
PESKY PLATELETS: GETTING THE MOST OUT OF DIAGNOSTIC TESTING
Kelly Cairns, DVM, MS, DACVIM (SAIM)
Thrive Pet Healthcare
Austin, TX


PLATELET PHYSIOLOGY, COAGULATION AND HEMOSTASIS
Coagulation is a complex process that involves the interaction of the body (vascular endothelium), the platelets and a host of coagulation factors. A traditional model describes an initial platelet plug with activation of a secondary coagulation system consisting of activation of sequential coagulation factors. A more "advanced" model of coagulation was introduced in 1992 which more accurately describes the simultaneous activation and interaction of all players.
Platelets are still typically thought of as the first responders when coagulation occurs. Platelets are formed in the bone marrow from megakaryocytes under the influence of thrombopoietin.  They are released into the bloodstream and circulate for about 7-10 days.  In addition to their vital role in primary hemostasis, platelets play an important role in maintenance of vascular tone, inflammation, host defense and tumor biology.  At the site of vascular injury, platelets form a platelet plug by altering their shape, spreading over the wound, and adhering to endothelial surfaces.  They secrete agonist compounds to amplify their response and to bind fibrinogen to form clot.  Platelet plug formation is divided into three phases: initiation, activation, and adhesion. Initiation occurs when a platelet in a blood vessel detects disruption or damage to the endothelium via exposure of collagen and vWF and binds to the endothelium. The activation phase occurs when these vWF/collagen bound platelets are stimulated to change shape from a disk to a sphere. As they change shape, the platelets aggregate and are stimulated to release the contents of their alpha and dense granules. These granule contents work to further platelet adhesion and activation. The activated platelets bind fibrinogen to make the "hard clot." 
The actions of platelets do not occur by themselves but simultaneous with the secondary coagulation cascade.  The secondary coagulation cascade is activated by the same tissue damage that causes platelet adhesion. Damaged endothelial walls expose tissue factor (TF) as well as collagen and vWF.  The coagulation cascade has initiation, amplification and propagation phases involving many factors. The propagation phase involves the recruitment of activated platelets to the area which ultimately leads to fibrin production and crosslinking of platelets to create the firm “final” clot. When looking at the traditional coagulation cascade, the initiation phase resembles the extrinsic and common coagulation pathways, the amplification phase describes much of the intrinsic and common coagulation pathways, and the propagation phase ends with the terminal portion of the common coagulation pathway with the crosslinking of fibrin by factor XIII.  It is important to note that as hemostasis is causing clot formation, negative feedback is concurrently activated resulting in fibrinolysis to break down the fibrin to control the size of the clot and concurrently remove any unnecessary clots. The basic process of fibrinolysis is controlled by plasmin that cleaves fibrin and fibrinogen to fibrin degradation products.1-5
As is evident from the discussion, hemostasis is a complex interplay of processes with coagulation, fibrinolysis, anticoagulation, and antifibrinolytic processes all occurring simultaneously.


DIAGNOSTIC TESTING

	THE EDTA TUBE

	This is commonly known in practice as “the purple top tube” (PTT).  This tube contains ethylenediaminetetraacetic acid (EDTA), which is generally considered the best anticoagulant for cell morphology. However, EDTA causes platelet clumping, shrunken red blood cells and swollen or enlarged platelets. It’s important to note that there is great individual variation among patients in the tendency of their platelets to clump when exposed to EDTA.  There is also impact of time on this clumping, with more clumping likely after prolonged exposure to the EDTA.  It is recommended to always submit a fresh smear with the EDTA tube when sending samples to the reference lab for analysis.   It is important to remember that any low platelet count should be correlated to a platelet count from a well-made smear.

	THE CITRATE TUBE

	This is commonly known in practice as “the blue top tube” (BTT).  There are different types of citrate solutions available, but the most common type in small animal veterinary practice is sodium citrate.  This tube is not quite as good as EDTA for cell morphology but is still usually acceptable to assess morphology using a fresh smear.  It is important to always fill this tube to the line on the tube or to the vacuum pressure or cell count measurements will be inaccurate and coagulation test results will be prolonged.  It is important to note that for each measured result on a CBC, 10% must be added to result as a full tube will have a blood:citrate ratio of 9:1 as recommended for coagulation tests.  Reference laboratories will multiply the total cell counts and Hgb by 1.10 when reporting results.
 
	THE DIRECT SLIDE EVALUATION

	One of the most important things that the clinician can do when evaluating platelet count is to always make a fresh blood smear when blood is drawn, independent of the type of tube into which the blood is collected.  In some cases, it can be important to make a fresh blood smear directly from blood in the syringe prior to being mixed with anticoagulant. This technique minimizes impact of time delay and anticoagulant on possible in vitro platelet clumping.
 

PSEUDOTHROMBOCYTOPENIA	
	Thrombocytopenia can be a challenge in the hematology laboratory and for the clinician.  When the platelet count is low, it is critical to know if it is a true pathology or a spurious result.  It is also critical that in true cases of pathologic thrombocytopenia, platelet counts during therapy are accurate to assess response to therapy and guide future treatment decisions.  When facing apparent thrombocytopenia, the clinician should assess if it is true thrombocytopenia or if it is pseudothrombocytopenia (PTCP). A true thrombocytopenia represents a patient with a low platelet count who may need monitoring or medical intervention. It can be dangerous to miss true thrombocytopenia but it is also dangerous to report a low platelet count in a patient with a spurious thrombocytopenia who is not actually thrombocytopenic.  Pseudothrombocytopenia, or spurious thrombocytopenia, is defined as an artificially or erroneously low platelet count. In PTCP, the low platelet count is due to clumps that are counted as one platelet. These large clumps can also be counted as WBCs, thus giving a falsely increased WBC count.
	Pseudothrombocytopenia can be divided into two categories. The first category includes causes of platelet clumping from pre-analytic errors such as over-filled or under-filled EDTA tubes, clotted specimens, or a time delay between sample collection and testing. The blood tube should always be checked for clots and appropriate sample volume. If the sample appears adequate in volume and without clots, and if no time delay occurred between sample collection and testing, a blood smear review should occur to look for platelet clumping.   If there are clumps seen on the smear, and pre analytic causes previously described have been ruled out, in vitro agglutination of platelets should be considered as the second category of pseudothrombocytopenia.  Conditions that can cause in vitro agglutination of platelets include cold agglutinins, multiple myeloma, infections, anticardiolipin antibodies, high immunoglobulin levels, abciximab therapy and EDTA induced pseudothrombocytopenia (EDTA-PTCP).  Of these, EDTA induced pseudothrombocytopenia is the most common cause.   EDTA induced PTCP is a laboratory phenomenon due to presence of EDTA dependent IgM/IgG autoantibodies which bind to platelet membrane glycoproteins in presence of EDTA.  EDTA induces and enhances this binding by exposing these glycoproteins to the antibodies. This phenomenon can be seen in any patient but is seen with greater prevalence in patients with certain conditions, such as malignant neoplasms, chronic liver disease, infection, pregnancy, and autoimmune diseases.6

PLATELET CLUMPING VERSES CLOT FORMATION
	It is important to remember that platelet clumping and clot formation are different processes.  Whilst EDTA promotes platelet clumping, it is an anticoagulant which prevents clot formation .  The causes for in vitro platelet clumping have been already discussed.  When fibrin clots are noted in the sample, it indicates that the sample started to coagulate before it was adequately mixed with the anticoagulant. Once the clot has been formed, even if microscopic, the process will continue, and the clot will grow.  

WHEN ABNORMAL IS NORMAL

CONGENITAL MACROTHROMBOCYTOPENIA

Congenital macrothrombocytopenia is caused by different mutations in the beta1-tubulin gene.  It is most commonly seen in the Cavalier King Charles Spaniel, where the breed prevalence is approximately 30 - 50%.  It is a genetic condition with an autosomal recessive inheritance pattern.  In affected dogs, platelet numbers range between 50,000 and 100,000/µl, sometimes lower depending on methodology of testing (mean 87,500, and 1 in 5 dogs has <50,000).  30% of affected dogs have macroplatelets noted on blood smear evaluation.  It’s important to understand that affected dogs do not have a bleeding disorder.  Many other breeds have been recognized to have this condition, including the Chihuahua, Labrador retriever, Poodle, English Toy Spaniel, Shih Tzu, Labradoodle, Maltese, Jack Russell, Havanese, Boxer, Cocker Spaniel, Bichon Frise, Norfolk, Cairn and Kerry blue terriers, Miniature Schnauzer, Belgian Malinois/German Shepherd dog cross, and Komondor.  In addition, the Greyhound, Shiba Inu and Polish Ogar have been identified to have a mild, hereditary, asymptomatic thrombocytopenia. Congenital macrothrombocytopenia should be suspected in any dog that has a persistently low platelet count in the absence of history or evidence of abnormal bleeding and is non-responsive to treatment with antibiotics or steroids.  EDTA blood and fixed, unstained slides can be submitted to look for mutations.7-11

CATS

Most small animal practitioners would agree that cat platelets just “seem sticky” and likely ignore the clinically normal cat with low platelets measured on CBC and evidence of platelet clumping.  It does seem anecdotally that cat platelets are more prone to in vitro clumping than their dog counterparts.  There is, however, little evidence-based data to substantiate this claim and provide definitive causality as to why.   It is speculated that this apparent phenomenon might be a reflection of overall average longer time to draw blood in the cat than the dog which creates more time for clumping and/or fibrin activation.  There is also a recognition that, in many instances, less blood is obtained from a cat patient, which might afford more artifact effect from EDTA.  Some opine that this phenomenon might be a reflection of the contents of feline platelet granules and the various contributions of granules, due to subjective increase in granules and their staining characteristics in cats as opposed to dogs.  Another theory submits that the predatory species nature of cats calls for platelet rapid action as evolutionarily beneficial.  Current consensus is to take steps outlined already to mitigate in vitro reasons for platelet clumping and to evaluate the apparently healthy feline patient with thrombocytopenia and clumps noted judiciously and objectively as per the approach for the canine patient.

SUPER QUICK COAGULATION ACTIVATION

There are some patients who may just be very prone to activation of the clotting cascade during phlebotomy.  The physiology behind this phenomenon is not understood nor are there data to quantify this phenomenon.  Many clinicians have anecdotally experienced it including the author.  These patients provide another reason for the clinician to compare a machine platelet count with a manual count made from a direct fresh blood smear.  In these patients, a drop of blood from a tuberculin syringe can be directly applied to a slide and smear made.


THE TAKE HOME POINTS WHEN THROMBOCYTOPENIA NOTED

· Always submit a fresh smear
· Always correlate machine count with manual count
· Always fill all tubes to where the vacuum cuts off to ensure the proper ratio of blood to anticoagulant
· To minimize platelet clumping submit a BTT for the platelet count (LTT can still be submitted for a concurrent CBC)
· To avoid fibrin and blood clots use the Vacutainer system and avoid inadvertent aspiration of tissue thromboplastin
· Recognize when abnormal may be normal
· Correlate with clinical signs and PE findings
· Check, double check and triple check before reaching for doxycycline and steroids


PLATELET FUNCTION TESTING

Platelet function testing should be considered when platelet number is normal, but the clinician suspects a thrombocytopathy. Several methods exist, but there is no one best method, nor a perfect method.  Many of these tests require a benchtop analyzer and availability is sometimes limited in veterinary practice due to the cost.  Since venipuncture technique and sample handling can inadvertently activate platelets invalidating results, it is important to have a clean stick and discard the first 0.5–1 mL.  It’s also important to recognize that a decrease in platelet or hematocrit count can decrease measured platelet function.12

BUCCAL MUCOSAL BLEEDING TIME (BMBT)

BMBT is the one true in vivo test which can differentiate primary from secondary hemostatic disorders in dogs and cats. It is simple to perform in clinical practice requiring little specialized equipment and is low cost.  However, there can be significant inter- and intra-operator variability and there is no evidence that BMBT directly linearly correlates with platelet function. Causes of prolonged BMBT include thrombocytopenia, thrombocytopathia, vWD and severe uremia.

PLATELET AGGREGATION TESTING

Several tests are available to assess platelet aggregation, including Light Transmission Aggregometry (LTA), Electrical Impedance Aggregometry (EIA), Multiplate®, VerifyNow®, Cone and plate(let) analyser (CPA) Impact-R® and Plateletworks.  These diagnostic modalities have variable availability, practicality and data in the veterinary space but may have clinical utility in certain cases.13,14

	VISCOELASTIC TESTING

	Viscoelastic testing includes several commercially available point-of-care tests that use a sample of patient blood to derive various parameters pertaining to the quality of clot formed. Whilst these tests do not specifically define and isolate platelet function, they do provide some index of platelet function through the various parameters measured in the stages of clot formation, from precoagulation to clot strength and degree of fibrinolysis.  The most commonly used and recognized modality is thromboelastography (TEG).  TEG is a global coagulation function test, which measures the change in torque within a sample of blood by a pin within a cup which is rotated. Although TEG is commonly used, it is not specific for platelet function. To determine platelet function alone, fibrinogen function needs to be discounted by a technique described as TEG with platelet mapping. This technique has been used to assess platelet function in dogs receiving clopidogrel and NSAIDS and in dogs with hyperadrenocorticism and IMHA. This technique requires two TEG machines.15
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