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ABSTRACT 
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Advisor: 

Dr. Anthony Abrams-Ogg 

 

Platelet function testing is important in certain veterinary diseases and is also important 

for monitoring effects of anti-platelet medications such as clopidogrel. However, platelet 

function testing is not readily available or utilized because of time-constraints for testing 

and the need for specialized equipment. This study aimed to test various sample 

storage methods to allow for delayed platelet function testing in healthy and ill dogs.  

This study evaluated the use of citrate, refrigeration, and time on two platelet function 

tests, Plateletworks® (PW) and INNOVANCE® Platelet Function Analyzer-200 (PFA-

200) (P2Y and CADP cartridges), in healthy and ill dogs. It also evaluated AGGFix 

solution to stabilize platelet aggregates formed with PW, and measure aggregation at 

various time-points using an optical hematology analyzer in both populations of dogs. 

Spontaneous aggregation in citrate was also evaluated. In ill dogs, the effect of these 

storage methods on clopidogrel monitoring was further assessed. 



In healthy dogs, the use of same-day citrated whole blood with PW yielded results 

similar to fresh 10-minute PW. Most samples showed decreased, yet still robust 

aggregation in most cases, with prolonged storage. Spontaneous aggregation in citrate 

was noted in almost all dogs. AGGFix stabilized platelet aggregates to allow for 24-hour 

testing. As with citrate, robust aggregation was maintained at all measurement time-

points. PFA-200 closure times increased with prolonged storage; this was more 

pronounced with the P2Y cartridge than with the CADP cartridge.  

In ill dogs, the use of citrated whole blood with PW led to an increase in aggregation in 

most dogs; all dogs receiving clopidogrel at the time of testing showed an increase in 

aggregation compared to native 10-minute PW. Spontaneous aggregation in citrate was 

also noted in all ill dogs. AGGFix was successful at stabilizing platelet aggregates in all 

dogs; however, robust aggregation was noted in dogs receiving clopidogrel despite a 

native PW test result showing appropriate clopidogrel effect. PFA-200 closure times 

were, as in healthy dogs, prolonged with storage. This result was more pronounced with 

the P2Y cartridge than with the CADP cartridge. 

Delayed platelet function testing is feasible, but ranges of expected values may differ 

from native tests. 

  



iv 

 

 

 

DEDICATION  

 

“Children are apt to live up to what you believe of them.” – Lady Bird Johnson 

 

To Mom and Dad, who always believed in me.  

  



v 

 

 

 

ACKNOWLEDGEMENTS 

The completion of this project could not have been possible without the participation 
and assistance of so many individuals. 

I would like to first extend a special thank you to my advisor, Dr. Anthony Abrams-Ogg, 
for his invaluable guidance, enthusiasm and confidence throughout this entire research 
project.  

I would also like to thank the remainder of my DVSc Advisory Committee, Dr. Shauna 
Blois and Dr. Darren Wood, for their help and insight. 

Thank you to the Ontario Veterinary College Pet Trust for their generous financial 
contribution. 

Thank you to the students and staff who volunteered their canine friends for the first part 
of this study and to all the wonderful OVC clients and patients who made the second 
part of this study possible.  

Thank you to the technical staff at the Ontario Veterinary College Health Sciences 
Center for their help with blood collection and a special thank you to Alison Downie and 
Karen Avent for their help with scheduling and in-patient monitoring for clinical patient 
inclusion.  

Thank you to Helen Kocmarek and the esteemed technical staff at the Animal Health 
Laboratory’s Clinical Pathology Laboratory for facilitating the use of the ADVIA 2120i 
and for their patience and assistance throughout the entire process.  

Thank you to Michelle Beaudoin-Kimble for her help with the Platelet Function Analyzer 
and for ensuring we always had proper supplies.  

Finally, I would like to thank my amazing resident-mates for their friendship and support 
over the last few years. 

  



vi 

 

 

 

TABLE OF CONTENTS 

 

Abstract ................................................................................................................................ ii 

Dedication ........................................................................................................................... iv 

Acknowledgements ............................................................................................................. v 

Table of Contents ............................................................................................................... vi 

List of Tables ....................................................................................................................... x 

List of Figures ..................................................................................................................... xi 

List of Symbols, Abbreviations or Nomenclature ............................................................. xiv 

List of Appendices ........................................................................................................... xvii 

Declaration of Work Performed ......................................................................................... xx 

1 Literature Review ........................................................................................................ 1 

1.1 Introduction .......................................................................................................... 1 

1.2 Hemostasis .......................................................................................................... 2 

1.3 Platelets ............................................................................................................... 3 

1.3.1 Structure ....................................................................................................... 3 

1.3.2 Function ........................................................................................................ 5 

1.4 Hypercoagulability ............................................................................................... 7 

1.5 Antiplatelet agents ............................................................................................... 9 

1.5.1 Clopidogrel.................................................................................................... 9 

1.5.1.1 Clopidogrel Response Variability ........................................................... 10 

1.5.2 Other agents ............................................................................................... 12 

1.5.2.1 Aspirin ..................................................................................................... 12 

1.5.2.2 Other ADP Receptor Antagonists .......................................................... 13 



vii 

 

 

 

1.5.2.3 Other Antiplatelet Agents ....................................................................... 13 

1.5.3 Therapy Recommendations ....................................................................... 13 

1.6 Platelet Function Tests ...................................................................................... 14 

1.6.1 Platelet Function Analyzer ......................................................................... 14 

1.6.2 Plateletworks .............................................................................................. 16 

1.6.3 Platelet Solutions – AGGFix ...................................................................... 17 

1.6.4 Other methods ............................................................................................ 18 

1.6.4.1 Buccal Mucosal Bleeding Time .............................................................. 18 

1.6.4.2 Aggregometry ......................................................................................... 18 

1.6.4.3 Verify Now ............................................................................................... 20 

1.6.4.4 Viscoelastic Testing and Platelet Mapping ............................................ 20 

1.6.4.5 Flow Cytometry ....................................................................................... 21 

1.6.5 Variables Affecting Platelet Parameters and Function Testing ................ 22 

1.7 Role of Platelet Function Testing in a Clinical Setting ...................................... 24 

1.8 Conclusion ......................................................................................................... 26 

1.9 Footnotes ........................................................................................................... 27 

1.10 References ......................................................................................................... 27 

2 Extended Sample Storage for Platelet Function Testing in Normal Dogs .............. 42 

2.1 Introduction ........................................................................................................ 42 

2.2 Materials and Methods ...................................................................................... 44 

2.2.1 Animals ....................................................................................................... 44 

2.2.2 Blood Collection.......................................................................................... 44 

2.2.3 Platelet Function Tests ............................................................................... 45 

2.2.3.1 Platelet Function Analyzer 200 .............................................................. 45 



viii 

 

 

 

2.2.3.2 Native Plateletworks ............................................................................... 46 

2.2.3.3 Citrate Plateletworks ............................................................................... 46 

2.2.3.4 AGGFix ................................................................................................... 47 

2.2.4 Statistical Analysis ...................................................................................... 49 

2.3 Results ............................................................................................................... 49 

2.3.1 Animals ....................................................................................................... 49 

2.3.2 Blood Collection.......................................................................................... 50 

2.3.3 Platelet Function Tests ............................................................................... 50 

2.3.3.1 Native Plateletworks ............................................................................... 50 

2.3.3.2 Citrate Plateletworks ............................................................................... 51 

2.3.3.3 AGGFix Solution ..................................................................................... 52 

2.3.3.4 PFA-200 .................................................................................................. 53 

2.4 Discussion .......................................................................................................... 54 

2.5 Footnotes ........................................................................................................... 59 

2.6 References ......................................................................................................... 60 

2.7 Figures and Tables ............................................................................................ 66 

3 Extended Sample Storage for Platelet Function Testing in Clinically Ill Dogs ........ 76 

3.1 Introduction ........................................................................................................ 76 

3.2 Materials and Methods ...................................................................................... 78 

3.2.1 Study Design .............................................................................................. 78 

3.2.2 Platelet Function Analyzer-200 .................................................................. 79 

3.2.3 Native Plateletworks ................................................................................... 80 

3.2.4 Citrate Plateletworks .................................................................................. 81 

3.2.5 Citrate Aggregation (Spontaneous Aggregation) ...................................... 81 



ix 

 

 

 

3.2.6 AGGFix ....................................................................................................... 82 

3.2.7 Statistical Analysis ...................................................................................... 83 

3.3 Results ............................................................................................................... 84 

3.3.1 Animals ....................................................................................................... 84 

3.3.2 Platelet Function Tests ............................................................................... 84 

3.3.2.1 AGGFix ................................................................................................... 84 

3.3.2.2 Plateletworks With Citrate Blood Storage (citrate PW) ......................... 85 

3.3.2.2.1 T0....................................................................................................... 85 

3.3.2.2.2 T1....................................................................................................... 87 

3.3.2.3 Citrate Aggregation (Spontaneous Aggregation)................................... 88 

3.3.2.4 Platelet Function Analyzer-200 .............................................................. 89 

3.3.2.4.1 P2Y .................................................................................................... 89 

3.3.2.4.2 ADP/COL (CADP) ............................................................................. 90 

3.4 Discussion .......................................................................................................... 90 

3.5 Footnotes ........................................................................................................... 99 

3.6 References ......................................................................................................... 99 

3.7 Figures and Tables .......................................................................................... 107 

4 Summary and Conclusions ..................................................................................... 133 

Appendices ..................................................................................................................... 139 

 

  



x 

 

 

 

LIST OF TABLES  

Table 2.1 – Results at all time-points for all platelet function tests in 13 healthy dogs.. 72 

Table 2.2 – Results of baseline Plateletworks, citrate Plateletworks and spontaneous 
aggregation in 13 healthy dogs.. ...................................................................................... 74 

Table 2.3 – Results for AGGFix in 13 healthy dogs.. ...................................................... 75 

Table 2.4 – Results for PFA-200 in 13 healthy dogs. ...................................................... 75 

Table 3.1 – Results of Plateletworks and AGGFix storage solution in 18 clinically ill 
dogs.. .............................................................................................................................. 122 

Table 3.2 – Results for AGGFix in 18 clinically ill dogs. ................................................ 123 

Table 3.3 – Results of predicted and actual platelet counts in AGGFix ADP A and A/B 
solutions at T0 in 18 clinically ill dogs. ........................................................................... 124 

Table 3.4 – Results of Plateletworks with citrate blood storage (citrate PW) in 49 
clinically ill dogs at T0. .................................................................................................... 125 

Table 3.5 – Results of Plateletworks and citrate blood storage in 49 clinically ill dogs at 
T0. ................................................................................................................................... 126 

Table 3.6 – Results of Plateletworks with citrate blood storage in 19 clinically ill dogs at 
T1. ................................................................................................................................... 127 

Table 3.7 - Results of Plateletworks and citrate blood storage in 19 clinically ill dogs at 
T1. ................................................................................................................................... 128 

Table 3.8 – Results of spontaneous aggregation in citrate at T0.. ............................... 129 

Table 3.9 - Results of spontaneous aggregation in citrate at T0. ................................. 130 

Table 3.10 – Results of Platelet Function Analyzer-200 and citrate blood storage. .... 131 

Table 3.11 – Results for Platelet function analyzer and citrate blood storage. ............ 132 

 

  



xi 

 

 

 

LIST OF FIGURES  

Figure 2.1– AGGFix dilution protocol ............................................................................... 66 

Figure 2.2 – Native Plateletworks (PW) at 10 and 30 minutes. ...................................... 67 

Figure 2.3 – Plateletworks (PW) using citrate blood storage at all time-points. ............. 68 

Figure 2.4 – Plateletworks (PW) and citrate blood storage at 30 minutes at all time-
points................................................................................................................................. 68 

Figure 2.5 – Spontaneous aggregation in citrate (SA) and native Plateletworks (PW) at 
all time-points. ................................................................................................................... 69 

Figure 2.6 – Spontaneous aggregation in citrate (SA) and Plateletworks with citrate 
blood storage at all time-points. ....................................................................................... 69 

Figure 2.7 – Plateletworks (PW) using AGGFix solution storage at all time-points.. ..... 70 

Figure 2.8 – PFA -200 using the P2Y cartridge and citrate blood storage. .................... 70 

Figure 2.9 – PFA-200 using the Col/ADP (CADP) cartridge and citrate blood storage. 71 

Figure 3.1 – AGGFix dilution protocol ............................................................................ 107 

Figure 3.2 – Plateletworks (PW) using AGGFix solution storage in all dogs at all time-
points............................................................................................................................... 108 

Figure 3.3 – Plateletworks (PW) using AGGFix solution storage at all time-points in 
dogs not receiving clopidogrel........................................................................................ 109 

Figure 3.4 – Plateletworks (PW) using AGGFix solution storage at all time-points in 
dogs receiving clopidogrel. ............................................................................................. 109 

Figure 3.5 – Plateletworks (PW) and citrate blood storage at T0 in all dogs. .............. 110 

Figure 3.6 – Plateletworks (PW) and citrate blood storage at T0 in dogs not receiving 
clopidogrel....................................................................................................................... 110 

Figure 3.7 – Plateletworks (PW) and citrate blood storage at T0 in dogs receiving 
clopidogrel....................................................................................................................... 111 

Figure 3.8 – Native and 30-minute native Plateletworks (PW) at T0 in all dogs. ......... 111 

Figure 3.9 – Native and 30-minute native Plateletworks (PW) at T0 in dogs not receiving 
clopidogrel....................................................................................................................... 112 



xii 

 

 

 

Figure 3.10 –Native and 30-minute native Plateletworks (PW) at T0 in dogs receiving 
clopidogrel....................................................................................................................... 112 

Figure 3.11 – Plateletworks (PW) and citrate blood storage at immediate and 30-minute 
testing at T0 in all dogs. ................................................................................................. 113 

Figure 3.12 – Plateletworks (PW) and citrate blood storage at immediate and 30-minute 
testing in dogs not receiving clopidogrel.. ...................................................................... 113 

Figure 3.13 – Plateletworks (PW) and citrate blood storage at immediate and 30-minute 
testing in dogs receiving clopidogrel.. ............................................................................ 114 

Figure 3.14 – Plateletworks (PW) and citrate blood storage at T1 in all dogs. ............ 114 

Figure 3.15 – Plateletworks (PW) and citrate blood storage at T1 in dogs not receiving 
clopidogrel....................................................................................................................... 115 

Figure 3.16 – Plateletworks (PW) and citrate blood storage at T1 for dogs receiving 
clopidogrel....................................................................................................................... 115 

Figure 3.17 – Spontaneous aggregation in citrate at T0 in all dogs. ............................ 116 

Figure 3.18 – Spontaneous aggregation in citrate at T0 in dogs not receiving 
clopidogrel....................................................................................................................... 116 

Figure 3.19 – Spontaneous aggregation in citrate at T0 in dogs receiving clopidogrel.
 ........................................................................................................................................ 117 

Figure 3.20 – Spontaneous aggregation in citrate at T0 in dogs receiving clopidogrel 
and not receiving clopidogrel. ........................................................................................ 117 

Figure 3.21 – PFA-200 using the P2Y cartridge and citrate blood storage in all dogs. 118 

Figure 3.22 – PFA-200 using the P2Y cartridge and citrate blood storage in dogs not 
receiving clopidogrel. ...................................................................................................... 118 

Figure 3.23 – PFA-200 using the P2Y cartridge and citrate blood storage in dogs 
receiving clopidogrel. ...................................................................................................... 119 

Figure 3.24 – PFA-200 using the CADP cartridge and citrate blood storage in all dogs.
 ........................................................................................................................................ 119 

Figure 3.25 – PFA-200 using the CADP cartridge and citrate blood storage in dogs not 
receiving clopidogrel. ...................................................................................................... 120 

Figure 3.26 – PFA-200 using the CADP cartridge in dogs receiving clopidogrel. ........ 120 



xiii 

 

 

 

 

  



xiv 

 

 

 

LIST OF SYMBOLS, ABBREVIATIONS OR NOMENCLATURE  

% Agg  Percent aggregation  

µL   Microlitre (10-6 Liter) 

AA   Arachidonic acid  

ACE   Angiotensin converting enzyme 

ACS   Acute coronary syndrome  

ADP   Adenosine diphosphate  

ASA   Acetylsalicylic acid  

AT   Antithrombin  

ATP   Adenosine triphosphate  

BMBT  Buccal mucosal bleeding time  

CADP  Collagen/adenosine diphosphate  

CBC   Complete blood count  

CD   Cluster of differentiation  

CEPI   Collagen/epinephrine  

citPW   Citrated Plateletworks 

COX   Cyclooxygenase  

CT   Closure time  

CYP   Cytochrome P-450  

EDTA   Ethylenediaminetetraacetic acid  

GP   Glycoprotein 

HOTPR  High on-treatment platelet reactivity  

IL   Interleukin 

IMHA   Immune-mediated hemolytic anemia  



xv 

 

 

 

kg   Kilogram  

LTA   Light transmission aggregometry  

mg   milligram  

min   Minutes  

NETs   Neutrophil extracellular traps  

NSQ   Non-sufficient quantity  

PAF   Platelet activating factor  

PAI-1   Plasminogen activator inhibitor type 1  

PAS   Platelet activating solution  

PFA   Platelet Function Analyzer® 

PGE-1  Prostaglandin E-1  

PLA-2  Phospholipase A-2 

PLE   Protein-losing enteropathy  

PLN   Protein-losing nephropathy  

POC   Point-of-care  

PON-1  Paraoxonase-1 

PRP   Platelet-rich plasma  

PW   Plateletworks® 

RNA   Ribonucleic acid  

ROTEM  Rotational thromboelastometry  

s  Seconds 

SA   Spontaneous aggregation  

TAFI   Thrombin activatable fibrinolysis inhibitor  

TEG   Thromboelastography  



xvi 

 

 

 

TEG-PM  Thromboelastography Platelet Mapping™ 

TF   Tissue factor  

TFPI   Tissue factor pathway inhibitor  

TP   Thromboxane  

tPA   Tissue plasminogen activator  

TXA2   Thromboxane A2 

uPA   Urokinase plasminogen activator  

VASP-P  Vasodilator-stimulated phosphoprotein phosphorylation  

vWF   von Willebrand factor  



xvii 

 

 

 

LIST OF APPENDICES  

Appendix 1a. Individual normal dog complete blood count results at T0 (day 0) – dogs 1-

6. ……………………………………………………………………………………………….139  

Appendix 1b. Individual normal dog complete blood count results at T0 (day 0) – dogs 7-

13. ……………………………………………………………………………………………..140 

Appendix 2. Individual normal dog biochemistry profile results at T0 (day 0). ..……....141 

Appendix 3. Individual normal dog coagulation profile results at T0 (day 0). …………..143 

Appendix 4. Individual fresh and 30-minute Plateletworks results in normal dogs at T0 
(day 0). ………………………………………………………………………………………..143 

Appendix 5. Individual citrate Plateletworks results in normal dogs at T0, T1 and T2. 144 

Appendix 6. Individual 30-minute citrate Plateletworks results in normal dogs at T0, T1 
and T2. ………………………………………………………………………………………..145 

Appendix 7. Individual results for AGGFix using Plateletworks in normal dogs at T0, T1 
and T7. ………………………………………………………………………………………..146 

Appendix 8. Individual results for Platelet Function Analyzer-200 using the P2Y and 
Col/ADP (CADP) cartridges in normal dogs at T0, T1 and T2. …………………………147 

Appendix 9. Individual results for spontaneous aggregation in citrate in normal dogs at 
T0, T1 and T2. ………………………………………………………………………………..148 

Appendix 10. Individual results for AGGFix using Plateletworks in clinical dogs at T0, T1-
3 and T4-11. …………………………………………………………………………….........149 

Appendix 11. Individual citrate Plateletworks results in clinical dogs at T0. ……………150 

Appendix 12. Individual citrate Plateletworks results in clinical dogs at T1. ……………152 

Appendix 13. Individual spontaneous aggregation in citrate in clinical dogs at T0. …..153 

Appendix 14. Individual spontaneous aggregation in citrate at T0. …………………….154 

Appendix 15. Individual Platelet Function Analyzer P2Y cartridge closure times in clinical 
dogs at T0 and T1. ……………………………………………………………………………154 

Appendix 16. Individual Platelet Function Analyzer CADP cartridge results in clinical dogs 
at T0 and T1. ………………………………………………………………………………….156 

 



xviii 

 

 

 

 

Appendix 17. Preliminary studies in normal dogs. ……………………………………….158 

Figure 17.1. Plateletworks (ADP agonist) % Aggregation at 7 – 10 minutes in 25 
normal dogs. ………………………………………………………………………….158 

Figure 17.2. Plateletworks (ADP agonist) repeatability of % Aggregation in 9 
normal dogs. ………………………………………………………………………….159 

Appendix 18. Monitoring of clopidogrel therapy in dogs. …………………………………160 

Figure 18.1. Pre-treatment and first on-treatment Platelet Function Analyzer 
closure times for 26 dogs receiving clopidogrel. ………………………………….167 

Figure 18.2. Pre-treatment and first on-treatment Platelet Function Analyzer CADP 
closure times for 24 dogs receiving clopidogrel …………………………………..168 

Figure 18.3. Pre-treatment and first on-treatment Plateletworks ADP % 
Aggregation for 14 dogs receiving clopidogrel. ……………………………………168 

Table 18.1. Diagnosis for 119 dogs diagnosed with increased risk of thrombosis. 
………………………………………………………………………………………….161 

 Table 18.2. Diagnosis for 117 dogs diagnosed with thrombosis. ……………….161 

Table 18.3. Type and location of thrombosis for 117 dogs tested prior to clopidogrel 
therapy or after initiation of clopidogrel therapy. …………………………………..162 

Table 18.4. Platelet Function Analyzer P2Y closure times in 116 dogs with planned 
or potential clopidogrel treatment (pre-clopidogrel tests). ……………………….163 

Table 18.5. Platelet Function Analyzer CADP closure times in 86 dogs with 
planned or potential clopidogrel treatment (pre-clopidogrel tests). ……………..164 

Table 18.6. Plateletworks ADP % Aggregation in 52 dogs with planned or potential 
clopidogrel treatment (pre-clopidogrel tests). ……………………………………..165 

Table 18.7. Platelet Function Analyzer P2Y closure times for 106 dogs receiving 
clopidogrel (first on-treatment test). ………………………………………………..166 

Table 18.8. Platelet Function Analyzer CADP closure times for 102 dogs receiving 
clopidogrel (first on-treatment test). ………………………………………………..166 

Table 18.9. Plateletworks ADP % Aggregation for 75 dogs receiving clopidogrel 
(first on-treatment test). ……………………………………………………………..167 



xix 

 

 

 

 Table 18.10. Clopidogrel dose escalation in dogs diagnosed with HOTPR. ….169 

 Table 18.11. Clopidogrel reduction or withdrawal in 13 dogs. ………………….171 

Appendix 19. Flow diagrams for venipuncture 1 and 2 in healthy dogs. ………………177 

 Figure 19.1. Flow diagram for venipuncture 1 in healthy dogs. ………………...177 

 Figure 19.2. Flow diagram for venipuncture 2 in healthy dogs. ………………...178 

Appendix 20. Blood collection scoring legend. …………………………………………...178 

Appendix 21. Summary table of testing days and baseline test for statistical analyses for 
native Plateletworks (PW), citrate PW, and Platelet Function Analyzer 200 P2Y and 
collagen/adenosine diphosphate cartridges in healthy dogs. ……………………………179 

Appendix 22. Summary table of testing days and baseline test for statistical analyses for 
native Plateletworks (PW), citrate PW, citrate spontaneous aggregation, and Platelet 
Function Analyzer 200 P2Y and collagen/adenosine diphosphate cartridges in clinically 
ill dogs. ………………………………………………………………………………………..179 

 

 

  



xx 

 

 

 

DECLARATION OF WORK PERFORMED 

 

I declare that except for the items below, all work reported in this thesis was performed 

by me.  

Serum biochemical profiles and coagulation profiles in healthy dogs were performed by 

the technicians at the Clinical Pathology Laboratory of the Animal Health Laboratory, 

University of Guelph, Guelph, Ontario.  

Tests requiring the ADVIA 2120i were performed by Anthony Abrams-Ogg or the 

technicians at the Clinical Pathology Laboratory of the Animal Health Laboratory, 

University of Guelph, Guelph, Ontario.  

Blood draws were performed by the technical staff at the Ontario Veterinary College 

Health Sciences Center, University of Guelph, Guelph, Ontario.  

  



    

 

 

1 

 

1 Literature Review  

1.1 Introduction 

Thromboembolic complications have been reported in a number of different conditions 

in dogs and therefore pharmacologic manipulation of platelet function in these patients 

is becoming increasingly relevant.1 In humans, clopidogrel, an anti-platelet drug, is one 

of the mainstays of therapy to prevent ischemic complications in patients with acute 

coronary syndrome (ACS). However, it is recognized that there is marked individual 

variation in anti-platelet response to clopidogrel with a significant proportion of the 

population showing resistance to its effect.2 This variation is also suspected in dogs and 

therapeutic drug monitoring in the form of platelet function testing may be a valuable 

tool to guide treatment decisions in individual patients.3 

 

In veterinary medicine, treatment of hypercoagulability is often empirical as there is little 

data and not a single randomized clinical trial demonstrating the benefit of anti-platelet 

therapy in dogs or cats.1,3 Multiple laboratory and point-of-care (POC) platelet function 

tests exist to monitor the response to anti-platelet therapy and although veterinary 

guidelines have recently been published, there are significant knowledge gaps in how to 

apply these methods to clinical practice.3 Furthermore, the cost and need for 

specialized equipment precludes the use of most platelet function monitoring systems in 

most veterinary hospitals, relegating its use to the research setting. Newer platelet 

function tests utilizing readily available equipment, such as Plateletworks (PW), may 

help POC monitoring become standard-of-care. The need for fresh samples, and time 

limitations for testing make remote platelet function testing difficult to offer as an 

alternative to POC testing. New products, such as AGGFix by Platelet Solutions may 

facilitate remote testing by stabilizing platelet aggregates for an extended period thereby 

allowing clinicians to send in samples to a core laboratory for testing. However, the 

effects of storage conditions and transport on the sample quality and results for most 

tests is unknown.  
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The objectives of this study were to evaluate: (1) the platelet fixative AGGFix for fixing 

platelet aggregates for use with the PW system, and (2) to evaluate room temperature 

stored and refrigerated citrate samples for delayed testing using PW and the Platelet 

Function Analyzer-200 (PFA-200) in healthy and clinically ill dogs. 

1.2 Hemostasis 

The role of the hemostatic system is to effectively seal sites of injury in the vascular 

system to prevent significant blood loss, which plays a vital role in survival.4 Hemostasis 

is classically broken down into 3 distinct phases: primary hemostasis which is the 

formation of a platelet plug at the site of injury, secondary hemostasis which 

strengthens the platelet plug via coagulation factors and the formation of fibrin, and 

finally fibrinolysis to breakdown fibrin and remove the thrombus once repair has 

occurred.5 

The traditional secondary hemostatic pathway consists of sequential activation of 

multiple coagulation proteins through 2 paths, the intrinsic and extrinsic pathway, which 

converge to the final common pathway leading to the formation of a stable clot. In this 

view of the cascade model, the two pathways are considered distinct and relatively 

independent with little interaction between the different factors.6 However, clinical 

manifestations of coagulation factor deficiencies does not support the quasi-

independence of the two pathways, nor does the cascade model account for other 

endogenous modulators of hemostasis.4,6 

The cell-based model of coagulation was introduced almost 20 years ago and 

incorporates the other elements in the regulation of hemostasis such as cell membrane 

surfaces, microparticles, and the anticoagulant properties of endothelial cells.4 This 

model proposes that coagulation occurs in overlapping stages rather than in distinct 

cascades; the three described phases are initiation, amplification and propagation.6 
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In the initiation phase, a tissue factor (TF)-bearing cell is exposed following vascular 

injury. Factor VIIa quickly binds to the exposed TF and activates additional factor VII. 

The TF-VIIa complexes then activate a small amount of factors IX and X. Factor X in 

turn, activates a small amount of factor V and the factor Xa-Va complex 

(prothrombinase) generates a small amount of thrombin.4 

In the amplification phase of coagulation, thrombin, generated in the initiation phase, 

activates platelets present at the site of injury. Platelets undergo shape change, 

externalize phospholipids on their surface to create a procoagulant membrane, and 

release the contents of their granules, which contain agonists and other molecules; this 

will further amplify the hemostatic response and recruit additional platelets. Thrombin 

also activates factors XI and V on the platelet surface, and cleaves von Willebrand 

factor (vWF) from factor VIII to activate the latter.4,6 

The propagation phase, the final phase of coagulation, occurs on the surface of 

platelets. Previously generated factor IXa binds to factor VIIIa on the platelet surface to 

form the tenase complex. This, in turn, generates factor Xa on the platelet surface, 

which rapidly binds to factor Va to form additional prothrombinase complex. The 

prothrombinase complex cleaves massive amounts of prothrombin to thrombin and the 

subsequent formation of fibrin will ensue.4 Thrombin will also activate factor XIII which 

cross-links fibrin strands, trapping RBCs, leucocytes and platelets to form a stable 

thrombus.6 

1.3  Platelets  

1.3.1 Structure  

Platelets are formed from fragmentation of megakaryocytes in the bone marrow; 

recently, the lung has also been demonstrated to be a significant site of platelet 

production.7,8 The growth and maturation of megakaryocytes and platelets is under the 
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influence of numerous cytokines including interleukins (IL) 2, 6 and 11, but 

thrombopoietin is the key regulator of thrombopoiesis.5 Platelets are the smallest 

cellular components of blood, measuring approximately 2-5 µm in diameter in 

mammalian species but can vary slightly in size across species.7,9 Following maturation, 

their circulating life-span is approximately 5-7 days before being phagocytosed by 

neutrophils and macrophages and transported to the spleen for removal.5,10,11  

Platelets can be divided into multiple zones. The peripheral zone contains the plasma 

membrane with a thick glycocalyx comprised of many folds. This is a dynamic structure 

which contains the many transmembrane receptors responsible for interaction with 

molecules and other cells as well as activation, adhesion and aggregation of platelets. 

The submembrane area lies just under the plasma membrane and contains the plasma 

membrane actin cytoskeleton important for shape change and receptor translocation 

after activation.9 The sol-gel zone is a viscous matrix containing the platelet’s 

microtubules and microfilaments which maintain its resting discoid shape and 

participate in post-activation shape change.9  

The organelle zone of the platelet contains the secretory organelles, more specifically 

the α-granules, dense granules and lysozomes. These contain multiple molecules 

including agonists, proteins and enzymes that are essential in amplifying platelet 

response during hemostasis and are also thought to participate in clot dissolution.9,12 

The platelet’s mitochondria are also housed in this zone; although they are present in 

small numbers, they are essential for the cell’s energy requirements and function.9 

Finally, the membrane system contains the open canalicular system which serves to 

transport components to-and-from the plasma membrane and can also provide 

membrane parts during platelet shape change. A dense tubular system is also 

recognized in this zone and is thought to be residual megakaryocytic smooth 

endoplasmic reticulum.9 
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1.3.2 Function  

Platelets play an important role in thrombosis and hemostasis and have a central role in 

the cell-based model of hemostasis.10,12,13 Under normal circumstances, platelets 

circulate close to the vessel wall because of their size and shape;12,13 when there is a 

breach in vascular integrity, platelets will adhere to sub-endothelial components and 

initiate the process of forming a platelet plug. Interactions between platelets and 

fibrinogen predominate under low shear conditions; however, under high-shear 

conditions, such as in the microcirculation, interactions between platelets and vWF are 

crucial.12 

Under higher shear conditions, a platelet plug formation begins with the adhesion of 

exposed vWF to the transmembrane glycoprotein (GP) complex Ib-IX-V causing a 

deceleration of platelets.5 This allows for the binding of collagen to its transmembrane 

receptors GP VI and integrin α2β1 to solidify platelet adhesion.5,10 Following this 

tethering, rapid intracellular signaling leads to platelet activation and a subsequent over-

lapping of multiple events. Activated platelets undergo a shape change and become 

more spherical, extending pseudopodia to provide more surface area for coagulation to 

occur.5 Platelets also change their plasma membrane phospholipid composition to 

create a more procoagulant surface. Under normal circumstances, neutral 

phospholipids (phosphatidylcholine and sphingomyelin) are found in the external 

membrane and negatively charged, procoagulant phospholipids (phosphatidylserine 

and phosphatidylethanolamine) are found in the internal membrane, kept in place by the 

floppase and flippase enzymes, respectively. When platelets are activated, there is an 

influx of calcium into the intracellular space which activates scramblase and inhibits 

flippase and floppase, leading to the exposure of the negatively charged phospholipids, 

such as phosphatidylserine, to the outer membrane aiding in the adhesion of 

coagulation factors.12 
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Platelets also release thromboxane A2 (TXA2) and other contents of their granules 

including P-selectin and adenosine diphosphate (ADP). The secreted agonists and 

thrombin, generated by coagulation factors recruit and activate additional platelets.5 

Finally, a conformation change in the transmembrane integrin αIIbβ3 allows for platelet-

platelet adhesion through fibrinogen bridging culminating in a stable platelet plug. The 

generated fibrin meshwork, as previously mentioned, also traps leucocytes and red 

blood cells to form the final thrombus.5,12 

Although the central role of platelets in hemostasis has been heavily researched, there 

is an increasing body of evidence that platelets also play a role in other biological 

spheres such as inflammation, immunity and neoplasia.13  

Activated platelets release a vast array of pro-inflammatory mediators which enable 

chemotaxis and leucocyte migration to areas of inflammation. They also enhance the 

ability of leucocytes to phagocytose and kill pathogens through expression of P-selectin 

and aid in the production of neutrophil extracellular traps (NETs).13,14 Platelets are also 

thought to play an important role in immunity through their expression of 

immunoreceptors (Fc receptors and toll-like receptors) able to recognize 

immunoglobulins and certain pathogens. They are also a significant source of CD40 

ligand, an important modulator of adaptive immunity.13,14  

Platelets may also play a role in tumour growth and metastasis through the secretion of 

growth factors from their granules and by creating a shield of platelet aggregates 

around tumour cells. Finally, platelet microparticles can modulate many cellular 

functions through the expression of adhesion and pro-inflammatory mediators and by 

the transfer of microRNAs to different cell types.13 
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1.4 Hypercoagulability  

Hemostasis, under normal circumstances, is a finely controlled balance between 

coagulation and fibrinolysis. In certain disease states, this delicate balance can be 

disrupted leading to a hypo- or hypercoagulable state.15  

A prothrombotic state predisposes a patient to thromboembolic disease.16 Thrombosis 

is a major cause of morbidity and mortality in human medicine, and is being increasingly 

recognized in veterinary medicine.17–19 The risk factors for the development of 

thromboembolism were first described by Rudolph Virchow in the mid-19th century and 

included endothelial damage, blood stasis and hypercoagulability. More specifically, 

hypercoagulability can be described as a systemic procoagulant state involving platelet 

hyperaggregability, increased procoagulant activity, deficiencies in anticoagulant factors 

or defective fibrinolysis.16 The most important component of Virchow’s triad in humans 

is hypercoagulability , which affects over 25% of patients suffering from thromboembolic 

complications.20 Although large epidemiological studies are lacking in veterinary 

medicine, it would seem that the large majority of diseases increasing thromboembolic 

risk do so by conferring a hypercoagulable state; however the pathophysiology is often 

multifactorial and co-morbidities often complicate the clinical picture.18,20 

Increased procoagulant activity has been described in several diseases in dogs and 

cats. An increase in TF expression has been reported in immune-mediated hemolytic 

anemia (IMHA), inflammation, sepsis and neoplasia.15,16,19,21,22 An increase in the 

concentration of certain coagulation factors has been reported in hyperadrenocorticism, 

16,19,23 however this is not a consistent finding in all studies.24,25 An increase in certain 

coagulation factors, vWF and fibrinogen is thought to play a role in protein-losing 

nephropathy (PLN) induced hypercoagulability in humans; this has yet to be 

documented in dogs.19,26–28 Finally, procoagulant microparticles also play a significant 

role in certain conditions such as IMHA and neoplasia.19,22 
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The principle endogenous anticoagulants are antithrombin (AT), protein C and its co-

factor protein S, and tissue factor pathway inhibitor (TFPI). A decrease in any of these 

factors can contribute to a hypercoagulable state, however, there is little evidence to 

suggest that TFPI plays a determining role in hypercoagulability.15,16 A loss of 

endogenous anticoagulants, such as AT, can occur in conditions such as protein-losing 

enteropathy (PLE) and PLN.16,19,28,29 Increased anticoagulant consumption has been 

described in inflammation and sepsis; decreased production is also suspected in these 

conditions.15,16,19 Neoplasia can alter the activity of endogenous anticoagulants and this 

is thought to play a role in the hypercoagulability seen in these patients.18,19 A loss 

and/or consumption of AT is also thought to play a role in the hypercoagulability of 

hyperadrenocorticism patients23 , however, this is not a consistent finding in all 

reports.24,25 

Fibrinolysis is an essential part of hemostasis and if inhibited, will result in 

hypercoagulability. A downregulation of this pathway has been reported in inflammation 

and sepsis. Increased levels of plasminogen activator inhibitor type 1 (PAI-1) leads to 

inhibition of tissue plasminogen activator (tPA) and urokinase plasminogen activator 

(uPA), and generation of thrombin activatable fibrinolysis inhibitor (TAFI) further inhibits 

clot lysis.15,16,19 Neoplasia is thought to downregulate fibrinolysis through altered tPA 

and resistance to tPA.18,19 Downregulation of fibrinolysis has also been reported in PLN 

secondary to plasminogen loss and increases in PAI-1.19,28 

Platelet hyperaggregability is emerging as a significant contributor to hypercoagulability 

and is reported in many conditions. In human and canine IMHA, an increased activation 

of circulating platelets has been demonstrated and is thought to occur secondary to an 

increase in pro-inflammatory cytokines.16,19,22,30,31 Platelet hyperaggregability has also 

been noted with PLN and is thought to be the result of hypoalbuminemia, 

hypercholesterolemia and increased fibrinogen concentration.16,27,28 Inflammation and 

sepsis stimulate platelet production through increases in IL-6. These platelets are more 
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thrombogenic and have an increased sensitivity to agonists such as bacterial endotoxin, 

TXA2, platelet activating factor (PAF), cathepsin G, thrombin, TF and certain 

complement factors.15,19 An increase in platelet reactivity is also thought to occur with 

neoplasia and may even play a role in metastasis but the exact underlying mechanism 

remains unclear.16,18,19 Similarly, an increase in platelet hyperaggregability secondary to 

increased fibrinogen is suspected in hyperadrenocorticism but the significance of this 

contribution to hypercoagulability remains unclear.16,24,25  

1.5 Antiplatelet agents 

Therapy to prevent thrombus formation is essential in the management of 

hypercoagulable patients. Anticoagulants and antiplatelet agents are commonly used, 

either alone or in combination. However, antiplatelet agents may be preferred given 

their lower cost, oral administration (some anticoagulants can only be given by 

injection), and reduced risk of bleeding.5 

1.5.1 Clopidogrel 

Clopidogrel is a second generation thienopyridine.5 It is a prodrug and in humans 

undergoes a 2-step hepatic metabolism via cytochrome P-450 enzymes (CYP2C19, 

CYP3A4, CYP1A2, CYP2B6) and an esterase (PON-1). It is metabolized into an active 

metabolite R-130964, a thiol derivative, and an inactive carboxylic acid metabolite 

SR26334 which represents nearly 85% of clopidogrel’s circulating metabolites. The 

metabolic pathway of clopidogrel in dogs is still unknown.2,32 

Clopidogrel irreversibly antagonizes the platelet ADP receptor P2Y12; it not only alters 

the platelet receptor itself but also reduces the number of ADP receptors thereby 

preventing platelet activation and aggregation.33 ADP interacts with two G-protein linked 

prurinergic receptors, P2Y1 and P2Y12. Normal platelet aggregation is dependent on 

the co-activation of both these receptors. Platelet activation is initiated by the binding of 

ADP to P2Y1 and P2Y12 amplifies the response; it will also amplify activation by other 
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agonists such as serotonin, thromboxane, thrombin and collagen and is responsible for 

integrin αIIbβ3 activation.  

Because of the need for hepatic conversion, maximum effect can be delayed 

(approximately 2-5 days) but platelet inhibition in dogs can be appreciated 3h after oral 

administration with a typical dose of 2 mg/kg/day.5,32,33 In a preliminary report, after a 

loading dose of 10 mg/kg, a time to platelet inhibition of 90 minutes was identified.a  

Following discontinuation of the drug at typical doses, platelet function returns to normal 

within 4 days in most dogs, although some may still show significant platelet inhibition 

up to 7 days after discontinuation.5,32 

1.5.1.1 Clopidogrel Response Variability  

In humans, there is significant inter-individual variability in the response to clopidogrel. 

Poor response to clopidogrel is estimated in 4-30% of the population.2 This variability in 

response may be pharmacokinetic and/or pharmacodynamics in origin and is likely 

multifactorial with genetic, non-genetic and drug-drug interactions playing a role.2,34 

CYP2C19 plays a dominant role in clopidogrel activation.2,35 There are at least 25 

known polymorphisms in the CYP2C19 gene in humans, however there is strong 

evidence that two loss-of-function polymorphisms, CYP2C19*2 and *3 play a major role 

in decreased clopidogrel metabolism.2,35–38 In these patients there is reduced formation 

of the clopidogrel active metabolite leading to a decreased pharmacodynamic 

response.2,35 However, the association between this polymorphism and outcome in 

human patients is controversial. While some studies39–44 report a strong association 

between the loss of function allele and adverse clinical outcomes, others do not.45  

Other genetic mechanisms associated with clopidogrel resistance have also been 

proposed. The ABCB1 gene encodes an ATP-dependent drug efflux pump which is 

thought to be responsible for the intestinal absorption of clopidogrel; genetic 

polymorphisms in this gene could affect circulating levels of clopidogrel.2,34,35,46 
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Polymorphisms in the paraoxonase-1 (PON-1) gene, an enzyme thought to play a role 

in the formation of active clopidogrel metabolite, could also play a role in clopidogrel 

resistance.34 The role of other CYP450 enzyme polymorphisms remains unclear.2 

P2Y12 receptor polymorphisms in humans have also been identified but no clear link to 

clopidogrel resistance has been found.2 

Given the need for hepatic metabolism through the CYP450 enzyme pathway, a 

number of drug-drug interactions have been shown to decrease the inhibitory effect of 

clopidogrel; these drugs include proton-pump inhibitors, calcium channel blockers, 

statins, ACE inhibitors and angiotensin II receptor antagonists.34 A recent study in 

healthy dogs showed an increase in the inactive metabolite of clopidogrel when using 

omeprazole concurrently but no significant change in the anti-platelet effect of the 

drug.47  

Recently, inflammation has also been linked to clopidogrel resistance secondary to an 

increased platelet and fibrinogen turnover as well as altered levels of circulating platelet 

primers that significantly enhance platelet function.48,49 Finally, in humans, 

epidemiological factors such as age, ethnicity, obesity and co-morbid conditions also 

play a role in the inter-individual variability in clopidogrel response.34 

There is very little literature on clopidogrel resistance in dogs and cats. It has been 

recognized in horses and cats but the underlying mechanisms are unclear.34,50 Two 

recent reports have documented polymorphisms in CYP2C and the P2Y1 and P2Y12 

receptor genes in cats51,52 but the role these play in the clopidogrel response variability 

remains to be elucidated. Although variability in clopidogrel response is also suspected 

in dogs, this has not been described in the scientific literature. A mutation in the P2Y12 

receptor gene has been reported in a family of Greater Swiss Mountain Dogs but 

clopidogrel response was not evaluated in these dogs.53 
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1.5.2 Other agents  

1.5.2.1 Aspirin  

Aspirin, or acetylsalicylic acid (ASA), is one of the most used anti-platelet agents in both 

human and veterinary medicine. Aspirin is a non-selective cyclooxygenase (COX) 

inhibitor; it irreversibly inhibits TXA2 formation by acetylating a hydroxyl group on serine 

residues located in the COX-1 enzyme thereby inhibiting its action for the life of the 

platelet.1,5,46 

TXA2 is synthesized from arachidonic acid (AA) which is released by phospholipids in 

the platelet membrane.5 In turn, AA is converted to COX-1 and COX-2 which leads to 

the production of TXA2 as well as other prostaglandins such as prostacyclin.5 Once 

synthesized, TXA2 binds to the TP receptor on the platelet membrane, activates 

phospholipase C which leads to platelet aggregation and stimulates vasoconstriction.5,46 

Prostacyclin, on the other hand, originates from vascular endothelium and has opposite 

effects to TXA2 by stimulating vasodilation and inhibiting platelet aggregation.5 

Aspirin not only inhibits the prostaglandins responsible for platelet function but all 

prostaglandins that arise from the AA cascade making it an effective anti-inflammatory 

agent but also one that can also lead to serious side effects such as gastro-intestinal 

bleeding and renal disease.5 However, there is evidence that a low dose of aspirin (0.5-

1 mg/kg) may inhibit TXA2 synthesis while allowing prostacyclin and other prostaglandin 

synthesis to continue. This is because deacetylation of ASA takes place at first passage 

through the liver whereby the systemic circulation is no longer exposed to ASA but 

platelets passing through the portal circulation continue to be exposed.1,5,54 

In humans, ASA is highly effective in preventing thrombotic events but aspirin 

resistance has been identified; this is also true in dogs.1,5,55 The incidence and 

mechanisms of aspirin resistance in dogs remain unknown.5 Proposed mechanisms 

include impaired TXA2 receptors, presence of an alternate source of thromboxane, 
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polymorphisms of COX-1 and 2, glycoprotein IIIa and PLA-2 and an increased 

expression of platelet MPR4 anion efflux pump.5,46 A reliable and specific laboratory test 

to identify ASA resistance has not yet been validated as there is poor correlation 

between different aggregation tests and agonists used.1,55 

1.5.2.2 Other ADP Receptor Antagonists  

Prasugrel is a newer thienopyridine and in humans, when compared to clopidogrel, has 

a more rapid onset of action and a more potent and consistent inhibition of platelet 

function.5,56 

Ticagrelor and cangrelor are non-thienopyridine, reversible P2Y12 receptor antagonists 

that do not require hepatic metabolism.5 In humans, both appear to be significantly 

better at blocking platelet function than clopidogrel but their use seems to be associated 

with a higher risk of bleeding.5,56 

Although dogs are used as models for clinical studies in humans, there is little 

information on the clinical application and safety of these drugs in veterinary 

medicine.5,57 

1.5.2.3 Other Antiplatelet Agents  

Drugs targeting other mechanisms of platelet function such as phosphodiesterase 

inhibitors and integrin αIIbβ3 receptor antagonists are also being studied in humans with 

varying results.5 However, there have been no studies evaluating the safety or clinical 

utility of these medications in veterinary medicine.5,57 

1.5.3 Therapy Recommendations  

Dual antiplatelet therapy continues to be the standard of care in human patients with 

acute coronary syndrome (ACS) with or without percutaneous interventions.56 Dual 

therapy generally refers to ASA combined with a P2Y12 receptor antagonist. Although 

clopidogrel remains the most widely used P2Y12 receptor antagonist in humans, 



    

 

 

14 

 

guidelines now recommend the use of ticagrelor or prasugrel over clopidogrel in certain 

cases such as when stenting or more aggressive therapy is needed.58,59 

Although the dog is often used as a thrombosis model for human studies, there are very 

few scientific reports on the use of antiplatelet therapy in veterinary medicine.1 One 

retrospective study found improved survival rates in dogs with IMHA given ASA.60 

However, another study (published as an abstract) reported lower survival rates in dogs 

treated with ASA as opposed to unfractionated heparin.b A more recent prospective 

study evaluated the use of clopidogrel in IMHA dogs but did not find any survival benefit 

as compared to dual therapy or in dogs receiving ASA alone.61 However, patient groups 

were small and the study may have been underpowered. The use of antithrombotic 

therapy in veterinary medicine is largely empirical and based on human medicine and 

there is a need for larger, ideally randomized, clinical trials to better guide therapeutic 

decisions.1,57 

1.6 Platelet Function Tests  

Aggregometry, and more specifically light transmission aggregometry (LTA) uses 

platelet rich plasma (PRP) or washed platelet preparations and various agonists to 

assess platelet aggregation through various pathways. It uses the increase in light 

transmission of the PRP sample as a measure of platelet aggregation. It is one of the 

oldest methods of evaluating platelet function is widely regarded as the gold standard 

against which newer tests are compared.7,62 This method will be discussed in greater 

detail further on.  

1.6.1 Platelet Function Analyzer  

The PFA is a bench-top, automated, point-of-care instrument that measures platelet 

function in a small sample of whole blood.7 It measures the time to cessation of citrated 

whole blood flow through a central aperture mimicking high-shear conditions.62–64 The 

test cartridge membranes are coated with collagen and either ADP (CADP) or 
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epinephrine (CEPI); as blood flows through the cartridge membrane and aperture, 

platelets become activated and begin to adhere and aggregate forming a platelet plug. 

The time it takes for platelets to occlude the aperture and block blood flow is known as 

closure time (CT).62,64,65 

Two cartridges were originally available for the PFA-100, CADP and CEPI. CEPI can 

help monitor the effects of ASA therapy whereas CADP can be used to investigate 

thrombocytopathias and von Willebrand disease.62,63,66 It was initially thought the CADP 

cartridge would also detect the effects of ADP receptor antagonists. It has since been 

shown to be insensitive to the effects of thienopyridines thereby potentially 

underestimating clopidogrel effect..65–68 A third cartridge, the Innovance P2Y, was 

created specifically to assess platelet aggregation in response to P2Y12 receptor 

antagonists such as clopidogrel.65 The component membrane of this cartridge is also 

coated with ADP but there is added calcium chloride and PGE1, an adenylate cyclase 

activator.65,69 Adenylate cyclase has an anti-aggregation effect and is antagonized by 

ADP, thus its presence in the test system helps identify reduced ADP effect due to 

clopidogrel. In humans, the Innovance P2Y cartridge has been shown to be sensitive to 

the effects of clopidogrel on platelet function.69–72 One prospective study in Korean 

patients with recent onset ACS receiving clopidogrel found a strong relationship 

between closure times and the risk of major adverse cardiac events.73 However, 

another group found differing results on its ability to help predict adverse outomes.74  

The new generation Platelet Function Analyzer, the PFA-200, was recently released. It 

has transformed the user interface and electronic management of the PFA-100 but the 

fundamental mechanisms are unchanged.75 

The use of the PFA has been evaluated in both dogs and cats. In a study of healthy 

sedated cats, the PFA was a feasible method to assess platelet function but there was a 

wide range of closure times making individual results difficult to interpret.76 In a follow-

up study of healthy cats receiving clopidogrel, aspirin or dual therapy, there was a 
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significant increase in closure times using the CADP cartridge, however, clopidogrel 

effect was not detectable in all cats. It is unclear whether this effect was due to 

individual clopidogrel resistance or because of the low sensitivity of the CADP cartridge 

in cats.77 In a study of healthy dogs receiving clopidogrel, aspirin or dual therapy, the 

PFA P2Y cartridge showed excellent sensitivity in detecting clopidogrel effect however, 

some variation in response was seen when the CADP cartridge was used.78 There are 

no studies investigating the use of the PFA system in diseased cats or dogs receiving 

anti-platelet medication.  

The PFA is sensitive to certain variables. Pre-analytic variations such as collection 

method, sodium citrate concentration and time to processing can affect results.63 In vivo 

variables, such as platelet count and hematocrit can also affect results. In canine 

studies, thrombocytopenia (<150 x 109/L ) did cause significant prolongations in closure 

times.79,80 However, a report in human pediatric patients showed that CADP closure 

times showed little change until platelet counts were less than 40 x 109/L, whereas 

CEPI was more sensitive to platelet counts and showed prolongations in closure times 

when platelet counts were below 75 x 10^9/L.81 Anemia has also been shown to 

influence the result; a hematocrit of less than 35% has been shown to prolong closure 

times.80,82 

1.6.2 Plateletworks   

The Plateletworks system is another whole blood POC assay that measures platelet 

counts before and after the addition of an agonist.62 One blood sample is collected in an 

EDTA tube and serves as the baseline platelet count sample. Another sample is 

collected in a tube containing citrate and a platelet agonist (collagen, ADP or AA) which 

will stimulate functional platelets to aggregate.64,83 Platelet counts can be obtained using 

a standard hematology analyzer. The difference in platelet counts between the two 

samples provides an assessment of platelet aggregation using the following equation: 

[(Baseline platelet count – agonist platelet count)/baseline platelet count] x 100.83 
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In human studies, PW does seem to correlate well with aggregometry and seems useful 

for the assessment of P2Y12 receptor antagonists on platelet function.66,84–86 PW has 

also been assessed in cats and dogs; it was useful in measuring platelet aggregation in 

healthy cats and a significant decrease in platelet aggregation was measured in cats 

receiving clopidogrel.77,87,88 Similarly, in healthy dogs, PW was found to detect the 

effects of clopidogrel on platelet aggregation using all three available agonist tubes.78 

Although the manufacturer recommends the use of an impedance hematology analyzer, 

studies in cats and dogs have shown that optically based cells counts are also 

valid.77,78,87 

The PW system offers many advantages: it is a simple technique with no need for 

specialized equipment, it has a rapid turnaround time, requires only a small volume of 

blood and gives information about both platelet count and function.62,83 It is also less 

affected by platelet count and hematocrit than PFA and some other methods.83,89 The 

main disadvantage is the time-frame for running the test after blood sampling. The 

manufacturer recommends that all samples be analyzed within 10 minutes of 

venipuncture as disaggregation can occur after this time period,66,83 however, a study in 

cats showed that platelet aggregates were stable for up to 30 minutes in the ADP 

tube.88 A recent study showed that in certain dogs, some disaggregation did occur 

between 10 and 15 minutes in all agonists but did not decrease the ability of the assay 

to detect drug effect.78 

1.6.3 Platelet Solutions – AGGFix  

AGGFix is a patented solution that fixes platelet aggregates in a small volume of whole 

blood after platelets have been activated by different agonists. In humans, platelet 

aggregates are stable for up to 9 days and therefore allow for remote platelet function 

testing, i.e. submission of samples from point-of-care to a distant laboratory. The 

system was developed to allow for single platelet counting using flow cytometry;90 the 

validity of its use with the PW system and a hematology analyzer is unknown. 
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1.6.4 Other methods  

1.6.4.1 Buccal Mucosal Bleeding Time 

The buccal mucosal bleeding time (BMBT, bleeding time) is the oldest in vivo test of 

primary hemostasis.7 In veterinary patients, a commercially available, spring-loaded 

blade designed for human skin bleeding time is used to make an incision in the oral 

mucosa of the upper lip and blood is carefully blotted away just below the incision; the 

test is stopped when bleeding stops. The time from incision to cessation of bleeding is 

recorded as the bleeding time.7,63 

Bleeding time will be prolonged in cases of intrinsic or acquired thrombocytopathias, 

von Willebrand disease and abnormalities in vascular integrity.63,64 However, 

hematocrit, platelet count and lancet choice will also affect bleeding time.7,91 Bleeding 

time has many limitations and is infrequently used in human medicine.7 It is highly 

operator-dependent, with intra and inter-observer variability of up to 2 minutes having 

been reported.92 Better standardization has improved methodology, but clinical 

application of this test is still controversial. Currently, it is recommended as a screening 

tool for further assessment of platelet function by more detailed assays.7,63 

1.6.4.2 Aggregometry  

Light transmission aggregometry (LTA, optical aggregometry, turbidometric 

aggregometry) is the oldest laboratory method for assessing platelet function and is still 

considered the gold standard for the assessment of platelet function and anti-platelet 

drug response.62,65 Platelet-rich plasma is isolated from citrated whole blood and 

exposed to various platelet agonists to facilitate aggregation. As aggregation occurs, the 

plasma suspension becomes clearer which increases light transmission. This increase 

in light transmission is detected by a photometer which records it as a percentage of 

optical density and converts it into a graphic curve.62,64,65 



    

 

 

19 

 

In both humans and animals, it can be used to investigate a wide range of platelet 

defects and to monitor the effects of anti-platelet therapy.7 In humans, monitoring anti-

platelet therapy with LTA allowed for the prediction of major adverse cardiac events in 

patients at risk.62 However, there are drawbacks to this method. It does not mimic in 

vivo conditions and requires large volumes of fresh whole blood to create PRP; this 

process must be done carefully as handling and centrifugation can activate platelets.7 

For these reasons, it is a labor-intensive test that requires a high level of technical skill 

and expertise.63 Finally, this technique can be affected by many pre-analytical 

conditions such as hemolysis platelet count and type of anticoagulant used.62 

Whole blood impedance aggregometry was introduced as a way to mitigate some of the 

sample preparation issues of LTA and is thought to assess platelet function in a more 

physiological milieu allowing for the contribution of other blood elements.7,62 With this 

method, platelet aggregation is assessed in agonist-stimulated whole blood by detecting 

an increase in electrical impedance between two electrodes caused by the aggregation 

of platelets to their surface.7,62,65  

The Multiplate whole blood platelet function analyzer, and its older counter-part Chrono-

log, were introduced as POC platelet function tests that uses impedance aggregometry 

to generate an aggregation tracing.7,62,64 In humans, Multiplate correlates well with 

LTA93 and has been found to be useful for detecting primary hemostasis defects, for 

monitoring anti-platelet therapy and identifying patients at risk for major adverse cardiac 

events or at risk of bleeding.62,68  

Multiplate was assessed in healthy cats and dogs and in cats receiving anti-platelet 

therapy.77,78,87 In dogs, Multiplate was successful at monitoring clopidogrel and dual 

therapy but results were more variable when monitoring ASA alone.78 Multiplate in 

healthy cats was considered a useful method for monitoring platelet function but with 

some variability.87 In cats receiving anti-platelet medication, only dual therapy with ASA 

and clopidogrel caused a decrease in platelet aggregation but neither clopidogrel or 
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ASA as a single agent caused a significant decrease in aggregation as measured by 

Multiplate.77  

Impedance aggregometry is affected by multiple variables. Although multiple 

anticoagulants can be used, heparin seems to be a better choice in dogs as hirudin, an 

anticoagulant peptide, can cause platelet autoagglutination and citrate causes a weak 

aggregation response because of the chelation of calcium.94,95 Hemolysis in samples 

can interfere with results and platelet count can have an effect on results especially 

when using ADP as an agonist.65,68,96 A study in healthy dogs has attempted to 

determine the optimal agonist concentrations to be used with the Multiplate analyzer 

which seemed to be slightly different than concentrations used in human diagnostics.95 

1.6.4.3 Verify Now 

The VerifyNow system is a POC test that uses light transmission aggregometry to 

assess platelet aggregation in anticoagulated whole blood.62,64 This system is 

automated and uses disposable cartridges with fibrinogen-coated beads and various 

agonists; it is specifically used to monitor anti-platelet drug effect.62,65,66 

The results of this system have shown to correlate moderately well with LTA and other 

platelet function tests,62,65 and does not seem to be affected by variables such as 

hematocrit and platelet count.66 Its use is appealing since the closed system model 

requires only a small volume of blood with minimal handling.7,62 However, this system 

may be cost-prohibitive for use in veterinary medicine.7 

1.6.4.4 Viscoelastic Testing and Platelet Mapping  

Thromboelastography (TEG) is a POC instrument that assesses clot viscoelastic 

properties and provides a global, in vitro, assessment of coagulation under low shear 

conditions.63,64 It consists of a rotating system with a pin suspended in a cup by a 

torsion wire; the different reagents and shear stress of the rotation allows for the 

formation of a clot which entraps the pin. The torsion wire transmits the torque applied 
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to the pin throughout clot formation and lysis, and produces a graphic representation of 

hemostasis.7,62,64 The ROTEM system, or rotational thromboelastometry, is another 

viscoelastic testing method similar to TEG with slight operational differences.7 

The global analysis of hemostasis is appealing but there are limitations. TEG results are 

affected by platelet count, red cell mass and fibrinogen activity.63 TEG results are also 

not specific for platelet function as they are affected by both platelet function and 

fibrinogen concentration and it is widely accepted that standard TEG is insensitive to 

most drug-induced causes of platelet dysfunction including anti-platelet therapy.66 

TEG Platelet Mapping assay (TEG-PM) is a modification of the standard TEG to allow 

for monitoring of anti-platelet therapy and can also be adapted for use with the ROTEM 

system.62 Its use has been studied in dogs and cats; in one study of dogs receiving 

clopidogrel, platelet mapping seemed to correlate well with impedance aggregometry32 

but results in healthy dogs and cats showed a high level of biologic variability.97,98 

Further studies are required to assess the use of this method in anti-platelet therapy 

monitoring in veterinary medicine.  

1.6.4.5 Flow Cytometry  

This method allows for a rapid measure of specific characteristics of cells.7 Using flow 

cytometry for platelet function helps assess deficiencies in the membrane glycoproteins, 

assess granule content and study platelet activation after stimulation by various 

agonists.7 Platelets are labeled with a fluorescent antibody to the molecule/receptor of 

interest. Laser light is used to excite the fluorochrome bound to the individual cells 

which emits a wavelength of light that is read and quantified by the cytometer in direct 

proportion to the molecule of interest.7 

P-selectin externalisation has been used a method to identify platelet responsiveness to 

anti-platelet therapy by flow cytometry.65 A fixative, PAMFix, can be used to stabilize P-

selectin for up to 9 days for remote platelet function testing using flow cytometry in 
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humans90 and has also been validated for dogs.99 However, the most specific flow 

cytometry assay to assess clopidogrel effect is the vasodilator-stimulated 

phosphoprotein (VASP) phosphorylation. Clopidogrel, by inhibiting the P2Y12 receptor 

is responsible for the persistence of VASP phosphorylation induced by PGE1 even in 

the presence of ADP; this method detects the effects of clopidogrel specifically even in 

the face of dual anti-platelet therapy.65,67 

There are many advantages to flow cytometry: it needs only small volumes of blood, 

can assess small subpopulations of cells and screen for specific markers.7 However, it 

is a highly specialized and technically challenging method and can only be performed in 

specialized laboratories thus limiting its routine use in veterinary medicine.7 

1.6.5 Variables Affecting Platelet Parameters and Function Testing 

Many variables are known to affect platelet function. Individual variability in platelet 

function is a recognized phenomenon in human medicine and is suspected in veterinary 

medicine. One study in healthy dogs showed high biologic variability in platelet function 

both between and within the population tested; these results suggested that subject-

based reference intervals may be more appropriate for test interpretation.100 

Beyond biologic variability, pre-analytical factors can also affect platelet function. In one 

human study, PRP was incubated (37°C, room temperature and 4°C) and assessed by 

LTA within 5 hours. In this study, platelets showed increased activation and aggregation 

in response to ADP and collagen when stored at room temperature and 4°C as 

compared to 37°C. This effect was substantially more pronounced at 4°C.101 Another 

study reported a significant decrease in platelet viability of human platelet concentrates 

at temperatures below 20°C. A 20% decrease in viability was noted if platelets were 

exposed to 16°C for over 16 hours, 12°C for over 10 hours and 4°C for over 6 hours; 

these findings suggested that the viability of platelet concentrates shipped from one 

center to another could be compromised.102 
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A study in dogs assessed the effect of temperatures (25°C vs 4°C) on macroplatelet 

percentage and aggregation as assessed by light microscopy. Warmer temperatures 

led to an increase in the percentage of macroplatelets, whereas there was significantly 

more clumping when platelets were stored at colder temperatures.103 

The choice of anticoagulant can also affect the results of platelet function tests. A study 

in human whole blood aggregation found that both unfractionated heparin and direct 

thrombin inhibitors were suitable choices for use with the Multiplate system; however, 

aggregation response to a multitude of agonists was significantly impaired when using 

citrated whole blood.104 Similarly, in dogs, a study comparing hirudin, heparin and citrate 

anticoagulation for whole blood aggregation concluded that heparin may be a superior 

choice as spontaneous aggregation was noted with hirudin, and citrated whole blood led 

to weak aggregation responses.94 A recent study in human transfusion medicine 

showed that platelets stored in citrate-free platelet activating solution (PAS) had less 

spontaneous aggregation and had better cell quality and survival.105 

In the previously cited study comparing temperatures,99 an increased number of platelet 

aggregates was noted in blood smears anticoagulated with citrate. EDTA samples 

showed an increased number of macroplatelets as compared to citrate.103 Storage time 

did not affect platelet size or aggregation on blood smears.99 Platelet function testing 

was not performed in this study, but in a Multiplate study in healthy dogs and healthy 

dogs receiving clopidogrel, variations of over 20% were seen in blood samples held for 

24 hours. However, there was a significant overlap in results of healthy dogs and those 

receiving clopidogrel after an 8-hour storage time. In this study, samples were anti-

coagulated with hirudin and held at room temperature. Although multiple factors seem 

to affect the results of platelet function testing in dogs, conclusive data is still lacking. 

Most studies have looked at healthy dogs and therefore the contribution of various 

diseases is unknown. Similarly, most studies use aggregometry as the platelet function 

test of choice; these variables have not been tested with other platelet function tests 
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such as PFA and Plateletworks, and few reports have studied the holding of samples 

past 24 hours. 

1.7 Role of Platelet Function Testing in a Clinical Setting  

Variability in platelet function testing and in clopidogrel response are accepted concepts 

in human medicine.55 Clopidogrel non-responsiveness is also well recognized affecting 

up to 30% of the human population.106 Although the measure of non-responsiveness as 

compared to baseline is an acceptable measure of treatment effect, it may not be a 

reliable method to identify at-risk patients given the high variability in baseline response 

to ADP; this could lead to over- or under-estimation of risk.107 On-treatment platelet 

reactivity, or the absolute level of platelet reactivity during treatment, may be a better 

predictor of thrombotic or bleeding risk in patients receiving anti-platelet therapy.55,107  

The risk for adverse cardiac events in human patients undergoing coronary intervention 

with high on-treatment platelet reactivity (HOTPR) has been well established by many 

large observational studies; however, that relationship is not well established for 

patients with ACS being medically managed.55,108 The optimal method to quantify 

platelet reactivity and the cut-off values to define HOTPR have not been fully 

investigated.107 Recently, the concept of a therapeutic window for P2Y12 receptor 

blockade has emerged,55,106,107 and cut-off values have been proposed for some of the 

point-of-care platelet function tests (VerifyNow, VASP-P, Multiplate, TEG-PM) to 

prevent thrombotic events and major bleeding.106  

Although HOTPR is an established independent risk factor for ischemic events in 

people, large, prospective, randomized trials (GRAVITAS109, ARCTIC110, TRIGGER-

PCI111) have failed to demonstrate that tailored anti-platelet therapy based on platelet 

function testing is effective in improving outcome.55,106,107 However, these trials have 

important limitations; all used the VerifyNow assay exclusively and all trials enrolled low-

risk patients with a low negative outcome event rate and therefore were 
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underpowered.106 In the GRAVITAS trial, a high dose (150 mg) vs standard dose 

(75mg) of clopidogrel was evaluated, but the high dose of clopidogrel may not have 

been enough to overcome HOTPR in most patients.106,107 In the ARCTIC trial, patients 

were randomized into 2 groups, one with dose adjustments or drug switch based on 

platelet function monitoring and one using a standard clopidogrel dose with no 

monitoring. The study found little difference in 1-year outcomes between the two 

groups, however, there was a non-uniform distribution in drug adjustment with most 

patients being given a high clopidogrel dose and very few being switched to a more 

potent drug. Additionally, the end-points included deaths from any cause, some of which 

may not have been related to platelet function.55,106 In the TRIGGER-PCI trial, angina 

patients suspected of HOTPR were randomized into a prasugrel group or standard dose 

clopidogrel group, however 30% of patients refused randomization leading to a 

selection bias.55,106 Alternatively, smaller studies have shown a benefit in decreasing 

platelet reactivity below the therapeutic window HOTPR cut-off through different 

treatment strategies.55,106,108 However, despite the results of these small studies, human 

treatment guidelines do not advocate for routine platelet function testing.58,59 

In veterinary medicine, there is a paucity of data reporting the use of clopidogrel and no 

randomized clinical trial exists for any clinical indication. Therefore, the concept of 

HOTPR, although suspected, has not been reported and guidelines for monitoring have 

not been formulated.1,3  

Currently, platelet function testing in veterinary medicine is largely confined to use in 

research and is rarely used in a clinical setting. This is in part due to the cost of the 

equipment and materials and, in certain cases, the technical expertise required. 

Plateletworks offers an attractive point-of-care alternative, however the agonist tubes 

are moderately priced, cannot be purchased on an individual basis, and have a short 

shelf life. Furthermore, there is a lack of information on how to interpret results and 

modify treatment accordingly.  
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Remote platelet function testing may be an alternative, allowing primary clinicians to 

send in their blood samples for testing. To date, this has not been possible because of 

the time limitations of the different available tests. AGGFix may provide this alternative, 

however the effect of storage time and temperature on platelet function is unclear and 

needs to be assessed further.  

1.8 Conclusion 

Variability in the response to clopidogrel is well documented in humans and can be 

influenced by many factors. Although there is little reported evidence of this effect in 

veterinary medicine, it is suspected. The consequences of HOTPR, such as 

thromboembolism, can be fatal and therefore, identifying at-risk patients may 

significantly alter outcome and survival.  

Unfortunately, many platelet function testing systems are costly, and some can be 

technically challenging and therefore these methods are largely limited to academic and 

research facilities. Yet, with the advent of more accessible tests such as Plateletworks, 

anti-platelet therapy monitoring may become more accessible to hospitals and 

clinicians. Additionally, fixative solutions such as AGGFix may permit remote platelet 

function testing by stabilizing platelet aggregates during transport to a testing facility. 

Multiple variables such as storage temperature, time and anticoagulant have been 

shown to alter platelet function and influence testing results. However, most of these 

variables have been tested with aggregometry and their influence is unknown for most 

point-of-care systems and in canine patients receiving anti-platelet therapy. 

Given this paucity of data in veterinary medicine as to the feasibility of delayed platelet 

function testing, this study seeks to:  

(1) Evaluate the platelet aggregate fixative, AGGFix for use with the PW system and 

an optical-based hematology analyzer in healthy and clinical dogs.  
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(2) Evaluate room temperature and refrigerated citrate whole blood for delayed 

testing with the PW system and PFA-200 in healthy and clinically ill dogs.  

The overarching hypothesis of this study is that stored samples will allow for delayed 

platelet function testing in both healthy and clinical dogs. More specifically:  

(1) Citrate whole blood storage will allow for delayed, same-day testing using the 

PW system in healthy and clinical dogs.  

(2) Refrigerated citrate whole blood storage will allow for delayed PW and PFA-200 

testing for up to 48 hours in healthy dogs and up to 24 hours in clinical dogs.  

(3) Same-day spontaneous aggregation in citrate may be considered for clopidogrel 

therapy monitoring in dogs when commercial platelet function assays are not 

available.  

(4) AGGFix will stabilize platelet aggregates using the PW system for multiple days 

allowing for delayed platelet function testing in both healthy and clinical dogs.  

(5) Further, platelet counting with the AGGFix fixative can be done with a standard 

optical-based hematology analyzer.  

1.9 Footnotes  

a. Goodwin J, Hogan D, Green H. The pharmacodynamics of clopidogrel in the dog. J 

Vet Intern Med 2007;21:609.  

b. Orcutt E, Armstrong P, Helmond S, Smith S. Comparison of individually monitored 

unfractionated heparin versus low‐dose aspirin on survival of dogs with immune 

mediated hemolytic anemia. J Vet Intern Med. 2009;23:693 
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2 Extended Sample Storage for Platelet Function Testing in 
Normal Dogs 

2.1 Introduction 

Many disease processes predispose dogs to a hypercoagulable state which, in turn, can 

lead to thrombus formation, a significant cause of morbidity and mortality in veterinary 

medicine.1 In a number of these diseases, hyperactive platelets likely play a role and 

these patients may therefore benefit from antiplatelet therapy. Platelet function testing 

may be used to monitor patients receiving antiplatelet therapy and therefore possibly 

identify patients at risk for adverse outcomes.2  Platelet function tests operate by adding 

whole blood or plasma to a tube containing a platelet agonist, or vice-versa, and then 

assessing platelet response. Different methodologies have been developed as platelets 

have a variety of different functions and use a plethora of different pathways.3  

The Plateletworks (PW) systema is a point-of-care (POC) assay based on the 

measurement of platelet counts before and after exposure to an agonist.3,4 A baseline 

platelet count is obtained using an EDTA-anticoagulated blood sample. A fresh blood 

sample is then immediately added to a special PW tube that contains a lyophilized 

agonist and citrate mixture, and a platelet count is measured within 10 minutes. 

Although the ADVIA 2120i was used in this study, PW does not require a specific 

instrument and can be used with many routine hematology analyzers that measure 

platelet concentration. It also has the advantage of giving information on both platelet 

count and function.5 Its use has been validated in both cats6–8 and dogs.9 

The Platelet Function Analyzer (PFA)b is a POC, bench-top instrument which assesses 

platelet function in fresh citrated whole blood within 4 hours by measuring the time-to-

closure of a small aperture in an agonist-coated membrane, mimicking in vivo, high 

shear conditions.4,10 The first generation of this instrument, PFA-100, has been used for 

over two decades in dogs.11 Recently, the PFA-100 was upgraded to the PFA-200, 

however, the fundamental mechanics have remained unchanged.11 Original cartridges 
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were composed of a membrane coated with collagen combined with either ADP 

(CADP)c or epinephrine (CEPI), but these proved insensitive to certain anti-platelet 

agents such as clopidogrel. The more recent INNOVANCE P2Yd cartridge is more 

sensitive to the effects of clopidogrel on platelet function by using a membrane coated 

with ADP, calcium chloride and PGE-1 (adenylate cyclase activator); PGE-1 is 

antagonized by ADP and therefore its presence in the system helps identify reduced 

ADP effect by clopidogrel.12,13 The use of PFA-200 and P2Y cartridge has been 

reported in dogs9 and in a preliminary report in cats.e 

Although POC testing is a more attractive alternative to more labor-intensive methods 

such as optical aggregometry using platelet-rich plasma, major limitations are still 

present. Specifically, testing needs to be performed on fresh whole blood within minutes 

to a few hours of collection; this is a major impediment to in-clinic testing and restricts 

availability to specialized centers with proper instrumentation, reagent supplies, and 

staff.14,15 Because some platelet function is maintained in canine platelet-rich blood 

products stored in citrate-based anticoagulant-preservative solutions for up to 7 days16, 

it is possible that samples for certain platelet function tests could be stored for several 

hours-to-days to facilitate delayed and remote testing. The objectives of our study were 

to: (1) investigate if such storage would facilitate testing with PW and PFA, which both 

incorporate citrate in the testing protocols and (2) investigate the effect of refrigeration 

and time on the results of these platelet function tests. 

AGGFix by Platelet Solutionsf is a patented solution that fixes platelet aggregates in 

whole blood following exposure to an agonist to allow for remote platelet function testing 

by single platelet counting using flow cytometry. In humans, platelet aggregates were 

stable for up to 9 days but its use in veterinary medicine has not been reported, nor has 

its use with standard hematology analyzers for platelet counting been assessed.14 A 

third objective of our study, therefore, was to investigate if AGGFix could be used with 

the PW system to preserve single and aggregated platelets for delayed testing.   



    

 

 

44 

 

2.2 Materials and Methods  

2.2.1 Animals  

Thirteen healthy Ontario Veterinary College Health Sciences Centre staff-owned dogs 

were used. All dogs were over 25 kg to facilitate the blood sample volume required for 

testing. None of the dogs had received any prior treatments that affect platelet function. 

The health status of the dogs was confirmed by history and physical examination, and 

complete blood count, serum biochemistry profile and coagulation profile (prothrombin 

time, partial thromboplastin time and fibrinogen concentration) performed at the Animal 

Health Laboratory at the University of Guelph. Animal use was approved by the 

University of Guelph Animal Care Committee. 

2.2.2 Blood Collection  

Blood collection was performed in a dedicated clinical facility after a 12-hour fast at 

home. Two blood samples were collected from each dog. Prior to blood collection, the 

hair was clipped over both jugular venipuncture sites and topical lidocaineg cream was 

applied and left to sit for 15 to 20 minutes. The first sample (Venipuncture 1) was 

collected using a 20 Ga Vacutainer seth and vacuum tubes. Blood was collected into 

tubes in the following order: 1 x 4 mL serum tubei, 9 x 1.8 mL 3.2% sodium citrate tubej, 

and 3 x 2 mL EDTA tubesk. Each tube was mixed 4 times by complete inversion 

immediately after filling and then allowed to rest until analysis. The second sample 

(Venipuncture 2) was collected from the opposite jugular vein using a 6 mL syringe and 

20 Ga needle. The needle was removed, and 1 mL of blood was dispensed into 2 x 1 

mL Plateletworks (PW) ADP tubes which do not contain a vacuum, and into 1 x 2 mL 

EDTA tube (Appendix 19). Each tube was mixed 15 times by complete inversion 

immediately after filling as per the manufacturer’s instructions and allowed to rest until 

analysis. Time to the minute of filling the ADP tube was recorded using a cell phone 

timer feature. All venipunctures were graded for quality and stoppage of blood flow 

(Appendix 20); this system was based on a previously described grading scheme.17 A 
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maximum of 30 mL of blood was collected from each dog. Tubes were manually 

transported to the appropriate laboratories for testing. Tubes for same-day testing were 

kept at room temperature, all other samples were immediately refrigerated at 4°C.  

2.2.3 Platelet Function Tests 

Unless otherwise specified, sample mixing prior to analysis was performed by complete 

tube inversion – one inversion including a 180 downward and upward turn. 

Refrigerated samples were passively warmed to room temperature over 15-30 minutes 

prior to analysis; and all assays were performed in duplicate. Platelet counts were 

performed using the same optical-based hematology analyzer, the ADVIA 2120i.l A 

summary of testing days and baseline tests for statistical analyses is available in 

Appendix 21.  

2.2.3.1 Platelet Function Analyzer 200  

Platelet function was assessed using P2Y and CADP cartridges. Cartridges were stored 

at 4°C and passively warmed to room temperature for a minimum of 15 minutes on the 

day of use. The P2Y cartridges were analyzed first, followed by the CADP cartridges to 

maintain consistency. The citrate tube was mixed 10 times before each initial test and 5 

times before duplicate testing. Then, 800 µL was pipetted into the cartridge following the 

manufacturer’s instructions and closure time in seconds (s) was recorded. For results 

that reached “no-closure/sample volume depletion” before reaching a maximum of 300 

s, the number reached was used for statistical analyses. If a flow obstruction (FO) 

occurred, the replicate closure time was retained for statistical analysis; if a FO occurred 

on both replicates, the sample was excluded from statistical analysis. All samples were 

analyzed on the day of presentation (T0) and at 24 (T1) and 48 hours (T2). On the day 

of presentation, all samples were analyzed within 2-4 hours of blood collection. T0 

values were considered baseline data for subsequent analyses. 
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2.2.3.2 Native Plateletworks  

Platelet function was assessed as previously described9 by comparing the platelet count 

in 1 mL whole blood directly added to a PW ADP agonist tube and the platelet count in 

an EDTA-anticoagulated blood tube from the same patient at the same time point. ADP 

and EDTA tubes were mixed 4 times immediately before each measurement. 

To perform the platelet count, the blood was directly aspirated from the PW ADP or 

EDTA tube using the open-tube sampler. The tube was lifted until contact of the 

aspiration tubing was felt at the bottom of the tube and then slightly lowered before 

aspiration. The proximal end of the aspiration tube was observed for non-sufficient 

quantity (NSQ). As soon as aspiration was complete, the time of aspiration to the 

minute was recorded using a cellphone timer feature. The PW ADP agonist tube was 

analyzed within 10 minutes (min) of venipuncture followed by the EDTA tube; these 

steps and analyses were repeated at 30 min. Platelet aggregation (%Agg) was 

calculated using the following equation:  

[(EDTA platelet count – ADP platelet count)/EDTA platelet count] * 100 

Standard blood smears were made from both the PW ADP and EDTA blood after each 

duplicate run. Platelet counts using this method were obtained at T0 and were 

considered baseline data for subsequent analyses for citrate PW and AGGFix. 

2.2.3.3 Citrate Plateletworks  

Citrate Plateletworks (citPW) was performed similarly to standard Plateletworks by 

adding 1 mL citrated whole blood (instead of fresh whole blood) to an ADP agonist tube 

in the laboratory (instead of at POC), and using the same analyzer and methods as 

described in section 2.2.3.2. Specifically, the citrate tube was mixed 10 times and 1000 

µL of citrated blood was aspirated using a precision volumetric pipette. The citrated 

sample was dispensed into the ADP tube which was then rapidly mixed 15 times, and 

the sample aspirated into the hematology analyzer within 15 s (immediate citPW). The 
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original citrated blood sample was mixed again 4 times and then platelet counts were 

obtained to control for spontaneous aggregation (SA). Platelet counts from the EDTA 

tube were then subsequently obtained. The T0 samples were analyzed 3-4 hours after 

venipuncture. Immediate citrate Plateletworks, EDTA platelet counts and citrate platelet 

counts were also analyzed at T1 and T2 after blood samples were held at 4oC. 

To determine the effects of a 30-minute hold period on ADP aggregation using citrate 

whole blood, the platelet count was obtained again from the ADP citPW tubes 30 min 

after the first assay at T0, T1 and T2. Aggregation was calculated with the previously 

mentioned equation, using the EDTA platelet count obtained from the first assay on 

each day of testing. 

2.2.3.4 AGGFix  

Immediately following blood collection, 900 µL of blood was pipetted from one of the PW 

ADP tubes and added to 300 µL of AGGFix solution A in a 2 mL polystyrene Eppendorf 

tubem. The tube was then mixed 10 times to ensure proper mixing. The same protocol 

was repeated with the EDTA blood collected from the second venipuncture. Following 

manufacturer’s instructions, the blood and solution A mixture was allowed to sit for 10-

30 min at room temperature. Following mixing 5 times, 3 aliquots of 100 µL of each 

mixture were added to 3 Eppendorf tubes each containing 900 µL of solution B and 

mixed 10 times (referred to as ADP A/B or EDTA A/B). The remaining EDTA and ADP 

blood mixed with solution A were separated into 2 450 µL aliquots (referred to as ADP A 

or EDTA A). ADP A/B and EDTA A/B aliquots were analyzed at T0, T1 and day 7 (T7); 

ADP A and EDTA A aliquots were analyzed at T0 and T7 (Figure 1.1).  

Platelet counts were performed as described for Plateletworks above. For the first 7 

dogs the AGGFix samples were processed in the same way as fresh samples. It was 

noted, however, that the first platelet count, especially in AGGFix solution A samples, 

was consistently higher than the duplicate platelet count, and the magnitude of 
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difference could not be accounted for by analytic variation. This was initially suspected 

to be due to incomplete re-suspension of the platelet pellet (formed by gravity 

sedimentation during storage), which prompted more vigorous mixing, first by increasing 

the number of inversions, and secondly by introducing swirling of the specimen. In 

addition, a triplicate platelet count was obtained when possible, which resulted in 

nominally the same value as the duplicate count, although there was not always 

sufficient sample to obtain a triplicate count. This prompted collection of a larger sample 

volume. Increased mixing appeared to reduce the discordance between the first platelet 

count and duplicate/triplicate values but did not eliminate it. In further investigating the 

increased platelet count of the first replicate, it was noted on the Start-Up menu of the 

analyzer that the background platelet count in some cases was out-of-range. This 

prompted introduction of a system refresh followed by priming before each platelet 

count. The standardized protocol for the 6 remaining dogs was thus: 

The hematology analyzer was refreshed and primed before each individual replicate. All 

priming was done with equine blood because a high volume was consistently available 

in the laboratory. A system refresh was repeated if any background count was out-of-

range. Tubes were mixed by complete inversion 10-20 times until the platelet pellet was 

visually resuspended; tubes were then mixed by rapid clockwise swirling for 10 seconds 

with a micropipette tip attached to a 5 µL pipette. Immediately after resuspension, 

platelet counts were obtained as previously described.  

All samples were run in triplicate if possible, and the first replicate was excluded from 

analysis. If only a duplicate value could be obtained, this value was the only one 

retained for analysis. The order of sample analysis was EDTA A/B, then ADP A/B 

followed by EDTA A and ADP A if the latter were being analyzed that day. Standard 

blood smears were made after pipetting 5 µL on a slide after each triplicate analysis. 

Platelet aggregation was calculated as described above, using the EDTA A or A/B 

platelet count of each respective solution and day of testing.  
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2.2.4 Statistical Analysis 

All statistical analyses were performed using a standard spreadsheet programn. Data 

was assessed for normality using a Shapiro-Wilk test. Normally distributed data was 

compared to baseline data using a student’s t-test. A Wilcoxon signed-rank test was 

used for non-normally distributed data. A p ≤0.05 was considered significant.  

For each platelet function test, results were divided into different response categories. 

Closure time categories for the PFA-200 were different for each cartridge. Closure times 

for the P2Y cartridge were classified as being <180 s or >180 s. No reference interval 

exists for the P2Y cartridge in veterinary medicine; most normal dogs tested at the OVC 

Hemostasis Laboratory have a closure time of <180 s (Appendix 17) and is the reason 

this classification was chosen. Closure times for the CADP cartridge were divided into 3 

groups: <45 s, 45-109 s and >109 s. The reference interval for the CADP cartridge in 

our laboratory is 45-109 s. Platelet aggregation (%Agg) using PW and AGGFix was 

divided into 4 categories: <0%, 1-20%, 21-69% and >70%. These categories were 

based on responses seen in our laboratory (Appendix 17), where normal dogs have 

responses >70% and most dogs treated with clopidogrel have responses <20%. 

2.3 Results  

2.3.1 Animals  

Fifteen dogs were enrolled, and 13 dogs met the inclusion criteria. One dog was 

excluded due to behavior and 1 dog was diagnosed with leukemic lymphoma. One dog 

(dog 8) had a mild hyperkalemia on his biochemistry profile at the time of inclusion in 

2018 which was thought to be incidental. The dog was healthy at home with no clinical 

signs and was a retired blood donor with no previous health issues and was therefore 

included in the study. At the time of writing, this same dog was undergoing testing for 

possible hypoadrenocorticism following a collapse episode in August 2020 and 

persistent mild hyperkalemia. The 13 dogs included 8 males (3 intact and 5 neutered) 
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and 5 females (all spayed) with a median age of 2.8 years (range 0.1-11.2) and a 

median weight of 30.2 kg (range 25.0-56.2). Breeds included: mixed-breed (6), 

Labrador Retriever (3), and 1 each of Standard Poodle, Golden Retriever, English 

Bulldog and Siberian Husky. Please see appendices 1a, 1b, 2 and 3 for individual 

results of the complete blood count, biochemistry profile and coagulation profile at the 

time of inclusion.  

2.3.2 Blood Collection  

Venipuncture scores were recorded for all occurrences. The median quality score for 

Venipuncture1 was 1 and the median tube filling score was also 1. No occurrences 

were assigned a score of 3. The median quality score and tube filling score for 

Venipuncture2 was also 1. Only 1 occurrence was assigned a score of 2 and no 

occurrences were assigned a score of 3.  

2.3.3 Platelet Function Tests  

Platelet function test results are summarized in Table 2.1. T0 citrate PW and T1 

AGGFix yielded results significantly similar to native PW. Results were significantly 

different at all other time-points. Results of the PFA-200 were also significantly different 

from baseline at all time-points.  

2.3.3.1 Native Plateletworks  

All dogs had EDTA platelet counts within the institution’s reference interval of 117-418 x 

109/L. There was no significant difference in platelet counts between the EDTA samples 

from Venipuncture 1 and Venipuncture 2 (p = 0.43), therefore the former was used for 

baseline aggregation calculations. This was analyzed as Venipuncture 2 blood was 

used for AGGFix testing and Venipuncture 1 blood was used to assess EDTA platelet 

counts throughout the storage experiment. The median % aggregation was 94; 12/13 

dogs had a % aggregation >70, only 1 dog had a result under 70% (between 21-69%).  
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At the T0 30-min testing time, median aggregation was 57%. There was no significant 

difference between baseline EDTA platelet counts and 30-min EDTA platelet counts (p 

= 0.61), therefore baseline platelet counts were used for aggregation calculations as 

baseline values are used for calculations in clinical patients (see Chapter 3). A 

significant difference was found between 30-minute % aggregation and native 10-

minute % aggregation (p = 0.001, Figure 2.2). Five dogs had a % aggregation >70%, 4 

dogs between 21-69%, 2 dogs between 1-20% and 1 dog <0%, indicating a higher 

platelet count in the PW tube as compared to baseline EDTA (Table 2.2).  

2.3.3.2 Citrate Plateletworks  

No significant difference was found between native PW at 10 min and T0 immediate 

citrate PW (p = 0.08). Significant differences were found at T1 and T2 when immediate 

citrate PW was compared to native PW (p = 0.007 at T1 and p=0.003 at T2) (Figure 

2.3). At T0, 12/13 dogs had aggregation responses >70% with only 1 dog with an 

aggregation response between 21-69%. At T1, 1 dog had an aggregation response 

between 1-20%, with all other dogs having an aggregation response between 21-100%. 

Similarly, at T2,11 dogs had aggregation responses >70% and 2 dogs between 21-69% 

(Table 2.2).  

When 30-min citrate PW was compared to immediate citrate PW on each testing day, 

there was a significant difference at all time-points (p=0.005 at T0, P=0.001 at T1 and 

p=0.001 at T2) (Figure 2.4). At T0, 3 dogs did not get 30-min citrate PW data because 

of technical difficulties. Of the 10 remaining dogs, 6 showed an aggregation response 

>70%, 3 between 21-69% and 1 <0%. No dogs showed an increase in aggregation as 

compared to baseline; median aggregation at 30 minutes was 84%. All dogs were 

tested at 30 min at T1 and T2. At T1, median aggregation was 34%; no dogs 

aggregated >70%, 5 dogs aggregated between 21-69%, 2 dogs aggregated between 1-

20% and 6 dogs aggregated <0%. Similar to T0, no dogs showed an increase in 

aggregation as compared to baseline. At T2, median aggregation was 52%; 4 dogs 
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aggregated >70%, 7 dogs aggregated between 21-69%, 2 dogs aggregated between 1-

20% and no dogs aggregated <0%. One dog showed an increase in aggregation when 

compared to immediate citrate PW (Table 2.2).  

Spontaneous aggregation in citrate was first calculated by using T0 EDTA platelet 

counts and T0, T1 and T2 citrate platelet counts (SA1). This showed a median 

aggregation in citrate of 18% at T0, 30% at T1 and 44% at T2. These measurements 

were then compared to native PW % aggregation and found to be significantly different 

at all time-points (p=0.001 at T0, p=0.002 at T1 and p=0.002 at T2) (Figure 2.5).  

Spontaneous aggregation was then measured using T0, T1 and T2 citrate platelet 

counts and EDTA platelet counts on each respective testing day (SA2). Using these 

values, median spontaneous aggregation in citrate at T1 was 31% and 30% at T2; T0 

median spontaneous aggregation was unchanged. These values were then compared 

to immediate citrate PW aggregation of each respective testing day; this showed 

significant differences at all time-points (p=0.001 at T0, p=0.001 at T1 and p=0.003 at 

T2) (Figure 2.6).  

2.3.3.3 AGGFix Solution  

A statistically significant difference was found at T0 and T7 when AGGFix ADP A/B 

aggregation was compared to T0 native PW (p = 0.02 at T0 and 0.04 at T7). No 

statistically significant difference was found at T1 when ADP A/B aggregation was 

compared to T0 native PW (p = 0.21) (Figure 2.7). On each testing day, 12/13 dogs had 

cohesive results with only 1 dog being considered an outlier (Figure 2.7).  

At T0 and T1, all dogs had aggregation >70%. At T7, only 1 dog had an aggregation 

<0%, all others maintained an aggregation >70% (Table 2.3).  
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2.3.3.4 PFA-200  

There was a statistically significant difference from baseline at both T1 and T2 when 

compared to T0 closure times for both P2Y and CADP (p = 0.013 and 0.03 at T1, 

respectively, and p = 0.004 and 0.03 at T2 respectively) (Figure 2.8 and 2.9).  

All dogs had baseline testing performed. At T1, 2 dogs had to be removed from 

analysis. One dog was removed from P2Y analysis because of a FO error on both tests. 

One dog was removed from both P2Y and CADP analyses; a FO error was recorded on 

the first test for each cartridge and duplicate testing could not be performed because of 

clotting in the citrate sample tube. At T2, 1 dog was excluded from analysis for both P2Y 

and CADP cartridges. A FO error was recorded on the first test for each cartridge and 

duplicate testing could not be performed because of clotting in the citrate sample tube. 

Excluded dogs were different at T1 and T2. In total, 4 dogs did not get duplicate testing 

at various time-points; 1 dog did not get any duplicate testing because of a clotted 

citrate sample, 1 dog did not get any duplicate testing except for baseline CADP 

because of clotted citrate sample, and 2 dogs could not get duplicate testing at T2 for 

either cartridge because of clotted citrate samples. 

Please refer to Table 2.4 for further information. Please refer to Appendix 8 for 

individual replicate results.  The following paragraphs summarize no-closure and flow 

obstruction events for each cartridge at each testing time.  

Abnormal events (FO or no-closure [>300 s]) were recorded at all time-points. At T0, no 

FO errors were noted for the P2Y cartridge but 3 no-closure events were recorded, 2 of 

which were in the same dog. In comparison, only 1 no-closure event was noted for the 

CADP cartridge, but 6 FO errors occurred; of these, 5 closed within the reference 

interval on the duplicate test and 1 registered a no-closure event.  

At T1, 5 no-closure events were recorded for the P2Y cartridge, all in different dogs, all 

of which closed normally on the duplicate test. For the same cartridge 3 FO errors were 
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recorded, 2 of these were in the same dog and the other dog did not get duplicate 

testing because of a clotted citrate sample. In contrast, 0 no-closure events were 

recorded for CADP but 4 FO errors were noted. Of these, 1 dog could not get duplicate 

testing and was excluded from analysis, 1 dog closed >109 s on the duplicate test, 1 

dog closed within the reference interval and one closed <45 s on the duplicate test.  

At T2, 7 no-closure events were recorded for the P2Y cartridge in 5 different dogs. One 

dog could not have duplicate testing because of a clotted citrate sample and 2 dogs 

closed normally on the duplicate test. Two FO errors were noted, 1 dog could not have 

duplicate testing and was excluded from analysis and the other dog closed >180 s but 

below 300 s on the duplicate test. For the CADP cartridge, only 1 no-closure event was 

noted, duplicate testing was not possible because of a clotted citrate sample. Two FO 

events were recorded, 1 dog could not have duplicate testing and was excluded from 

analysis and the other dog closed within the reference interval on the duplicate test.  

2.4 Discussion  

The aim of this study was to evaluate different storage methods and their effects on 

platelet function to determine whether delayed or remote platelet function testing can be 

employed in canine blood samples.  

Citrated whole blood held at room temperature for 4 hours and used with the PW 

system yields similar results to PW when used following manufacturer guidelines (i.e. 

dispensing sample into agonist tube immediately after collection and analyzing within 10 

minutes). This is in alignment with a study in humans that showed stable aggregation 

responses up to 4 hours in citrate using impedance aggregometry.18 Therefore, citrate 

whole blood held for 4 hours and used with PW is a reliable substitute to the time-

sensitive native PW and can be easily implemented in a clinical setting. Our study also 

showed that AGGFix solution can stabilize platelet aggregates to allow for reliable next-

day platelet counting using an optical-based hematology analyzer. Significant 
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differences in aggregation responses, compared to native Plateletworks, were found at 

24 and 48 hours when whole blood was stored in citrate and refrigerated - in the 

majority of cases, there was a decrease in aggregation. Similarly, in most cases, 

platelet aggregates showed a decrease in aggregation between day 0 and day 7 when 

stored in AGGFix solution. PFA results were significantly different at all time-points with 

closure times increasing in the vast majority of cases over time when blood was stored 

in citrate and refrigerated. Although statistically different, individual results for all tested 

methods are promising. When using Plateletworks with stored citrated whole blood, the 

large majority of dogs maintained an aggregation response >70%, which is currently 

considered normal in our laboratory (Appendix 17), with only a small number of dogs 

having aggregation responses below this threshold at both T1 and T2. Similarly, platelet 

aggregates stored in AGGFix solution maintained robust aggregation (>70%) at T0 and 

T7, with only 1 dog showing complete disaggregation at T7. This dog also had the 

weakest aggregation responses on all other tests and other testing days and may have 

reflected a collection problem (despite grade 1 venipuncture and fill scores) or an 

inherent mild platelet function defect. A larger data set may have been less influenced 

by this single outlier. The CADP closure times increased over time, however very few 

had closure times >300 s. It appears likely that a different reference interval must be 

generated for each day to account for changes in platelet physiology and responses 

that can occur with different storage conditions and times. This is in contrast with P2Y 

closure times that also showed increases over time but with many dogs having closure 

times >300 s, which could make interpretation, especially in a clinical setting, difficult, 

and could lead to overestimation of anti-platelet drug effect. It has been demonstrated in 

both dogs and humans that the P2Y cartridge is more sensitive to the effects of 

clopidogrel,9,12,13 but it is also possible that it is more sensitive to all changes in platelet 

physiology and is better reserved for fresh testing.  

In addition to measuring % aggregation in native PW within 10 min, % aggregation at 30 

min was measured. This was done because the manufacturer’s data in humans, and 
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previous reports in dogs and cats6,9 suggested that aggregation responses after 10 min 

are weaker and more varied than aggregation responses at 10 min. The 30-min % 

aggregation, in both native and citrate PW, was significantly different from the same-day 

baseline at all time-points, confirming the need to analyze PW within 10 min. This can 

be challenging in a clinical setting and was the reason for investigating storage of blood 

samples. This increased variability in % aggregation after 10 min may reflect inherent 

variability within a species. The 30-min time point was selected based on pilot studies 

examining aggregation responses from 15 to 60 min (data not shown). Percent 

aggregation at 30 min was also measured because preliminary clinical experience using 

PW to monitor dogs receiving clopidogrel revealed a dichotomous distribution of 10-min 

responses, with dogs having % aggregation > 70% prior to clopidogrel therapy, and 

dogs receiving clopidogrel having % aggregation <20%, irrespective of doses from 1-4 

mg/kg or disorder (Appendix 18). Therefore, measuring % aggregation at 30 min has 

the potential to identify graded responses to clopidogrel. Inspection of individual dog 

responses at 30 min in healthy dogs showed variable and unpredictable results over 

time with no pattern, therefore statistical analyses to investigate prediction of 30-min 

responses by 10-min responses and previous days’ responses were not undertaken.  

Samples were stored in citrate because this is the manufacturer’s recommended 

anticoagulant for PFA, citrate is contained in the PW agonist mixture, and citrate tubes 

are commonly stocked in veterinary clinics. However, it is possible that storage of whole 

blood in citrate may have exacerbated attenuation of platelet function leading to the 

observed decreases in PW % aggregation and increases in PFA closure times. Multiple 

studies looking at platelet aggregation have found significantly reduced aggregation 

responses when blood was stored in citrate as compared to other anticoagulants.18–

23Additionally, in one study looking at closure times in the PFA-100, there was a trend 

towards better sensitivity using hirudin as compared to citrate.24 In another study, 

platelet adhesion was lower in citrated whole blood as compared to native samples.25 

The binding of calcium in citrated samples is thought to blunt platelet activation 
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pathways. Citrate may also decrease the secretion of factors necessary for amplification 

of the aggregation response.18,19 Multiple studies demonstrated that citrate-stored blood 

had higher levels of platelet activation as measured by P-selectin and Annexin V 

binding, as well as an observed increase in spontaneous microaggregate formation.26–28 

The increase in spontaneous aggregation seen over time in this study is in accord with 

these previous findings. The reason why platelets are more easily activated in citrate is 

not completely understood. Perhaps it is because in vivo modulators of hemostasis are 

absent leading to more easily activated platelets and the secretion of agonists by the 

platelets themselves. In turn, this could lead to platelet exhaustion attenuating further 

responses to ADP and leading to ADP receptor down-regulation.18,23 It is possible that 

an initial increase in platelet activation facilitated T0 citrate PW responses, which were 

the same as native PW responses, but then gradual platelet exhaustion attenuated T1 

and T2 responses. Spontaneous aggregation was measured in citrated blood to help 

determine its contribution to aggregation responses seen in PW when citrated blood 

was used. In most dogs at most time points, response to ADP resulted in higher % 

aggregation than with spontaneous aggregation alone which makes sense as ADP is a 

stronger platelet agonist. However, spontaneous aggregation, in some cases robust, 

was present in all dogs and may have the potential for an inexpensive readily available 

platelet function test.     

Citrated samples for T0 testing were held at room temperature, while samples for T1 

and T2 testing were refrigerated. The effects of storage temperature and time may have 

contributed to blunted platelet function. Cold-storage of whole blood decreased human 

platelet aggregation response similar to citrate by inducing platelet activation and 

formation of micro-aggregates which can lead to platelet exhaustion and reduced 

response over time, after initial enhancement of hemostatic effect.28–31 Storage time 

also appeared to have a similar effect on human platelet aggregation responses. One 

study looking at the effect of storage time on PFA-100 closure times found that they 

were prolonged after 24 hours at room temperature.32,33 Another study found that PFA-
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100 CADP closure times were unreliable after 24 hours of storage regardless of the 

anticoagulant used.19 Finally, the use of whole blood may also increase platelet 

activation as red blood cells and other plasma components contribute to platelet 

activation and aggregation in vivo.34,35 These findings could explain the decreased 

aggregation response and increased closure times over time in this study.  

Although the findings of this study are consistent with the findings of previous storage 

studies, the majority of those used optical aggregometry with PRP or whole blood 

impedance aggregometry to measure aggregation. To the authors’ knowledge, the 

effects of these storage variables on PW have not been previously assessed. 

Additionally, no studies have examined the effects of storage variables on canine 

platelets being held in AGGFix solution. The use of AGGFix to stabilize platelet 

aggregates for flow cytometry has been stated in humans to preserve aggregates for up 

to 9 days14. Dog platelet physiology may differ from that of humans with respect to 

aggregate stability, and this may partially explain why T7 results were different from 

baseline. Furthermore, the use of AGGFix to stabilize PW-induced platelet aggregates 

for platelet counting using an optical-based hematology analyzer has not reported; the 

combination of these two systems and their effect on platelet physiology is unknown. 

The compositions of AGGFix solutions A and B, and agonist concentrations in PW are 

proprietary, therefore their effects on platelet physiology and function and impact on the 

results of this study cannot be deduced.  

As previously mentioned, AGGFix is intended to be used for flow cytometric single 

platelet counting. In our overarching effort to have platelet function tests that are widely 

available, we elected to count platelets using an optical hematology analyzer. Addition 

of AGGFix solution A results in a 1:3 dilution, and this mixture is further diluted 1:9 with 

AGGFix solution B. This resulted in platelet counts of 2 – 27 x 109/L from EDTA 

samples and 1 – 3 x 109/L from ADP-stimulated samples (See Appendix 7). The ADVIA 

2120i has great accuracy and precision in platelet counting in thrombocytopenic human 
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patients,36 although one study found that it did have a tendency to overestimate platelet 

counts at lower thresholds.37 Given the low platelet counts of the A/B samples, it is 

possible that these were overestimated, especially in the ADP-stimulated samples, 

leading to falsely lowered % aggregation affecting statistical significance when 

compared to native PW % aggregation. 

This study has several limitations. The storage of whole blood and platelet function 

testing do not perfectly replicate in vivo conditions and the results of these tests may not 

be identical to in vivo responses, an acknowledged problem with in vitro platelet function 

testing in general. Most animals for which platelet function is recommended have 

concurrent illnesses and are receiving other drugs and, in many cases, anti-platelet 

therapy. Results in healthy dogs may not apply to clinical cases in which other variables 

may influence platelet function. Additional samples to investigate various storage 

temperatures and anticoagulant choices could not be included because of the excessive 

volume of blood that would have been required, however, would have helped to better 

understand the effect of each variable on platelet function results. Additionally, a platelet 

function reference method such as impedance or light-transmission aggregometry was 

not performed. Finally, this study included a small number of dogs which may have 

been underpowered for some effects. It is also known that there is a high degree of 

biologic variability in platelet function testing in dogs.38 It is possible that testing a larger 

number of dogs may have led to differing results to baseline testing which cannot be 

predicted. 

Storing blood samples in citrate permitted delayed platelet function testing using the PW 

system. Despite attenuation of platelet function during storage, platelet function was 

sufficiently retained to warrant further investigation for implementation for clinical use.  

2.5 Footnotes 

a. Helena Laboratories, Beaumont, Texas, United States 
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b. Siemens Healthineers, Erlangen, Germany 

c. Dade PFA Collagen/ADP Test Cartridge, Siemens Healthcare Diagnostics Products 

GmbH, Marburg, Germany  

d. INNOVANCE PFA P2Y, Siemens Healthcare Diagnostics Products GmbH, Marburg, 

Germany  

e. Abrams-Ogg A, O’Sullivan L, Fonfara S, Raheb S, Saati S, Ho K, Blois S, Wood RD. 

Evaluating clopidogrel effect in cats using Plateletworks (arachidonic acid) and Platelet 

Function Analyzer 200 (P2Y). J Vet Intern Med. 2017;31(4):1247.  

f. Platelet Solutions Ltd, Nottingham, United Kingdom 

g. Maxilene, RGR Pharma, Lasalle, Ontario, Canada  

h. Vacuette system, Greiner Bio-One GmbH, Kremsmunster, Austria 

i. BD Vacutainer serum tube, Mississauga, Ontario, Canada  

j. BD Vacutainer citrate tubes with 3.2% buffered sodium citrate, Mississauga, Ontario, 

Canada 

k. BD Vacutainer K2EDTA tube, Mississauga, Ontario, Canada  

l. ADVIA 2120i, Siemens Healthineers, Erlangen, Germany 

m. SafeSeal microtube 2 mL, Sarstedt, Numbrecht, Germany 

n. Excel, Version 1908, Microsoft Corporation, Washington, United States 
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2.7 Figures and Tables 

Figure 2.1– AGGFix dilution protocol  
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For all Box and Whisker plots the top and bottom of the whiskers represent the 
maximum and minimum value of the sample respectively, the top and bottom of the box 
represent the 75th and 25th percentile of the sample respectively, the line through the 
box represents the median of the sample and “x” markers represent the mean of the 
sample. The colored circles represent outliers. Black lines at the top of the graph 
represent statistically significant differences in that data set; a p<0.05 was considered 
significant.  

 

Figure 2.2 – Native Plateletworks (PW) at 10 and 30 minutes. Results are expressed as 
% Aggregation.  
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Figure 2.3 – Plateletworks (PW) using citrate blood storage at all time-points. Results 
are expressed as % Aggregation.  

 

 

Figure 2.4 – Plateletworks (PW) and citrate blood storage at 30 minutes at all time-
points. Results are expressed as % Aggregation.  
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Figure 2.5 – Spontaneous aggregation in citrate (SA) and native Plateletworks (PW) at 
all time-points. Results are expressed as % Aggregation.  

 

 

Figure 2.6 – Spontaneous aggregation in citrate (SA) and Plateletworks with citrate 
blood storage at all time-points. Results are expressed as % Aggregation.  
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Figure 2.7 – Plateletworks (PW) using AGGFix solution storage at all time-points. 
Results are expressed as % Aggregation.  

 

 

Figure 2.8 – PFA -200 using the P2Y cartridge and citrate blood storage. Results are 
expressed as closure time in seconds.  
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Figure 2.9 – PFA-200 using the Col/ADP (CADP) cartridge and citrate blood storage. 
Results are expressed as closure times in seconds.  
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Table 2.1 – Results at all time-points for all platelet function tests in 13 healthy dogs. Results shown are median (range) 
and are expressed in % Aggregation (PW, citPW and AGGFix) and seconds (PFA). The p values after T1, T2 and T7 refer 
to the differences between results for each platelet function test at T0 and T1, T2 or T7.  

 T0 p value T1 p value T2  p value T7  p value 

PW 
94 

(55-98) 
       

PW 
30 mins 

57 
(-17-98) 

0.001* - - - - - - 

citPW 
94 

(52-96) 
0.08† 

85 
(20-97) 

0.007 
79 

(47-95) 
0.003 - - 

citPW 
30 mins 

84 
(-11-93) 

0.005‡ 
34 

(-23-90) 
0.001 

52 
(1-84) 

0.001 - - 

SA1 
18 

(-41-39) 
0.001§ 

30 
(-38-93) 

0.002 
44 

(-11-86) 
0.002 - - 

SA2 
18 

(-41-39) 
0.001ǁ 

31 
(-65-93) 

0.001 
30 

(-42-86) 
0.003 - - 

PFA 
P2Y 

 
 

CADP 

 
 

55 
(36-300) 

 
62 

(45.5-300) 

 
- 
 
 
- 

 
 

196.5 
(55-230) 

 
66.3 

(37-229) 

 
 

0.013 
 
 

0.03 

 
 

181 
(58-300) 

 
109.3 

(74-300) 

 
 

0.004 
 
 

0.03 

- - 

AGGFix 
92 

(73-96) 
0.02¶ 

95 
(71-100) 

0.21 - - 
88 

(0-94) 
0.04 

PW, Plateletworks; citPW, citrate Plateletworks; SA, spontaneous aggregation; PFA, Platelet Function Analyzer 200; P2Y, P2Y cartridge; CADP, 
collagen/adenosine diphosphate cartridge; T0, baseline; T1, 24 hours; T2, 48 hours.  
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* p value for difference between % Aggregation in fresh whole blood samples analyzed at 10 min after dispensing sample 
into agonist tube and at 30 min after dispensing sample into agonist tube.  

† p value for difference between % Aggregation in fresh whole blood samples analyzed at 10 min after dispensing sample 
into agonist tube and in citrated whole blood samples analyzed immediately after dispensing sample into agonist tube. 

‡ p value for difference between % Aggregation in citrated whole blood samples analyzed immediately after dispensing 
sample into agonist tube and 30 min after dispensing sample into agonist tube. 

§ p value for difference between % Aggregation in fresh whole blood analyzed 10 minutes after dispensing sample into 
agonist tube and % aggregation in citrate whole blood.   

ǁ p value for difference between % Aggregation in citrate d whole blood analyzed immediately after dispensing sample 
into agonist tube and % Aggregation in citrate whole blood.  

¶ p value for difference between % Aggregation in fresh whole blood samples analyzed at 10 min after dispensing sample 
into agonist tube and % Aggregation as determined using AGGFix. 
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Table 2.2 – Results of baseline Plateletworks, citrate Plateletworks and spontaneous aggregation in 13 healthy dogs. 
Results are expressed as total number of dogs in each % aggregation category at all time-points.  

 T0     T1     T2     

 <0% 1-
20% 

21-
69% 

>70% Total <0% 1-
20% 

21-
69% 

>70% Total <0% 1-
20% 

21-
69% 

>70% Total 

PW 0 0 1 12 13 - - - - - - - - - - 

PW 
(30 mins) 

2 2 4 5 13 - - - - - - - - - - 

citPW 0 0 1 12 13 0 1 2 10 13 0 0 2 11 13 

citPW 
(30 mins) 

1 0 3 6 13 6 2 5 0 13 0 2 7 4 13 

SA1 2 6 5 0 13 2 0 10 1 13 1 2 7 3 13 

SA2 2 6 5 0 13 4 1 7 1 13 1 4 5 3 13 

PW, Plateletworks; citPW, citrate Plateletworks; SA, spontaneous aggregation; T0, baseline; T1, 24 hours; T2, 48 hours.  
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Table 2.3 – Results for AGGFix in 13 healthy dogs. Results are expressed as total number of dogs in each % aggregation 
category at all time-points.  

 T0     T1      T7     

 <0% 1-
20% 

21-
69% 

>70% Total <0% 1-
20% 

21-
69% 

>70% Total <0% 1-
20% 

21-
69% 

>70% Total 

AGGFix 0 0 0 13 13 0 0 0 13 13 1 0 0 12 13 

T0, baseline; T1, 24 hours; T7, day 7.  

 

Table 2.4 – Results for PFA-200 in 13 healthy dogs. Results are expressed as total number of dogs in each closure time 
category. Closure times are expressed in seconds.  

 T0    T1    T2    

 <180 >180  Total <180 >180  Total <180 >180  Total 
P2Y 12 1  13 5 6  11 6 6  12 

 <45 45-109 >109 Total <45 45-109 >109 Total <45 45-109 >109 Total 

CADP 0 12 1 13 1 7 4 12 0 6 6 12 

P2Y, P2Y cartridge; CADP, collagen/adenosine diphosphate cartridge; T0, baseline; T1, 24 hours; T2, 48 hours.  
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3 Extended Sample Storage for Platelet Function Testing in 
Clinically Ill Dogs  

3.1  Introduction 

Thromboembolic complications have been described in numerous diseases in 

veterinary medicine and hyperactive platelets may play a significant role in a number of 

these conditions.1 The growing awareness of the key role of hyperactive platelets in 

these common disease states has led to a growing need to identify and treat patients at 

risk along with those already suffering from thromboembolic complications.1 

There are relatively few clinical trials evaluating the use of anti-platelet therapy in 

veterinary medicine. Therefore, treatment decisions are largely empirical and clinician-

dependent.1,2 However, a recent consensus statement recommended the use of 

clopidogrel over aspirin in dogs and cats at risk for arterial thromboembolism (ATE).2 

Clopidogrel irreversibly antagonizes the P2Y12 ADP receptor on platelets thereby 

preventing the formation of a stable clot.3  

There is significant response variability to clopidogrel in humans.4 High on-treatment 

platelet reactivity (HOTPR), more commonly referred to as “resistance”, is estimated in 

4-30% of the population.4 The variability is likely multifactorial and may be 

pharmacokinetic and/or pharmacodynamic in origin. Both genetic, non-genetic and 

drug-drug interactions have been identified as potential causes of this variability.4,5 

There is scant literature on clopidogrel HOTPR in veterinary medicine. It has been 

recognized in both horses and cats, but the underlying mechanisms were not 

determined for all cases.5–8 Variability in clopidogrel response is suspected in dogs but 

has not been described in the scientific literature.  

High on-treatment platelet reactivity is an established independent risk factor for 

ischemic events in people and a focus of research for tailored anti-platelet therapy.9–13 
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In veterinary medicine, although HOTPR is suspected, guidelines for monitoring and 

therapy adjustment have not been formulated.1,14  

In veterinary medicine, platelet function testing is utilized mostly in a research setting 

and rarely in a clinical setting. Cost of equipment and supplies as well as the need for 

technical expertise with some tests may play a role; however, more importantly, there is 

a lack of information on how to interpret results and modify treatments based on these 

results.14,15 Although certain point-of-care (POC) testing systems may be a more 

convenient alternative, these systems have other major limitations. With many systems, 

such as with Plateletworks (PW)a and the Platelet Function Analyzer (PFA)b, time is the 

major constraint. Blood samples need to be analyzed within minutes to a few hours after 

venipuncture making these latter two tests less practical in a busy clinical setting.16,17 

The PW system is a POC assay based on the measurement of platelet counts before 

and after exposure to an agonist. Results are compared to a baseline platelet count 

obtained using an EDTA-anticoagulated sample.18,19 The PFA is a POC, bench-top 

instrument that uses fresh citrated whole blood to measure the time-to-closure of a 

small aperture in an agonist-coated membrane, mimicking high-shear conditions.19,20 If 

remote or delayed platelet function testing were available, then the time limitations of 

these two systems could be circumvented. Samples could be held and tested at a later 

time or sent to an outside laboratory for remote testing making it more convenient for 

clinicians and the use of platelet function testing could become more widespread.  

However, before the utility of these platelet function assays can be investigated, the 

effects of storage time and temperature on platelet function needs to be further 

investigated. AGGFixc by Platelet Solutions is a patented solution that fixes platelet 

aggregates in whole blood following exposure to an agonist and allows for platelet 

function testing by counting the number of non-aggregated single platelets. In humans, 

platelet aggregates were stable for up to 9 days.16 In a previous study, AGGFix was 

used in conjunction with the PW system in healthy dogs and successfully held 
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aggregates for 24-hour testing. This same study also showed that the use of citrated 

whole blood held at room temperature for 4 hours and used with the PW system yielded 

similar results to PW used according to the manufacturer’s guidelines. A decrease in 

aggregation was noted at 24 and 48 hours, although samples still had substantial 

aggregation. Similarly, closure times using the PFA system increased over time with 

storage, but most samples had measurable closure times. These results suggested 

stored samples had potential clinical application.d  

Storage for delayed or remote testing has not been studied in canine patients receiving 

anti-platelet medication with co-morbidities, which could affect platelet function. 

Although small changes in responses may not be significant in healthy dogs, they could 

significantly alter interpretation and treatment decisions in clinical cases and make 

monitoring more challenging.  

The goals of this study were to: (1) observe the effect of different storage methods and 

time on the results of PFA-200 and PW, and (2) to evaluate the platelet fixative AGGFix 

for use with the PW system, to permit delayed and/or remote platelet function testing in 

clinically ill dogs.  

3.2 Materials and Methods  

3.2.1 Study Design 

Canine patients at the OVC HSC were enrolled from October 2018 to September 2020. 

Inclusion criteria included active, planned, or potential clopidogrel therapy, or patients 

with suspected bleeding disorders, and informed consent. Treatment decisions were 

made by the attending clinician and were not dictated by the study; this included 

prescription of initial treatment, modification and/or duration of treatment. Patients were 

assigned to 1 or more of 4 storage groups: PW with citrate blood storage (citrate PW) 

T0 (day 0) and/or T1 (24 hours), T0 citrate aggregation (spontaneous aggregation), 

PFA-200 with citrate blood storage or AGGFix (Appendix 22). Allocation was not 
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randomized. The choice of storage group(s) was based on the size of the patient, the 

underlying condition and co-morbidities, and the availability of the platelet function test 

such that in certain cases, one patient could be included in more than one storage 

group at one visit and be included in a different storage group at subsequent visits. 

Samples for platelet function testing were collected at the time of a regularly scheduled 

appointment or during hospitalization and obtained at the time of a blood sample for 

standard patient care such that additional appointments and venipuncture were not 

required. 

Blood samples were collected by atraumatic jugular venipuncture using a 6-12 mL 

syringe and 20 Ga or 22 Ga needle depending on intended sample volume for storage 

and other tests being performed as part of standard patient care. The needle was 

removed, and the blood sample was dispensed into the collecting tubes without using a 

vacuum in the following order: PW ADP (1 or 2 tubes of 1 mL), EDTA tube (0.5-2 mL), 

3.2% sodium citrate tube (1-1.8 mL), and lastly a 2 mL clot tube. The PW, EDTA and 

citrate tubes were immediately mixed by 15 complete inversions. Time to the minute of 

filling of the PW ADP tubes was recorded using a cell phone timer feature. Tubes for 

same-day testing were kept at room temperature; all other samples were immediately 

refrigerated at 4°C. Refrigerated samples were passively warmed for 15-30 minutes 

prior to testing. Unless otherwise specified, assays were performed in duplicate.  

3.2.2 Platelet Function Analyzer-200 

Platelet function was assessed using the P2Ye and/or Collagen/ADP (CADP)f 

cartridges. Cartridges were stored at 4°C and allowed to warm at room temperature for 

a minimum of 15 minutes (min) on the day of use. If both cartridges were being 

analyzed, the P2Y cartridge was analyzed first, followed by the CADP cartridge to 

maintain consistency. The citrate tube was mixed 10 times before each initial test and 5 

times before duplicate testing. Duplicate testing was performed if a flow obstruction 

(FO) occurred and there was sufficient sample remaining. For each assay, 800 µL of 
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citrated whole blood was pipetted into the cartridge following the manufacturer’s 

instructions and closure time in seconds (s) was recorded. For closure time results that 

reached “no-closure/sample volume depletion” before reaching the maximum of 300 s, 

the absolute number reached was used for statistical analysis. If a FO occurred and a 

duplicate was performed, the replicate closure time was retained for analysis. If a FO 

occurred on both replicates, the closure time was excluded from statistical analysis. 

Most samples were tested at T0 and all samples were analyzed at T1. T0 values were 

considered baseline data; when baseline testing was not performed, that testing 

instance was excluded from statistical analysis. Each testing instance is referred to as 

“dog” in the results section. 

3.2.3 Native Plateletworks  

Platelet function was assessed as previously described44 by comparing the platelet 

count in approximately 1 mL of whole blood directly added to the PW ADP agonist tube 

(to reach the fill line) and the platelet count in and EDTA blood tube from the same 

patient collected at the same time point. ADP and EDTA tubes were mixed 4 times 

immediately before each replicate was assayed.  

Platelet counts were measured using the ADVIA 2120i optical-based hematology 

analyzerg. To perform the platelet count, the blood was directly aspirated from the ADP 

and EDTA tube using the open tube sampler. The tube was lifted until contact of the 

aspiration tubing was felt at the bottom of the tube and then the tube was slightly 

lowered before aspiration. The proximal end of the aspiration tube was observed for 

non-sufficient quantity (NSQ). As soon as aspiration was complete, the time of 

aspiration to the minute was recorded using a cell phone timer feature. The ADP 

agonist tube was manually transported to the laboratory and analyzed within 10 min of 

venipuncture followed by analysis of the EDTA tube. If time permitted, these steps for 

the ADP agonist tube were repeated at 30 min after venipuncture to determine the 
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effects of a 30-min incubation on platelet aggregation. Platelet aggregation (%Agg) was 

calculated using the following equation:  

[(EDTA platelet count – ADP platelet count)/EDTA platelet count] * 100 

Platelet counts using this method were obtained on T0 and were considered baseline 

data for comparison to T0 and T1 citrate PW, citrate spontaneous aggregation, and 

AGGFix.  

3.2.4 Citrate Plateletworks  

PW with citrate blood storage was performed similarly to standard PW with the addition 

of 1 mL of citrated whole blood, instead of fresh whole blood, to an ADP agonist tube, 

and using the same analyzer and methods as described above. Specifically, the citrate 

tube was carried to the laboratory, mixed 10 times and then approximately 1 mL of 

blood was aspirated using a transfer pipette. The specimen was dispensed into the ADP 

tube to reach the fill line, which was then rapidly mixed by inversion 15 times, and the 

sample aspirated into the hematology analyzer within 15 s. The duplicate assay was 

performed within 30-60 s of the first assay. 

To determine the effects of time on platelet function measured by PW, citrated samples 

were analyzed within 3-4 hours of venipuncture at T0 and/or T1. If time permitted, these 

counts were repeated at 30 min of incubation on both testing days. 

3.2.5 Citrate Aggregation (Spontaneous Aggregation) 

A CBC using citrated whole blood instead of EDTA-anticoagulated blood was performed 

using the same method and hematology analyzer as described above, 3-4 hours after 

venipuncture. Spontaneous aggregation % in citrate whole blood as compared to a T0 

EDTA CBC was calculated using the same equation as previously described. This test 

was performed at T0 and/or T1. 
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T0 citrate spontaneous aggregation was compared to T0 PW, and spontaneous 

aggregation in cases receiving and not receiving clopidogrel at T0 were also compared. 

The T1 spontaneous aggregation measurements were used to calculate median 

spontaneous aggregation for that day.  

3.2.6 AGGFix 

Immediately following blood collection, using a precision pipette, 900 µL of blood was 

pipetted from a PW ADP tube and added to 300 µL of AGGFix solution in a 2 mL 

polystyrene Eppendorf tubeh. The tube was then inverted 10 times to ensure proper 

mixing. The same steps were repeated with EDTA-anticoagulated blood. Following the 

manufacturer’s instructions, the blood samples and solution A mixtures were allowed to 

sit for 10-30 min at room temperature. Following gentle mixing 5 times, 3 aliquots of 100 

µL of each mixture was added to 3 Eppendorf tubes each containing 900 µL of solution 

B and mixed 10 times (referred to as ADP A/B and EDTA A/B). The remaining EDTA 

and ADP blood samples mixed with solution A were also preserved. ADP A/B and 

EDTA A/B aliquots were analyzed at T0, between day 1 and day 3 (T1-3) and between 

day 4 and day 11 after venipuncture (T4-11). The ADP A and EDTA A aliquots were 

analyzed at T0 (Figure 3.1).  

Platelet counts were performed in triplicate using the hematology analyzer as described 

for PW above. The hematology analyzer was refreshed and primed before each 

individual set of replicates. All priming was done with equine blood because a high 

volume was consistently available in the laboratory. A system refresh was also repeated 

if any background platelet count was out-of-range. Tubes were mixed by complete 

inversion 10-20 times until the platelet pellet was visually confirmed as resuspended. 

Tubes were then mixed by rapid clockwise swirling for 10 s with a micropipette tip 

attached to a 5 µL pipette. Immediately after resuspension, platelet counts were 

obtained as previously described. Platelets were re-mixed by swirling for 10 s before 

each replicate. 
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The order of sample analysis was EDTA A/B, ADP A/B followed by EDTA A and ADP A, 

if the latter were being analyzed on that day. Platelet aggregation was calculated as 

described above, using the EDTA platelet count of each respective solution. Predicted 

platelet counts on T0 in ADP A and A/B solutions were also calculated. Predicted ADP 

platelet counts in A solution were calculated by multiplying the PW ADP platelet count 

by 0.75. Predicted ADP platelet counts in A/B solution were calculated in 2 different 

ways: by multiplying the ADP A solution platelet count by 0.1 and by multiplying the PW 

ADP platelet count by 0.075. 

3.2.7 Statistical Analysis  

All statistical analyses were performed using statistical softwarei. Data was assessed for 

normality using a Shapiro-Wilk test. Normally distributed data were compared to 

baseline using a paired t-test. Non-normally distributed data were analyzed using a 

Wilcoxon rank sum test or a Mann-Whitney U test. Statistical analysis was performed 

for all cases within a storage group and further divided between cases not receiving 

clopidogrel and those receiving clopidogrel at the time of testing within that storage 

group. A p ≤0.05 was considered significant.  

For each platelet function test, results were divided into different response categories. 

Closure time categories for the PFA-200 were different for each cartridge. For the P2Y 

cartridge, closure times were classified as being <180 s or >180 s. No reference interval 

exists for the P2Y cartridge in veterinary medicine; most normal dogs tested at the OVC 

Hemostasis laboratory have a closure time of <180 s (Appendix 17) and is the reason 

this classification was chosen. Closure times for the CADP cartridge were divided into 3 

groups: <45 s, 45-109 s, >109 s. The reference interval for the CADP cartridge in our 

laboratory is 45-109 s. Platelet aggregation using PW, AGGFix and citrate storage was 

divided in 4 categories, <0%, 1-20%, 21-69% and >70%. These categories were based 

on responses seen in our laboratory (Appendix 17), where normal dogs have responses 

>70% and most dogs treated with clopidogrel have responses < 20%. Analyses were 
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performed on all cases for each storage category and further repeated by dividing cases 

into those receiving clopidogrel and those not receiving clopidogrel, which included 

diagnostic testing for bleeding disorders, pre-treatment testing and withdrawal testing. 

3.3 Results 

3.3.1 Animals  

One hundred and three canine patients were enrolled into the study with a total of 236 

tests across each testing category. The study population included 50 females (46 

spayed and 4 intact) and 53 males (49 neutered and 4 intact). The median age and 

weight at the time of first enrollment was 8.9 years (range 0.7-16.3) and 20 kg (range 

2.8-67.3), respectively. Ninety-two (92) canine patients were enrolled for purposes of 

monitoring clopidogrel therapy, and 11 were enrolled when platelet function testing was 

used in the work-up of a suspected bleeding disorder.  

3.3.2 Platelet Function Tests  

3.3.2.1 AGGFix 

There was a total of 18 dogs tested. Of these, 1 did not have T0 testing, 2 did not have 

T1-3 testing and 1 did not have T4-11 testing.  

Of these 18 dogs, 6 were not receiving clopidogrel at the time of testing. In these dogs, 

testing was performed at all time points (T0, T1-3, T4-11) and showed no significant 

differences as compared to baseline T0 native PW at all time-points (p=0.6250, 

p=0.8750 and p=0.4375 respectively) (Figure 3.3, Table 3.1). Only 1 result was < 70% 

Agg and represented baseline fresh PW results. All other aggregation responses were 

>70% (Table 3.2).  

Twelve of 18 dogs were receiving clopidogrel at the time of testing. Of these, 11 dogs 

had T0 testing, 10 dogs had T1-3 testing and 11 dogs had T4-11 testing. A statistically 

significant difference was found at all time-points when compared to T0 native PW 
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(p=0.0010, p=0.0020, p=0.0010 respectively) (Figure 3.4, Table 3.1). In this group of 

dogs, T0 native PW aggregation was largely <20% with 2 dogs having <0% and 8 dogs 

having between 1-20%; one dog was found in each of the 21-69% and >70% 

categories. In contrast, at T0, AGGFix aggregation responses were largely >20% with 4 

dogs between 21-69% and 6 dogs >70%. At T1-3 and T4-11, there were 3 and 4 dogs 

in the 21-69% category, respectively, and 7 and 7 dogs in the >70% category 

respectively. One dog did not have T0 testing or T1-3 testing performed; the T4-11 

aggregation response for this case was 62% in comparison to T0 native PW that was -

8% (Table 3.2).  

When comparing platelet counts in both the A/B and A solutions, actual platelet counts 

were numerically lower than predicted platelet counts, and this finding seemed more 

pronounced in the clopidogrel group (Table 3.3). 

3.3.2.2 Plateletworks With Citrate Blood Storage (citrate PW) 

3.3.2.2.1 T0 

There were 49 dogs in the T0 citrate PW group; 18 were excluded from statistical 

analysis because baseline PW testing was not performed. A significant difference was 

noted (p<0.0001) when citrate PW was compared to T0 native PW (Figure 3.5, Table 

3.4).  

Of the 49 dogs, 18 were not receiving clopidogrel at the time of testing. Eight (8) of 

these were excluded from statistical analysis due to absence of T0 native PW testing. A 

significant difference was noted (p=0.0273) for these dogs when compared to T0 native 

PW (Figure 3.6, Table 3.4). None of these dogs showed T0 native PW aggregation 

responses <0%, 5 were <70% (2 between 1-20% and 3 between 21 to 69%), 5 had 

aggregation responses >70% (Table 3.5). In contrast citrate PW aggregation responses 

were all between 21-100% with 5 dogs between 21-69% and 13 were >70% (Table 3.5). 
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As compared to T0 native PW, most showed higher or stable aggregation responses in 

citrate PW except for 2 dogs that showed a very slight decrease.  

Thirty-one (31) of the 49 dogs were receiving clopidogrel at the time of testing; 10 were 

excluded from statistical analysis due to absence of T0 native PW testing. A significant 

difference (p=0.0002) was noted when these dogs were compared to T0 native PW 

(Figure 3.7, Table 3.4). Most of the dogs in this group showed T0 native PW 

aggregation responses <20% (7 were <0% and 13 between 1-20%), with only 1 dog 

having an aggregation response between 21-69% and none were >70% (Table .5). As 

compared to T0 native PW, all except 1 dog had increased aggregation responses 

when citrated whole blood was used (Table 3.5).  

Of the dogs that underwent T0 native PW testing, 27 had a 30-min measurement 

performed. These results showed no significant difference when compared to native 10-

min measurements (p=0.1985) when all dogs were analyzed (Figure 3.8, Table 3.4).  

Ten (10) of these dogs were not receiving clopidogrel at the time of testing. In this 

group, there was a significant difference (p=0.0051) when compared to native PW. All of 

these dogs showed a decrease in aggregation responses at 30 min (Figure 3.9, Tables 

3.4 and 3.5).  

Seventeen (17) dogs were receiving clopidogrel at the time of testing. In this group, 

there was also a significant difference when compared to native PW (p=0.0353). In this 

group, 14 dogs saw a stable or increased aggregation response at 30 minutes except 

for 3 cases that showed a decrease (Figure 3.10, Tables 3.4 and 3.5).  

Of the 49 dogs that had a citrate PW performed, 35 dogs had a 30-min citrate PW 

performed. These results showed a significant difference when compared to T0 citrate 

PW (p=0.0001) when all dogs were analyzed (Figure 3.11, Tables 3.4 and 3.5).  
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Fifteen (15) of these dogs were not receiving clopidogrel at the time of testing. In this 

group, there was also a significant difference (p=0.0001) when compared to T0 citrate 

PW. All of these dogs showed a decrease in aggregation responses at 30 min (Figure 

3.12, Tables 3.4 and 3.5).  

Twenty (20) of the dogs were receiving clopidogrel at the time of testing. In this group, 

there was no significant difference when compared to T0 citrate PW (p=0.2024). Eight 

(8) dogs showed an increase in aggregation response whereas 12 showed a decrease 

(Figure 3.13, Tables 3.4 and 3.5).  

3.3.2.2.2 T1  

There were 19 dogs in the T1 citrate PW group. Eleven (11) dogs were excluded from 

statistical analysis due to lack of T0 native PW testing. No significant difference was 

noted when T1 citrate PW was compared to T0 native PW (p=0.5469) (Figure 3.14, 

Table 3.6).  

Sixteen (16) of the 19 dogs were not receiving clopidogrel at the time of testing; 10 dogs 

were excluded from statistical analysis because of lack of T0 native PW testing. No 

significant difference was found in this group when compared to T0 native testing 

(p=1.00) (Figure 3.15, Table 3.6). T0 native PW aggregation responses showed 5 dogs 

>70% and 1 between 1-20%. In contrast the citrate PW aggregation response showed 2 

dogs with aggregation responses <0%, 6 between 21-69% and 8 dogs >70% (Table 

3.7). As compared to T0 native PW, 3 showed an increase in aggregation response and 

3 showed a decrease in aggregation response.  

Only 3 of the 19 dogs were receiving clopidogrel at the time of testing, 2 of which had 

T0 native PW testing performed. Statistical analysis was not performed, as the sample 

size was deemed too small. However, both dogs with T0 native PW testing showed 

aggregation responses <20% with 1 <0%. In contrast, all 3 dogs with citrate PW testing 
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had aggregation responses between 21-69% demonstrating an increase in aggregation 

from baseline (Figure 3.16, Table 3.7).  

3.3.2.3 Citrate Aggregation (Spontaneous Aggregation) 

There were 37 dogs that had a citrate CBC performed at T0, 33 of these also had an 

EDTA CBC performed and could have an aggregation response measured. Ten (10) 

dogs were excluded from statistical analysis, as T0 native PW testing was not 

performed.  

When spontaneous aggregation in citrated whole blood was compared to T0 native PW, 

no significant difference was found (p=0.05330) (Figure 3.17, Table 3.8).  

Thirteen (13) dogs that had spontaneous aggregation measured in citrate were not 

receiving clopidogrel at the time of testing; 9 of these dogs had T0 native PW performed 

and were included in statistical analysis. In this group, there was a significant difference 

when spontaneous aggregation was compared to T0 native PW aggregation 

(p=0.0078). Median spontaneous aggregation in citrate was lower as compared to 

median PW aggregation (Figure 3.18, Tables 3.8).  

Twenty (20) dogs that had spontaneous aggregation measured in citrate were receiving 

clopidogrel at the time of testing; 14 of these dogs had T0 native PW performed and 

were included in statistical analysis. In this group, there was also a significant difference 

when spontaneous aggregation was compared to T0 native PW (p=0.0203). Median 

spontaneous aggregation in citrate was higher as compared to median PW aggregation 

(Figure 3.19, Tables 3.8).  

Spontaneous aggregation of dogs not receiving clopidogrel was compared to 

spontaneous aggregation of dogs receiving clopidogrel and a significant difference was 

found (p=0.0017) (Figure 3.20, Table 3.8). Dogs not receiving clopidogrel had 

spontaneous aggregation in citrate between 1-69% (4 between 1-20% and 9 between 
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21-69%) whereas dogs receiving clopidogrel tended to have lower aggregation 

responses with 17 between 1-20% and 3 between 21-69% (Table 3.9). 

Fourteen (14) dogs had a citrate CBC performed at T1, 13 of which were able to have 

aggregation in citrate (spontaneous aggregation) measured. The median aggregation in 

citrate at T1 was 43% (range -8-87). 

3.3.2.4 Platelet Function Analyzer-200  

3.3.2.4.1 P2Y 

Fifty (50) dogs had a T1 P2Y PFA performed. At T0, 6 dogs did not have baseline 

testing, 4 recorded FO events and 1 had an erroneous baseline test result. At T1, 9 FO 

events were recorded (Appendix 15). Thirty-three (33) dogs were therefore included in 

statistical analysis which showed a significant difference when T1 P2Y was compared to 

baseline (p=0.0056) (Figure 3.21, Table 3.10).  

Twenty-six (26) dogs were not receiving clopidogrel at the time of testing. At T0, no FO 

events were noted but 4 dogs did not have baseline testing and 1 had an erroneous 

baseline test result. At T1, 7 FO events were noted (Appendix 15). Seventeen (17) dogs 

were included in the statistical analysis which showed a significant difference from 

baseline (p=0.0125) (Figure 3.22, Table 3.10). In this group, there were 11 no-closure 

(>300 s) events, 5 at T0 and 6 at T1; 2 cases had >300 s at both time points (Table 

3.11, Appendix 15). 

Twenty-four (24) dogs were receiving clopidogrel at the time of testing. At T0, 4 FO 

events were noted, and 2 dogs did not have baseline testing; at T1, 2 FO events were 

noted (Appendix 15). Sixteen (16) dogs were included in the statistical analysis which 

showed no significant difference from baseline testing (p=0.3125) (Figure 3.23, Table 

3.10). In this group, there were 31 no-closure events (>300 s), 13 on T0 and 18 at T1; 

11 cases had >300 s at both time points (Table 3.11, Appendix 15).  
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3.3.2.4.2 ADP/COL (CADP) 

There were 65 dogs in the T1 CADP PFA group. At T0, 6 dogs did not have baseline 

testing and there were 9 FO events. At T1, there were also 9 FO events and 1 case had 

an “air leak” error result (Appendix 16). Forty-five (45) dogs were therefore included in 

statistical analysis, which showed a significant difference when T1 CADP was 

compared to baseline (p<0.0001) (Figure 3.24, Table 3.10).  

Thirty-three (33) dogs were not receiving clopidogrel at the time of testing. At T0, 6 FO 

events were noted, and 5 dogs did not have baseline testing. At T1, there were also 6 

FO events and 1 case had an “air leak” error result (Appendix 16). Nineteen (19) dogs 

were included for statistical analysis which showed a significant difference when T1 

testing was compared to baseline (p=0.0001) (Figure 3.25, Table 3.10). In this group 

there were 3 >300 s events, all at T1, 2 cases had closed normally on T0 and the other 

registered a FO event (Table 3.11, Appendix 16).  

Thirty-two (32) dogs were receiving clopidogrel at the time of testing. At T0, 3 FO events 

were noted, and 1 dog did not have baseline testing. At T1, 3 FO events were noted 

(Appendix 16). Twenty-six (26) dogs were included for statistical analysis which showed 

a significant difference when T1 testing was compared to baseline (p=0.0005) (Figure 

3.26, Table 3.10). In this group there were 19 no-closure events, 6 at T0 and 13 at T1; 4 

cases had >300 s events at both time points (Table 3.11, Appendix 16).  

3.4 Discussion 

This study investigated various sample storage methods to facilitate clinical 

implementation of platelet function testing.  

Compared to findings in normal dogs, this study of canine patients yielded some 

expected and unexpected results. 
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When AGGFix was used in non-clopidogrel treated dogs, aggregation at all time-points 

was similar to native PW. This was not surprising as most dogs had robust aggregation 

at baseline testing and was similar to findings in healthy dogs (Chapter 2). However, 

when AGGFix was used in dogs receiving clopidogrel, all were significantly different 

from native PW at all time-points because all cases showed a substantial increase in 

aggregation. This was also noted in 1 non-clopidogrel dog that had a lower-than-normal 

aggregation on baseline PW but showed robust aggregation in AGGFix. In most cases, 

the results of native PW would have indicated adequate clopidogrel effect or mild 

HOTPR. However, many cases, if not all, based on AGGFix would have been 

considered to have moderate to severe HOTPR or a complete lack of clopidogrel effect. 

One possible explanation for these findings is that the AGGFix solutions contain an 

agonist that is capable of overpowering the clopidogrel effect or promote aggregation 

though another pathway. This is further supported by examining platelet counts in ADP 

A and A/B mixtures, which were in all cases lower than what was predicted from the 

native PW platelet count. The composition of the AGGFix solutions is proprietary and 

effects cannot be deduced. 

The use of AGGFix to stabilize platelet aggregates for platelet counting by flow 

cytometry has been reported in humans, and by platelet counting by optical 

aggregometry in healthy dogs16,d, but its use in canine patients for the monitoring of 

anti-platelet therapy has not, to our knowledge, been assessed. Canine platelet 

physiology may differ from that of humans, which could affect reactivity in AGGFix. 

Additionally, the influence of disease and co-morbidities must also be considered as 

many conditions can increase platelet reactivity.1 It is also emphasized that AGGFix is 

marketed to be used with proprietary agonists and counting by flow cytometry, and that 

detection of clopidogrel effect may be different with different agonist concentrations. The 

investigators chose to use AGGFix with PW agonists and an optical hematology 

analyzer with the intent to introduce AGGFix for remote testing into an established 

ongoing clopidogrel treatment monitoring trial. Despite the effect of AGGFix to “reverse” 
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clopidogrel effect in this study, with additional cases allowing correlation to native PW 

results, the possibility exists of identifying a range of values in AGGFix that can be used 

to distinguish clopidogrel from non-clopidogrel treated dogs.  

This same propensity for increased aggregation was also noted when citrated whole 

blood was used with the PW system. Both clopidogrel and non-clopidogrel dogs had 

significant differences in aggregation responses at T0 when compared to baseline PW, 

although to a lesser extent than with AGGFix. Almost all cases saw an increase in 

aggregation when citrated blood was used. In both groups, the median aggregation in 

citrate was higher than that found in native PW testing. The effect of citrate 

anticoagulation on platelets has been studied by multiple groups. Many studies28,29,33,34 

have shown increased micro-aggregation in citrated whole blood. The underlying 

mechanism for this is not completely understood.  

More specifically, citrate seems to amplify ADP-evoked aggregation. One study looked 

at post-treatment platelet reactivity using light transmission aggregometry (LTA) in 

citrate versus hirudin, a peptide anticoagulant, in human patients receiving dual therapy 

with aspirin and clopidogrel.35 This showed that post-treatment platelet reactivity was 

significantly higher in citrated blood as compared to hirudin.35 Another study compared 

the effects of citrate and hirudin on various platelet function tests in healthy volunteers. 

Absolute aggregation values obtained with LTA and VerifyNow showed a higher 

magnitude of platelet aggregation when measured in citrate.36 Finally, another study 

comparing hirudin/PPACK (anti-thrombin) to citrate using LTA in patients receiving dual 

therapy showed that inhibition of aggregation and disaggregation in citrate was lower 

than with anti-thrombins such that three times fewer patients were considered 

clopidogrel non-responders when anti-thrombin anti-coagulation was used.37 The 

reason for the amplification of ADP-induced aggregation in citrate is still under 

investigation but is thought to be secondary to a decrease of ADP degradation in low 

calcium mediums and enhanced thromboxane A2 production.38,39 This, in turn, is 
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thought to lead to increased platelet activation as evidenced by increased P-selectin 

expression.40  

Another consideration is peak vs late aggregation as seen in LTA. In human patients, 

peak aggregation, at 1 min, using LTA is the most widely reported measurement and is 

considered the gold standard method for platelet function testing. However, it has been 

suggested that late aggregation at 6 minutes may be a better measure of clopidogrel 

effect.41 This  stems from the observation that the ADP P2Y1 receptor is mainly 

responsible for the initiation of platelet aggregation, whereas P2Y12 is responsible for 

aggregation stabilization and disaggregation.41,42 As clopidogrel only inhibits P2Y12, the 

use of peak aggregation may not be ideal and the contribution of P2Y1 may over-

estimate clopidogrel non-responsiveness.37,41There have been several studies on the 

effect of peak vs. late aggregation on clopidogrel monitoring. In one study, post-

treatment platelet aggregation was significantly lower when late aggregation was 

measured and therefore clopidogrel responsiveness was higher.41 In another 

randomized, double-blinded, placebo-controlled study, late aggregation was markedly 

reduced owing to high rates of disaggregation in patients receiving clopidogrel therapy. 

By using late aggregation, far fewer non-responders were identified and there was lower 

variability rate in response to clopidogrel therapy.37 

The concept of peak vs. late aggregation may play a role in aggregation responses 

noted in this study when citrated whole blood was used with the PW system. Based on 

pilot studies showing very rapid disaggregation, we chose to pipette citrated blood into 

an ADP tube at the lab and analyze rapidly within the first minute. The PW tube, on the 

other hand, when used according to the manufacturer’s instructions, was filled with 

fresh blood in the clinic and then transported to the lab. Therefore, analysis was 

generally 8-10 min after filling and may represent the late aggregation phase. Analyzing 

PW with citrate whole blood in the same fashion as a fresh PW may lead to similar 

results. Alternatively, PW as it was analyzed in this study may miss immediate 
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aggregation. Immediate analysis after venipuncture may show a higher aggregation 

response as seen when citrated whole blood was used.  

Certain cases had 30-min aggregation responses for native PW and citrate PW 

analyzed. It is possible that these results could be used as a potential surrogate for late 

aggregation. In cases not receiving clopidogrel, when PW was used with fresh whole 

blood there was a decrease in aggregation at 30 min. This was equally true when PW 

was used with citrated whole blood. In cases receiving clopidogrel, with native PW 

some showed an increase in aggregation at 30 min compared to 10-min aggregation, 

whereas other showed decreasing aggregation. This was also true with citrated whole 

blood. These differences could be explained by multiple factors. Firstly, patients 

receiving clopidogrel have a general predisposition for hypercoagulability and may have 

more reactive platelets, which could lead to a sustained increase in platelet activation 

when exposed to ADP and/or citrate. This also begs the question whether cases that 

see this sustained increased aggregation over time should be considered poor 

responders to clopidogrel. However, late aggregation/disaggregation in LTA occurs at 6 

minutes and therefore, the possibility that disaggregation and subsequent re-

aggregation occurred cannot be discounted. Additionally, the secondary or late 

aggregation has only been noted in a proportion of dogs, as opposed to humans and 

cats that show this response consistently, and this species difference could also 

account for some variability.39 Finally, the phenomenon of disaggregation could be 

related, in part, to agonist concentration; indeed disaggregation is less apparent when 

higher concentrations of agonists are used.41 The concentration of ADP in the PW tube 

is proprietary information and therefore how this system could affect this phenomenon 

in not clear.  

When PW used citrated whole blood held for 24 hours, an increase in aggregation as 

compared to T0 native PW was noted in most cases, but not all. However, the overall 

median aggregation was lower in the T1 citrate PW as compared to T0 native PW. The 
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effects of storage on platelet aggregation may explain this slightly dampened 

aggregation. Multiple studies looking at platelet aggregation found significantly reduced 

aggregation responses when blood was stored in citrate as compared to other 

anticoagulants.21–26 In another study, platelet adhesion was lower in citrated whole 

blood as compared to native samples.43 The prolonged sequestration of calcium in 

citrated samples over time is thought to blunt activation pathways; citrate may also 

decrease the secretion of granules necessary for amplification of the aggregation 

response.21,22 The increase in micro-aggregate formation in citrate and increased 

activation may also lead, over time, to platelet exhaustion attenuating responses to ADP 

and ADP receptor down-regulation.21–29 The effects of storage temperature and time 

may also contribute to blunted platelet function. Cold-storage of whole blood has been 

shown to decrease platelet aggregation response much in the same fashion as citrate 

by inducing platelet activation and formation of micro-aggregates which can lead to 

platelet exhaustion and reduced response over time.29–31 In this study a median 

spontaneous aggregation of 43% was noted at T1. The variable response when T1 

citrated whole blood was used could represent different responses on a platelet 

reactivity spectrum.   

Aggregation in citrate, or spontaneous aggregation, was also noted in all dogs at T0. 

This is not surprising, given the effects of citrate on platelet reactivity mentioned earlier.  

When spontaneous aggregation in citrate at T0 was compared to native PW in all cases 

combined, no significant difference was noted. However, this was because spontaneous 

aggregation in dogs not receiving clopidogrel was significantly lower than in native PW, 

while spontaneous aggregation in dogs receiving clopidogrel was higher than in native 

PW. Furthermore, spontaneous aggregation in dogs receiving and not receiving 

clopidogrel were significantly different from each other with median spontaneous 

aggregation lower in dogs receiving clopidogrel (Fig 3.20). It is possible that this simple 

test could be used for anti-platelet therapy monitoring when other tests are not readily 

available. It must be noted that spontaneous aggregation in the clopidogrel group was 
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significantly higher than native PW in this study but included only a small number of 

cases and a study with a larger sample size would be necessary to draw a firmer 

conclusion.  

Although these findings using whole blood aggregation in PW are consistent with 

previous studies, most of these used LTA as their method of testing, not PW, and these 

effects concepts may not apply to other testing systems. Furthermore, these effects 

were studied in human patients with different health conditions from canine patients and 

potential differences in platelet physiology; responses may therefore be different 

between species. Finally, in many of these studies, most patients were receiving dual 

therapy, which was not the case in this study and could have influenced results.  

Cases that had a PFA performed as their storage method showed significant 

differences at all time-points in most groups with both cartridges, with most cases 

seeing an increase in the closure times (CT) at T1. No significant difference was noted 

in dogs receiving clopidogrel with the P2Y cartridge, but this finding is thought to be 

because of many dogs having CT >300 s at both T0 and at T1. When the P2Y cartridge 

results were analyzed in more detail, it was noted that some CT registered at >300 s at 

24 hours despite a normal CT at baseline. The P2Y cartridge is more sensitive to the 

effects of clopidogrel44–46 and it is therefore possible that it is more sensitive to all 

changes in platelet physiology and is better reserved for fresh testing. This same trend 

in longer CT at T1 was also noted with the CADP cartridge. These findings could be 

explained by the effects of storage mentioned previously. Indeed, one study looking at 

the effects of storage time on the PFA-100 closure times found that they were 

prolonged after 24 hours of storage at room temperature.47,48 Another study found that 

PFA-100 closure times were unreliable after 24 hours of room temperature storage 

regardless of the anticoagulant used.22 It was interesting to note that the increase in 

aggregation in citrate, in dogs both treated and not treated with clopidogrel, was not 

noted with the PFA. The effect of citrate on the PFA system has been studied with 
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conflicting results. While one study showed better sensitivity in hirudin as compared to 

citrate49, another showed little effect of citrate on PFA results.36 Furthermore, the PFA 

system mimics a high-shear environment as opposed to the low-shear environment of 

the PW system.15 This requires additional factors in thrombus formation such as vWF 

multimers, collagen, fibrinogen and other membrane glycoproteins and receptors.39 

These different interactions may account for the variation in response. Finally, there is 

significant inter- and intra-individual variability in platelet function testing50 and also, 

different tests have different sensitivities51, therefore a direct comparison of tests and 

responses is difficult to make. However, given that there was no pro-aggregation effect 

of refrigerated citrate storage on PFA P2Y, any closure at T1 with P2Y is likely 

indicative of HOTPR.  

As the CADP cartridge had fewer cases with T1 closure times of >300 s, it is possible 

that a different reference range for CT may allow for delayed or remote platelet function 

testing for clopidogrel monitoring when fresh testing is not possible. However, the 

results of one study suggested that the inhibition of the P2Y12 receptor was being 

bypassed by uninhibited P2Y1 receptors and/or collagen receptors leading to shorter CT 

in patients receiving clopidogrel.52 This could be a contributing factor to the shorter 

closure times at 24 hours seen with CADP as compared to P2Y seen in this study. If 

this is true, the effect of clopidogrel could be under-estimated. This decreased 

sensitivity of the CADP to clopidogrel is what promoted the development of the P2Y 

cartridge. Unfortunately, this cartridge is not widely available. However, the observation 

that some dogs treated with clopidogrel that had normal closure times at T0 had >300 s 

at T1, whereas most healthy dogs have measurable closure times at T1, albeit longer 

than at T0 (Chapter 2), suggests that holding samples for 24 hours may be a method of 

enhancing CADP sensitivity to clopidogrel where the P2Y test is not available. As with 

the P2Y cartridge, any dog treated with clopidogrel showing closure at T1 probably has 

HOTPR.  
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This study has some limitations. First, assignment of storage methods was not 

randomized and was chosen based on the amount of blood sample needed for platelet 

function tests and standard-of-care tests, underlying disease process, and availability of 

testing based on personnel and laboratory access. This is particularly a consideration 

affecting pre-clopidogrel testing when many cases were presented on emergency 

and/or after-hours, and indeed was a reason for investigating sample storage for 

delayed testing. Therefore, certain uncontrolled confounding factors including disease 

process and concurrent treatments may have affected results. This also led to certain 

storage and test methods including more cases than others with smaller sample sizes in 

certain groups; this in turn may have affected significance and led to a type-1 error. 

However, these conditions reflect the challenges clinicians would face on a regular 

basis when choosing a testing method. Second, in vitro platelet function testing does 

not perfectly replicate in vivo conditions, and the storage of whole blood for such testing 

is a further departure from in vivo conditions and the results of these tests may not 

reflect true in vivo responses. Third, using different temperatures and anticoagulants for 

storage could not be included because of the excessive volume of blood that would 

have been required, however, this may have helped to better understand the effects of 

citrate and cold storage on platelet function test results. Finally, a platelet function 

reference method such as impedance or light-transmission aggregometry was not 

performed. 

In conclusion, the use of citrated whole blood with the PW system holds promise to 

allow delayed platelet function testing. A low aggregation response using this method 

likely represents adequate clopidogrel response whereas a higher aggregation 

response could indicate HOTPR but should be interpreted with caution. However, a 

distinct reference interval would need to be established to better interpret results. The 

use of citrated whole blood storage with the PFA system also holds promise. Given the 

increase in no closure events at 24 hours with the P2Y cartridge, confirming good 

clopidogrel effect may be difficult however, it is likely that any closure at 24 hours in a 
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dog receiving clopidogrel is indicative of HOTPR. The CADP cartridge may have 

increased sensitivity to clopidogrel effect at 24 hours and there is potential for its use as 

a monitoring tool however, much like with citrate PW, a reference interval is needed for 

proper interpretation. Finally, this population only had a small number of cases with 

suspected bleeding disorders and therefore no conclusion could be drawn for the use of 

storage in the diagnosis of thrombocytopathias but this should be further investigated.  

3.5 Footnotes 

a. Helena Laboratories, Beaumont, Texas, United States 

b. Siemens Healthineers, Erlangen, Germany 

c. Platelet Solutions Ltd, Nottingham, United Kingdom 

d. Dickinson M., Abrams-Ogg A., Blois S., Wood Darren R. Assessment of extended 

sample storage for delayed platelet function testing in normal dogs. J Vet Intern Med 

2019;33:2482-2483.  

e. INNOVANCE PFA P2Y, Siemens Healthcare Diagnostics Products GmbH, Marburg, 

Germany  

f. Dade PFA Collagen/ADP Test Cartridge, Siemens Healthcare Diagnostics Products 

GmbH, Marburg, Germany 

g. ADVIA 2120i, Siemens Healthineers, Erlangen, Germany 

h. SafeSeal microtube 2 mL, Sarstedt, Numbrecht, Germany 

i. MedCalc 19.5.3, MedCalc Software Ltd, Ostend, Belgium 
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3.7 Figures and Tables 

Figure 3.1 – AGGFix dilution protocol  
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For all Box and Whisker plots the top and bottom of the whiskers represent the 
maximum and minimum value of the sample respectively, the top and bottom of the box 
represent the 75th and 25th percentile of the sample respectively, the line through the 
box represents the median of the sample and “x” markers represent the mean of the 
sample. The colored circles represent outliers. Black lines at the top of the graph 
represent statistically significant differences in that data set; a p<0.05 was considered 
significant.  
 

Figure 3.2 – Plateletworks (PW) using AGGFix solution storage in all dogs at all time-
points. Results are expressed as % Aggregation.  
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Figure 3.3 – Plateletworks (PW) using AGGFix solution storage at all time-points in 
dogs not receiving clopidogrel. Results are expressed as % Aggregation.  

 

 
 

Figure 3.4 – Plateletworks (PW) using AGGFix solution storage at all time-points in 
dogs receiving clopidogrel. Results are expressed as % Aggregation.  
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Figure 3.5 – Plateletworks (PW) and citrate blood storage at T0 in all dogs. Results are 
expressed as % Aggregation.  

 
 
 

Figure 3.6 – Plateletworks (PW) and citrate blood storage at T0 in dogs not receiving 
clopidogrel. Results are expressed as % Aggregation.  
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Figure 3.7 – Plateletworks (PW) and citrate blood storage at T0 in dogs receiving 
clopidogrel. Results are expressed as % Aggregation.  

 
 
 

Figure 3.8 – Native and 30-minute native Plateletworks (PW) at T0 in all dogs. Results 
are expressed as % Aggregation.  
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Figure 3.9 – Native and 30-minute native Plateletworks (PW) at T0 in dogs not 
receiving clopidogrel. Results are expressed as % Aggregation.  

 
 
 

Figure 3.10 –Native and 30-minute native Plateletworks (PW) at T0 in dogs receiving 
clopidogrel. Results are expressed as % Aggregation.  
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Figure 3.11 – Plateletworks (PW) and citrate blood storage at immediate and 30-minute 
testing at T0 in all dogs. Results are expressed as % Aggregation. 

 
 
 

Figure 3.12 – Plateletworks (PW) and citrate blood storage at immediate and 30-minute 
testing in dogs not receiving clopidogrel. Results are expressed as % Aggregation.  
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Figure 3.13 – Plateletworks (PW) and citrate blood storage at immediate and 30-minute 
testing in dogs receiving clopidogrel. Results are expressed as % Aggregation.  

 
 
 

Figure 3.14 – Plateletworks (PW) and citrate blood storage at T1 in all dogs. Results 
are expressed as % Aggregation.  
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Figure 3.15 – Plateletworks (PW) and citrate blood storage at T1 in dogs not receiving 
clopidogrel. Results are expressed as % Aggregation.  

 
 
 

Figure 3.16 – Plateletworks (PW) and citrate blood storage at T1 for dogs receiving 
clopidogrel. Blue dots refer to baseline PW result and orange dots refer to T1 citrate PW 
result. Dogs are identified on the X axis and % Aggregation is expressed on the Y axis.  
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Figure 3.17 – Spontaneous aggregation in citrate at T0 in all dogs. Results are 
expressed as % Aggregation.  

 
 
 

Figure 3.18 – Spontaneous aggregation in citrate at T0 in dogs not receiving 
clopidogrel. Results are expressed as % Aggregation.  
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Figure 3.19 – Spontaneous aggregation in citrate at T0 in dogs receiving clopidogrel. 
Results are expressed as % Aggregation.  

 
 
 

Figure 3.20 – Spontaneous aggregation in citrate at T0 in dogs receiving clopidogrel 
and not receiving clopidogrel. Results are expressed at % Aggregation.  
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Figure 3.21 – PFA-200 using the P2Y cartridge and citrate blood storage in all dogs. 
Results are expressed as closure times in seconds.  

 
 
 
 

Figure 3.22 – PFA-200 using the P2Y cartridge and citrate blood storage in dogs not 
receiving clopidogrel. Results are expressed as closure times in seconds.  
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Figure 3.23 – PFA-200 using the P2Y cartridge and citrate blood storage in dogs 
receiving clopidogrel. Results are expressed as closure times in seconds.  

 
 
 

Figure 3.24 – PFA-200 using the CADP cartridge and citrate blood storage in all dogs. 
Results are expressed as closure times in seconds.  
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Figure 3.25 – PFA-200 using the CADP cartridge and citrate blood storage in dogs not 
receiving clopidogrel. Results are expressed as closure times in seconds.  

 
 
 

Figure 3.26 – PFA-200 using the CADP cartridge in dogs receiving clopidogrel. Results 
are expressed as closure times in seconds.  
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Table 3.1 – Results of Plateletworks and AGGFix storage solution in 18 clinically ill dogs. Results are shown as median 
(range) and are expressed as % Aggregation. The p value after T0, T1-3 and T4-11 refers to the difference between % 
Aggregation in fresh whole blood samples analyzed at 10 min at T0 after dispensing sample into agonist tube and % 
Aggregation as determined using AGGFix at each time-point and in each sub-category.  

 
 T0 p VALUE T1-3 p VALUE T4-11 p VALUE 

PW       
All 17.5 

(-8-98) 
- - - - - 

W/o clop 96 
(57-98) 

- - - - - 

Clop 5 
(-8-70) 

- - - - - 

AGGFIX       
All 84 

(19-97) 
0.0017 89.5 

(34-98) 
0.0017 85 

(33-95) 
0.0021 

W/o clop 95 
(85-97) 

0.6250 95 
(90-98) 

0.8750 92.5 
(81-95) 

0.4375 

Clop 75 
(19-95) 

0.0010 85.5 
(34-95) 

0.0020 79 
(33-94) 

0.0010 

PW, Plateletworks; T0, baseline; T1-3, days 1 to 3; T4-11, days 4 to 11; All, all cases, W/o clop; cases not receiving clopidogrel; Clop; cases 
receiving clopidogrel. 
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Table 3.2 – Results for AGGFix in 18 clinically ill dogs. Results are expressed as total number of dogs in each % category 
at all time-points.  

 
 T0     T1-3     T4-11     

 <0% 1-20% 21-69% >70% Total <0% 1-
20% 

21-
69% 

>70% Total <0% 1-
20% 

21-69% >70% Total 

PW                
All 2 8 2 6 18 - - - - - - - - - - 

W/o clop 0 0 1 5 6           

Clop 2 8 1 1 12           

AGGFIX                
All 0 1 4 12 17 0 0 3 13 16 0 0 4 13 17 

W/o clop 0 0 0 6 6 0 0 0 6 6 0 0 0 6 6 

Clop 0 1 4 6 11 0 0 3 7 10 0 0 4 7 11 
PW, Plateletworks; T0, baseline; T1-3, days 1 to 3; T4-11, days 4 to 11; All, all cases, W/o clop; cases not receiving clopidogrel; Clop; cases 
receiving clopidogrel. 
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Table 3.3 – Results of predicted and actual platelet counts in AGGFix ADP A and A/B solutions at T0 in 18 clinically ill 
dogs. Results are expressed as x 109/L.  

 
Case Native PW  

plt ct  
ADP A  
plt ct 

Predicted ADP A 
plt ct 

ADP A/B  
plt ct 

Predicted A/B plt 
ct – Native PW 

Predicted A/B plt 
ct – ADP A  

W/o Clop       

Case 1 11 8 8 2 1 1 

Case 2  13 7 10 2 1 1 

Case 3 16 8 12 1 1 1 

Case 4  17 25 12 2 1 2 

Case 5  13 8 10 2 1 1 

Case 6  228 11 171 3 17 1 

Clop       

Case 1 331 31 248 6 25 3 

Case 2 118 16 89 1 9 2 

Case 3 552 63 414 20 41 6 

Case 4 659 29 494 8 50 3 

Case 5 520 93 390 21 39 9 

Case 6 683 463 512 40 51 46 

Case 7 152 74 114 10 11 7 

Case 8 672 133 504 41 50 13 

Case 9 547 12 410 3 41 1 

Case 10  358 - - - - - 

Case 11  422 5 317 9 32 5 

Case 12 398 41 299 6 30 4 

PW, Plateletworks; W/o clop; cases not receiving clopidogrel; Clop; cases receiving clopidogrel. 
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Table 3.4 – Results of Plateletworks with citrate blood storage (citrate PW) in 49 clinically ill dogs at T0. Results are 
shown as median (range) and are expressed as % Aggregation. The p value after T0 and T0 30 minutes refers to the 
differences between results for each test at T0 and T0 30 minutes.  

 
 T0 p VALUE T0 - 30  p VALUE 

PW     
All 10 

(-7-95) 
- 10 

(-13-83) 
0.1985* 

W/o clop 71 
(15-95) 

- 11 
(-13-83) 

0.0051* 

Clop 3 
(-7-37) 

- 9 
(-4-31) 

0.0353* 

CITRATE PW     
All 35 

(4-96) 
<0.0001† 24 

(6-83) 
0.0001‡ 

W/o clop 89.5 
(35-96) 

0.0273† 29 
(6-83) 

0.0001‡ 

Clop 19 
(4-60) 

0.0002† 21.5 
(6-32) 

0.2024‡ 

PW, Plateletworks; T0, baseline; T0 -30, 30-minute testing at T0; All, all cases, W/o clop; cases not receiving clopidogrel; Clop; cases receiving 
clopidogrel. 
 

* p value for difference between % Aggregation in fresh whole blood samples analyzed at 10 minutes after dispensing 
sample into agonist tube and at 30 minutes after dispensing sample into agonist tube.  
† p value for difference between % Aggregation in fresh whole blood samples analyzed at 10 minutes after dispensing 
sample into agonist tube and in citrated whole blood samples analyzed immediately after dispensing sample into agonist 
tube.  
‡ p value for difference between % Aggregation in citrated whole blood samples analyzed immediately after dispensing 
sample into agonist tube and 30 minutes after dispensing sample into agonist tube.  
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Table 3.5 – Results of Plateletworks and citrate blood storage in 49 clinically ill dogs at T0. Results are expressed as total 
number of dogs in each aggregation category at all time-points and in all sub-groups.  

 
 T0     T0-30     

 <0% 1-20% 21-69% >70% Total <0% 1-20% 21-69% >70% Total 
PW           
All 7 15 4 5 31 4 19 3 1 27 

W/o clop 0 2 3 5 10 2 5 2 1 10 

Clop 7 13 1 0 21 2 14 1 0 17 

CITRATE 
PW 

          

All 0 19 17 13 49 0 11 23 1 35 

W/o clop 0 0 5 13 18 0 2 12 1 15 

Clop 0 19 12 0 31 0 9 11 0 20 
PW, Plateletworks; T0, baseline; T0 -30, 30-minute testing at T0; All, all cases, W/o clop; cases not receiving clopidogrel; Clop; cases receiving 
clopidogrel. 
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Table 3.6 – Results of Plateletworks with citrate blood storage in 19 clinically ill dogs at T1. Results are shown as median 
(range) and are expressed as % Aggregation. The p value after T1 and refers to the differences between results for each 
test at T0 and T1.  

 
 T0 p VALUE T1 p VALUE 

PW     
All 87.5 

(-4-96) 
- - - 

W/o clop 92.5 
(20-96) 

- - - 

Clop - - - - 
CITRATE PW     

All - - 67 
(-4-96) 

0.5469* 

W/o clop - - 73.5 
(-4-96) 

1.00* 

Clop - - - - 
PW, Plateletworks; T0, baseline; T1, 24 hours; All, all cases, W/o clop; cases not receiving clopidogrel; Clop; cases receiving clopidogrel. 
 

* p value for the difference between % Aggregation in fresh whole blood samples analyzed at 10 min after dispensing 
sample into agonist tube and in citrated whole blood samples analyzed immediately after dispensing sample into agonist 
tube.  
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Table 3.7 - Results of Plateletworks and citrate blood storage in 19 clinically ill dogs at T1. Results are expressed as total 
number of dogs in each % Aggregation category at all time-points and in all sub-groups. 

 
 T0     T1     

 <0% 1-20% 21-69% >70% Total <0% 1-20% 21-69% >70% Total 
PW           
All 1 2 0 5 8 - - - - - 
W/o clop 0 1 0 5 6 - - - - - 
Clop 1 1 0 0 2 - - - - - 

CITRATE 
PW 

          

All - - - - - 2 0 9 8 19 
W/o clop - - - - - 2 0 6 8 16 
Clop - - - - - 0 0 3 0 3 

PW, Plateletworks; T0, baseline; T1, 24 hours; All, all cases, W/o clop; cases not receiving clopidogrel; Clop; cases receiving clopidogrel. 
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Table 3.8 – Results of spontaneous aggregation in citrate at T0. Results are shown as median (range) and are expressed 
as % Aggregation. The p value after T0 and refers to the differences between results for each test at T0.  

 
 T0 p VALUE 

PW   
All 13 

(-7-96) 
- 

W/o clop 85 
(18-96) 

- 

Clop 3.5 
(-7-37) 

- 

SA   
All 17 

(4-38) 
0.5330* 

W/o clop 23 
(5-38) 

0.0078* 

Clop 13 
(4-28) 

0.0203* 

PW, Plateletworks; SA, spontaneous aggregation; T0, baseline; All, all cases, W/o clop; cases not receiving clopidogrel; Clop; cases receiving 
clopidogrel. 
 

* p value for difference between % Aggregation in fresh whole blood samples analyzed at 10 min after dispensing into 
agonist tube and in citrate whole blood after 4 hours.  
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Table 3.9 - Results of spontaneous aggregation in citrate at T0. Results are expressed as total number of dogs in each % 
Aggregation category at all time-points and in all sub-groups. 

 
 T0     

 <0% 1-20% 21-69% >70% Total 
PW      
All 4 11 3 5 23 
W/o clop 0 2 2 5 9 
Clop 4 9 1 0 14 

SA      
All 0 21 12 0 33 
W/o clop 0 4 9 0 13 
Clop 0 17 3 0 20 

PW, Plateletworks; SA, spontaneous aggregation; T0, baseline; All, all cases, W/o clop; cases not receiving clopidogrel; Clop; cases receiving 
clopidogrel. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



    

 

 

131 

 

Table 3.10 – Results of Platelet Function Analyzer-200 and citrate blood storage. Results are shown as median (range) 
and are expressed in seconds. The p value after T1 refers to the difference between results for each test at T0 and T1.  

 
 T0 P VALUE T1 p VALUE 

P2Y     
All  206 

(39-300) 
- 300 

(67-300) 
0.0056 

W/o clop 87 
(39-300) 

- 171 
(67-300) 

0.0125 

Clop 300 
(78-300) 

- 300 
(198-300) 

0.3125 

CADP     
All 88 

(50-300) 
- 226 

(70-300) 
<0.0001 

W/o clop 83 
(50-160) 

- 153 
(70-300) 

0.0001 

Clop 115 
(58-300) 

- 284 
(83-300) 

0.0005 

P2Y, Innovance P2Y cartridge; CADP, Dade Collagen/Adenosine diphosphate cartridge; T0, baseline; T1, 24 hours; All, all cases, W/o clop; cases 
not receiving clopidogrel; Clop; cases receiving clopidogrel. 
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Table 3.11 – Results for Platelet function analyzer and citrate blood storage. Results are expressed as total number of 
dogs in each closure time category. Closure times are expressed in seconds.  

 
 T0    T1    

 <180 >180  Total <180 >180  Total 

P2Y         

All 19 20  39 10 31  41 

W/o clop 16 5  21 10 9  19 

Clop 3 15  18 0 22  22 

 <45 45-109 >109 Total <45 45-109 >109 Total 

CADP         

All 0 32 18 50 0 8 47 55 

W/o clop 0 18 4 22 0 6 20 26 

Clop 0 14 14 28 0 2 27 29 

P2Y, Innovance P2Y cartridge; CADP, Dade Collagen/Adenosine diphosphate cartridge; T0, baseline; T1, 24 hours; All, all cases, W/o clop; cases 
not receiving clopidogrel; Clop; cases receiving clopidogrel. 
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4 Summary and Conclusions  

Platelet function testing may to be used to identify thrombocytopathias in animals with 

bleeding disorders, and to monitor anti-platelet therapy in dogs with, or at risk for, 

thrombosis. Such testing, is, however, not widely available because of the need for 

fresh blood samples and specialized equipment or reagents. To address this problem, 

this study aimed to investigate citrate, refrigeration and AGGFix solution as storage 

methods to allow for delayed platelet function testing both in healthy dogs and in 

clinically ill dogs prior to, during, and after cessation of clopidogrel therapy.  

In the first phase of this study, results in healthy dogs showed that same-day citrated 

whole blood used with Plateletworks (PW, ADP agonist) yielded results similar to native 

10-minute (min) PW. Results were significantly different when citrated samples were 

refrigerated for 24 and 48 hours, with most dogs having a decrease in their aggregation 

responses with increasing storage time. However, in most cases, robust aggregation 

responses (>70%) were maintained. Spontaneous aggregation in citrated whole blood 

was also present in most dogs, and this may have variably contributed to some of the 

measured aggregation and/or some of the decreased response to ADP over time. Given 

that dogs maintained a near-normal aggregation response with citrate storage, this led 

us to believe that this could be a useful storage method for delayed platelet function 

testing. The determination of specific reference intervals for different storage times is 

likely necessary for appropriate interpretation of results. Determining such reference 

intervals in healthy dogs was not possible in this study given the small population size. 

Aggregation responses to ADP at 30 min both in native PW and with citrate storage 

were also measured to determine whether this could be used: 1) as a surrogate for the 

potentially logistically difficult to obtain 10-min responses; 2) to examine if there was 

heterogeneity of canine platelet responses; and 3) to potentially identify a graded 

response to clopidogrel (ie. a spectrum of high-on-treatment platelet reactivity 
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[HOTPR]). In the population of healthy dogs, there was a consistent decrease in 

aggregation at 30 min. Results were variable, confirming heterogeneity of response, but 

were also unpredictable leading us to conclude that native PW 30-min responses 

cannot be substituted for 10-min responses; and citrate PW 30-min responses cannot 

be substituted for immediate responses.   

When stored citrated whole blood was used with the Platelet Function Analyzer-200 

(PFA-200) system, results in healthy dogs showed a trend towards increasing closure 

times with increasing storage time. This was a more pronounced finding with the P2Y 

cartridge than with the CADP cartridge. Furthermore, more dogs had “no-closure” 

events with the P2Y cartridge at 24 and 48 hours despite having normal closures on day 

0. Although a few dogs had prolonged closure times with the CADP cartridge, most 

remained within the previously determined institutional reference interval or slightly 

above it. Similar to the use of citrate storage with the PW system, it is possible that a 

different reference interval for the CADP cartridge may allow for its use in delayed 

testing. The P2Y cartridge, given its numerous “no-closure” events, would be more 

difficult to interpret and likely lends itself better to fresh testing. 

The use of AGGFix successfully stabilized platelet aggregates formed with the PW 

system in this population of healthy dogs. Aggregation at 24 hours yielded results that 

were similar to native PW, with some differences noted on day 0 and day 7. However, 

the vast majority of dogs maintained a very robust aggregation well within a range that 

would be considered normal with only one or two outliers. These outliers may have 

influenced results given the small population size. 

The second phase of this study aimed to assess these same storage methods in a 

population of clinically ill dogs. Furthermore, the effects of storage on monitoring of 

clopidogrel therapy were also evaluated. 
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In this population of dogs, there was an increase in aggregation responses in almost all 

dogs when citrated whole blood was used with PW for same-day testing. This was true 

for dogs both being treated and not being treated with clopidogrel. In dogs that were not 

receiving clopidogrel at the time of testing, the large majority of dogs showed robust 

aggregation when citrated whole blood was used even in cases where the native PW 

showed poor aggregation. In dogs receiving clopidogrel, this same propensity for 

increased aggregation was also noted although it was not as robust. Nevertheless, 

some dogs would have been considered clopidogrel poor-responders when citrated 

whole blood was used as compared to native PW. In this population of dogs, despite 

some overlap in results between clopidogrel-treated and untreated dogs, few dogs 

receiving clopidogrel had native aggregation responses >70% and we therefore 

presume that with different reference intervals and definitions of grades of HOTPR, the 

use of citrate may allow for delayed platelet function testing. Aggregation responses to 

ADP at 30 min were also measured in dogs when sample volume was sufficient. As with 

healthy dogs, dogs not treated with clopidogrel saw a decrease in aggregation both in 

native PW and PW with citrated blood storage at 30 min, with variable and 

unpredictable responses. In dogs treated with clopidogrel, some dogs showed 

persistent or increased aggregation, while others showed a decrease. Further 

investigation is recommended to assess whether this measurement could be used as a 

graded response to clopidogrel and aid in identifying poor responders. 

This propensity for increased aggregation was also maintained when citrated whole 

blood was refrigerated for 24 hours and used with PW. In dogs not treated with 

clopidogrel, approximately half had an increase in aggregation as compared to native 

PW whereas the other half had a decrease. Aggregation at 24 hours did not appear as 

robust compared to same-day testing and some dogs had low aggregation. Only a very 

small number of dogs receiving clopidogrel had 24-hour PW testing, but all showed an 

increase in aggregation when compared to native PW. Unfortunately, the smaller than 
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anticipated number of dogs makes it difficult to draw any firm conclusions. A study with 

a larger population size would be needed. 

Day 0 spontaneous aggregation in citrate was included in this study as a control for 

aggregation in response to ADP. When some robust aggregation responses were seen, 

this was then evaluated in some dogs as a stand-alone platelet function test. All dogs in 

this group of clinically ill dogs had spontaneous aggregation in citrate. In dogs not 

receiving clopidogrel at the time of testing, spontaneous aggregation was lower than 

aggregation in native PW. In contrast, dogs receiving clopidogrel had higher 

aggregation in citrate compared to aggregation in native PW. It is possible that this 

simple test could be used to assess platelet function and response to clopidogrel 

therapy when other methods are unavailable. Some overlap in results was noted 

between the two groups of dogs and the population size was relatively small. A larger 

study would be beneficial to establish reference intervals and determine if citrate is a 

sufficiently powerful platelet agonist to have clinical utility.  

Similar to healthy dogs, the use of citrated whole blood storage with the PFA-200 

showed increased closure times in dogs not receiving clopidogrel at 24 hours as 

compared to baseline. Moreover, with the P2Y cartridge, many more dogs had no 

closure events at 24 hours as compared to with the CADP cartridge. Approximately half 

of these dogs also had closure times >300 s prior to treatment, whereas the other dogs 

have normal closure times. As with healthy dogs, the possibility remains that a different 

reference interval could be used with the CADP cartridge for stored blood samples to 

allow for clopidogrel monitoring. The results with the P2Y cartridge are more difficult to 

interpret given the more numerous no closure events; however, given these findings, it 

is likely that any closure at 24 hours in a patient receiving clopidogrel is representative 

of HOTPR and could be useful in identifying non-responders. 
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The use of AGGFix in clinically ill dogs yielded some expected and unexpected results. 

In dogs not receiving clopidogrel at the time of testing, AGGFix successfully maintained 

platelet aggregates and yielded results similar to native PW at all time-points. However, 

in dogs receiving clopidogrel, the aggregation response in AGGFix far exceeded the 

response in native PW. Used in this manner with PW and a hematology analyzer, most 

dogs would be considered poorly responsive to clopidogrel using AGGFix. As previously 

noted, AGGFix was created for use with flow cytometry and has been shown to 

successfully maintain human platelet aggregates for up to 9 days. It is stated, but to our 

knowledge not reported, that platelet counting of human platelets in AGGFix using 

proprietary agonists may be used to identify HOTPR for humans treated with 

clopidogrel. To our knowledge, studies in canine patients have not been undertaken and 

further investigation into the use of AGGFix with flow cytometry and other agonists to 

monitor response to clopidogrel is warranted. Furthermore, it is possible that a range of 

values when AGGFix is used with a hematology analyzer could be correlated to native 

PW results to distinguish adequate clopidogrel effect from HOTPR.  

In conclusion, all storage methods tested showed promise for delayed platelet function 

testing. In most cases, such as with citrated and AGGFix storage with PW, and citrated 

storage with PFA CADP, reference intervals specific to storage conditions, and which 

would account for spontaneous aggregation in PW, should be determined as they would 

facilitate interpretation of results. The sample sizes in each phase and category of 

testing in this study was too small to allow for such determinations. The PFA-200 P2Y 

cartridge may be too sensitive to storage effects to allow for an interpretable reference 

interval, however it may prove useful in identifying patients with HOTPR. Finally, the 

majority of patients in this study were included with the intent of starting, or for the 

purpose of monitoring, clopidogrel therapy. However, platelet function testing is also 

important in the diagnosis of thrombocytopathias. Only a very small number of patients 

with suspected bleeding disorders were included in this study. Further investigation into 

the use of storage in the diagnosis of thrombocytopathias is warranted. 
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APPENDICES  

 

Appendix 1a. Individual normal dog complete blood count results at T0 (day 0) – dogs 1-6.  

Dog  1   2  3  4  5  6    

Rep 1 2 1 2 1 2 1 2 1 2 1 2 Unit Ref 

RBC 6.95 6.80 7.19 7.10 7.34 7.45 5.60 5.46 6.95 6.73 6.43 6.33 x1012/L 5.8-8.5 

Hb 176 167 169 166 177 174 138 135 171 163 158 155 g/L 133-197 

Hct 0.503 0.490 0.482 0.475 0.507 0.514 0.392 0.382 0.496 0.479 0.465 0.457 L/L 0.39-0.56 

MCV 72.4 72.0 67.0 66.8 69.1 69.0 70.0 69.9 71.3 71.0 72.3 72.1 fL 66-75 

MCH 25.3 24.6 23.5 23.4 24.2 23.3 24.6 24.6 24.5 24.2 24.6 24.5 pg 21-25 

MCHC 350 342 351 350 350 338 352 352 344 341 340 340 g/L 321-360 

RDW 11.2 11.2 12.1 12.1 12.1 12.1 11.5 11.4 11.4 11.4 14.8 12.7 % 11-14 

Plt 216 218 17.6 130 281 278 207 210 349 359 280 289 x10^9/L 117-418 

MPV 12.6 11.5 8.1 8.3 11.3 10.8 16.0 15.8 15.0 14.3 11.4 10.9 fL 7-14 

Pct 0.27 0.25 0.09 0.11 0.32 0.30 0.33 0.33 0.52 0.51 0.32 0.32 % 0.14-0.47 

WBC 13.4 12.8 6.8 6.9 10.8 10.8 5.3 5.2 11.9 12.3 7.1 6.9 x109/L 4.9-15.4 

Seg Neut 9.8 - 3.6 - 6.3 - 2.6 - 6.7 - 4.4 - x109/L 2.9-10.6 

Lymph 2.4 - 2.4 - 3.3 - 2.0 - 3.8 - 1.8 - x109/L 0.8-5.1 

Mono 0.7 - 0.3 - 0.4 - 0.2 - 0.5 - 0.2 - x109/L 0.0-1.0 

Eos 0.4 - 0.5 - 0.8 - 0.5 - 0.9 - 0.7 - x109/L 0.08-1.33 

Bas 0.1 - 0.0 - 0.0 - 0.0 - 0.0 - 0.0 - x109/L 0.0-0.1 

Rep, repetition; Ref, reference interval; RBC, red blood cell; Hb, hemoglobin; Hct, hematocrit; MCV, mean corpuscular volume; MCH, mean 

corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW, red cell distribution width; Plt, platelet; MPV, mean platelet 

volume; Pct, plateletcrit; WBC, white blood cell; Seg Neut, segmented neutrophil; Lymph, lymphocyte; Mono, monocyte; Eos, eosinophil; Bas, 

basophil.  
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Appendix 1b. Individual normal dog complete blood count results at T0 (day 0) – dogs 7-13. 

Dog 7  8  9  10  11  12   13  Unit Ref 

Rep 1 2 1 2 1 2 1 2 1 2 1 2 1 2   

RBC 6.43 6.18 5.63 5.41 7.83 7.78 6.68 Fail 6.74 6.70 6.52 6.10 6.43 6.24 x1012/L 5.8-8.5 

Hb 157 150 145 141 200 197 176 Fail 157 151 158 149 165 159 g/L 133-197 

Hct 0.447 0.429 0.429 0.412 0.566 0.563 0.489 Fail 0.447 0.446 0.458 0.428 0.464 0.449 L/L 0.39-0.56 

MCV 69.6 69.4 76.3 76.1 72.2 72.4 73.1 Fail 66.3 66.5 70.3 70.3 72.1 71.9 fL 66-75 

MCH 24.5 24.3 25.9 26.1 25.5 25.3 26.4 Fail 23.2 22.6 24.3 24.5 25.7 25.5 pg 21-25 

MCHC 352 350 339 342 353 350 361 Fail 350 339 345 348 356 354 g/L 321-360 

RDW 12.6 12.6 12.5 12.5 12.3 12.5 12.1 Fail 12.2 12.3 12.1 12.1 12.7 12.6 % 11-14 

Plt 286 267 301 295 146 152 208 Fail 204 217 210 207 232 225 x109/L 117-418 

MPV 10.3 10.7 17.0 16.5 12.1 11.6 12.4 Fail 8.6 8.5 14.7 14.8 10.4 10.8 fL 7-14 

Pct 0.29 0.29 0.51 0.49 0.18 0.18 0.26 Fail 0.18 0.18 0.31 0.31 0.24 0.24 % 0.14-0.47 

WBC 11.6 11.8 66 6.7 6.2 6.3 4.4 Fail 8.5 8.6 6.4 6.1 6.3 6.6 x109/L 4.9-15.4 

Seg 
Neut 

7.1 - 3.7 - 4.2 - 2.4 Fail 5.2 - 4.2 - 4.4 - x109/L 2.9-10.6 

Lymph 3.3 - 1.7 - 1.6 - 1.4 Fail 2.3 - 1.6 - 1.0 - x109/L 0.8-5.1 

Mono 0.4 - 0.2 - 0.2 - 0.1 Fail 0.3 - 0.3 - 0.3 - x109/L 0.0-1.0 

Eos 0.7 - 1.0 - 0.1 - 0.6 Fail 0.6 - 0.3 - 0.7 - x109/L 0.08-1.33 

Bas 0.0 - 0.0 - 0.0 - 0.0 Fail 0.0 - 0.0 - 0.0 - x109/L 0.0-0.1 

Rep, repetition; Ref, reference interval; RBC, red blood cell; Hb, hemoglobin; Hct, hematocrit; MCV, mean corpuscular volume; MCH, mean 

corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW, red cell distribution width; Plt, platelet; MPV, mean platelet 

volume; Pct, plateletcrit; WBC, white blood cell; Seg Neut, segmented neutrophil; Lymph, lymphocyte; Mono, monocyte; Eos, eosinophil; Bas, 

basophil; Fail, aspiration fail.  
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Appendix 2. Individual normal dog biochemistry profile results at T0 (day 0).  

Test           Dog  1  2  3  4 5 6 7 8 9 10 11 12  13 Unit Ref 

Calcium 2.67 2.38 2.74 2.39 2.70 2.56 2.63 2.57 2.65 2.54 2.42 2.43 2.51 mmol/L 2.50-3.00 

Phosphorus 1.62 1.09 1.94 1.30 1.67 1.03 1.16 1.27 1.51 1.03 1.08 1.30 1.05 mmol/L 0.9-1.85 

Magnesium 0.8 0.9 0.8 0.9 0.8 0.9 0.8 0.8 0.9 0.8 0.8 0.8 1.0 mmol/L 0.7-1.0 

Sodium 148 148 149 149 146 145 146 146 147 146 146 146 148 mmol/L 140-154 

Potassium 5.1 4.8 4.6 4.0 4.9 4.9 4.7 5.6 4.5 4.5 4.7 4.6 5.0 mmol/L 3.8-5.4 

Chloride 112 108 109 111 106 107 107 110 106 110 110 111 112 mmol/L 104-119 

CO2 19 21 21 20 19 18 20 22 17 18 18 21 21 mmol/L 15-25 

Anion gap 22 24 24 22 26 25 24 20 29 22 23 19 20 mmol/L 13-24 

Na:K ratio 29 31 32 37 30 29 31 26 32 33 31 32 29 - 29-37 

Total prot. 56 60 55 54 63 64 64 61 63 58 61 57 64 g/L 55-74 

Albumin 38 36 38 33 39 38 38 34 40 37 37 36 37 g/L 29-43 

Globulin 18 24 17 21 24 26 26 27 23 21 24 21 27 g/L 21-42 

A:G ratio 2.11 1.50 2.24 1.57 1.63 1.46 1.46 1.26 1.74 1.76 1.54 1.71 1.37 - 0.7-1.8 

Urea 3.3 4.9 7.3 4.5 4.6 3.7 4.7 3.4 4.7 3.4 4.4 5.3 7.9 mmol/L 3.5-9.0 

Creatinine 75 92 83 88 60 82 99 118 85 104 97 80 106 umol/L 20-150 

Glucose 4.5 3.7 3.9 4.3 2.7 2.7 3.7 4.1 3.3 3.9 3.1 4.4 4.0 mmol/L 3.3-7.3 

Cholesterol 5.58 4.51 5.74 3.58 7.00 7.36 6.35 6.21 4.87 6.99 5.40 6.43 5.99 mmol/L 3.6-10.2 

Total bili 1 2 1 1 1 2 2 1 2 5 3 1 3 umol/L 0-4 

Conj. bili 1 1 1 1 1 1 1 1 1 2 1 1 1 umol/L 0-1 

Free bili 0 1 0 0 0 1 1 0 1 3 2 0 2 umol/L 0-3 

ALP 81 48 98 32 62 51 29 35 41 4 17 38 37 U/L 22-143 

St ALP 3 12 7 4 3 27 4 8 0 4 4 4 12 U/L 0-84 

GGT 8 0 4 0 3 3 4 0 0 2 2 1 6 U/L 0-7 

ALT 82 33 46 50 55 17 44 29 35 39 31 27 56 U/L 19-107 

CK 152 150 368 350 311 135 165 178 256 154 180 227 159 U/L 40-225 
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Test           Dog  1  2  3  4 5 6 7 8 9 10 11 12  13 Unit Ref 

Amylase 670 766 605 563 709 739 586 810 1181 641 331 580 752 U/L 299-947 

Lipase 18 134 70 15 27 44 245 28 154 66 19 54 58 U/L 25-353 

Calc Osm 293 293 297 293 288 285 289 290 290 287 288 290 297 mmol/L - 

Ref, reference interval; CO2, Carbon dioxide; Prot, protein; Bili, bilirubin; ALP, alkaline phosphatase; St, steroid; GGT, gamma-glutamyl 

transpeptidase; ALT, alanine aminotransferase; CK, creatine kinase; Calc Osm, calculated osmolarity. 
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Appendix 3. Individual normal dog coagulation profile results at T0 (day 0).  

Test                    PT PTT Fibrinogen 

Unit Seconds Seconds g/L 

Ref 7.0-9.8 10.8-14.7 0.8-3.0 

Dog 1 8.7 12.1 1.56 

Dog 2 9.0 13.7 1.11 

Dog 3 9.4 11.2 1.08 

Dog 4 8.6 11.9 1.80 

Dog 5 7.3 12.2 2.18 

Dog 6 7.7 14.8 1.66 

Dog 7 7.7 12.3 2.37 

Dog 8 8.0 12.9 1.60 

Dog 9 9.1 11.8 1.37 

Dog 10 8.9 12.0 1.13 

Dog 11 8.4 12.2 1.49 

Dog 12 8.8 12.7 1.23 

Dog 13 8.8 13.3 1.84 

PT, prothrombin time; PTT, partial thromboplastin time; Ref, reference interval.  

 

Appendix 4. Individual fresh and 30-minute Plateletworks results in normal dogs at T0 

(day 0). Platelet counts and % Aggregation are expressed as the average of duplicate 

repetitions. Platelet counts are x 109/L, spontaneous aggregation is %. 

 EDTA plt ct PW plt ct PW %Agg EDTA plt ct 
30 min 

PW plt ct 
30 min 

PW %Agg  
30 min 

Unit x 109/L x 109/L % x 109/L x 109/L % 

Dog 1 217 12.5 94 210.5 112.5 47 

Dog 2 122 25.5 79 189.5 156 18 

Dog 3 279.5 5.5 98 267.5 123.5 54 

Dog 4 208.5 12.5 94 218.5 94.5 57 

Dog 5 354 34.5 90 353 295.5 16 

Dog 6 284.5 9.5 97 286 99.5 65 

Dog 7 276.5 21 92 284.5 292 -3 

Dog 8  298 7 98 292.5 37 87 

Dog 9  149 66.5 55 154 180 -17 

Dog 10 204 7.5 96 201.5 22.5 89 

Dog 11 210.5 16 92 208 47.5 77 

Dog 12 208.5 12 94 218.5 25.5 88 

Dog 13  228.5 8 96 198.5 46 77 

Plt ct, platelet count; PW, Plateletworks; %Agg, % Aggregation; Min, minutes. 
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Appendix 5. Individual citrate Plateletworks results in normal dogs at T0, T1 and T2. Platelet counts and % Aggregation 

are expressed as the average of duplicate repetitions Platelet counts are x 109/L, spontaneous aggregation is %. 

 

 

 

 

 

 

 

 

 

 

%Agg, % Aggregation; cPW, citrate Plateletworks; T0, day 0; T1, 24 hours; T2, 48 hours.  
 

 

 

 

 EDTA plt 
ct 
T0 

cPW plt ct 
T0 

cPW %Agg  
T0 

EDTA plt 
ct 
T1 

cPW plt ct 
T1 

cPW %Agg 
T1 

EDTA plt 
ct 
T2 

cPW plt ct 
T2 

cPW %Agg 
T2 

Unit x 109/L x 109/L % x 109/L x 109/L % x 109/L x 109/L % 

Dog 1 217 12 94 219.5 20 91 208 15.5 93 

Dog 2 122 30.5 75 115.5 52.5 55 143 40.5 72 

Dog 3 279.5 13.5 95 265 59.5 78 213 36.5 83 

Dog 4 208.5 13 94 91 31.5 65 81.5 26 68 

Dog 5 354 14 96 375.5 11 97 350.5 39 89 

Dog 6 284.5 14 95 296.5 19 94 285.5 69.5 76 

Dog 7 276.5 29 90 289 20.5 93 221 10.5 95 

Dog 8 298 11 96 294.5 26.5 91 278 58 79 

Dog 9 149 72 52 105.5 84 20 128 68 47 

Dog 10 204 10.5 95 164 59.5 64 215 25.5 88 

Dog 11 210.5 13.5 94 208.5 19.5 91 168.5 40.5 76 

Dog 12 208.5 48 77 212 31.5 85 218.5 50 77 

Dog 13  228.5 17.5 92 152.5 26.6 83 179.5 22 88 
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Appendix 6. Individual 30-minute citrate Plateletworks results in normal dogs at T0, T1 and T2. Platelet counts and % 

Aggregation are expressed as the average of duplicate repetitions. Platelet counts are x 109/L, spontaneous aggregation 

is %. 

 EDTA plt ct   
T0 

cPW plt ct   
T0 
30 mins 

cPW %Agg 
T0  
30 mins 

EDTA plt ct   
T1 

cPW plt ct   
T1 
30 mins 

cPW %Agg 
T1  
30 mins 

EDTA plt ct 
T2 

cPW plt ct   
T2 
30 mins 

cPW %Agg 
T2 
30 mins 

Unit x 109/L x 109/L % x 109/L x 109/L % x 109/L x 109/L % 

Dog 1 217 - - 219.5 236.5 -8 208 33 84 

Dog 2 122 136 -11 115.5 142 -23 143 114.5 20 

Dog 3 279.5 44.5 84 265 166.5 37 213 118 45 

Dog 4 208.5 33.5 84 91 110.5 -21 81.5 81 1 

Dog 5 354 - - 375.5 37 90 350.5 62 82 

Dog 6 284.5 31.5 89 296.5 173 42 285.5 168.5 41 

Dog 7 276.5 193.5 30 289 189.5 34 221 51 77 

Dog 8 298 21.5 93 294.5 159 46 278 172 38 

Dog 9 149 - - 105.5 127.5 -20 128 61 52 

Dog 10 204 26 87 164 145.5 11 215 92 57 

Dog 11 210.5 18.5 91 208.5 142 32 168.5 101 40 

Dog 12 208.5 86.5 59 212 114 46 218.5 56.5 74 

Dog 13  228.5 109 52 152.5 91.5 40 179.5 79.5 56 

 Plt ct, Platelet count; cPW, citrate Plateletworks; %Agg, % Aggregation; T0, day 0; T1, 24 hours; T2, 48 hours; T0-30 mins, 30-minutes at T0; T1-

30 mins, 30-minutes at T1; T2-30 mins, 30-minutes at T2.  
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Appendix 7. Individual results for AGGFix using Plateletworks in normal dogs at T0, T1 and T7. Platelet counts and % 

Aggregation are expressed as the average of duplicate replications. Platelet counts are x 109/L, spontaneous aggregation 

is %. 

 EDTA A/B 
Plt ct T0 

ADP A/B 
Plt ct T0 

ADP A/B 
%Agg T0 

EDTA A/B 
Plt ct T1 

ADP A/B 
Plt ct T1 

ADP A/B 
%Agg T1 

EDTA A/B 
Plt ct T7 

ADP A/B 
Plt ct T7 

ADP A/B 
%Agg T7 

Unit x 109/L x 109/L % x 109/L x 109/L % x 109/L x 109/L % 

Dog 1 13 1 92 15 0 100 11 1 91 

Dog 2 11 3 73 7 2 71 2 2 0 

Dog 3 19 1 95 19 0 100 11 1 91 

Dog 4 15 1 93 15 1 93 5 1 80 

Dog 5 22 3 86 25 1 96 14 1 93 

Dog 6 23 1 96 20 0 100 7 1 86 

Dog 7 19 2 89 21 1 95 6 1 83 

Dog 8 21 1 95 22.5 0.5 98 9 1.5 83 

Dog 9 13 1 92 12 0.5 96 7.5 1 87 

Dog 10 16 1 94 14 1 93 8 1 88 

Dog 11 17 2 88 16 1 94 26.5 1.5 94 

Dog 12 17.5 2 89 17 1 94 10 1 90 

Dog 13 20 2.5 88 19 1 95 6.5 0.5 92 

EDTA A/B, EDTA whole blood in AGGFix A/B solution; ADP A/B, Plateletworks ADP blood in AGGFix A/B solution; Plt ct, Platelet count; %Agg, 

A5 Aggregation; T0, day 0; T1, 24 hours; T7, day 7.  
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Appendix 8. Individual results for Platelet Function Analyzer-200 using the P2Y and Col/ADP (CADP) cartridges in 

normal dogs at T0, T1 and T2. Results are expressed as closure time (CT) in seconds.  

 P2Y T0  P2Y T1  P2Y T2   CADP T0  CADP T1  CADP T2   

 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 

Dog 1 50 NP 105 NP 231 NP 68 NP 136 NP 231 NP 

Dog 2 68 100 108 300 FO NSQ 64 81 FO 229 FO NSQ 

Dog 3 36 NP FO NSQ 58 NSQ FO 300 FO NSQ 94 NSQ 

Dog 4 52 53 240 194 300 300 49 42 78 219 119 267 

Dog 5 41 45 160 300 196 FO FO 56 218 232 228 180 

Dog 6 60 54 70 79 97 83 62 FO 47 82 57 91 

Dog 7 55 300 77 127 300 32 64 55 57 62 145 118 

Dog 8 50 55 300 93 300 300 60 FO 64 60 109 76 

Dog 9 300 300 FO FO 300 NSQ 69 FO 37 FO 300 NSQ 

Dog 10 72 53 65 67 78 79 48 53 FO 59 84 87 

Dog 11 53 57 300 144 157 300 FO 64 84 71 67 176 

Dog 12 64 64 300 97 200 104 52 76 76 60 99 84 

Dog 13  41 47 58 52 68 76 40 67 39 65 FO 97 

CADP, collagen/adenosine diphosphate; R1, replicate 1; R2, replicate 2; NP, not performed; NSQ, not significant quantity; FO, flow obstruction; 
T0, day 0; T1, 24 hours; T2, 48 hours.  
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Appendix 9. Individual results for spontaneous aggregation in citrate in normal dogs at T0, T1 and T2. Platelet counts 
and % Aggregation are expressed as the average of duplicate repetitions. Platelet counts are x 109/L, spontaneous 
aggregation is %.  
 
 EDTA pltct 

T0 
Citrate plt ct  
T0 

SA 
T0  

EDTA pltct 
T1 

Citrate plt ct  
T1  

SA* 
T1/T0 

SA† 
T1 

EDTA pltct  
T2 

Citrate plt ct 
T2 

SA‡ 
T2/T0 

SA§  
T2 

Dog 1 217 182.5 16 219.5 161.5 26 26 208 30 86 86 

Dog 2 122 172.5 -41 115.5 168 -38 -45 143 135.5 -11 5 

Dog 3 279.5 186 33 265 127.5 54 52 213 124 56 42 

Dog 4 208.5 142 32 91 150.5 28 -65 81.5 116 44 -42 

Dog 5 354 296.5 16 375.5 26 93 93 350.5 50.5 86 86 

Dog 6 284.5 205.5 28 296.5 186.5 34 37 285.5 232 18 19 

Dog 7 276.5 206.5 25 289 149 46 48 221 67 76 70 

Dog 8 298 180.5 39 294.5 235 21 20 278 239.5 20 14 

Dog 9 149 163.5 -10 105.5 170 -14 -61 128 59 60 54 

Dog 10 204 176.5 13 164 98 52 40 215 96 53 55 

Dog 11 210.5 180.5 14 208.5 66.5 68 68 168.5 133.5 37 21 

Dog 12 208.5 169 19 212 145.5 30 31 218.5 152.5 27 30 

Dog 13 228.5 187.5 18 152.5 179.5 21 -18 179.5 166.5 27 7 

 Plt ct, platelet count; SA, Spontaneous aggregation; T0, day 0; T1, 24 hours; T2, 48 hours.  
 
* Spontaneous aggregation in citrate at T1 compared to T0 EDTA platelet counts.  
† Spontaneous aggregation in citrate at T1 compared to T1 EDTA platelet counts.  
‡ Spontaneous aggregation in citrate at T2 compared to T0 EDTA platelet counts.  
§ Spontaneous aggregation in citrate at T2 compared to T2 EDTA platelet counts.  
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Appendix 10. Individual results for AGGFix using Plateletworks in clinically ill dogs at T0, T1-3 and T4-11. Platelet counts 
and % Aggregation are expressed as the average of triplicate replications. Platelet counts are x109/L, aggregation is in %.  
 
 EDTA 

plt ct  
T0 

PW 
plt ct  
T0 

PW 
%Agg 
T0 

EDTA 
A/B  
plt ct  
T0 

ADP 
A/B 
plt ct  
T0 

ADP 
A/B 
%Agg  
T0 

EDTA 
A/B  
plt ct  
T1-3 

ADP 
A/B 
plt ct  
T1-3 

ADP 
A/B 
%Agg  
T1-3 

EDTA 
A/B  
plt ct  
T4-11 

ADP 
A/B 
plt ct  
T4-11 

ADP 
A/B 
%Agg  
T4-11 

Clop  
Y/N 

Dog 1 394 331 16 30 6 81 29 4 86 26 3 87 Y 

Dog 2 391 118 70 30 1 95 25 1 95 30 2 94 Y 

Dog 3 590 552 6 43 20 55 42 12 71 26 7 73 Y 

Dog 4 716 11 98 48 2 97 44 1 98 29 2 94 N 

Dog 5 664 659 1 51 8 84 53 6 89 50 5 91 Y 

Dog 6 500 520 -4 40 21 48 39 14 65 37 12 68 Y 

Dog 7 844 683 19 56 40 28 54 36 34 53 35 33 Y 

Dog 8 268 13 95 16 2 85 13 1 90 8 2 81 N 

Dog 9 294 16 95 22 1 95 21 1 95 20 1 93 N 

Dog 10 175 152 13 15 10 33 - - - - - - Y 

Dog 11 702 672 4 50 41 19 51 22 56 44 17 60 Y 

Dog 12 519 17 97 35 2 95 32 1 96 12 1 92 N 

Dog 13 374 13 97 31 2 95 32 2 95 22 1 95 N 

Dog 14 696 547 21 52 3 94 56 5 92 22 3 85 Y 

Dog 15 331 358 -8 - - - - - - 20 8 62 Y 

Dog 16 427 422 1 34 9 75 35 5 85 30 4 87 Y 

Dog 17 529 228 57 35 3 92 29 2 92 13 2 85 N 

Dog 18 413 398 4 31 6 82 31 4 86 21 4 79 Y 

Plt ct, platelet count; PW, Plateletworks; A/B, AGGFix A/B solution; %Agg, % Aggregation; Clop, clopidogrel; Y, yes; N, no; T0, day 0; T1-3, day 1-
day 3; T4-11, day 4-day 11.  
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Appendix 11. Individual citrate Plateletworks results in clinically ill dogs at T0. Platelet counts and % Aggregation are 
expressed as the average of duplicate repetitions. Platelet counts are x109/L and aggregation is %.  
 
 EDTA plt ct PW plt ct PW %Agg cPW plt 

ct 
cPW 
%Agg 

PW plt ct 
30 mins  

PW %Agg 
30 mins 

cPW plt 
ct 30 
mins 

cPW 
%Agg 30 
mins 

Clop 
Y/N 

Dog 1 160 - - 16 90 - - 134 17 N 

Dog 2 556 - - 498 10 - - 442 21 Y 

Dog 3 913 139 85 391 96 964 -1 697 24 N 

Dog 4 647 626 3 319 51 600 7 498 23 Y 

Dog 5 318 287 10 239 25 286 10 214 32 Y 

Dog 6 780 716 8 649 17 - - 632 18 Y 

Dog 7 664 659 1 631 5 636 4 - - Y 

Dog 8 1237 1218 2 987 20 1217 2 959 22 Y 

Dog 9 500 520 -4 446 11 491 2 468 6 Y 

Dog 10 493 - - 425 14 - - 406 18 Y 

Dog 11 844 683 19 810 4 677 20 760 10 Y 

Dog 12 173 14 92 15 92 161 3 122 29 N 

Dog 13 461 439 5 186 60 382 17 343 26 Y 

Dog 14 503 438 13 303 40 348 31 359 29 Y 

Dog 15 175 152 13 141 19 - - - - Y 

Dog 16 702 672 4 588 16 676 4 - - Y 

Dog 17 163 15 91 11 94 28 83 118 28 N 

Dog 18 529 315 41 166 69 476 10 - - N 

Dog 19 576 578 0 471 18 478 17 485 16 Y 

Dog 20 133 69 48 13 91 89 33 81 42 N 

Dog 21 175 13 93 21 88 197 -13 134 6 N 

Dog 22 357 362 -2 275 23 322 10 278 22 Y 

Dog 23 502 318 37 287 43 425 15 364 27 Y 
Dog 24 401 416 -4 329 18 364 9 - - Y 

Dog 25 375 403 -7 309 18 - - - - Y 
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 EDTA plt ct PW plt ct PW %Agg cPW plt 
ct 

cPW 
%Agg 

PW plt ct 
30 mins  

PW %Agg 
30 mins 

cPW plt 
ct 30 
mins 

cPW 
%Agg 30 
mins 

Clop 
Y/N 

Dog 26 529 228 57 134 75 447 16 360 21 N 

Dog 27 457 452 1 372 19 465 -2 - - Y 

Dog 28 510 417 18 31 94 487 5 334 35 N 

Dog 29 432 20 95 25 94 209 52 75 83 N 

Dog 30 249 - - 204 18 - - 217 13 Y 

Dog 31 997 1055 -6 562 44 - - - - Y 

Dog 32 251 226 10 204 19 208 17 191 24 Y 

Dog 33 607 624 -3 511 16 633 -4 - - Y 

Dog 34 421 411 3 343 19 382 9 - - Y 

Dog 35 370 315 15 150 59 326 12 236 36 N 

Dog 36 439 - - 17 96 - - 287 35 N 

Dog 37 236 - - 202 14 - - 207 12 Y 

Dog 38 838 - - 518 38 - - - - Y 

Dog 39 647 - - 563 21 - - 571 12 Y 

Dog 40 121 - - 37 70 - - - - N 

Dog 41 454 - - 37 92 - - 259 43 N 

Dog 42 878 - - 701 20 - - - - Y 

Dog 43 547 - - 406 26 - - 383 30 Y 

Dog 44 458 - - 300 35 - - 303 34 N 

Dog 45 649 - - 319 51 - - 485 25 N 

Dog 46 829 - - 359 57 - - 633 24 Y 

Dog 47 311 - - 129 59 - - 234 25 N 

Dog 48 694 - - 533 23 - - 562 19 Y 

Dog 49 502 - - 57 89 - - - - N 

Plt ct, platelet count; PW, Plateletworks; cPW, citrate Plateletworks; %Agg, % Aggregation; Mins, minutes; Clop, clopidogrel; Y, yes; N, no  
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Appendix 12. Individual citrate Plateletworks results in clinically ill dogs at T1. Platelet counts and % Aggregation are 
expressed as the average of duplicate repetitions. Platelet counts are x109/L and aggregation is %. 
 
 EDTA plt ct 

T0 
PW plt ct 
T0 

PW %Agg 
T0 

cPW plt ct 
T1 

cPW %Agg 
T1 

Clop 
Y/N 

Dog 1 381 - - 226 41 N 

Dog 2 160 - - 15 91 N 

Dog 3 913 139 85 108 88 N 

Dog 4 315 33 90 12 96 N 

Dog 5 708 566 20 110 84 N 

Dog 6 454 - - 88 80 N 

Dog 7 500 520 -4 256 50 Y 

Dog 8 294 16 95 98 67 N 

Dog 9 253 10 96 16 94 N 

Dog 10 237 226 5 79 67 Y 

Dog 11 311 - - 310 0 N 

Dog 12 280 - - 291 -4 N 

Dog 13 334 14 96 233 30 N 

Dog 14 598  - - 219 63 N 

Dog 15 233 - - 21 91 N 

Dog 16 500 - - 241 52 N 

Dog 17 167 - - 29 88 N 

Dog 18 829 - - 466 44 Y 

Dog 19 1211 - - 789 35 N 

Plt ct, platelet count; PW, Plateletworks; %Agg, % Aggregation; cPW, citrate Plateletworks; Clop, clopidogrel; Y, yes; 
N, no; T0, day 0; T1, 24 hours.  
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Appendix 13. Individual spontaneous aggregation in citrate in clinically ill dogs at T0. 
Platelet counts and % Aggregation are expressed as the average of duplicate 
repetitions. Platelet counts are x109/L and aggregation is %. 
 
 EDTA plt ct PW %Agg Citrate plt ct SA  Clop Y/N 

Dog 1 185 - 177 4 Y 

Dog 2 160 - 125 22 N 

Dog 3 920 2 671 27 Y 

Dog 4 556 - 464 17 Y 

Dog 5 913 85 737 19 N 

Dog 6 647 3 544 16 Y 

Dog 7 580 -1 494 14 Y 

Dog 8 780 8 647 17 Y 

Dog 9 737 - 655 11 Y 

Dog 10 500 -4 475 5 Y 

Dog 11 493 - 475 4 Y 

Dog 12 844 19 772 9 Y 

Dog 13 167 92 126 27 N 

Dog 14 461 5 331 28 Y 

Dog 15 503 13 419 17 Y 

Dog 16 702 4 617 12 Y 

Dog 17 163 91 102 38 N 

Dog 18 131 - 85 35 N 

Dog 19 133 48 100 28 N 

Dog 20 524 96 499 5 N 

Dog 21 502 37 403 20 Y 

Dog 22 375 -7 344 8 Y 

Dog 23 529 57 346 35 N 

Dog 24 280 5 211 25 Y 

Dog 25 568 1 502 12 Y 

Dog 26 882 - 682 23 N 

Dog 27 510 18 396 22 N 

Dog 28 366 19 314 14 N 

Dog 29 432 95 290 33 N 

Dog 30 688 - 592 14 Y 

Dog 31 249 - 227 9 Y 

Dog 32 997 -6 931 7 Y 

Dog 33 439 - 351 20 N 

Plt ct, platelet count; PW, Plateletworks; %Agg, % Aggregation; SA, spontaneous aggregation; Clop, 
clopidogrel; Y, yes; N, no.  
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Appendix 14. Individual spontaneous aggregation in citrate in clinically ill dogs at T0. 
Platelet counts and % Aggregation are expressed as the average of duplicate 
repetitions. Platelet counts are x109/L and aggregation is %. 
 
 EDTA plt ct 

T0 
PW %Agg 
T0 

Citrate plt ct 
T1 

SA  
T1 

Clop  
Y/N 

Dog 1 381 - 227 40 N 

Dog 2 160 - 52 66 N 

Dog 3 315 90 40 87 N 

Dog 4 708 20 128 81 N 

Dog 5 454 - 136 69 N 

Dog 6 500 -4 276 46 Y 

Dog 7 253 96 80 68 N 

Dog 8 237 5 135 43 Y 

Dog 9 626 - 563 10 Y 

Dog 10 311 - 335 -8 N 

Dog 11 280 - 296 -6 N 

Dog 12 280 5 235 16 Y 

Dog 13 688 - 472 31 Y 

Plt ct, platelet count; PW, Plateletworks; SA, spontaneous aggregation; Clop, clopidogrel; Y, yes; N, no; 
T0, day 0; T1, 24 hours.  
 

 

 
Appendix 15. Individual Platelet Function Analyzer P2Y cartridge closure times in 
clinically ill dogs at T0 and T1. Closure times are expressed in seconds.  
 
 P2Y CT T0 P2Y CT T1 Clop Y/N 

Dog 1 - 300 N 

Dog 2 300 91 N 

Dog 3 90 274 N 

Dog 4 53 FO N 

Dog 5 78 215 N 

Dog 6 - 300 Y 

Dog 7 113 155 N 

Dog 8 300 300 Y 

Dog 9 121 128 N 

Dog 10 300 243 N 

Dog 11 300 FO Y 

Dog 12 - 131 N 

Dog 13 58 300 N 

Dog 14 - 300 Y 

Dog 15 102 FO N 

Dog 16 300 300 Y 

Dog 17 87 171 N 

Dog 18 300 300 Y 
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 P2Y CT T0 P2Y CT T1 Clop Y/N 

Dog 19 Error FO N 

Dog 20 - FO N 

Dog 21 300 FO N 

Dog 22 75 157 N 

Dog 23 300 300 Y 

Dog 24 78 FO Y 

Dog 25 300 198 Y 

Dog 26 300 300 Y 

Dog 27 300 300 N 

Dog 28 300 300 Y 

Dog 29 84 271 Y 

Dog 30 90 300 Y 

Dog 31 300 300 N 

Dog 32 FO 297 Y 

Dog 33 300 300 Y 

Dog 34 218 300 Y 

Dog 35 FO 300 Y 

Dog 36 - FO N 

Dog 37 FO 287 Y 

Dog 38 FO 300 Y 

Dog 39 206 300 Y 

Dog 40 300 300 Y 

Dog 41 52 150 N 

Dog 42 60 300 N 

Dog 43 39 67 N 

Dog 44 39 103 N 

Dog 45 65 300 N 

Dog 46 111 FO N 

Dog 47 300 300 Y 

Dog 48 300 300 Y 

Dog 49 300 300 Y 

Dog 50 43 78 N 

CT, closure time; Clop, clopidogrel; Y, yes; N, no; FO, flow obstruction; T0, day 0; T1, 24 hours.  
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Appendix 16. Individual Platelet Function Analyzer CADP cartridge results in clinically 
ill dogs at T0 and T1. Closure times are expressed in seconds.  
 

 CADP CT T0 CADP CT T1 Clop Y/N 

Dog 1 85 300 N 

Dog 2 76 300 Y 

Dog 3 75 300 Y 

Dog 4 - 149 N 

Dog 5 71 84 N 

Dog 6 73 140 N 

Dog 7 55 FO N 

Dog 8 FO FO N 

Dog 9 85 244 N 

Dog 10 107 131 Y 

Dog 11 127 164 N 

Dog 12 105 FO Y 

Dog 13 105 300 N 

Dog 14 FO FO N 

Dog 15 FO 300 N 

Dog 16 248 133 Y 

Dog 17 79 184 N 

Dog 18 - 270 Y 

Dog 19 83 169 N 

Dog 20 300 300 Y 

Dog 21 83 287 N 

Dog 22 FO FO Y 

Dog 23 FO 77 N 

Dog 24 59 300 Y 

Dog 25 - 164 N 

Dog 26 71 FO N 

Dog 27 105 209 N 

Dog 28 300 FO Y 

Dog 29 167 300 Y 

Dog 30 300 300 Y 

Dog 31 68 276 Y 

Dog 32 122 300 Y 

Dog 33 - FO N 

Dog 34 FO 123 Y 

Dog 35 155 270 N 

Dog 36 216 300 Y 

Dog 37 FO 147 Y 

Dog 38 65 83 Y 

Dog 39 - 135 N 

Dog 40 270 237 Y 

Dog 41 FO 83 N 
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 CADP CT T0 CADP CT T1 Clop Y/N  

Dog 42 58 265.0 Y 

Dog 43 104 268 N 

Dog 44 77 300 Y 

Dog 45 300 284 Y 

Dog 46 239 300 Y 

Dog 47 - Air leak error N 

Dog 48 134 226 Y 

Dog 49 85 96 Y 

Dog 50 69 139 Y 

Dog 51 300 300 Y 

Dog 52 160 127 N 

Dog 53 FO 154 N 

Dog 54 110 137 N 

Dog 55 85 103 N 

Dog 56 60 70 N 

Dog 57 68 114 N 

Dog 58 50 77 N 

Dog 59 82 FO N 

Dog 60 74 164 Y 

Dog 61 300 300 Y 

Dog 62 232 249 Y 

Dog 63 95 300 Y 

Dog 64 91 294 Y 

Dog 65 75 151 N 

CADP, collagen/adenosine diphosphate; CT, closure time; Clop, clopidogrel; Y, yes; N, no; FO; flow 
obstruction; T0, day 0; T1, 24 hours.  
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Appendix 17. Preliminary studies in normal dogs 
 
Materials and Methods 
Purpose-bred dogs, blood donors and healthy staff-owned dogs were enrolled from May 
1, 2012 to June 12, 2020 to contribute to the development of normal ranges. Data for 
the 6 purpose-bred dogs and 9 of the staff-owned dogs were collected during previously 
reported studies (Saati 2018; Blois 2015). Methods for blood sample collection and 
platelet function testing were the same as described elsewhere in this thesis. 
 
Results 
Plateletworks ADP 
Data from the purpose-bred dogs are not included as samples were not analyzed within 
10 minutes (Saati 2018). Twenty-five community dogs were tested; % Aggregation 
results were: median = 93%, range 17-96%, with 84% of dogs >70% (Fig 16a). 
Repeatability of ADP % Agg was tested in another 9 dogs where samples were 
analyzed between 8 – 20 min (Blois 2015); repeatability was high with a maximum 
change of 23% (Fig.16b) 
 
Fig 17.1. Plateletworks (ADP agonist) % Aggregation at 7 – 10 minutes in 25 normal 
dogs.       
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Fig 17.2. Plateletworks (ADP agonist) repeatability of % Aggregation in 9 normal dogs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

PFA-200 
The P2Y closure time (CT) was measured in 28 dogs (n = 36 assays). In 7 (25%) dogs 
CT was > 300 sec. Of these 7 dogs a duplicate analysis was performed in 5 dogs with 
CT > 300 sec in 4 dogs and 78 sec in 1 dog. In two assays flow obstructions occurred, 
with repeated successful assays of 51 and 102 sec, respectively. The median (range) of 
remaining CT was 62 (42 – 189) sec, with 17 (85%) of CT < 100 sec.  
 
The ADP/Col closure time was measured in 7 dogs: median (range) CT was 70 (52-
125) sec, with mean ± SD of 79 ± 26 sec. 
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Appendix 18. Monitoring of clopidogrel therapy in dogs. 
 
The dogs reported in Chapter 3 are a subset of the dogs summarized in this appendix. 
 
Materials and Methods 
Canine patients in the OVC HSC were enrolled from November 6, 2012 until October 9, 
2020. Inclusion criteria included active, planned or potential clopidogrel treatment and 
informed consent. The study did not prescribe initial treatment, modification of treatment 
if HOTPR was diagnosed, or duration of treatment. 
 
Dogs were diagnosed at increased risk for thrombosis based on various factors 
including diagnosis of a disease considered to carry a risk for thrombosis, 
hypercoagulability demonstrated by thromboelastography, thrombocytosis, and 
corticosteroid therapy. Dogs with active thrombosis were diagnosed based on various 
factors including clinical signs, risk for thrombosis, laboratory test results, and diagnostic 
imaging. 
 
Methods for blood sample collection and platelet function testing were the same as 
described elsewhere in this thesis. 
 
Results 
One dog developed a delayed hematoma at jugular venipuncture sites. Two dogs 
developed transient epistaxis. In one of these dogs this followed a single inadvertent 
doubling of clopidogrel dose. No overt hemorrhage was identified in any other dog. 
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Table 18.1. Diagnosis for 119 dogs diagnosed with increased risk of thrombosis. Age was normally distributed with a 
range of 0.9 - 16.3 years, with a mean of 8.3 and median of 8.5 years.                                                         

IMHA ITP-RT IMPA HAC DM/DKA PLE Pancre-
atitis 

Other 
Inflam-
matory 
disorders 

PLN Priapism, 
Paraphi-
mosis 

Cardiac 
disorders 

59 5 2 12 3 11 5 3 15 2 2 

DM/DKA, diabetes mellitus/diabetic ketoacidosis; HAC, hyperadrenocorticism; IMHA, immune-mediated hemolytic anemia; ITP-RT, immune-

mediated thrombocytopenia-rebound thrombocytosis; IMPA, immune-mediated polyarthritis; PLE, protein-losing enteropathy; PLN, protein-losing 

nephropathy. 

 

Table 18.2. Diagnosis for 117 dogs diagnosed with thrombosis. Age was normally distributed with a range of 1.7 - 16.0 
years, with a mean of 9.7 and median of 10.0 years. Age of dogs was not significantly different between dogs at risk for 
thrombosis and dogs with thrombosis (p = 0.002).                                                   

IMHA IMPA Adrenal 
mass 

Cortico-
steroid 
treatment 

DM/DKA Hypothy-
roidism 

Chronic 
liver 
disease 

Pancre-
atitis 

PLN AKI Urinary 
tract 
infection 

7 1 16 1 6 1 6 1 13 3 1 

Neoplasia Major 
surgery 

Cardiac 
disorders 

Thrombo-

cytosis 

Grey-

hound 

Blasto-

mycosis 

Unknown     

19 7 5 1 1 1 27     

AKI, acute kidney injury; DM/DKA, diabetes mellitus/diabetic ketoacidosis; HAC, hyperadrenocorticism; IMHA, immune-mediated hemolytic 

anemia; IMPA, immune-mediated polyarthritis; PLN, protein-losing nephropathy. 
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Table 18.3. Type and location of thrombosis for 117 dogs tested prior to clopidogrel therapy or after initiation of 
clopidogrel therapy.                                                        

Arterial Mixed Venous 

CNS Aorta & 
left 
atrium 

Renal 
artery 

Lingual 
artery 

Myo-
cardium 

Spleen DIC PTE Hepatic 
or portal 
vein 

Vena 
cava 

Right 
atrium 

Jugular 
vein 

36 19 4 2 2 10 3 22 7 7 4 1 

CNS, central nervous system; DIC, disseminated intravascular coagulation; PTE, pulmonary thromboembolism. 
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Table 18.4. Platelet Function Analyzer P2Y closure times in 116 dogs with planned or potential clopidogrel treatment (pre-
clopidogrel tests). 
 

Closure Time 

(sec) all tested 

dogs 

N: Mean ± SD 

     Median (range) 

Hematocrit (L/L) all 

tested dogs 

N: Mean ± SD 

     Median (range) 

     [rho CT with Hct) 

Platelet count (x 109/L) 

all tested dogs 

N: Mean ± SD 

     Median (range) 

     [rho CT with Plt Ct) 

% CT, %NC, 

%FO in 53 

dogs with risk 

for thrombosis 

% CT, % NC, % 

FO in 63 dogs 

with active 

thrombosis 

68: 80 ± 37 

       68 (36-226) 

60: 0.38 ± 0.11 

       0.40 (0.16 – 0.62) 

       [-0.05, p = 0.730] 

59: 389 ± 243 

330 (99 – 1211)  

[-0.12, p = 0.150] 

34 (64%) 34 (54%) 

32: NC/depletion 29: 0.39 ± 0.14 

       0.41 (0.11-0.63)  

29: 420 ± 259 

       358 (90 – 1467) 

13 (25%) 19 (30%) 

16: FO 12: 0.36 ± 0.13 

       0.36 (0.14 – 0.53) 

12: 360 ± 202 

       292 (112 – 878) 

6 (11%) 10 (16%) 

CT, closure time; FO, flow obstruction; Hct, hematocrit; NC, no closure; Plt Ct, platelet count. 
Percentage of dogs with Risk with measurable CT vs. NC + FO is not significantly different from Percentage of dogs with Thrombosis                                 
with measurable CT vs. NC + FO (Chi-square = 1.5, p = 0.294).  
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Table 18.5. Platelet Function Analyzer CADP closure times in 86 dogs with planned or potential clopidogrel treatment 
(pre-clopidogrel tests). 
 

Closure Time 

(sec) all tested 

dogs 

N: Mean ± SD 

     Median (range) 

Hematocrit (L/L) all 

tested dogs 

N: Mean ± SD 

     Median (range) 

     [rho CT with Hct) 

Platelet count (x 109/L) 

all tested dogs 

N: Mean ± SD 

     Median (range) 

     [rho CT with Plt Ct) 

% CT, %NC, 

%FO in 40 

dogs with risk 

for thrombosis 

% CT, % NC, % 

FO in 46 dogs 

with active 

thrombosis 

70: 94 ± 39 

       69 (51-224) 

64: 0.39 ± 0.11 

       0.40 (0.16 - 0.62) 

       [-0.14, p = 0.284] 

63: 345 ± 207 

291 (87 – 1045)  

[-0.27, p = 0.034] 

30 (75%) 40 (87%) 

1: NC/depletion 1: 0.15 

         

1: 786 1 (2%) 0 (0%) 

14: FO 14: 0.34 ± 0.11 

       0.39 (0.15 – 0.47) 

14: 635 ± 365 

       518 (258 – 1467) 

8 (21%) 6 (13%) 

1: Air Leak 1: 0.16 1: 533 1 (2%) 0 (0%) 

CT, closure time; FO, flow obstruction; Hct, hematocrit; NC, no closure; Plt Ct, platelet count. 

Percentage of dogs with Risk with measurable CT vs. NC + FO is not significantly different from Percentage of dogs with Thrombosis                                 
with measurable CT vs. NC + FO (Chi-square = 2.0, p = 0.253).  
 
 



    

 

 

165 

 

Table 18.6. Plateletworks ADP % Aggregation in 52 dogs with planned or potential clopidogrel treatment (pre-clopidogrel 
tests). 
 

Aggregation (%) 

all tested dogs 

N: Mean ± SD 

     Median (range) 

Hematocrit (L/L) all 

tested dogs 

N: Mean ± SD 

     Median (range) 

     [rho CT with Hct) 

Platelet count (x 109/L) 

all tested dogs 

N: Mean ± SD 

     Median (range) 

     [rho CT with Plt Ct) 

N (%) of <0%,     

1-20%, 21-69%, 

>70% Agg in 27 

dogs with risk 

for thrombosis 

N (%) of <0%,      

1-20%, 21-69%, 

>70% Agg in 25 

dogs with active 

thrombosis 

52: 65 ± 36 

       84 (-10 - 98) 

51: 0.37 ± 0.12 

       0.40 (0.11-0.61) 

       [0.21, p = 0.146] 

63: 345 ± 207 

291 (87 – 1045)  

[0.15, p = 0.307] 

 0%:       2 (7%) 

1-20%:   4 (15%) 

21-69%: 5 (19%) 

70%:    16 (59%) 

0%:       1 (4%) 

1-20%:   2 (8%) 

21-69%: 6 (24%) 

70%:    16 (64%) 

Hct, hematocrit; Plt Ct, platelet count; %Agg, percent aggregation. 
Percentage of dogs with Risk with measurable %Agg >70% is not significantly different from Percentage of dogs with Thrombosis                                 
with %Agg>70% (Chi-square = 0.123, p = 0.726).  
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Table 18.7. Platelet Function Analyzer P2Y closure times for 106 dogs receiving 

clopidogrel (first on-treatment test). 

 

CT, closure time; HOTPR, high-on-treatment platelet reactivity; NC, no closure. 
Results for dogs with Risk is not significantly different from dogs with Thrombosis (Chi-square = 2.0, p = 
0.565). 

 

Table 18.8. Platelet Function Analyzer CADP closure times for 102 dogs receiving 

clopidogrel (first on-treatment test). 

 

CT, closure time; HOTPR, high-on-treatment platelet reactivity; NC, no closure; RI, reference Interval 
Results for dogs with Risk is not significantly different from dogs with Thrombosis (Chi-square = 2.5, p = 
0.651). 

 
 
 
 
 

 

 

 

 62 dogs at risk 
N (%) [range] 

44 dogs with thrombosis 
N (%) [range] 

CT < 170 sec 9 (13% HOTPR) [52 – 162]
  

5 (11% HOTPR) [78 – 111] 

170 sec  CT  300 sec 2 (3% HOTPR) [251 – 279]   4 (9% HOTPR) [198 – 219] 

CT > 300 sec 
(NC/depletion) 

40 (65%) 29 (66%) 

Flow Obstruction 11 (18%) 6 (14%) 

 52 dogs at risk 
N (%) [range] 

50 dogs with thrombosis 
N (%) [range] 

CT < 45 sec 1 (2% HOTPR) [40] 0 (0%) 

45 sec  CT  109 sec (RI) 16 (31% HOTPR) [46 – 
107] 

19 (38%) [58 – 105] 

109 sec < CT  300 sec 9 (17%) [113 – 286]   10 (20%) [112 – 167] 

> 300 sec (NC) 17 (32%) [>186 – >300] 16 (32%) [>239 - >300] 

Flow Obstruction 6 (12%) 5 (10%) 

Air Leak 3 (6%) 0 (0%) 
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Table 18.9. Plateletworks ADP % Aggregation for 75 dogs receiving clopidogrel (first 

on-treatment test). 

 

CT, closure time; HOTPR, high-on-treatment platelet reactivity; NC, no closure; RI, reference Interval 
Results for dogs with Risk is not significantly different from dogs with Thrombosis (Chi-square = 2.0, p = 
0.569). 

 
 

Fig 18.1. Pre-treatment and first on-treatment Platelet Function Analyzer closure times 

for 26 dogs receiving clopidogrel. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 41 dogs at risk 
N (%) [range] 

34 dogs with 
thrombosis 
N (%) [range] 

 0% 11 (27%) [-19 – 0] 11 (32%) [-20 – 0] 

1 – 20% 26 (63%) [1 – 20] 18 (53%) [2 – 12] 

21-69% (HOTPR) 3 (7%) [21-57] 2 (6%) [27-37] 

> 70% (HOTPR) 1 (2%) [86] 3 (9%) [70-89] 
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Fig 18.2. Pre-treatment and first on-treatment Platelet Function Analyzer CADP closure 

times for 24 dogs receiving clopidogrel 

 

 

 

 

 

 

 

 

 

 

 

Fig 18.3. Pre-treatment and first on-treatment Plateletworks ADP % Aggregation for 14 

dogs receiving clopidogrel. 
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Table 18.10. Clopidogrel dose escalation in dogs diagnosed with HOTPR. Overall there was no association between 

clopidogrel dose and diagnosis of HOTPR. Clopidogrel dose in dogs diagnosed with HOTPR ranged from 1 – 5 mg/kg. In 

8 dogs the dose of clopidogrel was increased, which partially or completely overcame HOTPR in 7 of these dogs. 

 

 Age 

(years) 

Sex Breed Hemostasis 

diagnosis 

Cause of 

risk/thrombosis 

Clopidogrel 

dose (mg/kg) 

PW ADP 

(%) 

PFA 

P2Y 

(sec) 

PFA 

CADP 

(sec) 

Dog 1 4 Mn Mixed-breed 27kg Risk IMHA 0 30 FO 68 

      2.1 ND 147 FO 

      2.7 3 >300 86 

Dog 2 8 Fs Yorkshire Terrier Risk PLN 0 ND 68 ND 

      1.3 ND 66 90 

      1.9 -9 >300 212 

Dog 3 7 Fs Mixed-breed 47kg Risk IMHA 1.6 13 137 73 

      2.4 8 >300 110 

Dog 4 9 Fs Yorkshire Terrier Risk PLN 0 ND FO ND 

      1.1 ND 52 86 

      2.2 -10 >300 >300 
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 Age 

(years) 

Sex Breed Hemostasis 

diagnosis 

Cause of 

risk/thrombosis 

Clopidogrel 

dose (mg/kg) 

PW ADP 

(%) 

PFA 

P2Y 

(sec) 

PFA 

CADP 

(sec) 

Dog 5 11 Mn Golden Retriever Splenic thrombus Lymphoma 0 97 55 FO 

      1.9 ND 84 FO 

      2.9 15 90 65 

      3.8 21 92 70 

Dog 6 8 Fs Labrador Retriever Brachycephalic 

trunk thrombosis 

Lung & liver 

masses 

2.3 80 111 84 

      3.5 1 >300 69 

Dog 7 7 Mn Mixed-breed 8 kg Risk IMHA 0 69 FO FO 

      2.2 7 162 ND 

      4.4 1 >300 >300 

Dog 8  3 Mn Mixed-breed 14 kg Risk IMHA 1.3 -1 >300 75 

      2.7 ND >300 >300 

PW, Plateletworks; %Agg, % Aggregation; CADP, Collagen/ADP test; FO, flow obstruction; IMHA, immune-mediated hemolytic anemia; ND, not 

done; PFA, Platelet Function Analyzer; PLN, protein-losing nephropathy; P2Y, P2Y test; Sec, seconds. 
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Table 18.11. Clopidogrel reduction or withdrawal in 13 dogs. 

 

 Age 

(years) 

Sex Breed Hemostasis 

diagnosis 

Cause of 

risk/thrombosis 

Reason for 

reduction 

or 

withdrawal 

Clopi-

dogrel 

dose 

(mg/kg) 

Reduct-

ion or 

With-

drawal 

time 

(Days) 

PW 

ADP 

(%) 

PFA 

P2Y 

(sec) 

PFA 

CADP 

(sec) 

Dog 1 8 M Golden 
Retriever 

Risk PLN,                      
Testicular 
neoplasia 

 1.7 0 (pre) 20 >300 63 

      Orchid-
ectomy 

 0 4  ND 60 52 

Dog 2 5 Mn Australian 
Shepherd Dog 

Aortic 
thrombosis 

Chronic liver 
disease 

 2.2 0 (pre) ND ND ND 

      Liver biopsy 0 1  ND >300 85 

Dog 3 2 Fs Australian 
Shepherd Dog 

PTE? IMPA  2.7 0 (pre) ND ND ND 

      Stifle 
surgery 

0 30 96 64 67 
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 Age 

(years) 

Sex Breed Hemostasis 

diagnosis 

Cause of 

risk/thrombosis 

Reason for 

reduction 

or 

withdrawal 

Clopi-

dogrel 

dose 

(mg/kg) 

Reduct-

ion or 

With-

drawal 

time 

(Days) 

PW 

ADP 

(%) 

PFA 

P2Y 

(sec) 

PFA 

CADP 

(sec) 

Dog 4 2 Mn Standard 
Poodle 

DIC, CVE IMHA  2.1 0 (pre) -4 >300 >300 

      Jugular 
venipunctur
e hematoma 

1.3 56 19 ND ND 

      IMHA 
Remission 

0 98 ND 102 83 

Dog 5 2 Mn Australian 
Shepherd Dog 

Risk IMHA  1.9 0 (pre) 71 >300 112 

      Surgical 
treatment of 
abscess 

0 3 99 102 99 

Dog 6 10 Fs Toy Poodle Risk Pancreatitis  3.1 0 (pre) ND ND ND 

      Resolution 0 4 ND >300 200 

       0 45 41 >300 110 
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 Age 

(years) 

Sex Breed Hemostasis 

diagnosis 

Cause of 

risk/thrombosis 

Reason for 

reduction 

or 

withdrawal 

Clopi-

dogrel 

dose 

(mg/kg) 

Reduct-

ion or 

With-

drawal 

time 

(Days) 

PW 

ADP 

(%) 

PFA 

P2Y 

(sec) 

PFA 

CADP 

(sec) 

Dog 7 7 Mn Jack Russell 
Terrier 

Risk IMHA  2.6 0 (pre) ND 
(AA 
10%) 

>300 96 

      Epistaxis 0 2 ND 
(AA 
3%) 

>300 68 

       0 7 ND 
(AA 
2%) 

>300 84 

       0 14 82 
(AA 
71% 

ND ND 

       0 42 84 69 68 
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 Age 
(years) 

Sex Breed Hemostasis 
diagnosis 

Cause of 
risk/thrombosis 

Reason for 
reduction 
or 
withdrawal 

Clopi-
dogrel 
dose 
(mg/kg) 

Reduct-
ion or 
With-
drawal 
time 
(Days) 

PW 
ADP 
(%) 

PFA 
P2Y 
(sec) 

PFA 
CADP 
(sec) 

Dog 8 10 Fs Portuguese 
Water Dog 

Risk IMHA  1.8 0 (pre) 6 FO 46 

      Remission 0 60 25 
(AA 
34%) 

39 60 

       0 74 ND 
(AA 
24%) 

39 68 

Dog 9 15 Mn Mixed-breed  
5.6 kg 

Risk PLN  2.8 0 (pre) 2 >300 107 

      Hemoabdo-
men from 
PEG tube 
placement 

0 7 ND 78 ND 
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 Age 
(years) 

Sex Breed Hemostasis 
diagnosis 

Cause of 
risk/thrombosis 

Reason for 
reduction 
or 
withdrawal 

Clopi-
dogrel 
dose 
(mg/kg) 

Reduct-
ion or 
With-
drawal 
time 
(Days) 

PW 
ADP 
(%) 

PFA 
P2Y 
(sec) 

PFA 
CADP 
(sec) 

Dog 

10 

10 Fs Mixed-breed 
26kg 

Risk Rebound 
thrombocytosis 
ITP, MDS? 

 2.1 0 (pre) 2 >300 FO 

      Remission 0 19 3 >300 84 

       0 42 15 123 59 

       0 47 ND 89 55 

Dog 

11 

9 Mn Mixed-breed   
26 kg 

Aortic 
thrombosis 

PLN  2.1 0 (pre) ND ND ND 

      Biopsy of 
leg mass 

0 2 57 139 62 

       2.1 (re-
started) 

 4 FO 85 

Dog 

12 

6 Fs Fox Terrier TIA Unknown  1.6 0 (pre) 2 >300 >300 

      Prescription 
not refilled 

0 21 ND 45 ND 
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 Age 
(years) 

Sex Breed Hemostasis 
diagnosis 

Cause of 
risk/thrombosis 

Reason for 
reduction 
or 
withdrawal 

Clopi-
dogrel 
dose 
(mg/kg) 

Reduct-
ion or 
With-
drawal 
time 
(Days) 

PW 
ADP 
(%) 

PFA 
P2Y 
(sec) 

PFA 
CADP 
(sec) 

Dog 

13 

11 Fs Shetland 
sheepdog 

TIA Unknown  1.6 0 (pre) 16 >300 75 

      Missed 
morning 
dose 

0 1 70 219 FO 

      Confirmed 
morning 
dose 

1.6  24 >300 74 

%Agg, % Aggregation; AA, arachidonic acid; CADP, Collagen/ADP test; CVE, cerebral vascular event; DIC, disseminated intravascular 

coagulation; FO, flow obstruction; IMHA, immune-mediated hemolytic anemia; IMPA, immune-mediated polyarthritis; ITP, immune-mediated 

thrombocytopenia; MDS, myelodysplastic syndrome; ND, not done; PEG, percutaneous endoscopic gastrotomy; PFA, Platelet Function Analyzer; 

PLN, protein-losing nephropathy; PW, Plateletworks; P2Y, P2Y test; Sec, seconds; TIA, transient ischemic attack. 
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Appendix 19. Flow diagrams for venipuncture 1 and 2 in healthy dogs. 

Figure 19.1. Flow diagram for venipuncture 1 in healthy dogs.  

 

 

 

 

 

 

 

 

 

 

 

 

1x 4mL serum 
tube

Biochemistry 
profile

9x 1.8 mL 3.2% 
sodium citrate 

tube

Coagulation 
profile -
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Citrate PW - 3 
tubes 

PFA-200 - 6 
tubes

3x 2mL EDTA tube

Complete 
blood counts
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Figure 19.2. Flow diagram for venipuncture 2 in healthy dogs.  

 

 

Appendix 20. Blood collection scoring legend  

Score Quality Filling 

1 No redirections No stoppage of blood flow 

2 1-2 redirections Very brief stoppage of 
blood flow 

3 3+ redirections Significant stoppage of 
blood flow 

 

 

2x 1 mL PW ADP tube

Native PW - 1 tube

AGGFix - 1 tube

1x 2 mL EDTA tube

AGGFix
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Appendix 21. Summary table of testing days and baseline test for statistical analyses 
for native Plateletworks (PW), citrate PW, AGGFix, and Platelet Function Analyzer 200 
P2Y and collagen/adenosine diphosphate cartridges in healthy dogs.  

 T0 T0 
30 min 

T1 T1 
30 min 

T2 T2 
30 min 

T7 Baseline 

Native PW X X - - - - - - 

Citrate PW X X X X X X - Native PW 

AGGFix X - X - - - X Native PW 

PFA-200         

P2Y X - X - X - - T0 P2Y 

CADP X - X - X - - T0 CADP 
PW, Plateletworks; PFA, Platelet Function Analyzer; CADP, collagen/adenosine diphosphate; T0, day 0; 
T1, 24 hours; T2, 48 hours; T7, day 7; min, minutes 

 

Appendix 22. Summary table of testing days and baseline test for statistical analyses 
for native Plateletworks (PW), citrate PW, citrate spontaneous aggregation, AGGFix, 
and Platelet Function Analyzer 200 P2Y and collagen/adenosine diphosphate cartridges 
in clinically ill dogs. 

 T0 T0 
30 min 

T1 T1 
30 min 

T1-3 T 4-11 Baseline 

Native PW X X* - - - - - 

Citrate PW X X* X X* X X Native PW 

SA X - X - - - Native PW 

AGGFix X - - - X X Native PW 

PFA-200        

P2Y X - X - - - T0 P2Y 

CADP X - X - - - T0 CADP 
PW, Plateleworks; SA, Spontaneous aggregation; PFA, Platelet Function Analyzer; CADP, collagen/ 
adenosine diphosphate; T0, day 0; T1, 24 hours; T2, 48 hours; T1-3, day 1-day 3; T4-11, day 4-day 11; 
min, minutes 
 

* If time permitted 
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