mg/kg was described 

in one abstract, which achieved maximal platelet inhibition by 90 minutesf, as opposed to 180 

minutes with no loading dose64. 

Despite appropriate clopidogrel dosing, HPR occurs in 4-30% of human patients3,66,67. Several 

mechanisms have been proposed to explain this lack of response, including variation in the ABCB1 

gene, which encodes for the P-glycoprotein efflux transporter and regulates gastrointestinal 

absorption68,69; genetic polymorphisms of the P2Y12 receptor and cytochrome P450 enzymes3,63,69; 

variation in the expression of the enzyme paraoxonase-170; and upregulation of ADP-independent 

pathways. 

In human patients, the genetic variant CYP2C19*2 is a known risk factor for HPR71 (Pan 

2017). The presence of one allele confers a moderate risk, and the presence of two alleles confers 

a high risk for clopidogrel resistance63. The relation between CYP2C19 polymorphism and risk 

for adverse cardiovascular event is controversial; some studies found a correlation68,72,73, while 

others did not74. The evidence supporting an increased risk for adverse cardiovascular events is 

currently not strong enough to support routine genetic testing; however, guidelines suggest testing 

patients at moderate-to-high risk for poor outcomes4,75. Options for carriers of that variant include 
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the administration of a higher dose of clopidogrel, or switching to an alternative P2Y12 inhibitor 

such as prasugrel or ticargrelor71,75,76. 

The evidence for the prognostic value of HPR as detected by platelet function tests is more 

consistent with clopidogrel than it is with ASA. Indeed, several meta-analyses have shown a 

correlation between HPR and outcome66,77-82. Many of those studies used ADP-induced optical 

aggregometry to evaluate HPR; however, the agonist concentration and the aggregation cut-off 

value used to define platelet residual activity varied among studies. Other platelet function tests 

evaluated in those studies included flow cytometry, vasodilator-stimulated phosphoprotein 

(VASP), VerifyNow P2Y12 and impedance aggregometry.  

Decreased responsiveness to clopidogrel has also been reported in horses using optical 

aggegometry83 but not impedance aggregometry84, and in cats using optical aggregometry85. 

Decreased responsiveness to clopidogrel has not been described in dogs; however, a mutation in 

the gene encoding P2Y12 has been reported in a family of Greater Swiss Mountain dogs86. 

Due to the involvement of cytochrome P450 in clopidogrel activation, numerous drug-drug 

interactions have been described. Drugs for which such interactions are suspected include proton-

pump inhibitors (PPIs), angiotensin-converting enzyme inhibitors, calcium channel blockers, and 

angiotensin II receptor antagonists63. Of those, interactions with PPIs have been more extensively 

studied. PPIs use the same metabolic pathway as clopidogrel, and act as both an inhibitor and a 

substrate of the CYP2C19 enzyme87. This is thought to cause decreased activation of clopidogrel. 

In humans, the concomitant use of clopidogrel and PPIs (in particular omeprazole) is associated 

with an increased risk of major adverse cardiac events. The interaction between clopidogrel and 

omeprazole was investigated in one canine study88. In that study, the addition of omeprazole 

caused a significant increase in the concentration of clopidogrel inactive metabolite; however, no 

effect was noted on platelet aggregation as assessed by optical aggregometry (ADP and COL 

agonists) and PFA-100 (COL/ADP cartridge [CADP]). Additional studies are needed to further 

evaluate the effect of omeprazole and clopidogrel on platelet function in dogs. 

1.3.3. Dual therapy 

Dual therapy with ASA and a PY212 inhibitor is currently recommended in human patients 

with coronary artery disease or transient ischemic attacks, where a reduction in the risk for 
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cardiovascular events has been demonstrated4,5,81,89,90. However, dual therapy has also been shown 

to increase the risk for major bleeding events5,90.  

Dual therapy was investigated in a prospective clinical trial in dogs91. Patients diagnosed with 

IMHA were randomized to 3 treatment groups to receive ASA, clopidogrel or dual therapy. No 

difference was found in the short-term survival rates between groups. However, that study had 

several limitations, including lack of blinding and long-term follow-up. Moreover, the overall 

survival rate in that study was 80%, which is much higher than the survival rate typically reported 

(usually closer to 50-70%) and therefore perhaps not representative of a typical population of dogs 

with IMHA. Furthermore, the dose of ASA used in that study (0.5 mg/kg/day) may have not been 

optimal to inhibit platelet function as shown in a previous preliminary studyd. Platelet function 

testing was not performed. 

1.4. Platelet function testing 

1.4.1. Buccal mucosal bleeding time  

The buccal mucosal bleeding time (BMBT) is a simple and readily available test which can be 

performed to screen for disorders of primary hemostasis. To perform this test, the dog is placed in 

sternal or lateral recumbency. The upper lip is everted and held with a gauze strip to create venous 

engorgement, and a standardized device is used to deliver one or two incisions (5-6 mm long, 1 

mm deep) in the buccal mucosa. The time from the initiation of the test until the bleeding stops is 

recorded as the BMBT. 

A prolonged BMBT is consistent with thrombocytopathia, von Willebrand disease or 

vasculopathy92. The duration of the BMBT is influenced by the platelet count, hematocrit and type 

of device used93. The test has poor repeatability; interobserver and intraobserver variability of up 

to 2 minutes has been reported94. 

Platelet function can also be measured in vitro by adding agonists to fresh blood products and 

observing the extent of platelet aggregation. Different methods have been developed using this 

principle. 
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1.4.2. Optical aggregometry 

Optical aggregometry (turbidometric or light transmission aggregometry) was first described 

in 196395, and rapidly became the gold standard for platelet function evaluation. It is based on the 

principle that the optical density of platelet-poor plasma is less than that of platelet-rich plasma 

(PRP). Platelet aggregation is triggered by the addition of an agonist (e.g. ADP, COL or AA), 

resulting in an increase in light transmission.  

Optical aggregometry has several limitations which have restricted its use to research 

laboratories and prevented it from becoming a routine test for clinical patients. It requires the use 

of PRP, the preparation of which necessitates relatively large volumes of blood, is labour-

intensive, time-consuming and operator-dependent96. Moreover, the preparation of PRP can lead 

to activation of the platelets or centrifugation injury. It is also difficult to prepare PRP from patients 

with thrombocytopenia. Finally, the environment in which the test is conducted is devoid of red 

blood cells and white blood cells, and therefore less physiological, which may alter platelet 

function96. These problems have been overcome by the introduction of the point-of-care whole 

blood based assay VerifyNowg. 

1.4.3. Impedance aggregometry 

Impedance aggregometry (electrical or whole blood aggregometry) using whole blood (WB) 

was introduced by Cardinal and Flower in 198097 as an alternative method for platelet function 

testing. It has the advantage of being quicker and less labour-intensive than optical aggregometry 

using PRP. As it is performed on WB, it represents a more physiological environment for platelets. 

It also requires smaller blood samples, making it more convenient for evaluation of small patients. 

The principle of impedance aggregometry is to measure the change in electrical current 

transmitted between two silver-coated copper wires following the addition of an agonist solution. 

Multiplate Analyzer (MP) is a newer aggregometer that uses the principle of impedance 

aggregometry. Each test cell contains two pairs of electrodes which measure the change in 

impedance independently. This serves as an internal quality control. The aggregation is measured 

for a minimum of 6 minutes, after which two curves are generated, and results are displayed as 

area under the curve and expressed in proprietary units. The aggregation (height of the curve) and 
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velocity (maximum slope of the curve) are also calculated. The instrument is designed for point-

of-care patient evaluation, is automated, and simple to operate. 

Impedance aggregometry using WB was compared to optical aggregometry using PRP in 

several human studies and has been found to be equivalent98-100 or even superior67,96,101. However, 

variation in platelet count affects MP aggregometry to a greater extent than optical 

aggregometry102. 

Over recent years, several studies optimized and validated the use of MP aggregometry in dogs. 

Kalbantner et al.103 performed MP measurements on hirudin-anticoagulated blood with different 

agonists at different concentrations. Based on maximum aggregation and minimal inter-individual 

variation, optimal agonist concentrations were as follow: 10 µmol/L ADP, 5 µg/ml COL and 1 

mmol/L AA. 

Marschner et al.104 evaluated the impact of anticoagulant choice and assay duration for MP. 

Three different anticoagulants were studied: citrate, hirudin, and heparin. Heparin was found to be 

the best anticoagulant for MP studies. Hirudin was found to cause spontaneous platelet 

aggregation, and citrate was associated with weak aggregation responses. Short analysis times (6 

or 12 minutes) were shown to yield more precise results than longer analysis times.  

Defontis et al.105 also concluded that hirudin and heparin were superior anticoagulants 

compared to citrate for MP studies. AA-induced aggregation was found to have high inter-

individual variability. 

These studies established that MP is a valid instrument for measuring platelet function in dogs, 

but methodology, including anticoagulant and agonist choices and concentrations, has not been 

standardized.  

1.4.4. Platelet Function Analyzer 

The Platelet Function Analyser-100 (PFA-100) is the original point-of-care method for 

assessment of platelet aggregation, and has been marketed as a replacement for bleeding time. It 

is a well-established test in humans and dogs.  
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In this test, citrated whole blood is aspirated though a capillary and an aperture coated with an 

agonist under high shear stress, mimicking blood flow in a blood vessel. As the blood comes in 

contact with the agonist, the platelets aggregate, causing progressive closure of the aperture until 

the blood flow stops or the limit of measurement of the machine is reached (300 seconds). The 

time required to close the aperture is recorded as the closure time (CT).  

Two cartridges were originally available for the PFA-100: CADP and CEPI. CEPI is most 

commonly used for detection of ASA effect, whereas CADP can be used to investigate von 

Willebrand disease and platelet function defects in general, or more specifically to assess response 

to clopidogrel treatment. However, CADP has proven to be too insensitive to consistently detect 

clopidogrel effect in humans, dogs and cats67,106-108. A new cartridge, INNOVANCE P2Y, is a 

modified CADP cartridge that was specifically designed to detect P2Y12 receptor blockade in 

patients receiving clopidogrel. The membrane of this cartridge has a smaller aperture than the 

CADP cartridge, and, in addition to ADP, is coated with calcium and prostaglandin E1, the latter 

being used as an adenylate cyclase activator107,109. A new generation of the PFA instrument, PFA-

200, was introduced concurrently, although the software of the PFA-100 can be upgraded for the 

P2Y assay. In humans, this cartridge has been shown to have high sensitivity for the detection of 

P2Y12 receptor inhibition after clopidogrel intake107,109,110. This has not yet been reported in dogs 

or cats. 

The CT is affected by thrombocytopenia111-113 and anemia111,113,114, h. In Callan’s study, whole 

blood samples were diluted with autologous PRP to a final packed cell volume of 18 to 25%111. 

Significant prolongation of the CT was noted in those samples. Clancey et al. used the same 

hemodilution technique to study the effect of mild anemia (33%, 30%, 27%) in 22 healthy dogs114. 

CT obtained in the three hemodilution groups were significantly prolonged compared to baseline; 

however, all samples in the 33% group had a CT still within the reference interval, and only 1 

sample in the 30% group and 4 samples in the 27% group had a CT slightly above the upper limit 

of the interval. These reports suggest that although results from patients with a hematocrit <35% 

need to be interpreted cautiously, PFA may still have diagnostic value in mildly anemic patients. 

A limitation of these studies is that normal hematocrit was not re-established, and it is possible 

that the method of hemodilution altered platelet function. This was addressed in an unpublished 

study where restoration of hematocrit improved closure timesh. The prolongation of CT in anemic 
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patients is consistent with the observation of prolonged bleeding times in anemic humans and dogs, 

and may be explained by prothrombotic properties of red blood cells115,116. 

1.4.5. Plateletworks 

The principle of Plateletworks (PW) is to compare platelet counts before and after the addition 

of an agonist. The first sample is collected in an EDTA tube. The other samples are collected in 

agonist tubes containing either ADP, COL or AA. Platelet counts are measured using a standard 

hematology counter. Following samples analysis, the percentage aggregation is calculated as 

follow: (EDTA platelet count - agonist platelet count)/ EDTA platelet count x 100. 

PW results were shown to correlate well with results obtained with optical aggregometry, 

which is currently considered the gold standard for platelet function assessment117. The use of PW 

has been reported in humans117-119 and cats108,120-122, but not in dogs. 

This test is relatively inexpensive as it only requires the use of EDTA and agonist tubes, as 

well as access to a hematology counter. Although PW is only validated for use with impedance 

hematology counters in humans, recent studies have validated the use of optical-based hematology 

counter in cats108,121. Other advantages of this test include its rapidity (results are available in a 

few minutes) and the lack of specialized training needed to perform this test. Those characteristics 

make PW a very appealing platelet function test.  

The main drawbacks of this test are the absence of vacuum in the agonist tubes, necessitating 

a syringe blood draw, and the need to analyze samples rapidly. The time constraint makes it 

imperative to have immediate access to a hematology counter following sample collection. The 

manufacturer recommends that all tubes be analyzed within 10 minutes of venipuncture. In a 

human study, ADP % aggregation decreased significantly between 10 and 15 minutes post-

venipuncture. However, samples collected in the ADP agonist tubes appear to be more stable in 

cats and dogs. A previous study in cats120 showed that the ADP % aggregation was stable up to 30 

minutes after venipuncture, but dropped significantly between 30 and 60 minutes. A pilot study 

performed at this institution (unpublished data) revealed that the same was true for dogs, with a 

significant drop in ADP % aggregation observed between 30 and 45 minutes post-venipuncture. 

No data is available for COL or AA in dogs. Further studies are needed to determine the maximum 

time to analysis that can be used for those agonists. 
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The same principle of platelet function testing has been reported using flow cytometry to 

perform platelet counts. In these studies, a proprietary solution was used to fix agonist-induced 

platelet clumps, maintaining platelet counts for up to 9 days123,124. This approach overcomes the 

need for rapid analysis samples, but it is not known if these solutions are valid for use with the 

Plateletworks system. 

Other available platelet function tests include Thrombelastograph Platelet Mapping (TEG-PM) 

and the Cone and Plate(let) analyzeri. The use of TEG-PM to monitor platelet function has been 

reported in dogs125, including dogs treated with clopidogrel64. The use of Impact-R has not been 

described in domestic animals. 

1.4.6.  Role of platelet function testing in clinical practice 

Given the presence of inter-individual variability in response to antiplatelet medication, 

platelet function testing may be warranted to ensure adequate response to treatment. Intra-

individual variability has also been described with clopidogrel and ASA during long term 

therapy126,127. This suggests that even if initial assessment confirms adequate treatment response, 

testing may need to be repeated to monitor long-term response. An association between HPR and 

occurrence of adverse event has been demonstrated with some disorders in humans, although this 

is better documented with clopidogrel than with ASA. Prompt and accurate recognition of patients 

with HPR may allow adjustment of antiplatelet therapy, using either a different dose or alternative 

antiplatelet agent, and therefore reduce the risk of adverse events.  

There is currently no consensus on which platelet function test can best predict the risk of 

thrombotic events. Furthermore, for an individual platelet function test, there is no consensus on 

the cut-off values that can best predict that risk. This topic is still under investigation, and several 

studies have suggested cut-off values based on receiver operator curve analyses that may be 

associated with ischemic or bleeding risk6,7. For example, when VerifyNow P2Y12 is used to assess 

response to clopidogrel therapy, a residual platelet aggregation >208 P2Y12 reaction units was 

suggested to be associated with an increased risk of ischemic events, and a residual platelet 

aggregation <85 P2Y12 reaction units, with an increased risk of bleeding6,7. Cut-off values have 

also been proposed for MP ADP, VASP and ADP-induced optical aggregometry. 
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The goal of the establishment of cut-off values is to define a therapeutic window inside which 

the risk of ischemic and hemorrhagic events would be minimized. This introduces the concept of 

individualized therapy, which would allow adjustment of antiplatelet treatment based on platelet 

function testing until the patient’s results fall into the therapeutic window. This is similar to the 

approach used to adjust individual patient warfarin dosage based on the international normalized 

ratio for prothrombin time. However, to this point, individualized antiplatelet therapy has not been 

clearly demonstrated to improve outcomes. Three large prospective randomized trials (TRIGGER-

PCI trial128, GRAVITAS trial129, ARCTIC trial130) have failed to show a decreased risk of adverse 

events based on individualized antiplatelet therapy. However, those studies had significant 

limitations. The TRIGGER-PCI trial was the only of those studies that proved that HPR could be 

reliably corrected by adjusting antiplatelet therapy (in this case by switching from clopidogrel to 

prasugrel)128. Suboptimal treatment modification may have been responsible for the lack of 

significant difference in the GRAVITAS and ARCTIC trials129,130. Additionally, the adverse event 

rates were much lower than expected in the GRAVITAS and TRIGGER-PCI trials, which caused 

those studies to be largely underpowered128,129. Several smaller studies, on the contrary, have 

demonstrated an improved outcome associated with individually adjusted therapy131-137. Larger 

scale prospective randomized trials are needed to further investigate the role of individualized 

antiplatelet therapy in clinical practice. 

Evaluating the response to antiplatelet therapy in small animal practice is currently limited by 

the lack of availability of platelet function tests, at least in part because of cost of equipment and 

reagents, especially in general and non-academic referral practices. Specialized platelet function 

tests must be performed on fresh blood, and cost and distance, as well as patient instability, can be 

important factors limiting referral of these patients to practices where specialized platelet function 

tests are available. The introduction of new and relatively inexpensive point-of-care platelet 

function tests, such as PW, which can be performed using readily available equipment, may render 

platelet function testing accessible outside the veterinary research laboratory. However, the PW 

tubes are only available in a minimum quantity of 25 tubes with a relatively short shelf-life, which 

may still be an impediment to acquisition in many practices, especially as utility is not yet proven. 

Another major limitation of platelet function testing in small animals is the lack of reference 

intervals for most of those tests. This makes it challenging to assess patients’ response to therapy. 
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High biologic variability has been demonstrated in dogs for several platelet function tests, 

including MP (COL, AA, ADP agonists) and PFA (CAPD, CEPI cartridges)125. Healthy dogs, for 

example, can have baseline CT values up to 300 seconds as measured with PFA-100 CEPI125, j. 

This suggests that subject-based reference values may be more appropriate than population-based 

reference intervals; however further research is needed to develop guidelines that would allow 

therapy adjustment based on platelet function test results. 

1.5. Conclusion 

Inter- and intra-individual variability in response to ASA and clopidogrel have been well 

documented in humans and can be further complicated by drug-drug interactions. Although the 

evidence is less extensive in dogs, decreased responsiveness to ASA has been demonstrated. 

Identifying those patients that do not respond appropriately to antiplatelet medications is of utmost 

importance because the consequences of thromboembolism are often fatal.  

Platelet function testing is currently still limited to research laboratories and some academic 

practices for small animals. However, with the introduction of new point-of-care tests such as 

Plateletworks, it is possible that platelet function testing will progressively gain more popularity 

in general and non-academic referral practices. 

Large prospective, double-blinded, placebo-control studies with long-term follow-up would be 

needed to study the clinical impact of antithrombotic therapy with clopidogrel and ASA singly or 

in combination and correlation with platelet function testing. Such studies are difficult to do in 

veterinary medicine due to significant cost and difficulty in recruiting such large numbers of dogs. 

Until such studies can be done, additional information can be collected by performing studies using 

point-of-care platelet function tests in normal dogs. This would allow evaluation of response to 

those medications and provide necessary groundwork for introduction of therapeutic monitoring 

into clinical practice.  

ASA and clopidogrel activity have never been assessed in dogs using the PFA and the novel 

INNOVANCE P2Y cartridge and Plateletworks. The goal of this study was to evaluate those tests 

and compare them to the established PFA CADP and CEPI and Multiplate aggregometer to detect 

treatment effects in healthy dogs. 
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Chapter 2 

2.0. Introduction 

In dogs, the antiplatelet agents clopidogrel and aspirin may be used prophylactically against 

thromboembolism in different diseases where a hypercoagulable state is identified. These 

diseases include immune-mediated hemolytic anemia (IMHA), protein-losing enteropathy and 

nephropathy, hyperadrenocorticism and hypothyroidism1. Despite use of those medications, dogs 

with IMHA continue to have a high mortality rate (50-70%), and thromboembolism is thought to 

account for up to 80% of the deaths2. Platelet inhibition after treatment with clopidogrel or 

aspirin might be variable as in humans3-7; therefore platelet function testing may be warranted to 

monitor response to treatment. 

Aspirin causes inhibition of cyclooxygenase (COX) hence preventing thromboxane A2 

synthesis8. Aspirin resistance has been well described in humans, with an estimated prevalence 

of 8-45%3,4,9. Different mechanisms have been proposed, including genetic polymorphisms of 

COX or thromboxane A2 synthase, increased platelet reactivity to platelet agonists other than 

arachidonic acid (AA), or alternative pathways of thromboxane synthesis4,5,7. In veterinary 

medicine, a study evaluating platelet function revealed complete inhibition of platelet 

aggregation in only one-third of dogs when aspirin was administered at a dose of 1 mg/kg/day 

for 10 days10. 

Clopidogrel causes irreversible inhibition of the adenosine diphosphate (ADP) receptor 

P2Y12
8. Despite adequate dosing, clopidogrel resistance occurs in 4-30% of humans6,7,11. 

Different mechanisms have been proposed to explain this lack of response, including genetic 

polymorphisms of the P2Y12 receptor and cytochrome P4507. 

Platelet function is measured by adding agonists to fresh blood products and observing extent 

of platelet aggregation. Different methods have been developed using this principle. The 

Multiplate analyzera (MP) is an impedance aggregometer12. The instrument is designed for point-

of-care patient evaluation, is automated and simple to operate, and is the first impedance 

aggregometer to be approved for therapeutic monitoring in humans. Over recent years, several 

studies have optimized and validated the use of this instrument in dogs13-15.  
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The Platelet Function Analyzerb (PFA) measures the time for platelets to close a small aperture 

under high shear stress conditions, mimicking blood flow in a blood vessel. The first generation 

of this instrument (PFA-100) has been used for over two decades for point-of-care platelet function 

testing of various hematologic conditions16. The new generation of this device (PFA-200) has been 

specifically modified to use the novel INNOVANCE P2Y cartridge to better enable detection of 

P2Y12 receptor blockade in humans receiving clopidogrel17. The use of PFA-200 and this new 

cartridge have not yet been reported in dogs. 

Plateletworksc (PW) is a method for evaluating platelet function that uses hematology counters 

that are routinely available in general and referral practices. The principle of this test is to compare 

platelet counts before and after the addition of an agonist. It has been validated for use in cats18-20. 

The use of Plateletworks has not yet been reported in dogs. 

This study aimed to evaluate the effects of aspirin, clopidogrel, or combination therapy, in 

healthy laboratory Beagles using three platelet function tests: MP, PFA-200 (including the 

INNOVANCE P2Y cartridge), and PW (using impedance-based and optical-based hematology 

counters). 

2.1. Materials and Methods 

2.1.1. Animals 

Six healthy purpose-bred beagles (3 spayed females, 3 castrated males) with a median age of 

5.1 years (range, 4.8 to 5.4 years) and weight of 11.1 kg (range, 8.3 to 14.4 kg) were used. None 

of the dogs had received any prior treatments with drugs affecting platelet function for a 

minimum of 2 weeks prior to the start of the study. The health status of the dogs was confirmed 

via physical examination and complete blood count, serum biochemistry profile, urinalysis and 

coagulation profile (prothrombin time, partial thromboplastin time and fibrinogen concentration) 

using standard methods in the Animal Health Laboratory, University of Guelph. Dogs were 

housed at a laboratory facility and were transported by motor vehicle to the Ontario Veterinary 

College on testing days. Dogs were fed a dry canine maintenance food twice daily and had free 

access to water. Animal use was approved by the University of Guelph Animal Care Committee. 

The study was performed in accordance with the standards of the Canadian Council on Animal 

Care. 
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2.1.2. Study Design 

Dogs received clopidogreld (2 mg/kg, PO) and a placeboe (PO, capsule), aspirinf (1 mg/kg, 

PO) and a placebog (PO, liquid), or a combination of clopidogrel (2 mg/kg, PO) and aspirin (1 

mg/kg, PO), once daily for 7 consecutive days. Drugs were compounded to individual doses 

based on body weight by the Pharmacy of the Ontario Veterinary College Health Sciences 

Center. Drugs were administered at approximately the same time each morning. Dogs were 

observed at the time of dosing for any abnormal behaviors which were recorded on individual 

forms. The investigators and the technicians administering the drugs were blinded to the 

intervention received by each dog until the end of the study. Drugs were administered in a 

randomized crossover design. A washout period of 14 days was performed between phases. 

2.1.3. Blood Sample Collection 

Blood collection was performed after a 12 hour overnight fast. For each phase of the study, 

blood samples were collected before treatment (T0) and after 7 consecutive days of treatment 

(T7), which began the following day (T1). The order of blood collection was randomized at the 

first visit (toss of a coin), and that order was maintained throughout the study. At every visit, two 

blood samples were collected. Before blood collection, the hair was clipped over venipuncture 

sites and topical lidocaineh was applied. The first sample was collected via left jugular 

venipuncture using a 20-ga Vacutaineri set and vacuum tubes. Blood was collected into tubes in 

the following order: 1x3-mL serum tube (for biochemistry profile on the first visit only, discard 

on the following visits), 4x1.8-mL 3.2% citrate tube (prothrombin time, partial thromboplastin 

time and fibrinogen on the first visit only, PFA-200), 1x4-mL heparin tube (MP, clopidogrel and 

aspirin drug metabolite levels) and 1x2-mL EDTA tube (CBC, baseline platelet count for PW). 

Every tube was agitated 4 times by inversion and then allowed to rest until analysis. A second 

blood sample was collected via right jugular venipuncture using a 6-mL plastic syringe and 20-

ga needle. The needle of the syringe was removed, and 1 mL of blood was transferred into each 

PW agonist tube (which does not contain a vacuum) in the following order: ADP tube, collagen 

(COL) tube, and AA tube. The tubes were agitated by inversion following the manufacturer’s 

recommendations: 15-20 times for all tubes, followed by rest until analysis for the ADP tube; 5 

times every minute until analysis for the COL tube, and 1 time every 8-10 seconds for 2 minutes 

followed by rest until analysis for the AA tube. For all venipunctures, quality (graded 1-3; 1 = no 
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redirections, 2 = 1-2 redirections, 3 = 3-4 redirections) and stoppage of blood flow (graded 1-3; 1 

= no stoppage, 2 = very brief stoppage, 3 = significant stoppage) were recorded. A blood smear 

prepared from the EDTA sample was examined for platelet clumping. A maximum of 20 mL of 

blood was collected from each dog at each visit. 

2.1.4. Platelet Function Testing 

Multiplate. The agonists ADPj, COLk and AAl were used. Agonist solutions were prepared 

according to the manufacturer’s recommendations by adding 1 mL distilled water to a 

lyophilized agonist stock. The agonists were stored at -30°C for a maximum for 4 weeks (ADP 

and AA) or at 4°C for a maximum of 7 days (COL). The test was performed as recommended by 

the manufacturer. Briefly, 300 µL of 0.9% NaCl solution pre-heated to 37°C was added in the 

test channel. The heparin tube was agitated 4 times, and 300 µL of blood was added in the test 

channel. After 3 minutes incubation and stirring at 37°C, 20 µL of agonist was added to the 

diluted sample to a final concentration of 6.5 µmol/L ADP, 3.2 µg/ml COL and 0.5 mmol/L AA. 

The aggregation was measured for 6 minutes, which resulted in the generation of two curves 

(measured by two independent sensor units), and results were displayed as area under the curve 

(AUC) and expressed in units (U). If Pearson’s correlation coefficient was lower than 0.98 or if 

the difference of each curve from the mean was higher than 20% (both automatically calculated 

by the MP), the analysis was repeated. Following the manufacturer’s recommendations, all 

samples were analyzed between 30 minutes (min) and 3 hours (h) after venipuncture.   

 PFA-200. The cartridges P2Ym, COL/ADPn (CADP) and COL/Epinephrineo (CEPI) were 

used. The cartridges were stored at 4°C and were allowed to warm to room temperature in their 

pouches before usage. The citrate tubes were agitated 4 times before each analysis, and 800-900 

µL of blood was pipetted into the different cartridges. At the beginning of the study, 800 µL was 

used, following the manufacturer’s recommendations. However, during the course of the study, it 

was noted that a “no closure, maximum syringe travel” message was sometimes generated before 

reaching the limit of measurement of the analyzer, which is 300 seconds. Examples of such 

results would be >270 seconds and >280 seconds. This was thought to be due to an insufficient 

amount of blood in the cartridge, and following additional manufacturer’s recommendations, the 

amount of blood was increased to 900 µL during the last phase of the study. For results that 

reached “no closure” before reaching the upper limit of 300 sec, the maximum number reached 
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was used for analysis (for example, 270 sec if >270 sec was obtained). The A Channel was used 

for all analyses; the order of analysis was as follows: P2Y, CADP, CEPI. Each sample was 

analyzed in duplicate; duplicate analyses were performed sequentially. The time required to 

close the aperture was recorded as the closure time (CT). For CADP, a reference interval of 45-

109 seconds had previously been determined at this institution’s laboratory using PFA-10021. If a 

sample error message was recorded (e.g., flow obstruction), the sample was analyzed a third 

time. Following the manufacturer’s recommendations, all samples were analyzed between 10 

min and 4 h after venipuncture. 

Plateletworks. Agonist tubes containing ADP, COL and AA were used. Platelet counts were 

determined using two hematology counters, one using impedancep, and one using an optical 

methodq. The filled agonist tubes were agitated before each analysis according to the 

manufacturer’s recommendations (4 times for ADP, 5 times for COL, 2 times for AA). The order 

of analysis was as follows: COL tube, AA tube, ADP tube, EDTA tube. Platelet count in each 

tube was obtained in duplicate before the next tube was analyzed. Due to the longer time of 

analysis with the impedance-based hematology counter, the platelet count was first measured 

once with that machine, then in duplicate with the optical-based hematology counter, and finally 

a second time with the impedance-based hematology counter. Platelet aggregation (% Agg) was 

calculated as follows: (EDTA platelet count - agonist platelet count)/ EDTA platelet count x 100. 

All samples were analyzed within 30 minutes of venipuncture. 

Drug metabolite levels. Heparinized blood obtained on days 0 and 7 of each phase was 

centrifuged within 10 min of blood collection, and serum was kept frozen at -80°C. At the end of 

the study, drug metabolite levels were measured by validated assays using high-performance 

liquid chromatography as previously described20,22. For aspirin, the metabolite salicylate was 

measured. For clopidogrel, the inactive metabolite SR 26334 was measured. For both 

metabolites, the limit of quantification was 0.1 µg/mL. These assays were performed in the 

Clinical Pharmacology Laboratory, College of Veterinary Medicine, North Carolina State 

University. 
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2.1.5. Statistical Analysis 

All statistical analyses were performed using statistical softwarer. Data were checked for 

normality using a Shapiro-Wilk test. For variables that were not normally distributed, log 

transformation was performed, and if the distribution became more normal, log-transformed data 

were used in analysis. A general linear mixed model accounting for carryover and treatment period 

was performed to determine if there were visit (T0 vs. T7) or drug (aspirin, clopidogrel, 

combination) effects. If the overall F-test was significant for a visit or drug effect, pairwise 

comparisons (t-test) were performed. If a significant interaction was detected, post-hoc t-tests were 

Tukey-adjusted. For PW, results obtained with the two hematology counters were compared using 

Pearson’s correlation coefficients to test for an overall association, and Lin’s concordance 

correlation was used to test for agreement. A Mann Whitney Wilcoxon test was performed to 

compare drug metabolite levels obtained between T0 and T7. A p ≤ 0.05 was considered significant 

at a power of 80%. 

Dogs were classified with respect to magnitude of response as follows: for MP and PW, dogs 

were classified into three groups as described previously6: <25% decrease from baseline, 25-49% 

decrease from baseline, >50% decrease from baseline; for PFA, dogs were assessed according to 

two different classifications: prolongation of CT above the reference interval when a reference 

interval was available (CADP), or no closure.  

2.2. Results 

2.2.1. Blood Collection 

Venipuncture scores were recorded on 70/72 occurrences. The median score for quality was 1 

(range 1-3), and the median score for stoppage of blood flow was 1 (range 1-3), with over 80% of 

venipunctures achieving a score of 1 in both categories for both the Vacutainer (venipuncture 1) 

and syringe draw (venipuncture 2). Only 1/70 venipunctures scored 3. This score was obtained in 

both categories (quality and stoppage) for dog 6 in the clopidogrel group at T0 during venipuncture 

1. No outlying values for platelet function results were noted for venipunctures that had a higher 

score.  
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2.2.2. Platelet Function Tests 

All results were normally distributed except for those for the PFA P2Y and CADP cartridges 

and PW COL. Log transformation was performed for PFA P2Y as it resulted in the data having 

less kurtosis; distribution was not normal (Shapiro-Wilk P = 0.01), but was sufficiently adjusted 

for the analysis to be valid. Platelet function test results are summarized in Table 1. There were no 

significant differences for any of the platelet function tests between treatment groups at T0. 

2.2.3. Multiplate 

Samples were analyzed at a median time of 50 min after venipuncture at T0 (range 47-67 min) 

and 49 min at T7 (range 45-95 min). On 6 occasions, a quality control flag was displayed due to 

the correlation coefficient being less than 0.98 and/or the difference of each curve from the mean 

being higher than 20%. Those tests were repeated and yielded results within quality control 

parameters. 

Comparing T0 to T7 results within each treatment group (Table 1), mean aggregation was 

decreased for COL and AA in dogs receiving combination therapy, but not for dogs receiving 

either drug alone, although the decrease observed with AA approached significance in the 

clopidogrel group. Mean aggregation was decreased for ADP in dogs of all treatment groups. 

Comparing T7 results between treatment groups: for COL, mean aggregation was different 

between the aspirin and clopidogrel groups (P = 0.008), and between the clopidogrel and 

combination therapy groups (P = 0.006), but not between the aspirin and combination therapy 

groups (P = 0.87); for AA, mean aggregation was different between the aspirin and clopidogrel 

groups (P = 0.04), and between the aspirin and combination therapy groups (P = 0.009), but not 

between the clopidogrel and combination therapy groups (P = 0.87); and for ADP, mean 

aggregation was different between the aspirin and clopidogrel groups (P < 0.001), and between the 

aspirin and combination therapy groups (P < 0.001), but not between the clopidogrel and 

combination therapy groups (P = 0.96). 

2.2.4. Platelet Function Analyzer-200 

Samples were analyzed for P2Y at a median of 52 min after venipuncture at T0 (range 44-73 

min) and 54 min at T7 (range 43-95 min); for CADP at a median of 66 min at T0 (range 56-119 
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min) and 71 min at T7 (range 61-117 min); and, for CEPI at a median of 81 min at T0 (range 69-

109 min) and 88 min at T7 (range 75-138 min). On 7/216 occasions, a message error was generated 

due to a flow obstruction. Those tests were repeated. A second flow obstruction occurred for 2 of 

those repeated tests. For those results, only 1 measurement was included in the final analysis. On 

16/216 occasions using the CADP or CEPI cartridge, the analyzer generated a “no closure” 

message before reaching the upper limit of 300 sec. Only 2 of those results were obtained at T0, 

and 14 were obtained at T7. After increasing the amount of blood pipetted into the cartridge to 900 

L upon the manufacturer’s recommendations, this type of error occurred an additional 3 times; 

however on those 3 occasions, the CT was very close to the upper limit of 300 sec (>297 sec, >294 

sec, >294 sec). 

 Comparing T0 to T7 results within each treatment group (Table 1), the mean CT was increased 

for the PY2 and CADP cartridges in dogs receiving clopidogrel alone or combination therapy. The 

mean CT was increased for the CEPI cartridge in dogs receiving aspirin alone. The increase in 

mean CT observed with the CEPI cartridge approached significance in the combination therapy 

group. Comparing T7 results between treatment groups: for P2Y, mean CT was different between 

the aspirin and clopidogrel groups (P < 0.001), and between the aspirin and combination therapy 

groups (P < 0.001), but not between the clopidogrel and combination therapy groups (P = 1.0); for 

CADP, mean CT was different between the aspirin and clopidogrel groups (P = 0.001), and 

between the aspirin and combination therapy groups (P < 0.001), but not between the clopidogrel 

and combination therapy groups (P = 0.34); for CEPI, mean CT was different between the aspirin 

and clopidogrel groups (P = 0.009), and between the clopidogrel and combination therapy groups 

(P = 0.009), but not between the aspirin and combination therapy groups (P = 0.99).  

2.2.5. Plateletworks 

Samples were analyzed for COL at a median of 11 min after venipuncture at T0 (range 8-18 

min) and 10 min at T7 (range 7-16 min); for AA at a median of 17 min at T0 (range 15-21 min) 

and 16 min at T7 (range 14-19 min); for ADP at a median of 24 min at T0 (range 21-29 min) and 

23 min at T7 (range 20-27 min). No platelet clumping was observed on microscopic examination 

of blood smears of any EDTA sample. 
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Comparing T0 to T7 results within each treatment group (Table 1), mean AA-induced 

aggregation was decreased in all treatment groups. Mean ADP-induced aggregation was decreased 

in dogs receiving clopidogrel alone or combination therapy. Mean COL-induced aggregation was 

decreased in the clopidogrel group only. Comparing T7 results between treatment groups: for AA 

and COL, there were no differences (P = 0.50–0.99); for ADP, mean aggregation was different 

between the aspirin and clopidogrel groups (P = 0.03), and between the aspirin and combination 

therapy groups (P = 0.02), but not between the clopidogrel and combination therapy groups (P = 

0.84). 

Results obtained with both hematology analyzers showed substantial to perfect agreement for 

all variables (rhoc 0.77-0.98), except for COL % Agg (rhoc 0.34), which showed only fair 

agreement.
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Table 1. Results before (TO) and after 7 days (T7) of treatment with aspirin, clopidogrel, and combination therapy in 6 healthy dogs. 

Results shown are mean ± standard deviation (range) and are expressed in units (for MP), seconds (for PFA) and % aggregation (for 

PW). Results shown for PW were obtained with the impedance hematology counter (Vetscan HM5). The P value refers to the 

difference between results for each platelet function test at T0 and T7. 

  Aspirin  Clopidogrel  Combination 

  T0 T7 P value  T0 T7 P value  T0 T7 P value 

MP             

COL  15 ± 10 

(3-24) 

10 ± 10  

(0-25) 

0.14  18 ± 10  

(4-38) 

15 ± 10  

(5-26) 

0.37  19 ± 10  

(6-39) 

6 ± 10  

(0-21) 

0.023 

AA  36 ± 15  

(4-53) 

32 ± 15  

(13-51) 

0.93  41 ± 15  

(21-67) 

20 ± 15  

(7-53) 

0.07  44 ± 15  

(25-57) 

9 ± 15  

(3-25) 

0.003 

ADP  62 ± 8 

(54-73) 

52 ± 8  

(33-68) 

0.028  59 ± 8  

(45-66) 

13 ± 8  

(9-17) 

<0.001  58 ± 8  

(50-71) 

12 ± 8  

(7-20) 

<0.001 

PFA             

P2Y  111 ± 72  

(38-245) 

139 ± 89  

(57-300) 

0.54  95 ± 47  

(41-171) 

300 ± 0  

(300-300) 

<0.001  119 ± 88  

(46-300) 

300 ± 0  

(300-300) 

<0.001 

CADP  67 ± 61  

(55-102) 

70 ± 60 

(54-88) 

0.99  65 ± 60  

(50-80) 

185 ± 60  

(52-300) 

0.006  68 ± 61 

(53-111) 

215 ± 60  

(64-300) 

0.001 

CEPI  167 ± 66 

(105-283) 

235 ± 66 

(113-300) 

0.015  159 ± 66 

(104-256) 

160 ± 66 

(103-300) 

0.95  184 ± 66   

(78-295) 

234 ± 66 

(103-300) 

0.066 

PW             

AA  80 ± 7 

(20-98) 

7 ± 7 

(0-25) 

<0.001  92 ± 7 

(82-95) 

6 ± 7  

(0-18) 

<0.001  74 ± 7  

(29-97) 

8 ± 7  

(0-28) 

<0.001 

COL  17 ± 10 

(1-51) 

13 ± 10  

(0-26) 

0.37  18 ± 10  

(0-37) 

8 ± 10  

(0-23) 

0.029  14 ± 10  

(0-28) 

11 ± 10  

(0-22) 

0.55 

ADP  47 ± 31  

(14-86) 

44 ± 31  

(0-88) 

0.93  44 ± 31  

(1-88) 

8 ± 31  

(0-20) 

0.0071  44 ± 31  

(0-86) 

6 ± 31  

(0-22) 

0.0049 

MP, Multiplate; PFA, Platelet Function Analyzer-200; PW, Plateletworks; COL, Collagen; AA, Arachidonic acid; ADP, Adenosine diphosphate; 

CADP, Collagen/adenosine diphosphate; CEPI, Collagen/epinephrine.
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2.2.6. Aspirin and Clopidogrel Responders 

Results are summarized in Table 2. As previously discussed, several CADP and CEPI results 

reached no closure before 300 sec. As reported in Table 2, the classification of dogs as responders 

based on CADP or CEPI tests changed if those values were considered equivalent to 300 sec.  

Considering the less strict criteria for each classification (>25% decrease from baseline for MP 

and PW; CT above the reference interval for PFA), the tests that detected drug response most 

consistently were: for aspirin, PFA CEPI (up to 4/6 dogs) and PW AA (6/6); for clopidogrel MP 

AA (5/6), MP ADP (6/6), PFA P2Y (6/6), PFA CADP (4/6), PW AA (6/6), PW COL (4/6) and 

PW ADP (5/6); for combination therapy, MP COL (6/6), MP AA (6/6), MP ADP (6/6), PFA P2Y 

(6/6), PFA CAPD (5/6), PFA CEPI (up to 5/6), PW AA (6/6) and PW ADP (6/6). Using a more 

strict definition for treatment response and considering the stronger criteria only for each 

classification (>50% decrease in baseline for MP and PW; CT > 300 sec for PFA), the tests that 

detected drug response most consistently were: for aspirin, PW AA (6/6); for clopidogrel, MP AA 

(4/6), MP ADP (6/6), PFA P2Y (6/6), PFA CADP (4/6), PW AA (6/6) and PW ADP (5/6); for 

combination therapy, MP COL (4/6), MP AA (5/6), MP ADP (6/6), PFA P2Y (6/6), PW AA (6/6) 

and PW ADP (6/6). 

2.2.7. Drug Metabolite Levels 

In the aspirin and combination treatment groups, the median salicylate level was 0 µg/mL for 

dogs prior to receiving aspirin (range, below the limit of quantification of 0.1 µg/mL to 1.11 

µg/mL), and 1.33 µg/mL for dogs after receiving aspirin (range, below the limit of quantification 

to 3.69 µg/mL). This difference was significant (p = < 0.001). In the clopidogrel and combination 

therapy groups, the median SR 26334 level was 0 µg/mL for dogs prior to receiving clopidogrel 

(all results below limit of quantification of 0.1 µg/mL), and 0.25 µg/mL for dogs receiving 

clopidogrel (range, 0.1 to 0.35 µg/mL). This difference was significant (p < 0.001). Individual 

results are summarized in Table 3. 
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Table 2. Number of dogs classified as aspirin, clopidogrel, or combination therapy responders after 7 days of treatment. Classification 

based on 25% or 50% decrease in AUC (MP); 25% or 50% decrease in % Agg (PW); no closure or CT > upper reference interval 

(PFA). Upper reference interval (upper ref) for PFA was defined as 109 sec for CADP. 

  Aspirin  Clopidogrel  Combination 

MP  < 25% 25-49% >50%  < 25% 25-49% >50%  < 25% 25-49% >50% 

COL  2/6 2/6 2/6  4/6 2/6 0/6  0/6 2/6 4/6 

AA  3/6 1/6 2/6  1/6 1/6 4/6  0/6 1/6 5/6 

ADP  4/6 2/6 0/6  0/6 0/6 6/6  0/6 0/6 6/6 

PW  < 25% 25-49% >50%  < 25% 25-49% >50%  < 25% 25-49% >50% 

COL  2/6 1/6 3/6  2/6 1/6 3/6  4/6 1/6 1/6 

AA  0/6 0/6 6/6  0/6 0/6 6/6  0/6 0/6 6/6 

ADP  4/6 1/6 1/6  1/6 0/6 5/6  0/6 0/6 6/6 

PFA  No closure CT > Upper ref  No closure CT > Upper ref  No closure CT > Upper ref 

P2Y  1/6 -  6/6 -  6/6 - 

CADP  0/6 0/6  4/6 4/6  3/6 (4/6)* 5/6 

CEPI  1/6 (4/6)* -  2/6 -  2/6 (5/6)* - 

* Represent number of dogs classified as responders when values that did not reach a closure time but did not attain 300 sec because of 
insufficient sample volume were included. 

AUC, Area under the curve; MP, Multiplate; Agg, Aggregation; CT, Closure time; PFA, Platelet Function Analyzer-200; PW, Plateletworks; Sec, 
seconds; COL, Collagen; AA, Arachidonic acid; ADP, Adenosine diphosphate; CADP, Collagen/adenosine diphosphate; CEPI, Collagen/epinephrine. 
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Table 3. Individual drug metabolite levels (salicylate and SR 26334) before (T0) and after 7 days (T7) of treatment with aspirin, 

clopidogrel, and combination therapy in 6 healthy dogs. Results are expressed in µg/mL. The limit of quantification (LOQ) for both 

assays was 0.1 µg/mL. 

 Aspirin group  Clopidogrel group  Combination group 

 Salicylate SR 26334  Salicylate SR 26334  Salicylate SR 26334 

Dogs T0 T7 T0 T7  T0 T7 T0 T7  T0 T7 T0 T7 

1 < LOQ 2.340 < LOQ < LOQ  < LOQ < LOQ < LOQ 0.260  < LOQ 2.300 < LOQ 0.352 

2 < LOQ 1.735 < LOQ < LOQ  < LOQ < LOQ < LOQ 0.306  0.150 1.506 < LOQ 0.263 

3 < LOQ 1.013 < LOQ < LOQ  < LOQ < LOQ < LOQ 0.191  < LOQ < LOQ < LOQ < LOQ 

4 < LOQ 0.893 < LOQ < LOQ  0.893 1.111 < LOQ 0.315  < LOQ < LOQ < LOQ 0.259 

5 < LOQ 1.229 < LOQ < LOQ  < LOQ < LOQ < LOQ 0.181  < LOQ 1.421 < LOQ 0.152 

6 < LOQ < LOQ < LOQ < LOQ  < LOQ 0.536 < LOQ 0.212  < LOQ 3.693 < LOQ 0.239 
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2.3. Discussion 

All three platelet function tests detected aspirin and clopidogrel effects in some dogs and may 

have utility for monitoring antiplatelet therapy. More dogs receiving clopidogrel showed an 

increase in PFA CT using the P2Y cartridge (6/6 dogs) than the CADP cartridge (4/6 dogs 

receiving single-agent clopidogrel and 5/6 dogs receiving combination therapy). Results obtained 

with both hematology counters were similar for PW. While the manufacturer’s recommendations 

are to use impedance-based platelet counts, this study shows that it is valid to also use optically-

based platelet counts in dogs, as has been previously reported in cats19,20. 

Although significant results were obtained for several tests when examining mean values 

obtained at T0 compared to T7, results were variable for individual dogs for some of those tests. 

Tests for which every dog’s individual values followed the changes in the mean value included 

MP ADP with clopidogrel and combination therapy; PFA P2Y with clopidogrel or combination 

therapy; PW ADP with clopidogrel or combination therapy, and PW AA with all treatments. Drug 

metabolite levels were assessed to evaluate if individual differences could have been due to 

problems with drug administration or decreased absorption of the drugs from the gastrointestinal 

tract, or if it was truly due to individual differences in platelet response to those drugs. Drug 

metabolite levels confirmed that all dogs received and absorbed the drugs. However, drug 

metabolite levels could not explain the variation noted in platelet function test results. This may 

be because of individual differences in response to those drugs, individual responses to platelet 

agonists, or because the inactive metabolites are not good surrogate markers of the active drugs22. 

The true definitions of aspirin or clopidogrel resistance in humans are not well described. 

Different definitions of resistance have been proposed, including clinical resistance (defined as the 

occurrence of thromboembolism despite antiplatelet medication) and laboratory resistance 

(defined as the failure of antiplatelet medication to inhibit platelet function as assessed by in vitro 

methods)4,5,7,23. None of the 6 dogs in this study had laboratory resistance, as response to therapy 

could be confirmed in all cases by changes in at least one test result (i.e. all dogs had a decrease 

% Agg >50% with PW AA regardless of treatment group). However, some dogs’ test results were 

inconsistent. For example, for dog 5, post-aspirin AA % Agg decreased >50%; however this dog’s 

PFA CEPI post-aspirin CT did not reach “no closure”. For dogs 4 and 5, post-clopidogrel AA % 

Agg and ADP % Agg decreased by >50%, their PFA P2Y CT reached >300 sec, and their MP 
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ADP decreased by >50%; however both dog’s PFA CADP post-treatment CT did not reach “no 

closure” nor did their values go above the upper limit of the reference interval. It is possible that 

some of the tests that detected a treatment response consistently for all dogs, such as PW AA, or 

PFA P2Y for clopidogrel, are too sensitive and may reach the upper limit of that test with clinically 

sub-therapeutic drug levels in the animal. Such a test may only be useful to confirm owner 

compliance with administration and absorption of the drug. Such a test may also be useful to 

suggest risk for clinical aspirin or clopidogrel resistance if that test fails to detect a response. 

Alternatively, some of the tests that detected a treatment response infrequently, such as MP ADP 

for aspirin and MP COL and PFA CEPI for clopidogrel may be too insensitive. The most useful 

test may be one which shows a graded response, which can then be correlated to clinical 

therapeutic response in future longitudinal studies. It is also possible that a combination of different 

tests, with different sensitivities to detect antiplatelet drug effect, would be required to predict an 

acceptable reduction in risk for thrombosis. 

Drug metabolite measurements were used as surrogate markers of plasma drug levels. For 

aspirin, salicylate was used because aspirin itself has a very short plasma half-life, which made its 

measurement logistically unfeasible for this study, and a validated assay was not available. Two 

of the dogs had measurable salicylate levels at T0. Laboratory, pharmacy, and animal facility 

records were reviewed in an effort to identify clerical, analytic, or medication errors, and none 

were identified. However, the platelet function test results for these dogs at T0 were not consistent 

with aspirin effect, therefore it is believed that the salicylate levels are erroneous. For clopidogrel, 

the inactive metabolite SR 26334 was measured as a surrogate marker. This was done because the 

parent drug and active metabolite are usually not detectable in plasma with currently available 

assays22,24. However, the metabolic pathway for clopidogrel activation has not been characterized 

in dogs, and it is possible that plasma concentrations of SR 26334 do not correlate with 

concentrations of the clopidogrel active metabolite22. Recently, the stabilization of clopidogrel 

active metabolite and quantification using high-performance liquid chromatography in cats has 

been described.s If developed in dogs, this technique may better assess clopidogrel levels in the 

future. 

For most of these tests, no reference interval has been established in dogs. This makes it more 

challenging to assess a dog’s response to therapy. Previous studies have used different ways to 
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assess response to therapy, such as a significant change in the mean from baseline6,25, a CT >300 

sec for PFA10,23, or a CT > upper limit of the reference interval26. For PFA CADP, a reference 

interval of 45-109 seconds had previously been determined at this institution’s laboratory using 

PFA-10021, and was used in this study to help classify responders versus non-responders. No 

reference interval was available for any of the other platelet function tests evaluated. A previous 

study27 performed at the same institution looked at biologic variability of different platelet function 

tests, including MP (COL, AA, ADP agonists) and PFA (CAPD, CEPI cartridges), and revealed 

that the use of population-based reference intervals was inappropriate for most platelet function 

tests due to high biologic variability. Based on that study, the authors suggested that subject-based 

reference intervals may be more appropriate. This is consistent with what was observed in this 

study. Baseline results obtained with PFA CEPI for example ranged between 78 and 295 sec. In 

the study looking at biologic variability, the results obtained with PFA CEPI ranged between 54 

and 300 sec27, and in another study performed at the same institution, results obtained with that 

same platelet function test ranged between 62 sec and 300 sec.t 

The aspirin dose chosen for this study is a common antiplatelet dose10. A previous study 

performed at this institution revealed that 1 mg/kg/day was the lowest dosage to inhibit platelet 

function as assessed by PFA-100 and optical aggregometry.u However, a recent report  suggested 

that an aspirin dose of 2 mg/kg may be more reliable for platelet inhibition.v In that study, the 2 

mg/kg dose resulted in a mean decrease in maximum amplitude of 81.3% with turbidimetric 

aggregometry and a CT >300 sec in 62.5% of dogs with PFA-100, compared to 41.3% and 25%, 

respectively, for an aspirin dose of 1 mg/kg. Therefore, it is possible that the dose used in our study 

was insufficient to cause maximal inhibition of platelet function.  

The agonist concentrations for MP used in this study were the ones recommended by the 

manufacturers. Several studies have optimized MP impedance aggregometry and have described 

different agonist concentrations13-15,25. Kalbantner et al.13 performed analyses using a wide range 

of concentrations and showed that a maximum attainable aggregation response was obtained 

with 10 µmol/L ADP, 5 µg/ml COL and 1 mmol/L AA. However, as discussed by Marschner et 

al.,14 maximum aggregation response is not necessarily desirable as it can lower diagnostic 

sensitivity. For this reason, the agonist concentrations used in this study were the ones currently 

recommended by the manufacturer for human platelets. 
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The PW manufacturer recommends that all agonist tubes be analyzed within 10 minutes of 

venipuncture. This could not be performed in our study as the samples had to be agitated in a 

precise manner and then physically transported to the laboratory (about 6 minutes), then analyzed 

in duplicate using 2 different hematology counters. Samples were analyzed at a median of 10 

minutes for COL, 16 min for AA and 23 min for ADP, with no sample being analyzed over 29 

minutes after venipuncture. A previous study in cats18 showed that the ADP % Agg was stable up 

to 30 minutes after venipuncture, but dropped significantly between 30 and 60 minutes. A pilot 

study performed at this institution (data not shown) revealed that the same was true for dogs, with 

a significant drop in ADP % Agg observed between 30 and 45 minutes post-venipuncture. 

However, further data obtained after completion of this study revealed that in some dogs 

significant spontaneous disaggregation may occur after 10-15 min (data not shown). No data are 

available for COL or AA in dogs or cats. As COL is considered by the manufacturer to be most 

susceptible to spontaneous disaggregation, and AA is considered to be a weaker agonist than ADP, 

it was decided to analyze the COL sample first, which allowed obtaining a median time to analysis 

of 10 minutes. However, some results were analyzed up to 18 minutes after venipuncture. This 

may explain in part why results obtained with this agonist were less consistent both among dogs 

and duplicate samples. Further studies are warranted to evaluate if a shorter time of analysis would 

provide superior results; however such a time constraint may render this test less usable in some 

clinical settings. The time to analysis for AA and ADP were longer than that recommended by the 

manufacturer. It is not known how much these delays affected magnitude of responses, but they 

did not reduce the ability of the AA assay to detect aspirin or clopidogrel effects (100%) and of 

the ADP assay to detect clopidogrel effect (100%), and did not appear to reduce precision of the 

assays. It is not known if the delay in analysis reduced the ability of ADP to detect aspirin effects. 

Further studies are warranted to determine the maximum time-to-analysis that can be used for the 

different agonists. Pending such studies, it is recommended that the time-to-analysis be as short as 

possible and consistent pre and post-treatment. 

A slight change in protocol was adopted for PFA during the third phase of the study after it 

was noted that a “no closure” message was sometimes generated before reaching the maximum 

of 300 sec. The amount of blood loaded in the cartridge was increased to 900 µL, which allowed 

the acquisition of more precise data. However, several values obtained before this change of 

protocol lacked precision as the analyzer stopped measuring the CT before complete closure and 
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before the limit of 300 sec was reached. Examples include results such as >270 sec, where the 

actual result is known to be above 270 sec but a more precise value could not be obtained. For 

some or all of those results, the limit of 300 seconds may have been obtained if the blood sample 

volume had been sufficiently large to allow completion of the analysis. Statistical analysis was 

performed using the maximum number reached (for example, 270 sec if >270 sec was obtained), 

but was also repeated after all results that reached no closure before attaining 300 sec were 

converted to 300 sec in order to investigate if this would have impacted our results. No 

difference was noted in the significance of results. 

Consideration needs to be given to the small number of dogs included in this study. Due to 

the strong treatment effect which was expected with MP, PFA and PW with some agonists based 

on previous studies10,17,18, a power calculation showed that four dogs would be enough to detect a 

significant difference with a power of 0.8. This proved to be accurate; however, it is possible that 

the study was underpowered to detect more subtle effects. 

Dogs used in this study were all healthy Beagles. As described previously25, platelet function 

test results may vary between different breeds, and results obtained in this study may not directly 

apply to different breeds or to dogs with clinical disease that may affect platelet function. 

In conclusion, all three platelet function tests were useful to detect aspirin and clopidogrel 

effect in some dogs. More dogs receiving clopidogrel showed an increase in PFA CT using the 

P2Y than the CADP cartridge. PW using AA was the only test that detected all drug effects in all 

dogs. Results obtained with both hematology counters were similar for PW. All platelet function 

tests used in this study may be useful for monitoring antiplatelet response in dogs treated with 

aspirin or clopidogrel, however further studies are needed to determine the optimal tests and 

agonists for use in dogs with different diseases. 

2.4. Footnotes 

a. Diapharma Group, Inc., West Chester, Ohio, United States 

b. Siemens Healthineers, Erlangen, Germany 

c. Helena Laboratories, Beaumont, Texas, United States 



 
 

51 
 

d. Teva Clopidogrel Bisulfate 75 mg tablets, compounded into a liquid using OraBlend 

suspending agent (Galenova Inc., St-Hyacinthe, Quebec, Canada) 

e. Gelatin capsule (size #4, Capella Enterprises, Carleton Place, Ontario Canada) filled with 

lactose monohydrate powder (Galenova Inc., St-Hyacinthe, Quebec, Canada) 

f. Acetylsalicylic Powder USP and lactose monohydrate powder in gelatin capsule 

g. OraBlend suspending agent 

h. Maxilene, RGR Pharma, LaSalle, Ontario, Canada 

i. Vacuette Multiple Use Drawing Needles, Greiner Bio-One GmbH, Kremsmunster, 

Austria 

j. ADPtest kit, Verum Diagnostica GmbH, Munich, Germany  

k. COLtest kit, Verum Diagnostica GmbH, Munich, Germany 

l. ASPItest kit, Verum Diagnostica GmbH, Munich, Germany 

m. INNOVANCE PFA P2Y, Siemens Healthcare Diagnostics Products GmbH, Marburg, 

Germany 

n. Dade PFA Collagen/ADP Test Cartridge, Siemens Healthcare Diagnostics Products 

GmbH, Marburg, Germany 

o. Dade PFA Collagen/EPI Test Cartridge, Siemens Healthcare Diagnostics Products 

GmbH, Marburg, Germany 

p. Vetscan HM5, Abaxis Veterinary Diagnostics, Union City, California, United States 

q. ADVIA 2120i, Siemens Healthineers, Erlangen, Germany 

r. SAS 9.3, SAS Institute Inc., Cary, North Carolina, United States 

s. Lyngby JG, Court MG, Lee PM, et al. Validation of a method for quantitation of 

clopidogrel and clopidogrel active metabolite in feline plasma. J Vet Intern Med 

2016;30:1422.  

t. Westgarth S, Blois SL, Verbrugghe A, et al. The individual and combined effects of long-

chain N-3 polyunsaturated fatty acids and low-dose aspirin on platelet function in healthy 

dogs. J Vet Intern Med 2015;29:1192. 

u. Shearer L, Druth SA, Wood D. Effects of aspirin and clopidogrel on platelet function in 

healthy dogs. J Vet Intern Med 2009;23:1336-1337. 



 
 

52 
 

v. McLewee N, Archer T, Wills R, et al. Effects of aspirin dose escalation on canine platelet 

function and urinary thromboxane and prostacyclin levels. J Vet Intern Med 

2016;30:1465-1466. 
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Appendices 

Appendix 1. Individual dog complete blood count results at baseline (T0) of every phase. 

Dog 1 
Phase 1 Phase 2 Phase 3 

Unit Reference 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 

WBC 6.1 5.7 4.1 4.2 4.8 4.8 x 10 ^9/L 4.9-15.4 

RBC 6.2 6.1 6.6 6.5 6.4 6.4 x 10 ^12/L 5.8-8.5 

Hb 149 145 157 155 152 154 g/L 133-197 

HCT 0.45 0.44 0.48 0.47 0.46 0.46 L/L 0.39-0.56 

MCV 72 72 72 72 72 73 fL 66-75 

MCH 24 24 24 24 24 24 pg 21-25 

MCHC 334 332 331 333 330 333 g/L 321-360 

RDW 12.5 12.5 12.7 12.7 12.8 12.8 % 11-14 

Platelets 305 288 298 286 284 283 x 10 ^9/L 117-418 

MPV 9.5 9.5 9.8 9.8 10.3 10.2 fL 7-14 

PCT 0.29 0.27 0.29 0.28 0.29 0.29 % 0.14-0.47 

Seg Neut 3.97 3.71 2.62 2.65 2.98 2.93 x 10 ^9/L 2.9-10.6 

Lymph 1.59 1.48 1.15 1.22 1.44 1.39 x 10 ^9/L 0.8-5.1 

Mon 0.24 0.23 0.16 0.17 0.14 0.19 x 10 ^9/L 0.0-1.1 

Eos 0.31 0.29 0.16 0.21 0.24 0.24 x 10 ^9/L 0.08-1.33 

Bas 0.00 0.00 0.00 0.00 0.05 0.05 x 10 ^9/L 0.0-0.1 

 

Dog 2 
Phase 1 Phase 2 Phase 3 

Unit Reference 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 

WBC 8.1 8.3 7.4 7.1 6.8 6.5 x 10 ^9/L 4.9-15.4 

RBC 6.2 6.2 6.1 6.1 6.1 6.1 x 10 ^12/L 5.8-8.5 

Hb 155 151 152 146 156 151 g/L 133-197 

HCT 0.45 0.44 0.45 0.44 0.45 0.45 L/L 0.39-0.56 

MCV 72 72 73 73 73 73 fL 66-75 

MCH 25 25 25 24 25 25 pg 21-25 

MCHC 345 340 338 330 342 338 g/L 321-360 

RDW 12.5 12.5 12.5 12.5 12.5 12.5 % 11-14 

Platelets 320 296 313 300 288 286 x 10 ^9/L 117-418 

MPV 10.9 11.0 10.4 10.5 9.4 9.4 fL 7-14 

PCT 0.35 0.33 0.33 0.32 0.27 0.27 % 0.14-0.47 

Seg Neut 5.10 5.23 4.59 4.33 4.01 3.77 x 10 ^9/L 2.9-10.6 

Lymph 2.51 2.49 2.37 2.34 2.38 2.28 x 10 ^9/L 0.8-5.1 

Mon 0.32 0.42 0.30 0.28 0.27 0.26 x 10 ^9/L 0.0-1.1 

Eos 0.16 0.17 0.15 0.14 0.14 0.13 x 10 ^9/L 0.08-1.33 

Bas 0.00 0.00 0.00 0.00 0.00 0.07 x 10 ^9/L 0.0-0.1 
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Dog 3 
Phase 1 Phase 2 Phase 3 

Unit Reference 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 

WBC 5.5 5.6 4.7 4.9 5.0 5.0 x 10 ^9/L 4.9-15.4 

RBC 5.6 5.7 5.2 5.5 5.7 5.7 x 10 ^12/L 5.8-8.5 

Hb 129 130 121 124 130 131 g/L 133-197 

HCT 0.39 0.39 0.36 0.38 0.40 0.39 L/L 0.39-0.56 

MCV 69 69 68 68 70 70 fL 66-75 

MCH 23 23 23 23 23 23 pg 21-25 

MCHC 336 331 338 330 329 331 g/L 321-360 

RDW 11.9 11.9 12.1 12.1 12.2 12.3 % 11-14 

Platelets 278 271 259 272 283 294 x 10 ^9/L 117-418 

MPV 7.9 7.9 8.1 8.0 8.0 7.9 fL 7-14 

PCT 0.22 0.21 0.21 0.22 0.23 0.23 % 0.14-0.47 

Seg Neut 3.47 3.58 2.96 2.99 3.05 3.00 x 10 ^9/L 2.9-10.6 

Lymph 1.38 1.34 1.27 1.42 1.45 1.45 x 10 ^9/L 0.8-5.1 

Mon 0.28 0.28 0.19 0.20 0.15 0.20 x 10 ^9/L 0.0-1.1 

Eos 0.39 39.00 0.28 0.25 0.40 0.35 x 10 ^9/L 0.08-1.33 

Bas 0.00 0.00 0.00 0.00 0.00 0.00 x 10 ^9/L 0.0-0.1 

 

Dog 4 
Phase 1 Phase 2 Phase 3 

Unit Reference 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 

WBC 4.5 4.5 4.2 4.1 5.1 5.0 x 10 ^9/L 4.9-15.4 

RBC 5.6 5.8 5.5 5.6 5.7 5.7 x 10 ^12/L 5.8-8.5 

Hb 133 135 132 131 137 137 g/L 133-197 

HCT 0.39 0.40 0.38 0.39 0.41 0.40 L/L 0.39-0.56 

MCV 70 69 70 70 71 71 fL 66-75 

MCH 24 23 24 24 24 24 pg 21-25 

MCHC 342 335 344 335 338 340 g/L 321-360 

RDW 12.8 12.8 12.7 13.0 12.7 12.8 % 11-14 

Platelets 209 216 207 213 211 220 x 10 ^9/L 117-418 

MPV 8.9 9.0 8.9 8.8 9.1 9.1 fL 7-14 

PCT 0.2 0.2 0.2 0.2 0.2 0.2 % 0.14-0.47 

Seg Neut 2.48 2.43 2.27 2.13 2.75 2.75 x 10 ^9/L 2.9-10.6 

Lymph 1.53 1.53 1.51 1.48 1.58 1.55 x 10 ^9/L 0.8-5.1 

Mon 0.23 0.27 0.21 0.21 0.31 0.25 x 10 ^9/L 0.0-1.1 

Eos 0.27 0.23 0.21 0.25 0.46 0.40 x 10 ^9/L 0.08-1.33 

Bas 0.00 0.00 0.00 0.00 0.00 0.00 x 10 ^9/L 0.0-0.1 
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Dog 5 
Phase 1 Phase 2 Phase 3 

Unit Reference 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 

WBC 4.8 5 5.1 5.3 5.8 5.7 x 10 ^9/L 4.9-15.4 

RBC 5.4 5.4 5.5 5.6 5.5 5.7 x 10 ^12/L 5.8-8.5 

Hb 126 128 132 131 135 136 g/L 133-197 

HCT 0.38 0.38 0.38 0.39 0.39 0.41 L/L 0.39-0.56 

MCV 70 70 70 70 71 71 fL 66-75 

MCH 23 24 24 24 24 24 pg 21-25 

MCHC 335 337 343 335 343 336 g/L 321-360 

RDW 12.7 12.7 12.8 12.8 12.9 12.8 % 11-14 

Platelets 244 255 247 267 253 267 x 10 ^9/L 117-418 

MPV 9.9 10.0 9.9 9.5 11.0 10.9 fL 7-14 

PLT 0.24 0.25 0.24 0.25 0.28 0.29 % 0.14-0.47 

Seg Neut 3.41 3.70 3.62 3.82 4.23 3.99 x 10 ^9/L 2.9-10.6 

Lymph 1.20 1.15 1.28 1.22 1.28 1.31 x 10 ^9/L 0.8-5.1 

Mon 0.14 0.10 0.10 0.16 0.12 0.17 x 10 ^9/L 0.0-1.1 

Eos 0.05 0.05 0.05 0.11 0.17 0.17 x 10 ^9/L 0.08-1.33 

Bas 0.00 0.00 0.00 0.00 0.00 0.00 x 10 ^9/L 0.0-0.1 

 

Dog 6 
Phase 1 Phase 2 Phase 3 

Unit Reference 
Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 

WBC 9.7 9.4 9.1 9.0 9.0 8.9 x 10 ^9/L 4.9-15.4 

RBC 6.2 6.2 6.2 6.3 6.6 6.5 x 10 ^12/L 5.8-8.5 

Hb 144 143 144 143 155 151 g/L 133-197 

HCT 0.43 0.42 0.43 0.43 0.46 0.46 L/L 0.39-0.56 

MCV 69 69 69 69 70 70 fL 66-75 

MCH 23 23 23 23 24 23 pg 21-25 

MCHC 337 338 338 330 334 331 g/L 321-360 

RDW 11.7 11.8 12.0 12.0 12.0 11.9 % 11-14 

Platelets 235 232 240 256 254 238 x 10 ^9/L 117-418 

MPV 9.8 9.6 8.9 8.9 8.4 8.4 fL 7-14 

PCT 0.23 0.22 0.21 0.23 0.21 0.20 % 0.14-0.47 

Seg Neut 7.28 7.24 6.92 6.84 6.57 6.59 x 10 ^9/L 2.9-10.6 

Lymph 1.94 1.79 1.73 1.71 1.98 1.87 x 10 ^9/L 0.8-5.1 

Mon 0.39 0.28 0.36 0.36 0.36 0.36 x 10 ^9/L 0.0-1.1 

Eos 0.10 0.09 0.09 0.09 0.09 0.09 x 10 ^9/L 0.08-1.33 

Bas 0.00 0.00 0.00 0.00 0.00 0.00 x 10 ^9/L 0.0-0.1 

 

Rep, Repetition; WBC, White blood cell; RBC, Red blood cell; Hb, Hemoglobin; HCT, Hematocrit; MCV, 

Mean corpuscular volume; MCH, Mean corpuscular hemoglobin; MCHC, Mean corpuscular hemoglobin 

concentration; RDW, Red blood cell distribution width; MPV, Mean platelet volume; PCT, Plateletcrit; 

Seg Neut, Segmented neutrophil; Lymph, Lymphocyte; Mon, Monocyte; Eos, Eosinophil; Bas; Basophil.  
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Appendix 2. Individual dog biochemical profile results at start of study. 

 1 2 3 4 5 6 Unit Reference 

Calcium 2.41 2.35 2.38 2.43 2.43 2.42 mmol/L 2.50-3.00 

Phosphorus 1.18 1.27 1.17 1.31 1.37 1.45 mmol/L 0.90-1.85 

Magnesium 0.7 0.7 0.7 0.7 0.7 0.7 mmol/L 0.7-1.0 

Sodium 151 150 149 150 148 148 mmol/L 140-154 

Potassium 4 4.3 4.5 3.9 4.4 4.3 mmol/L 3.8-5.4 

Chloride 116 116 116 112 111 110 mmol/L 104-119 

Carbone dioxide 19 18 21 19 20 19 mmol/L 15-25 

Anion gap 20 21 17 23 21 23 mmol/L 13-24 

Na:K ratio 38 35 33 38 34 35  29-37 

Total protein 59 52 51 59 53 56 g/L 55-74 

Albumin 34 32 33 34 35 34 g/L 29-43 

Globulin 25 20 18 25 18 22 g/L 21-42 

A:G ratio 1.36 1.60 1.83 1.36 1.94 1.55  0.7-1.8 

Urea 4.5 4.5 4.0 4.7 5.8 4.9 mmol/L 3.5-9.0 

Creatinine 55 69 43 62 63 52 umol/L 20-150 

Glucose 6.2 5.3 5.2 5.0 4.9 4.8 mmol/L 3.3-7.3 

Cholesterol 5.88 5.83 4.10 4.96 7.59 4.01 mmol/L 3.60-10.20 

Total bilirubin 1 1 1 1 1 1 umol/L 0-4 

Conjug bilirubin 1 1 1 1 1 1 umol/L 0-1 

Free bilirubin 0 0 0 0 0 0 umol/L 0-3 

ALK phos 45 27 25 60 43 44 U/L 22-143 

GGT 2 3 4 3 4 3 U/L 0-7 

ALT 36 37 21 56 24 20 U/L 19-107 

CK 294 112 104 143 148 90 U/L 40-255 

Amylase 406 612 466 493 377 445 U/L 299-947 

Lipase 50 56 78 37 42 42 U/L 25-353 

 

Na:K ratio, Sodium:potassium ratio; A:G ratio, Albumin:globulin ratio; Conjug bilirubin, Conjugated 

bilirubin; ALK phos, Alkaline phosphatase; GGT, Gamma-glutamyl transpeptidase; ALT, Alanine 

aminotransferase; CK, Creatine kinase 

Appendix 3. Individual dog coagulation profile results at start of study. 

 1 2 3 4 5 6 Unit Reference 

PT 8.3 7.9 8.9 8.3 8.5 8.1 seconds 7.0-9.8 

PTT 12.3 13.1 13.3 12.6 12.3 12.0 seconds 10.8-14.7 

Fibrinogen 1.60 1.60 1.56 1.82 1.60 2.45 g/L 0.8-3.0 

 

PT, Prothrombin time; PTT, Partial thromboplastin time  
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Appendix 4. Individual results obtained with Multiplate in dogs treated with acetylsalicylic acid 

(drug 1), clopidogrel (drug 2), or combination therapy (drug 3). Results are expressed in Units 

(AUC). 

Dog Visit Drug COL AA ADP 

1 0 1 13 53 56 

1 7 1 0 44 33 

1 0 2 20 43 45 

1 7 2 21 15 11 

1 0 3 22 49 50 

1 7 3 7 3 10 

2 0 1 3 4 73 

2 7 1 2 46 64 

2 0 2 18 34 64 

2 7 2 13 7 10 

2 0 3 21 25 61 

2 7 3 4 4 9 

3 0 3 14 57 59 

3 7 3 0 9 7 

3 0 1 18 51 63 

3 7 1 10 15 38 

3 0 2 8 67 61 

3 7 2 8 16 9 

4 0 3 6 37 55 

4 7 3 1 7 19 

4 0 1 20 29 57 

4 7 1 16 13 53 

4 0 2 20 23 55 

4 7 2 16 16 17 

5 0 2 38 56 60 

5 7 2 26 53 14 

5 0 3 39 49 51 

5 7 3 21 25 9 

5 0 1 24 44 54 

5 7 1 25 51 54 

6 0 2 4 21 66 

6 7 2 5 10 14 

6 0 3 9 46 71 

6 7 3 5 8 20 

6 0 1 14 32 67 

6 7 1 7 24 68 

COL, collagen; AA, arachidonic acid; ADP, adenosine diphosphate  
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Appendix 5. Individual results obtained with Platelet Function Analyzer-200 in dogs treated 

with acetylsalicylic acid (drug 1), clopidogrel (drug 2), or combination therapy (drug 3). Closure 

time (CT) is expressed in seconds, initial flow rate (IFR) in µL/min and total volume (VOL) in 

µL. 

Dog Visit Drug Rep 
P2Y CADP CEPI 

CT IFR VOL CT IFR VOL CT IFR VOL 

1 0 1 1 245 -  - 71 190.0 297.8 184 198.5 570.8 

1 0 1 2 204 172.2 304.8 66 216.5 306.4 116 192.8 412.5 

1 7 1 1 76 147.9 242.3 80 182.3 301.9 239 214.7 672.1 

1 7 1 2 133 148.3 333.0 63 219.5 309.8 >292 193.7 868.0 

1 0 2 1 48 113.9 197.8 67 194.7 284.1 104 187.9 372.9 

1 0 2 2 42 156.5 213.7 60 205.5 293.0 114 169.6 387.3 

1 7 2 1 >300 162.2 701.1 >297 208.0 867.6 111 215.1 436.5 

1 7 2 2 >300 150.4 704.4 >300 210.6 742.3 150 220.1 528.3 

1 0 3 1 55 172.5 217.6 54 210.9 287.6 163 214.0 523.0 

1 0 3 2 >300 129.7 462.2 - - - 116 205.7 429.7 

1 7 3 1 >300 177.4 723.7 >300 217.6 856.9 >300 214.0 804.6 

1 7 3 2 >300 160.0 704.3 >283 232.9 869.5 >300 235.9 755.8 

2 0 1 1 49 187.2 220.6 - - - 163 198.1 519.2 

2 0 1 2 38 145.9 195.6 55 207.9 281.8 157 203.5 519.3 

2 7 1 1 >300 175.3 455.1 54 206.1 289.8 239 195.3 665.1 

2 7 1 2 >300 162.9 422.0 59 207.0 301.5 263 209.3 741.5 

2 0 2 1 144 193.4 312.1 63 205.5 292.4 112 212.4 416.0 

2 0 2 2 107 187.6 260.5 53 212.3 282.0 123 204.6 417.3 

2 7 2 1 >300 169.4 638.7 52 212.5 278.3 114 199.3 420.3 

2 7 2 2 >300 166.5 624.9 >300 236.5 814.4 125 210.8 435.2 

2 0 3 1 84 192.8 226.4 79 248.2 350.0 139 212.5 491.0 

2 0 3 2 133 150.9 271.0 53 236.7 303.0 162 222.3 535.0 

2 7 3 1 >300 180.4 658.8 >300 212.0 778.1 166 229.3 531.9 

2 7 3 2 >300 184.1 693.7 >297 230.6 868.8 >294 200.6 867.9 

3 0 3 1 87 200.5 270.7 65 226.2 315.5 229 236.9 752.3 

3 0 3 2 >300 185.6 676.0 111 236.2 423.6 >273 221.6 865.5 

3 7 3 1 >300 184.2 862.4 >248 226.6 868.0 >299 221.7 867.8 

3 7 3 2 >300 183.9 771.2 >254 250.3 869.0 >244 232.4 869.5 

3 0 1 1 78 161.5 242.6 65 270.5 324.4 210 243.5 688.9 

3 0 1 2 193 216.2 374.6 64 260.1 337.3 143 245.4 525.6 

3 7 1 1 229 212.8 414.0 75 266.6 363.4 >234 241.5 867.8 

3 7 1 2 94 205.8 296.5 88 243.4 377.9 >219 263.8 868.3 

3 0 2 1 63 207.4 255.5 69 251.8 339.3 162 244.7 587.1 

3 0 2 2 130 165.0 332.1 71 256.6 343.6 172 225.1 574.5 

3 7 2 1 >300 220.4 783.5 >294 238.7 869.6 190 263.9 628.0 

3 7 2 2 >300 166.8 769.2 >300 263.0 834.3 >300 240.7 804.0 
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Dog Visit Drug Rep 
P2Y CADP CEPI 

CT IFR VOL CT IFR VOL CT IFR VOL 

4 0 3 1 72 177.0 244.7 67 204.9 301.2 295 208.6 823.3 

4 0 3 2 118 178.7 282.2 67 224.1 323.1 258 209.5 706.7 

4 7 3 1 >300 165.2 692.2 73 231.6 344.2 >270 204.4 874.2 

4 7 3 2 >300 157.0 750.2 74 228.9 338.5 >300 231.5 837.8 

4 0 1 1 58 180.7 233.6 70 210.2 327.9 189 206.9 580.7 

4 0 1 2 62 147.8 233.8 102 227.2 373.2 109 221.4 437.2 

4 7 1 1 57 187.4 240.5 71 206.1 309.9 >265 229.7 867.8 

4 7 1 2 72 159.6 245.3 77 228.3 328.6 >282 205.1 868.9 

4 0 2 1 41 169.9 206.8 57 225.7 300.5 214 233.9 646.8 

4 0 2 2 53 185.2 237.5 80 205.9 321.6 123 216.4 440.1 

4 7 2 1 >300 167.4 657.4 71 224.5 312.9 119 221.5 438.8 

4 7 2 2 >300 152.5 650.7 81 209.5 336.3 150 217.1 484.5 

5 0 2 1 155 173.7 387.0 67 237.6 329.1 132 208.6 461.6 

5 0 2 2 73 170.8 256.8 73 237.6 335.9 137 227.5 480.5 

5 7 2 1 >300 184.1 731.3 89 244.1 392.7 >300 227.9 816.0 

5 7 2 2 >300 166.8 715.5 70 252.5 338.2 121 217.9 452.3 

5 0 3 1 50 200.6 235.3 82 242.9 362.9 104 226.9 426.5 

5 0 3 2 90 150.6 243.9 64 241.8 323.0 78 250.3 374.1 

5 7 3 1 >300 179.9 754.0 >278 206.1 867.9 139 237.3 464.7 

5 7 3 2 >300 165.8 686.7 >300 216.0 864.4 129 208.0 426.1 

5 0 1 1 139 191.9 292.8 56 252.8 296.4 105 244.4 432.4 

5 0 1 2 75 160.5 254.8 70 240.4 335.7 108 227.5 425.7 

5 7 1 1 65 151.7 240.2 77 224.1 324.8 113 217.3 440.4 

5 7 1 2 86 147.2 246.9 69 220.2 318.9 137 213.1 486.7 

6 0 2 1 109 129.5 242.3 50 195.6 269.2 256 201.8 750.5 

6 0 2 2 171 166.8 269.5 72 199.4 299.8 266 210.3 754.1 

6 7 2 1 >300 179.6 668.6 >300 223.1 680.5 103 204.3 397.8 

6 7 2 2 >300 137.6 624.4 66 224.4 309.7 141 206.8 645.3 

6 0 3 1 93 172.8 236.9 54 221.3 291.7 228 221.0 687.1 

6 0 3 2 46 178.9 217.7 57 209.2 290.8 140 206.9 485.5 

6 7 3 1 >300 171.1 688.2 64 209.6 294.7 103 211.4 380.5 

6 7 3 2 >300 172.5 642.7 115 215.0 396.3 >291 215.3 868.1 

6 0 1 1 45 180.7 224.7 62 207.2 292.6 >283 234.4 868.5 

6 0 1 2 146 149.7 287.5 62 208.4 297.0 234 231.5 645.4 

6 7 1 1 99 155.6 247.1 56 228.4 301.4 >300 180.6 793.7 

6 7 1 2 156 168.1 290.3 73 210.1 312.5 231 203.1 654.7 

 

Rep, Repetition; CAPD, Collagen/adenosine diphosphate; CEPI, collagen/epinephrine.  
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Appendix 6. Individual results obtained with Plateletworks (PW) with the hematology counter 

HM5 in dogs treated with acetylsalicylic acid (drug 1), clopidogrel (drug 2), or combination 

therapy (drug 3). Platelet counts are x 10^9/L. Aggregation (Agg) results are expressed in %.  

Dog Visit Drug Rep 
COL AA ADP EDTA 

PLT PLT Agg PLT Agg PLT Agg 

1 0 1 1 245 24.92 20 96.81 258 24.6 313 

1 0 1 2 235 19.14 10 93.4 236 14.85 303 

1 7 1 1 274 23.81 266 20.95 215 33.65 315 

1 7 1 2 240 1.79 249 4.66 209 22.94 279 

1 0 2 1 251 23.01 18 94.48 289 27.61 326 

1 0 2 2  - 17.97  - 93.79 236 5.55 306 

1 7 2 1 223 22.57 251 17.01 243 20.14 267 

1 7 2 2 257 3.74 239 5.99 230 8.99 288 

1 0 3 1 239 8.78 32 87.79 252 19.47 262 

1 0 3 2  - 4.78  - 87.25 211 -0.4 251 

1 7 3 1 226 21.8 254 25.95 239 17.3 239 

1 7 3 2  - 5.44 214 -6.28 270 -12.97 289 

2 0 1 1 253 10.51 9 97.74 78 71.74 272 

2 0 1 2 247 6.99 37 86.4 113 58.45 276 

2 7 1 1 224 23.29 286 17.47 78 79.29 292 

2 7 1 2 242 9.7 241 -6.72 113 57.83 268 

2 0 2 1 271 19.23 33 89.42 100 78.53 298 

2 0 2 2 252 9.06 38 87.25 67 66.44 312 

2 7 2 1 245 20 288 2.37 257 12.88 290 

2 7 2 2 236 15.52 300 -3.45 262 9.65 295 

2 0 3 1 256 -3.54 52 79.92 78 69.29 254 

2 0 3 2 263 -2.81 51 79.12 119 52.21 249 

2 7 3 1 243 20.85 269 28.01 279 15.31 286 

2 7 3 2 266 6.99 221 5.94 260 2.45 307 

3 0 3 1 224 17.34 7 97.42 38 85.98 258 

3 0 3 2 245 5.04 35 86.43 48 81.39 271 

3 7 3 1 247 14.24 266 14.58 255 22.22 288 

3 7 3 2 257 5.86 246 2.56 224 6.59 273 

3 0 1 1 239 50.68 27 93.58 42 85.81 287 

3 0 1 2 146 16.72 19 90.59 64 77.7 296 

3 7 1 1 245 25.82 233 15.27 32 88.36 264 

3 7 1 2 204 7.2 245 7.2 50 81.06 275 

3 0 2 1 276 37.3 22 94.21 36 88.42 311 

3 0 2 2 195 10.39 18 92.86 48 84.41 308 

3 7 2 1 251 14.92 293 6.44 273 7.45 295 

3 7 2 2 270 -5.47 276 -14.45  - -6.64 256 
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Dog Visit Drug Rep 
COL AA ADP EDTA 

PLT PLT Agg PLT Agg PLT Agg 

4 0 3 1 179 28.4 21 91.6 53 78.8 224 

4 0 3 2 192 14.29 21 90.63 95 57.59 250 

4 7 3 1 197 15.45 199 14.59 195 16.31 218 

4 7 3 2  - 9.63  - 8.71 198 9.17 233 

4 0 1 1 206 19.34 23 91.51 74 65.09 212 

4 0 1 2 171 1.43 18 88.99 123 41.15 209 

4 7 1 1 198 21.4 203 24.69 69 71.6 243 

4 7 1 2 191 15.02 183 12.87 129 44.63 233 

4 0 2 1 184 35.95 40 83.47 86 64.46 242 

4 0 2 2 155 19.3 42 81.58 109 52.19 228 

4 7 2 1 216 13.91 201 18.26 222 13.91 218 

4 7 2 2 198 0.92 188 7.8 198 -1.83 230 

5 0 2 1  - 22.05 23 91.73 195 23.23 252 

5 0 2 2 198 21.43 21 90.87 204 19.05 254 

5 7 2 1 215 13.65  - 10.84 228 9.64 249 

5 7 2 2 243 0 222 8.64 225 6.17 243 

5 0 3 1 225 21.05 173 29.96 181 26.72 247 

5 0 3 2 195 7.41  - 28.81 196 19.34 243 

5 7 3 1  - 2.66 217 17.49 230 12.55 263 

5 7 3 2 256 -7.56 231 2.94 232 2.52 238 

5 0 1 1 224 14.45 203 23.05 202 23.83 254 

5 0 1 2 219 11.81 197 20.08 195 20.47 256 

5 7 1 1 252 12.5 243 2.02 225 14.11 248 

5 7 1 2 217 -2.02 252 -2.02 213 8.91 247 

6 0 2 1 231 29.28 34 95.04 200 23.95 226 

6 0 2 2 186 -2.21 14 84.95 224 0.88 263 

6 7 2 1 184 21.7 249 13.19 222 14.04 213 

6 7 2 2 207 2.82 204 -16.9 202 -4.23 235 

6 0 3 1 216 22.27 25 90.23 136 46.87 236 

6 0 3 2 199 8.47 54 77.12 173 26.69 256 

6 7 3 1 209 20.23 217 20.61 239 14.89 262 

6 7 3 2  - 14.69 208 11.43 223 2.45 245 

6 0 1 1 228 15.97 21 92.01 184 30.04 263 

6 0 1 2 221 9.88 30 88.14 218 13.83 253 

6 7 1 1 225 16.8 243 5.08 251 5.08 256 

6 7 1 2 213 -4.17 259 -19.91 243 -16.2 216 

 

Rep, Repetition; COL, collagen; AA, arachidonic acid; ADP, adenosine diphosphate; PLT, Platelet count. 
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Appendix 7. Individual results obtained with Plateletworks (PW) with the hematology counter 

ADVIA 2120i in dogs treated with acetylsalicylic acid (drug 1), clopidogrel (drug 2), or 

combination therapy (drug 3). Platelet counts are x 10^9/L. Aggregation (Agg) results are 

expressed in %.  

Dog Visit Drug Rep 
COL AA ADP EDTA 

PLT PLT Agg  PLT Agg  PLT Agg  

1 0 1 1 270 11.47 25 92.79 222 28.2 305 

1 0 1 2 279 3.13 22 91.32 219 22.92 288 

1 7 1 1 297 7.07 292 12.86 202 35.05 291 

1 7 1 2 289 -2.06 271 -0.34 206 29.21 311 

1 0 2 1 231 22.48 24 91.95 201 34.23 298 

1 0 2 2 246 13.99 25 91.26 196 29.72 286 

1 7 2 1 251 17.61 238 20.93 257 14.62 301 

1 7 2 2 248 14.33 241 17.75 258 11.95 293 

1 0 3 1 257 9.51 26 90.85 190 33.1 284 

1 0 3 2 257 9.19 26 90.81 209 26.15 283 

1 7 3 1 266 11.03 274 6.55 281 6.55 290 

1 7 3 2 258 2.21 271 -0.73 271 -3.31 272 

2 0 1 1 272 17.5 27 93.13 66 79.37 320 

2 0 1 2 264 8.11 22 90.09 68 77.03 296 

2 7 1 1 268 14.38 251 19.81 50 84.03 313 

2 7 1 2  - 13.83 263 15.43 61 80.39 311 

2 0 2 1 269 14.06 33 90.1 53 84.66 313 

2 0 2 2 270 10 31 89 48 82.33 300 

2 7 2 1 281 16.5 264 20.06 290 8.74 309 

2 7 2 2 258 8.47 247 14.01 282 5.54 307 

2 0 3 1 277 10.76 40 87.85 56 80.55 288 

2 0 3 2 257 3.15 35 86.01 70 75.52 286 

2 7 3 1 296 10.46 314 9.85 300 7.69 303 

2 7 3 2 291 2.31 293 -3.63 311 -2.64 325 

3 0 3 1 254 8.63 26 92.81 28 89.93 278 

3 0 3 2 254 6.27 20 90.04 32 88.19 271 

3 7 3 1 252 8.36 275 4 274 4 273 

3 7 3 2 255 6.59 264 -0.73 264 -0.37 275 

3 0 1 1 231 18.01 25 90.81 40 85.29 259 

3 0 1 2 223 10.81 25 90.35 47 81.85 272 

3 7 1 1 254 9.52 214 21.61 40 85.35 264 

3 7 1 2 247 3.79 221 16.29 45 82.95 273 

3 0 2 1 243 17.35 25 92.52 33 88.77 283 

3 0 2 2 244 13.78 22 91.17 39 86.22 294 

3 7 2 1 251 9.71 261 6.11 261 6.11 276 

3 7 2 2 251 9.06 263 4.71 261 5.43 278 
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Dog Visit Drug Rep 
COL AA ADP EDTA 

PLT PLT Agg PLT Agg PLT Agg 

4 0 3 1 192 11.11 26 87.96 57 73.61 209 

4 0 3 2 197 5.74 31 85.17 58 70.81 216 

4 7 3 1 193 16.81 208 11.64 205 12.07 232 

4 7 3 2 197 6.63 205 1.42 204 2.84 211 

4 0 1 1 176 17.37 41 86.85 57 75.36 207 

4 0 1 2 184 11.11 28 80.19 62 70.05 213 

4 7 1 1 203 10.71 195 12.95 69 75.45 218 

4 7 1 2 200 6.88 195 10.55 55 68.35 224 

4 0 2 1 135 38.64 30 86.36 65 74.55 211 

4 0 2 2 137 35.07 32 84.48 56 69.19 220 

4 7 2 1 216 9.87 209 18.03 203 15.02 233 

4 7 2 2 210 4.42 191 7.52 198 10.18 226 

5 0 2 1 212 16.86 30 89.02 148 41.96 244 

5 0 2 2 223 8.61 28 87.7 151 38.11 255 

5 7 2 1 223 12.55 235 11.76 229 14.9 253 

5 7 2 2 231 8.69 225 7.11 217 9.49 255 

5 0 3 1 233 12.73 133 55.06 202 28.84 247 

5 0 3 2 233 5.67 120 46.15 190 18.22 267 

5 7 3 1 234 14.6 253 10.93 243 11.31 274 

5 7 3 2 235 11.65 247 4.89 247 7.14 266 

5 0 1 1 219 22.85 211 28.84 193 28.46 253 

5 0 1 2 206 13.44 190 16.6 191 23.71 267 

5 7 1 1 237 10 242 13.85 199 30 260 

5 7 1 2 234 5.58 224 3.59 182 20.71 251 

6 0 2 1 197 16.17 37 87.66 173 26.38 235 

6 0 2 2 216 6.9 29 84.05 189 18.53 232 

6 7 2 1 207 19.33 210 11.76 230 8.82 238 

6 7 2 2 192 11.91 212 9.79 218 2.13 235 

6 0 3 1 189 28.91 29 88.67 111 56.64 240 

6 0 3 2 182 21.25 29 87.92 136 43.33 256 

6 7 3 1 239 8.4 228 9.2 222 12.4 242 

6 7 3 2 229 1.24 227 5.79 219 8.26 250 

6 0 1 1 227 10.63 34 89.37 143 44.09 254 

6 0 1 2 234 1.68 27 85.71 142 39.91 238 

6 7 1 1 224 11.81 238 6.3 209 17.72 254 

6 7 1 2 228 5.39 242 -0.41 233 3.32 241 

 

Rep, Repetition; COL, collagen; AA, arachidonic acid; ADP, adenosine diphosphate; PLT, Platelet count. 
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Appendix 8. Individual dog results obtained with Multiplate (MP) before (T0) and after 7 days 

(T0) of administration of acetylsalicylic acid (ASA), clopidogrel, or combination therapy. 

Results are expressed in Units (AUC).   

 

 

 

0

10

20

30

40

50

60

70

80

T0 T7

MP COL: ASA

Dog #1

Dog #2

Dog #3

Dog #4

Dog #5

Dog #6

0

10

20

30

40

50

60

70

80

T0 T7

MP COL: Clopidogrel

Dog #1

Dog #2

Dog #3

Dog #4

Dog #5

Dog #6

0

10

20

30

40

50

60

70

80

T0 T7

MP COL: Combination

Dog #1

Dog #2

Dog #3

Dog #4

Dog #5

Dog #6



 
 

67 
 

 

 

 

0

10

20

30

40

50

60

70

80

T0 T7

MP AA: ASA

Dog #1

Dog #2

Dog #3

Dog #4

Dog #5

Dog #6

0

10

20

30

40

50

60

70

80

T0 T7

MP AA: Clopidogrel

Dog #1

Dog #2

Dog #3

Dog #4

Dog #5

Dog #6

0

10

20

30

40

50

60

70

80

T0 T7

MP AA: Combination

Dog #1

Dog #2

Dog #3

Dog #4

Dog #5

Dog #6



 
 

68 
 

 

 

 

COL, collagen; AA, arachidonic acid; ADP, adenosine diphosphate. 
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Appendix 9. Individual dog results obtained with Platelet Function Analyzer-200 (PFA) before 

(T0) and after 7 days (T0) of administration of acetylsalicylic acid (ASA), clopidogrel, or 

combination therapy. Results (closure time) are expressed in seconds.   

 

 

 

0

50

100

150

200

250

300

T0 T7

PFA P2Y: ASA

Dog #1

Dog #2

Dog #3

Dog #4

Dog #5

Dog #6

0

50

100

150

200

250

300

T0 T7

PFA P2Y: Clopidogrel

Dog #1

Dog #2

Dog #3

Dog #4

Dog #5

Dog #6

0

50

100

150

200

250

300

T0 T7

PFA P2Y: Combination

Dog #1

Dog #2

Dog #3

Dog #4

Dog #5

Dog #6



 
 

70 
 

 

 

 

0

50

100

150

200

250

300

T0 T7

PFA CADP: ASA

Dog #1

Dog #2

Dog #3

Dog #4

Dog #5

Dog #6

0

50

100

150

200

250

300

T0 T7

PFA CADP: Clopidogrel

Dog #1

Dog #2

Dog #3

Dog #4

Dog #5

Dog #6

0

50

100

150

200

250

300

T0 T7

PFA CADP: Combination

Dog #1

Dog #2

Dog #3

Dog #4

Dog #5

Dog #6



 
 

71 
 

 

 

 

CAPD, Collagen/adenosine diphosphate; CEPI, collagen/epinephrine.  
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Appendix 10. Individual dog results obtained with Plateletworks (PW) before (T0) and after 7 

days (T0) of administration of acetylsalicylic acid (ASA), clopidogrel, or combination therapy. 

Results are expressed in % aggregation. 
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COL, collagen; AA, arachidonic acid; ADP, adenosine diphosphate. 
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Appendix 11. Comparison of platelet count and platelet aggregation obtained with the 

hematology counters HM5 and ADVIA 2020i. 

 

Appendix 12. Pilot studies 

1. Time studies 

 

a. Time study with Plateletworks using the agonist adenosine diphosphate (ADP) with the 

hematology counter ADVIA 2120i. Aggregation (Agg) results are expressed in %. Platelet counts 

(PLT) are x 10^9/L. 

Dog Time ADP PLT Agg EDTA PLT 

A 
 
 
 
 

15 min 5 98 223 

30 min 11 95 

45 min 35 84 

60 min 49 78 

120 min 182 18 
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b. Time study with Plateletworks using the agonist adenosine diphosphate (ADP) with the 

hematology counter ProCyte Dx Hematology Analyzer (IDEXX). Aggregation (Agg) results are 

expressed in %. Platelet counts (PLT) are x 10^9/L. 

Dog Time ADP PLT Agg EDTA PLT 

A 
 

15 min 0 100 224 

60 min 103 54 

 

c. Time study with Plateletworks using the agonist adenosine diphosphate (ADP) with the 

hematology counter ADVIA 2120i. Blood was collected in a 3.2% citrate tube, and then 

transferred to an ADP tube. Aggregation (Agg) results are expressed in %. Platelet counts (PLT) 

are x 10^9/L. 

Dog Time ADP PLT Agg Citrate PLT 

A 60 min 11 88 91 

75 min 15 93 

90 min 20 91 

105 min 185 17 

 

2. Hemodilution studies 

One of the original goals of this project was to investigate the influence of anemia on platelet 

function test results. Hemodilution studies were performed to determine the best way to mimic 

anemia. However, those pilot studies were inconclusive and this part of the project was 

abandoned.  

a. Hemodilution study with Plateletworks using the agonist adenosine diphosphate (ADP) with the 

hematology counter ADVIA 2120i. Blood was collected in a 3.2% citrate tube. Platelet-rich 

plasma (PRP) was prepared by centrifugation of whole blood (WB) at 600 xg for three 3-minute 

intervals with removal of PRP after each spin. Whole blood was diluted with autologous PRP (2 

parts PRP: 1 part WB), and diluted blood was transferred to an ADP tube. Aggregation (Agg) and 

hematocrit (HCT) are expressed in %. Platelet counts (PLT) are x 10^9/L. 

Dog HCT ADP PLT Agg Citrate PLT 

A  15 48 0 47 
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b. Hemodilution study with Plateletworks using the agonist adenosine diphosphate (ADP) with the 

hematology counter ADVIA 2120i. Blood was collected in EDTA and 3.2% citrate tubes. Platelet-

rich plasma (PRP) was prepared by centrifugation of citrated whole blood (WB) at 600 xg for 7 

minutes. Whole blood was diluted with autologous PRP (2 parts PRP: 1 part WB) and diluted 

blood was transferred in an ADP tube. Aggregation (Agg) and hematocrit (HCT) are expressed in 

%. Platelet counts (PLT) are x 10^9/L. 

Dog Blood 
EDTA Citrate 

ADP Agg 
HCT PLT HCT PLT 

B 
Whole 53 176 46.9 138 - - 

Diluted  - - 31.6 34 33 2.9 

C 
Whole 45 108 44 291 71 76 

Diluted  - - 21.5 78 67 14 

 

c. Hemodilution study with Plateletworks with the hematology counter ADVIA 2120i. Blood was 

collected in EDTA and 3.2% citrate tubes. Platelet-rich plasma (PRP) was prepared by 

centrifugation of citrated whole blood (WB) at 600 xg for three 3-minute intervals with removal 

of PRP and small amount of red blood cells after each spin. Whole blood was diluted with 

autologous PRP (2 parts PRP: 1 part WB). Hematocrit (HCT) is expressed in %. Platelet counts 

(PLT) are x 10^9/L. 

Dog Blood 
EDTA EDTA 2 Citrate 

HCT PLT HCT PLT HCT PLT 

D 
Whole 40.9 296 42 310 38.6 275 

Diluted  20.2 345 19.8 338 17.5 198 

 

d. Hemodilution study with Plateletworks and Multiplate using the agonist adenosine diphosphate 

(ADP) with the hematology counter ADVIA 2120i. Blood was collected in 2 different ways: 

a. Using an empty syringe to obtain baseline values 

b. Using a syringe containing 0.9% sodium chloride to obtain a diluted sample 

Blood was transferred to an ADP, EDTA and heparin tube. Aggregation (Agg) and hematocrit 

(HCT) are expressed in % and area under the curve (AUC) are expressed in units. Platelet counts 

(PLT) are x 10^9/L. 

Dog Blood 
EDTA ADP 

PLT 
Agg AUC 

HCT PLT 

E 
Whole 59 169 112 34 57 

Diluted  23.4 70 66 6 10 
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e. Hemodilution study with Plateletworks using the agonist adenosine diphosphate (ADP) with the 

hematology counter ADVIA 2120i. Blood was collected in 3 different ways: 

c. Using an empty syringe to obtain baseline values 

d. Using a syringe containing 0.9% sodium chloride to obtain a diluted sample (Diluted 1) 

e. Using a syringe containing plasma to obtain a diluted sample (Diluted 2) 

Blood was transferred in ADP and EDTA tubes. Aggregation (Agg) and hematocrit (HCT) are 

expressed in %. Platelet counts (PLT) are x 10^9/L. 

Dog Blood 
EDTA ADP  

PLT 
Agg 

HCT PLT 

F 

Whole 56 176 41 77 

Diluted 1  12.5 53 57 0 

Diluted 2 15.9 72 73 0 

f. Hemodilution study with Multiplate using the agonist adenosine diphosphate (ADP) with the 

hematology counter ADVIA 2120i. Platelet-rich plasma (PRP) was prepared by centrifugation of 

whole blood (WB) at 600 xg for three 3-minute intervals with removal of PRP and small amount 

of red blood cells after each spin. Whole blood was diluted with autologous PRP (2 parts PRP: 1 

part WB). Area under the curve (AUC) is expressed in units and hematocrit (HCT) in %. Platelet 

counts (PLT) are x 10^9/L. 

Dog Blood HCT PLT AUC 

F 
Whole 49.9 160 65 

Diluted  24.2 210 38 
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