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Overview 

• Platelet morphology/physiology 
• Platelet variability 
• Platelet transfusion indication 
• Platelet Dosing 
• Platelet refractoriness 

– Testing 
– Calculations 
– Treatment 

 



Platelet background 
• Anucleated cytoplasmic fragments measuring 1.5-3µ in 

diameter 
– Cytoplasmic shedding directly into bone marrow 

sinusoids 
• On Wright’s stain appear as pale blue cells with purplish 

granules 
• Originate from bone marrow megakaryocytes 
• Maturation time in bone marrow is about 1 week 
• Newly formed platelets are larger in size 

– Can be assessed by Sysmex IPF/MPV if a reticulocyte count is 
ordered 

• Platelets survive for 7-10 days in circulation with 
hemostatic activity  
– Transfused platelets in vivo lifespan is closer to 4-5 

days 
 



Immature platelet fraction 

• Ratio of immature platelets to total number of platelets 
• The reticulocyte channel utilizes a fluorescent 

polymethine dye that recognizes RNA and DNA 
– Separates reticulocytes from RBCs based on 

cytoplasmic RNA 
– Separates immature platelets based on amount of 

RNA  
– The highly fluorescent immature platelets are defined 

as those with the highest 3% intensity of fluorescence 
– Normal 0.9-7% 
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Immature platelet fraction 

 

Briggs, C. et al Br J. Haematol. 126: 93, 2004 



Bone marrow biopsy 
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Peripheral smear 



Normal platelet laboratory values 
• The normal platelet count ranges from 150,000-

400,000/µL 
– Platelets may be counted in four ways: manual microscopy, impedance, 

optical scatter, and immunologic techniques  
• The normal platelet count in adults-mean values of 

237,000 and 266,000/µL in males and females, 
respectively  

• Peripheral platelet count vs. total body platelet mass: 
    ▪ not all of the platelets are in the intravascular system: roughly 1/3 are in the 

splenic pool, which is in equilibrium, and exchanges freely with blood 
platelets 

    ▪ mean volume for individual platelets varies inversely with the platelet count 
• Platelet mass is be more consistent from one individual 

to another than the variability in blood platelet 
concentration would suggest 



Where are my platelets!? 
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Platelet Variation 
• Differences in the absolute platelet count greater than 70 to 

90,000/µL will occur by chance less than 1 percent of the time  
– Serial platelet counts from 3,789 subjects were analysed to determine the intra-

individual variation in platelet numbers. 
– A platelet count difference of 98 x 10(9)/L in males was found to represent a 

change that would occur by chance in less than 1 in 1,000 platelet count 
determinations.  

– The repeatability of the platelet count was calculated as 0.871 (males) and 0.849 
(females) indicating that the heritability of platelet count is high and that the 
platelet count is predominantly genetically determined. 

• A seasonal variation in platelet count was found with a 'winter' 
versus 'summer' difference of 5.10 X 10(9)/L (males) and 5.82 x 
10(9)/L (females). 

– Thromb Haemost. 2000 Mar;83(3):480-4. 

 



Seasonal Variation in Platelet 
Count 



Physiologic Platelet Regulation 
• Thrombopoietin (TPO) 

– Glycoprotein produced in liver and kidney up-regulates platelet 
production by increasing the number and maturation of precursor 
megakaryocytes  

• The body’s platelet mass modulates the level of circulating TPO 
available to the marrow by removing TPO from plasma, binding and 
sequestering it through specific platelet receptors (c-Mpl) 

• Efforts to treat thrombocytopenic patients and to increase donor 
platelet yields have involved the administration of  1st generation 
TPO: 

– However antibody mediated thrombocytopenia resulting from use of 
active portion of TPO coupled to polyethylene glycol (PEG-rHuMGDF) 
have diminished initial enthusiasm 

 2nd generation: TPO peptide mimetics: AMG31 (Romiplostin) 
approved by FDA in August 2008 for ITP. 
 N Engl J Med 2007;357:2237-47. 
 Lancet 2009; 373: 641–48 

 



NEJM 1998, vol. 339:746-754  
 



Platelet structure 
• Platelets are composed of three principal components: membrane structures, 

microtubules, and granules. 
•  Platelet canalicular system is created by numerous invaginations of the platelet surface 

– Dense tubular system-the canalicular system provides a direct connection between the interior and 
the surface of the platelet, providing entrance of plasma ingredients into the platelet as well as exit 
of its own ingredients in connection with the release reaction.  

• Actin, and several membrane glycoproteins make up the cytoskeleton. Actin-binding 
protein binds both actin and GPIb-IX. In resting platelet this maintains the discoid shape of 
the platelet.  

• Contractile proteins largely consist of myosin and submembrane actin filaments. On 
stimulation of the platelet 

• There are three kinds of granules in platelets, alpha-granule, dense granule and lysosomal 
granule.  

– alpha-granules are characterized by moderate electron density and are variable in size and content. 
These granules contain substances that are intrinsic to the platelet, including the following: platelet 
factor 4; ß-thromboglobulin; fibrinogen; vWf; PDGF; fibronectin; thrombospondin; IgG; factors V, 
VIII, XIII; EGF; TGFb; and TFPI.  

– Dense bodies are granules characterized by high electron density and are fewer in number than 
alpha-granules. These structures serve as a depot for nonmetabolic substances that are extrinsic to 
the platelet and may be picked up or released as indicated. On their release, these substances are 
particularly critical to platelet aggregation and include the following: ADP, ATP, serotonin, calcium, 
potassium, and catecholamines 

– Lysosomal granules are also present in platelets, perhaps representing the original role of the 
platelet as a white blood cell. These granules contain at lease seven acid hydrolyses. 
 
 
 



Platelet glycoproteins 
• The glycoprotein Ib-IX(CD42):    the primary 

mediator of platelet adhesion. In the presence of 
flow (arterial shear stress), adhesion is 
accomplished by the interaction of the von 
Willebrand factor(vWF) with subendothelial 
collagen and platelet GPIb-IX.  

• Glycoprotein IIb-IIIa:    the primary mediator of 
platelet aggregation. Activation of the complex 
by strong agonists results in a poorly understood 
conformational change resulting in the 
expression of a fibrinogen binding site.  



Rolling in the deep 

 



Indictations for platelet transfusion 

• Prophylaxis to prevent bleeding 
• Treatment of bleeding patient 

– Thrombocytopenia 
– Qualitative defects in platelet function (can be 

inherited or acquired) 
• Transfusion “trigger” for adults 

– 10,000/µl is safe in the absence of fever/sepsis 
– Procedure “trigger” varies based on clinical status and 

degree of invasiveness  



Response to platelet transfusion 

• What can be done to when consulted on 
“suboptimal” response to platelet transfusion? 
– Assess platelet increment 

• Corrected count increment (CCI) 
• Or less commonly used predicted platelet count increment 

(PPCI) 

– Product selection 
• ABO compatibility 
• D compatibility 
• HLA typing/HLA matched platelet product 

 



Immune mediated or Non-
immune mediated 
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Etiology of the poor “bump” 

• Two-thirds of refractory episodes are due to 
non-immune causes 
– Sepsis, fever, bleeding, splenomegaly, disseminated 

intravascular coagulation (DIC), hepatic veno-occlusive disease, 
graft-versus-host disease (GVHD) and medications 

– Twenty percent of cases have a combination of both immune 
and non-immune causes.  

– Immune causes account for the remaining minority of cases and 
include alloimmunization to HLA and/or platelet-specific antigens 

– Characteristics of the platelet component, such as ABO 
compatibility and the age of the unit, can also affect post-
transfusion platelet increments 
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Fever versus Antibiotic 

• The administration of antibiotics has a 
negative effect on the corrected count 
increment, independent of the presence of 
fever 

• Besides amphotericin B, which has 
previously been shown to influence the 
corrected count increment, vancomycin 
and ciprofloxacin reduce it significantly 

• Transfusion. 1996 Nov-Dec;36(11-12):952-4 



ABO compatibility in platelet 
transfusion 

• ABO antigens are expressed on several platelet 
glycoproteins and glycolipids 

• Do out of group platelet transfusions affect the 
CCI? 

• ABO compatibility was a significant factor in the 
CCI, however the difference between in group 
and out of group platelet increment was small, 
and may not be clinically relevant  
– Transfusion 2009; 49:21-33 



ABO Mismatch 
Patient Type                 Product Type 
 
              O                        O, B, A, AB 
             
            A                        A,  AB 
 
            B                        B,  AB 
 
           AB                       AB     



RhD and the platelet issue? 

• The RhD protein (Rhesus protein) is NOT 
expressed on platelets 
– RhD is expressed only on erythroid cell line 

• However, there are contaminant red blood 
cells in the apheresis bag 
– Per FDA regulations, there must be <2mL of 

red blood cells per apheresis bag 
• FDA Standard 5.14.5, 27th edition 

– QA/QC demonstrates ~0.5mL in an apheresis 
bag 



Rhesus incompatibility in platelet 
transfusions 

• For Rh negative patients receiving Rh 
positive units administration of one vial IV 
Rhogam (WinRho) within 72 hours of 
transfusion is adequate to cover the ~2mL 
of RBCs in an apheresis platelet product 
[one vial of Rhogam will cover 30mL of 
whole blood or 15mL of RBCs] 
– Cost $662.50  
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Expected Response to Platelet 
Transfusion 

• Thus, as a rule-of-thumb for the adult with 
a body surface area (BSA) of 2.0 square 
meters (m2) 
– transfusion of six units of platelet 

concentrates or one apheresis concentrate 
(approximately 3.0 x 1011 platelets), should 
raise the platelet count by approximately 
~30,000/µL 



Platelet Dosing 

• The “optimal dose” for platelets was the 
subject of two multicenter randomized 
trials 
– SToP Trial: Strategies for Transfusion of 

Platelets (SToP) trial, patients were randomly 
assigned to receive either low dose (1.5 to 3.0 
x 1011 platelets per transfusion) or standard 
dose (3.0 to 6.0 x 1011 platelets per 
transfusion) 

• Halted due to increased WHO Grade IV (severe) 
bleeding in low dose treatment arm 

• Blood 2009;113:1564-73. 
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WHO Bleeding Scale 

Grade 0 no bleeding 
Grade 1 petechial bleeding; 
Grade 2 mild blood loss (clinically significant) 
Grade 3 gross blood loss, requires transfusion 

Grade 4 debilitating blood loss, retinal or 
cerebral associated with fatality 



SToP Trial 

 



Platelet Dosing 

• PLADO Trial:1272 patients undergoing 
PBSCT or chemotherapy for hematologic 
cancers or solid tumors were randomly 
assigned to receive prophylactic platelet 
transfusions at low (1.1 x 1011 platelets per 
m2 body surface area), medium (2.2 x 
1011 per m2), or high doses (4.4 x 1011 per 
m2) whenever morning platelet counts 
were ≤10,000/µL 



PLADO Trial 

• Low doses of platelets administered as a 
prophylactic transfusion led to a 
decreased number of platelets transfused 
per patient but an increased number of 
transfusions given. 

• At doses between 1.1×1011 and 4.4×1011 
platelets per square meter, the number of 
platelets in the prophylactic transfusion 
had no effect on the incidence of bleeding 





Should you even transfuse to 
begin with? 

• A No-Prophylaxis Platelet-Transfusion 
Strategy for Hematologic Cancers 

• Demonstrated that prophylactic 
transfusion trigger of 10K helps reduce 
WHO bleeding grade 2 or greater 
– Subset analysis shows no benefit in the 

autologous transplant group 
• NEJM 2013;368:1771-1780 



 



The Count! 
• For suspected refractory patients 

– Collect two consecutive post transfusion counts 
(typically collected within 15-60 minutes post 
transfusion) 

– Calculate CCI 
– CCI = Platelet Increment (platelets/µL) x body 

surface area (m2) / Number of platelets transfused 
x 1011 

 
• Satisfactory CCI > 5000 platelets x m2 / µl 

– American Society of Clinical Oncology has 
defined refractoriness to platelet transfusion as a 
corrected count increment of <5000/µL.  

– Journal of Clinical Oncology, Vol 19, No 5 (March 1), 2001: pp 1519-1538 



 



Time is of the essence 

• There is a close, linear relationship (r = 
0.98) between the 60-minute and 10-
minute post-transfusion count 
– over a wide range of post-transfusion counts, 

indicating rapid equilibration of transfused 
platelets. 

–  Ten-minute post-transfusion samples are 
easier to obtain and are convenient for both 
patients and medical staff 

• Transfusion 1988; 28:66-7. 
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Casually late 
• Most patients receiving chronic PLT therapy have a 

routine early morning PLT count, but this may be 
unsatisfactory for calculation of the CCI if the transfusion 
is given many hours later 

• If a PLT transfusion is delayed until afternoon, the pre-
transfusion count may be many hours old and the 
patient’s true PLT count may have continued to 
decrease 

• Thus, the pre-transfusion count appears to be falsely 
high and the post-transfusion count may then be lower 
than would be expected from the pre-transfusion count, 
resulting in a falsely low CCI 

Presenter
Presentation Notes
I have no idea what Emily Post says about late arrivals, but it does impact medical decision making



When your pre and my pre do 
not see eye to eye 

• A patient with a 6:00AM PLT count of 8x109/L who 
receives a transfusion (PLT dose of 4x1011/L) at 9:00AM 
resulting in a 1-hour post-transfusion count of 25x109/L 
and with a body surface of 1.8 m2 obtains a CCI of 
7.65x109/L, which does not indicate refractoriness 

• However, if the transfusion is delayed until 4:00PM, the 
actual PLT count at the time of transfusion might have 
decreased for instance to 2x109/L 

• Thus, the 1-hour post-transfusion count might now be 
18x109/L but, based on the morning PLT count, the post-
transfusion CCI of 4.5x109/L would falsely suggest PLT 
refractoriness since the actual CCI is 7.2x109/L 

 



Example 

Brubaker DB. Correction of the corrected count increment units. 
Transfusion 1993;33:358-359. 
Murphy S. Correction of the corrected count increment units. 
Transfusion 1993;33:358-359 



Platelet refractoriness etiologies 
• Occurs in 20-70% of multitransfused thrombocytopenic patients 
• Non-immune mediated causes 

– Fever 
– Infection 
– Splenomegaly 
– DIC 
– Medication (amphotericin) 
– Bleeding 
– GVHD 
– VOD 

• Immune mediated causes 
– Anti-HLA (Human Leukocyte Antigen) antibodies 

• From transfused platelets, contaminating white blood cells in transfused blood components, or from exposure during 
pregnancy 

• Trial to Reduce Alloimmunization to Platelets (TRAP) study showed 17% HLA class I in leukoreduced arm versus 45% in 
the non-leukoreduced arrm [NEJM 337, 1861-1869] 

– Anti-HPA (Human Platelet Antigen) antibodies ~2-10% in multitransfused patients 
• HPA-1b and HPA-5b most commonly 

– Drug induced antibodies 
– Plasma protein antibodies 
– ABO incompatibility 
– Patients who have developed RBC alloantibodies appear more likely to also have HLA antibodies 

• Transfusion. 1988 Sep-Oct;28(5):463-6.  
• Transfusion. 2006 May;46(5):754-6.   
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TRAP Study 



TRAP 
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Update to TRAP 
• 101 of 530 participants became refractory to platelet 

transfusions without evidence of HLA or human platelet 
antigen (HPA) antibodies.  

• Follow-up: a more sensitive bead-based assay to detect 
and quantify HLA antibodies and a qualitative solid-
phase enzyme-linked immunosorbet assay for HPA to 
determine whether low-level antibodies could predict 
refractoriness 

• Data demonstrate that weak to moderate HLA antibody 
levels detectable by modern binding assays are not 
associated with platelet refractoriness.  

• Blood. 2013;121(16):3261-3266 



Human MHC 

• Located on chromosome 6p21.3 
  
• spans ~4,100 kb  
 

• Most gene dense region in human genome 
 - 224 genes have been identified 
 - 128 predicted to be expressed 
 -  50 of expressed genes have  
      immune function 
 

• Physically grouped into three regions: 
 - Class I- expressed on platelets 
 - Class II 
 - Class III 

Ch#6 
The MHC sequencing consortium. Nature 1999, 401: 921-923. 
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HLA Antibody Testing 
• Three currently available testing methods 

– Flow cytometric bead analysis 
– Lymphocytotoxicity testing-panel reactive antibody (PRA) 

• Serum reactivity to panel HLA known lymphocytes 
• The PRA represents the percentage of individuals with whom 

the patient’s HLA antibodies react; a PRA result of >20% 
suggests HLA alloimmunization 

– Enzyme linked immunosorbent assay (ELISA) 
• For patients with a high number of HLA antibodies it is advisable to 

use single-antigen ELISA or single-antigen flow cytometry 
• If there is a strong clinical concern for prolonged platelet transfusion 

support, patient should be typed up front, when there are adequate 
numbers of lymphocytes available for typing! 



PRA 



HLA Flow Cytometry 
• The antibodies in the serum that react specifically to the 

coated HLA antigens are detected by using a FITC-
conjugated antibody against human IgG 

• Percent PRA can be determined by the percentage of 
microbeads that react positively to the serum. 

• There is no cross-reactivity between the Class I and 
Class II microbeads 

• A mixture of Class I and Class II microbeads can be 
distinguished by their different fluorescent properties on 
the flow cytometry analysis 

• Single tube reaction! 
• Human Immunology 1998; 59, 313–322 



HLA Flow Cytometry 



Flow versus Cytotoxicity 
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HLA Antigen Selection 
• Selection based on compatibility of donor HLA-A 

and HLA-B antigens to corresponding recipient 
antibodies 
– Depending on recipient HLA Class I type this can 

often be a clinical challenge 
• Knowledge of apheresis donor population versus inpatient 

hospitalized population 
– Typically requires a minimum platelet donor pool of 1000-3000 donors 

to find a match 
• HLAMatchmaker software 

– Aides in predicting HLA compatibility 
• Partial HLA match can work! 

– Blood 1989 Aug 15;74(3):1172-6  
– Blood 1996 May 1;87(9):3959-62  
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Match Grade Description Example of Donor 
phenotypes for a 
recipient that is A1, 3; 
B8, 27 

A 4 antigen match A1, 3; B8, 27 
B1U 1 antigen unknown or 

blank 
A1, --; B8, 27 

B1X 1 cross-reactive group A1, 3; B8, 7 
B2UX 1 antigen blank and 1 

cross-reactive 
A1, --;B8, 7 

C 1 mismatched antigen 
present 

A1, 3; B8; 35 

D 2 or more mismatched 
antigens present 

A1, 32; B8, 35 

R Random A2, 28; B7, 35 

Presenter
Presentation Notes
Prior studies demonstrate A, B1U are the best CCI.  However only 43% of HLA matched requests meet this criteria.  But not all mismatches are bad, HLA B44, B45 are poorly expressed on platelets so their mismatch is not a clinical concern



CREG 



Human Platelet Antigen 
Refractoriness 

• Much less common than HLA induced immune 
refractoriness, antibodies against human platelet 
antigens can also result in decreased 
increments 

• Rate of refractoriness ~5% 
– Unaffected by leukocyte reduction 

• Most commonly, HPA-1b and HPA-5b are 
implicated 

• Bernard-Soulier and Glanzmann thrombasthenia 
can become broadly alloimmunized as well 



Let’s table this discussion 



An ounce of prevention is worth 
a pound of cure 

• Possible to prevent/reduce 
alloimmunization to HLA Class I antigens 
and subsequent platelet refractoriness by 
utilizing leukocyte reduced blood 
components for transfusion.  

• This effort relies on the role of HLA Class 
II antigens on transfused leukocytes in 
initiating the primary immune response  
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Where is/are the sensitizing 
agent(s) coming from? 

• Residual white blood cells! 
– Despite pre-storage leukocyte reduction there 

are still plenty of WBCs in each bag 
• Red Blood Cell product has <5.0x106 WBC/unit 
• Apheresis Platelet product has >3.0x1011 platelets 

per unit.  But it also has <5.0x106 WBC per unit 
– VUMC uses apheresis platelets 

• Pooled platelets 5.5x1010 platelets per unit.  But it 
has <5.0x106 WBC per unit 

• Granulocyte >1.0x1010 granulocytes per unit 



Filtered or unfiltered 
• Pre-storage leukocyte reduction is the most commonly performed 

method of WBC extraction 
– Must be performed within 5 days of collection 
– Most common reason for filter failure is donor is sickle cell trait 

• Unit is discarded 
• Although 50% do filter appropriately, those units tend to have 

considerably higher residual white blood cell counts! 
– Trans Med Rev 2004; 18:168-76. 

– Residual WBC in US and EU is very different 
• EU standards much stricter! 



HLA Matched Product 
Comparison 

• What if your patient needs HLA matched platelet 
products and has an extensive history of moderate-
severe allergic reactions or has small total blood volume 
(risk for volume overload)? 

• Should you volume reduce the product as well? 
– Volume reduction is a process whereby the 

suspended donor plasma is reduced by 
centrifugation, as platelets pellet out at the bottom 

– Reduces volume of plasma from ~250mL to ~90mL 
• Can cause mild platelet aggregation 



Between a rock and a hard 
place 

• If you volume reduce an HLA-matched 
apheresis platelet product you will have 
fewer reactions 

• Yet, the volume reduction causes a loss of 
matched platelets and your CCI will be 
lower 

• Transfusion 2011; 37:1537-45. 
 



Volume reduced or HLA 
matched? 

 

Transfusion 2012;52:742-751. 



Worst Case Scenario 
• Bleeding in a highly refractory patient! 
• Consider adjunctive monitoring, as the platelet count may not be the sole 

issue 
• TEG 

– Careful monitoring of your hospital/blood center inventory 
– IVIG 
– Plasma exchange 
– Rituximab 
– Splenectomy 
– Corticosteriods 
– Recombinant Factor VIIa 
– Antifibrinolytic agents 
– Romiplostim 

• Synthetic peptide thrombopoietin receptor agonist (FDA approval for ITP) 
• Transfusion 2012;52:739-741-case report on AML patient with severe immune mediated 

platelet refractoriness 
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Raise the Red Roof! 
• Increasing the HCT to 30% 

– Moves platelets to the periphery of vascular wall 
• Attempt to transfuse platelets in a slow drawn out process 

– VUMC policy states the platelet transfusion must be completed 
within 4 hours of initiation 

• Anti-fibrinolytics 
• Prior reports of bolus of random donor platelets (pooled platelet 

product) 
– Attempting to absorb circulating HLA antibodies 
– Followed by HLA matched/best available product 
– VUMC does NOT routinely stock pooled products 



VUMC Transfusion Medicine 
Strategy 

• Once a patient has been identified and 
CCIs have been appropriately conducted 
(<5000 in two consecutive transfusions) 
– Additional testing 

• Platelet Crossmatching 
• Panel Reactive Antibody Testing 
• HLA typing 

– HLA antibody screenantibody specificity prediction 
(ASP) method 

– HLA Class I typing of recipient 
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Platelet Crossmatching 
• Crossmatching can be used to predict, and therefore avoid, 

subsequent platelet transfusion failures 
– What is required?  Current patient serum 
– Test? Solid-Phase Red Cell Adherence (SPRCA) 
– Why do this? Cheaper, sometimes faster 

• Key point is that it may include HLA-mismatched donors, yet 
these donors may still be compatible 

• Also key difference is can detect HPA antibodies immediately 
– Why not always do this? 

• When PRA is highly reactive (~50% or greater), crossmatching has high 
failure rate  



ASP 

• The ASP method of donor 
selection for refractory 
alloimmunized patients 
appears as effective as HLA 
matching or crossmatching 

• Far more donors are identified 
in a file of HLA-typed donors 
by the ASP method than by 
HLA matching 

• TRANSFUSION 2000;40:1446-1456. 



ITP Platelet Transfusion 
• Although patients with ITP may have rapid destruction of 

circulating platelets, clinical experience with platelet 
transfusion demonstrates that many patients have higher 
platelet count increments that last for durations longer 
than anticipated 

• Even if the platelet response is limited, transfused 
platelets, alone or in conjunction with the use of IVIG, 
may provide critical temporary hemostatic support  

• NO role for HLA matched platelets in treatment of ITP 
• Blood 2011;117:4190-4207. 
• Journal of Thrombosis and Haemostasis 2006;4:1664–1672 
• J Surg Res. 2011 Oct;170(2):e225-32 
• Thromb Haemost. 2008;100(5):762. 
• Am J Med. 1986;80(6):1051 
• Ann Intern Med. 1986;104(6):808. 
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Thanks! 

• There are currently 7 questions on platelet 
refractoriness/laboratory evaluation on 
www.pathquestions.com 

• Please take a look! 
• Thanks! 

http://www.pathquestions.com/
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