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Abstract 
Flow cytometry is increasingly used in the study of platelets in inherited and acquired 
disorders of platelet number and function. However, wide variation exists in specific 
reagents, methods, and equipment used, making interpretation and comparison of 
results difficult. The goal of the present study was to provide expert consensus guidance 
on the use of flow cytometry for the evaluation of platelet disorders. 
A modified RAND survey method was used to obtain a consensus among 11 experts from 
10 countries across 4 continents, on the appropriateness of statements relating to clinical 
utility, pre-analytical variables, instrument and reagent standardization, methods, 
reporting, and quality control for platelet flow cytometry. Feedback from the initial survey 
revealed that uncertainty was sometimes due to lack of expertise with a particular test 
condition rather than unavailable or ambiguous data. To address this, the RAND method 
was modified to allow experts to self-identify statements for which they could not provide 
expert input.  
 
There was uniform agreement among experts in the areas of instrument and reagent 
standardization, methods, reporting and quality control and this agreement is used to 
suggest best practices in these areas. However, 25.9% and 50% of statements related to 
pre-analytical variables and clinical utility, respectively, were rated as uncertain. Thus, 
while citrate is the preferred anticoagulant for many flow cytometric platelet tests, expert 
opinions differed on the acceptability of other anticoagulants, particularly heparin. Lack 
of expert consensus on the clinical utility of many flow cytometric platelet tests indicates 
the need for rigorous multi-center clinical outcome studies. 
 
Key words: platelet, flow cytometry, RAND survey, SSC Platelet Physiology  
 
Introduction 
Flow cytometry is increasingly used in platelet research, particularly in the 
characterization of acquired and inherited platelet disorders [1-4], and the guidance 
document on the diagnosis of inherited platelet disorders by the Platelet Physiology SSC 
advises the use of flow cytometry as first and second steps in the diagnostic approach [5]. 
Flow cytometry has been used for a long time to assess deficiencies in platelet surface 
glycoproteins (GP) [e.g., GPIIb/IIIa (integrin αIIbβ3, CD41/CD61), GPIb/IX/V, GPIa/IIa 
(integrin α2β1), GPVI] [1, 6, 7], agonist-induced secretion of α-granules and dense 
granules (e.g. P-selectin [CD62P], CD63, LAMP-1, and mepacrine) [8-12]. A major 
advantage of flow cytometry over other methods used to evaluate platelet function is 
that it requires a minimal numbers of platelets, allowing investigation of platelet function 
in young children and in patients with thrombocytopenia [2, 13]. In addition, over the last 
two decades, a major new use of flow cytometry has been monitoring of antiplatelet 
therapy [14, 15]. High platelet reactivity, as measured by a number of methods, in 
patients treated with antiplatelet agents has been associated with increased risk for 
ischemic events [15],  and flow cytometric tests show greater and more consistent 
platelet inhibition in patients treated with second [16, 17] and third generation P2Y12 
antagonists [18].  
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A worldwide survey on the diagnosis of inherited platelet disorders showed that flow 
cytometry is among the most widely used methods in platelet diagnostic laboratories 
[19]. However, despite years of widespread use, great variation exists in equipment, 
reagents and methods used for flow cytometric analysis of platelet function, making 
interpretation and comparison of results difficult. A previous consensus protocol for the 
flow cytometric characterization of platelet function was published in 1998 [20] and in 
2008 a multicenter effort was undertaken to standardize the measurement of platelet 
surface P-selectin [21]. Beyond this, only a small number of studies have provided 
information on pre-analytical factors, reproducibility and clinical utility of platelet flow 
cytometric tests [4, 5, 22-31]. We therefore undertook an international survey of experts 
to identify current practices and recommendations. 
 
Methods 
A literature search was performed to identify published methods related to 
standardization of flow cytometry for the assessment of inherited and acquired platelet 
disorders. Due to the limited number of prospective studies, the RAND method [32] was 
used to obtain a consensus among experts in the field. An expert panel was assembled 
based on recommendations from members of the Platelet Physiology SSC and of 
individuals publishing in the area and/or known to lead laboratories performing flow 
cytometric analysis of platelets. The resulting panel comprised 11 experts representing 
10 countries on 4 continents (see Acknowledgements). The RAND approach required 
members of the expert panel (blinded to the responses of other panel members), to score 
statements regarding the topic from 1 – 9, where 1 is completely inappropriate and 9 is 
fully appropriate. The highest and lowest scores were discarded and the median of the 
remaining scores calculated. Statements were then classified as inappropriate (scores of 
1 – 3), uncertain (scores of 4 – 6), or appropriate (scores of 7 – 9).  
Statements on flow cytometry of platelets were drafted by the Principal Investigators (ALF 
and JR) and circulated among the members of the Platelet Physiology SSC for input. The 
refined survey containing a total of 75 survey statements covered the following areas: 1) 
clinical utility – 14 statements, 2) pre-analytical variables – 27 statements, 3) instrument 
and reagent standardization – 10 statements, 4) methods – 12 statements, 5) reporting – 
7 statements, and 6) quality control – 5 statements. Supplemental Table S1A shows an 
example of the statements scoring system sent and used by the experts in the first round 
survey. The full list of statements used in this first round survey, and their final scores, is 
provided in Supplemental Tables S2–S7. 
 
A second survey round was deemed necessary based on experts feedback regarding 
expertise in specific tests and ambiguity of some statements. Feedback revealed that 
among the variety of platelet parameters evaluated by flow cytometry, uncertainty was 
sometimes due to lack of expertise with a particular test condition rather than unavailable 
or ambiguous data. To address this, the RAND method was modified allowing experts to 
self-identify statements for which they could not provide expert input. Moreover, 
ambiguity of statements regarding pre-analytical conditions were clarified by specifying a 
particular assay endpoint and asking the experts to rank common pre-analytical variables 
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(anticoagulant, whole blood vs. platelet-rich plasma, time interval between sample 
collection and processing, fresh vs. fixed, etc.) as: 1) recommended, 2) acceptable, 3) not 
recommended 4) uncertain (lack of data) or 5) no experience. Subsequent results were 
summarized only for those experts with experience. Supplemental Table S1B shows an 
example of the statements scoring system sent and used by the experts in the second 
round survey. The full list of statements used in the second survey is provided in 
Supplemental Tables S8–S11. 
 
Results of the initial survey, and the revised questions from the second survey, are 
presented as the median and range of the scores of the eleven experts (Supplemental 
Tables S2–S7 and S11). The level of agreement between expert panel members with 
respect to each statement was modeled after Fitch et al., [32] and judged according to 
the coefficient of variation (CV) of the numerical responses as follows: CV <32% indicated 
agreement (+); CV >42% indicated disagreement (-); CV between 32% and 42% indicated 
inconclusive agreement. These arbitrary cut-offs provide an objective means to assess the 
level of agreement with a high CV (>42%) generally being the result of panelist ratings in 
each extreme (1-3 and 7-9). Results of the second survey regarding pre-analytical 
conditions divided by assay endpoint are presented as percent of experts, among those 
stating to have knowledge or experience, who selected 1) recommended, 2) acceptable, 
3) not recommended, or 4) uncertain (lack of data) for specific pre-analytical variables for 
specific platelet tests (Supplemental Tables S8–S10).  
 
Results 
First, we found good agreement among panel experts in the areas of instrument and 
reagent standardization, methods, reporting, and quality control (Supplemental Tables 
S4, S5, S6 and S7). In general, the practices identified are common good laboratory 
procedures applicable to all areas of testing.  
 
Expert recommendations with regard to “Instrument and reagent standardization”  
In this section of the survey, all statements were rated as appropriate (panel median 
ratings of 7–9) by the experts (Supplemental Table S4). A good agreement (CV < 32%) 
was seen for all but one statement, where there was inconclusive agreement (CV between 
32% and 42%) : 
• Each day that samples are analyzed, a quality control check of the flow cytometer 

should be run using standardized fluorescent calibration beads. 
 
Recommendations on “Platelet flow cytometry methods”  
Also in this part, experts rated all statements as appropriate (Supplemental Table S5), 
and good agreement (CV < 32%) was seen for all but one statement, where there was 
inconclusive agreement (CV between 32% and 42%): 
• Methods should include the methods used to train individuals performing these tests 

and procedures for documenting their training. 
 
Recommendations on “Reporting and quality control”  
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Here, all statements included in the survey were rated as appropriate by the experts and 
there was good agreement (CV<32%) in this rating (Supplemental Tables S6 and S7) 
 
Expert recommendations with regard to “Clinical utility and pre-analytical variables”  
There was good agreement between panel members that flow cytometry is useful for 1) 
the diagnosis of inherited deficiencies of platelet surface glycoproteins, 2) the diagnosis 
of disorders that result in abnormal platelet procoagulant activity such as Scott syndrome 
and Stormorken syndrome, 3) the diagnosis of platelet α granule secretion defects, 4) the 
diagnosis of defects in specific platelet activation (signaling) pathways, and 5) the 
determination of the fraction of immature platelets.  
However, 7 out of 14 statements were rated as uncertain (Supplemental Table S2) 
including the utility of flow cytometry to diagnose dense granule and cytoskeletal defects, 
to recognize heparin-induced thrombocytopenia, and to monitor platelet inhibition by 
aspirin. 
 
Twenty of 27 statements related to pre-analytical variables of flow cytometry for 
assessment of inherited and acquired platelet disorders were judged to be appropriate 
with good agreement between experts while 7 statements were judged to be uncertain 
(Supplemental Table S3). Pre-analytical variable statements rated as appropriate and 
with good agreement between experts included careful documentation of potentially 
interfering medications, sample collection times, and steps to avoid platelet activation 
and/or hemolysis during sample collection. Statements rated as uncertain included use 
of heparin, ACD-A or EDTA as anticoagulants and the minimum and maximum acceptable 
time interval between sample collection and analysis. Expert panel feedback indicated 
that uncertainty was in part due to differences in the requirements for different flow 
cytometric platelet tests. 
 
Second survey 
Feedback from expert panel members indicated that statements that were rated as 
“uncertain” in the initial survey, particularly with respect to clinical utility, were 
inconclusive in part due to lack of specificity regarding pre-analytical variables, as the 
requirements may differ between analysis of abnormal levels of platelet surface 
molecules and agonist-stimulated changes in platelet activation markers. In addition, 
expert panel feedback identified areas which were not adequately covered in the initial 
survey and revealed that not all experts had experience in some of the less frequently 
used platelet flow cytometric tests. Based on this feedback, a second survey was 
developed which allowed collection of expert opinion on the interaction of pre-analytical 
variables with clinical utility and also allowed panel members to distinguish between 
areas in which data was lacking or inconclusive vs. areas where they were unable to 
provide an informed opinion. Supplemental Table S1B shows an example of such a 
revised statements and their scoring by the experts and Supplemental Table S11 shows 
the results for the other revised and added statements. 
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Table 1 shows the expert consensus of pre-analytical variables for the assessment of 
inherited and acquired abnormal levels of platelet surface molecules. Results shown are 
the percentage of experts, among those who self-identified as having knowledge or 
expertise, at each level of recommendation (Recommended, Acceptable, Not 
Recommended, Uncertain). Not surprisingly, citrate, the most commonly used 
anticoagulant for platelet studies, was recommended for flow cytometry studies of 
GPIIb/IIIa, GPIb/IX/V, GPIa/IIa, and GPVI. Whole blood was generally preferred for these 
studies, but platelet-rich plasma (PRP) was rated acceptable or recommended by most 
experts. Comments from the expert panel revealed that acceptability of formalin fixation 
depended on the use of antibodies that react with the receptor following fixation. 
 
Early testing (within 30 min of sample collection) was recommended by the majority of 
experts in the context of in vivo platelet-leukocyte aggregate characterization, although 
testing within this time frame may not be achievable in a clinical setting (Table 1). In 
contrast, a substantial portion of experts indicated that it may be acceptable to test for 
platelet glycoproteins up to 24 hours after sample collection.  
 
Similarly, citrate anticoagulation and early testing was recommended by the majority of 
experts for agonist-stimulated changes in platelet surface glycoproteins (Supplemental 
Table S8), but approximately 30% of experts find testing within 24 hours to be acceptable. 
For these types of analyses, a resting period before analysis was considered appropriate 
with good agreement between experts, and also that a parallel sample without activation 
should be included and reported to take into account the potential presence of 
primed/pre-activated platelets (Supplemental Table S11).   
 
Most experts (>50%) did not have experience with flow cytometry for measurement of 
von Willebrand factor (VWF) binding to platelets, which can be useful for Bernard Soulier 
syndrome (BSS) and platelet-type von Willebrand disease (PT-VWD) characterization 
(Supplemental Table S9). However, several publications provide good technical detail on 
this procedure [33-35]. Similarly, many experts did not have experience with different 
permeabilization methods for measurement of platelet intracellular markers such as 
Wiskott-Aldrich syndrome protein (WASp) and phosphorylated vasodilator-stimulated 
phosphoprotein (VASP-P) (Supplemental Table S10). Of note, a standardized flow 
cytometry assay for the measurement of VASP-P in patients treated with inhibitors of the 
platelet P2Y12 ADP receptor was developed [14, 36] and is commercially available (PLT 
VASP P2Y12, BioCytex-Stago Group, Asnières-sur-Seine, France).  
 
Major recommendations 
A summary of the major recommendations, as rated by expert consensus, for flow 
cytometric analysis of inherited and acquired platelet disorders is shown in Table 2. 
 
Discussion 
This report provides recommendations based on input from an international panel of 
experts on pre-analytical variables, instrument and reagent standardization, methods, 
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reporting, and quality control, for the assessment of inherited and acquired disorders of 
platelet number and function by flow cytometry. Minimum data standards were 
consistent with MIFlowCyt recommendations [37]. Remarkably, there was broad 
agreement across a wide range of statements, which could be viewed as good laboratory 
practice (Table 2). The effect of sample volume and needle size on platelet flow cytometry 
was recently analyzed [38] and was not included in the survey. While a consensus 
emerged regarding pre-analytical variables, the survey revealed a surprisingly broad 
range of pre-analytical conditions to be acceptable. For example, while anticoagulation 
with citrate was preferred, experts were divided on the acceptability of heparin, with 4 of 
the 11 experts reporting no pertinent experience with the use of heparin for the specific 
tests. Similarly, while the preferred time interval between blood collection and testing 
was 30 min or less for in vivo platelet activity / platelet-leukocyte aggregate formation 
assays, 30% of experts indicated that testing of samples at up to 24 hours after collection 
for their glycoprotein levels or functional responses to activation in vitro was acceptable. 
Indeed, large distances between patients and testing centers contribute to the need to 
test samples at up to 24 hours after collection. However, data to support stability of 
untreated whole blood overtime are currently scarce and time frames for platelet analysis 
can be different for GP expression and for platelet activation testing [27, 28, 39].  
 
Several laboratories have sought to address this issue by stabilizing samples through 
addition of a fixative solution, such as FACS lysing solution [BD Biosciences, San Jose, CA] 
[16, 40], formalin or formaldehyde containing buffer [17, 41-43], or PAMFix [Platelet 
Solutions Ltd, Nottingham, UK] [24, 25], at the point of collection prior to sending the 
sample to the testing center. Addition of fixative to freshly collected platelet samples has 
the advantage that it can preserve samples for later analysis, but sensitivity of certain 
epitopes to fixation (notably the binding site on activated GPIIb-IIIa for fibrinogen which 
is recognized by the monoclonal IgM antibody, PAC-1) can limit this approach. Hence, the 
use of fresh samples rather than fixed samples was generally favored by the panel 
members (Table 1). An approach that was not specifically addressed in the survey 
statements, but which has been used in some studies [4, 17, 22, 24, 25, 42, 43], is to 
provide prepared aliquots of fluorescent antibodies, with or without agonist, to sites 
where samples are collected. Thus, with minimal sample manipulation, freshly collected 
blood can be reacted with antibodies then stabilized by fixation for later analysis at a core 
facility. This approach has been commercialized by at least two groups [24-26, 38, 44]. 
 
The inconclusive agreement regarding the use of a daily quality control check of the flow 
cytometer using standardized fluorescent calibration beads may be related to the fact 
that this statement referred not only to the need to run a quality control, but also that 
this should be done daily and using calibration beads. Certain instruments or FC 
applications (e.g. in haematology) require stabilized blood and not calibrated beads as QC 
[45]. This may have contributed to the uncertain rating of this statement, and should not 
be taken as an uncertainty around the need for calibration. Guidance on this topic as well 
as panel design may be drawn from recent reviews [46, 47]. 
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Survey results showed that even among expert panel members with extensive 
background in the analysis of platelets by flow cytometry, few had direct experience with 
flow cytometry for measurement of VWF, which can be useful for the diagnosis of PT-
VWD [34] and the characterization of BSS, particularly those variant forms of BSS which 
have normal or minimally affected GPIb/IX/V expression. Recommendations for this 
specific assay are needed. Similarly, most experts reported no experience/knowledge 
regarding different fixation and permeabilization methods for staining of intracellular 
platelet proteins. This is only partly addressed by a recent publication on technical 
considerations for platelet phosphoflow cytometry and barcoding [48]. These findings 
highlight the need for future standardization studies comparing flow cytometric methods 
and testing conditions in order to establish best practice, also regarding issues such as 
determination of saturation for antibodies and gating strategies. Indeed, lack of expert 
consensus on the clinical utility of many flow cytometric platelet tests indicates the need 
for rigorous multi-center clinical outcomes studies. In addition, the creation of shared 
data repositories and more advanced multi-color protocols may be other areas of future 
development in this rapidly expanding field.  
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Tables 
 
 
Table 1. Expert consensus of pre-analytical variables for the assessment of inherited and 
acquired abnormal levels of platelet surface molecules. Results shown are the percent of 
experts supporting each level of recommendation, among the eleven experts of the panel 
which self-identified as having knowledge or expertise (N) 
 

  GPIIb/IIIa GPIb/IX/V GPIa/IIa GPVI  

Citrate 

Recommended 80% 80% 88% 80% 
Acceptable 20% 20% 13% 20% 
Not Recommended 0% 0% 0% 0% 
Uncertain (lack of data) 0% 0% 0% 0% 

 N 10  10  8  10  

Heparin 

Recommended 0% 0% 0% 0% 
Acceptable 43% 50% 33% 43% 
Not Recommended 57% 50% 67% 57% 
Uncertain (lack of data) 0% 0% 0% 0% 

 N 7  6  6  7  

EDTA 

Recommended 0% 17% 14% 17% 
Acceptable 43% 67% 29% 33% 
Not Recommended 57% 17% 57% 50% 
Uncertain (lack of data) 0% 0% 0% 0% 

 N 7  6  7  6  

Whole Blood 

Recommended 80% 70% 86% 80% 
Acceptable 10% 20% 0% 0% 
Not Recommended 10% 10% 14% 20% 
Uncertain (lack of data) 0% 0% 0% 0% 

 N 10  10  7  10  

PRP 

Recommended 30% 40% 38% 30% 
Acceptable 60% 40% 50% 50% 
Not Recommended 10% 20% 13% 20% 
Uncertain (lack of data) 0% 0% 0% 0% 

 N 10  10  8  X  

Fresh/Not 
Fixed 

Recommended 90% 90% 100% 90% 
Acceptable 10% 10% 0% 10% 
Not Recommended 0% 0% 0% 0% 
Uncertain (lack of data) 0% 0% 0% 0% 

 N 10  10  8  10  

Formalin-
fixed 

Recommended 14% 29% 17% 17% 
Acceptable 86% 71% 83% 83% 
Not Recommended 0% 0% 0% 0% 
Uncertain (lack of data) 0% 0% 0% 0% 

 N 7  7  6  6  

Test within 30 
min 

Recommended 67% 67% 63% 60% 
Acceptable 22% 22% 38% 30% 
Not Recommended 11% 11% 0% 10% 
Uncertain (lack of data) 0% 0% 0% 0% 

 N 9  9  8  10  
Test within 4 
hr 

Recommended 56% 56% 63% 50% 
Acceptable 33% 33% 13% 30% 
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Not Recommended 11% 11% 13% 20% 
Uncertain (lack of data) 0% 0% 13% 0% 

 N 9  9  8  10  

Test within 24 
hr 

Recommended 11% 11% 0% 0% 
Acceptable 44% 44% 63% 63% 
Not Recommended 33% 33% 25% 38% 
Uncertain (lack of data) 11% 11% 13% 0% 

 N 9  9  8  8  

Test within 96 
hr 

Recommended 0% 0% 0% 0% 
Acceptable 14% 14% 17% 0% 
Not Recommended 71% 71% 67% 71% 
Uncertain (lack of data) 14% 14% 17% 29% 

 N 7  7  6  7  
 
 
 
  



15 
 

Table 2. Catalog of the major recommendations as rated as by expert consensus, for flow 
cytometric analysis of inherited and acquired platelet disorders. 
 

Topic Recommendation 
Clinical settings where 

flow cytometric analysis 
of platelets is useful 

• Diagnosis of inherited or acquired deficiencies of platelet surface 
glycoproteins (BSS, GT, inherited or immune-mediated GPVI defects) 

• Diagnosis of platelet alpha granule secretion defects (such as Grey 
platelet syndrome) 

• Diagnosis of defects in specific platelet activation (signaling) pathways 
(such as RASGRP2, P2Y12 or TXA2R disorders) 

• Diagnosis of GFI1B macrothrombocytopenia associated to platelet 
expression of CD34 

• Diagnosis of disorders of platelet procoagulant activity (such as Scott 
syndrome and Stormorken syndrome) 

• Assessment of increased platelet activation in prothrombotic 
syndromes (diabetes, anti-phospholipid syndrome or secondary to drug 
induced, non-immune platelet activation) 

• Monitoring, if applicable, pharmacodynamic effect P2Y12 antagonists 
(ticlopidine, clopidogrel, prasugrel, ticagrelor, cangrelor) with 
specifically designed test such as VASP P2Y12 

• Determination of the fraction of immature platelets 
Pre-analytical variables • Information should be collected at the time of the blood draw on the 

use of medications that interfere with platelet function (antihistamines, 
theophylline, antibiotics, tricyclic antidepressants, dipyridamole, P2Y12 
antagonists and aspirin, among others) 

• Blood sampling should avoid procedures favoring platelet activation 
(prolonged or too tight tourniquet, small gauge needles, slow blood 
drawing, initial blood draw into non-anticoagulated syringes, difficult or 
discontinuous blood draw, etc.), and the first 1 – 2 mL of blood should 
be discarded 

• Citrate should generally be the first choice anticoagulant 
• Partial filling of anticoagulant tubes should be avoided 
• Date and times of blood sample collection and platelet analysis must be 

recorded 
• Blood samples for platelet testing ex vivo should be rested a minimum 

30 min then stored at room temperature (20 – 25°C) prior to analysis  
• Analysis of platelet glycoproteins should be performed preferentially in 

fresh whole blood within 24h from collection 
• Analysis of agonist induced platelet activation (e.g. fibrinogen or PAC-1 

binding, CD62P expression, or other functional tests) should be 
performed preferentially in fresh whole blood within 4h from collection 

• Analysis of in vivo circulating monocyte-platelet aggregates should be 
performed immediately after blood collection, or in fixed whole blood, 
to prevent ex vivo formation of these conjugates 

• A stabilizing solution (usually a fixative) may be used to allow later flow 
cytometric analysis (up to several days) of some platelet antigens 
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Instrument and reagents • The minimum requirements of flow cytometry instruments are 
detection of forward and side light scatter, detection of at least two 
fluorescence signals with good sensitivity (i.e., detection of <1000 FITC 
molecules per cell) and allowing for fluorescence compensation 
(hardware or software) if two, or more, fluorophores are in use 

• Software for data acquisition should allow data storage preferentially 
in a standard, sharable format (e.g., FCS-2.0 or FCS-3.0) 

• Flow cytometry instruments should undergo maintenance and 
qualification on a regular basis (e.g. by use of preventive maintenance 
and calibrations plan) 

• Pipettes should be calibrated on a regular schedule 
• Validated and commonly used antibodies or ligands should be used 

before the expiration dated indicated by the manufacturer 
• Novel or less commonly used antibodies should be validated (e.g., by 

Western blotting, immunoprecipitation, reactivity with known 
positive/negative cells, or other appropriate method) 

Methods • Flow cytometry protocols should contain at least: a) version number, 
dates of last update and approval; b) instrument description summary 
and any user-configurable settings; c) sufficient detail to allow the 
procedure to be reproduced by an independent party (source, type and 
processing of samples; full description of the antibodies, ligands or 
agonists to be used (source, catalog and lot number, clone, target 
protein, fluorophore, recommended concentration); d) positive and 
negative controls to be included in the assay;e) strategies for event 
gating and for event analysis; f) results reporting 

• The use of a fluorescent platelet-identifying antibody and setting the 
threshold accordingly is desirable to minimize interference by RBCs or 
other blood cells 

• Antibodies against target antigens should be used at saturating 
conditions. 

• For each assay, laboratories should generate their own reference 
ranges for healthy individuals. 

 
Reporting and Quality 

Control 
• A standardized laboratory report form should include: Date and times 

of sample collection and analysis; b) standard operating procedure used 
and reagents description; result description, (if applicable, international 
units, references range and test uncertainty); result interpretation 

• Stability and reproducibility of the flow cytometric methods in place 
should be documented 

• Documentation should allow external audit of: a) samples possession, 
processing, and analysis; b) the in date (not expired) use of all reagents; 
c) the regular maintenance and qualification of instruments; d) the 
training of the personnel performing the methods 
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Supplemental information 
 
Consensus recommendations on flow cytometry for the assessment of inherited and acquired 
disorders of platelet number and function: Communication from the SSC of the ISTH 
 
A.L. FRELINGER III, J. RIVERA, D. CONNOR, K. FRESON, A. GREINACHER, P. HARRISON, S. 
KUNISHIMA, M. LORDKIPANIDZÉ, A.D. MICHELSON, S. RAMSTROM, P. GRESELE 
FOR THE SUBCOMMITTEE ON PLATELET PHYSIOLOGY 
 
Supplemental Table S1. Example of the statements scoring system used by the experts in the 
primary (A) and secondary (B) surveys. The secondary survey was specifically designed to capture 
recommended best pre-analytical variables for a specific clinical application of platelet flow 
cytometry. 
 

A) Sample statements from primary survey.  

Flow cytometry is useful in the determination of 
platelet count. 

Inappropriate   Uncertain   Appropriate 
1

 
2

 
3

 
4

 
5

 
6

 
7

 
8

 
9

 
 

ACD-A is an acceptable anticoagulant for 
blood collected for platelet testing by flow 
cytometry. 

Inappropriate   Uncertain   Appropriate 
1

 
2

 
3

 
4

 
5

 
6

 
7

 
8

 
9

 
 

 
B) Sample statements from secondary survey 
For flow cytometry assessment of abnormal levels of platelet surface GPIIb/IIIa (integrin αIIbβ3, 
CD41/CD61) as in suspected Glanzmann thrombasthenia, sample recommendations are as 
follows (please check lowest number that applies in each row) 

 
recommended 
1 

acceptable 
2 

not 
recommended 
3 

uncertain 
(lack of data) 
4 

no 
experience 
5 

whole blood      
PRP      
citrate      
heparin      
EDTA      
fresh/not fixed      
formalin fixed      
test within 30 min      
test within 4 hr      
test within 24 hr      
test within 96 hr      
Other (please explain):       
 
Supplemental Table S2. Clinical Utility: Survey 1 statements and expert panel scores: 1 – 3 
inappropriate, 4 – 6 uncertain, 7 – 9 appropriate. Agreement between expert panel members 
with respect to each statement was judged according to the coefficient of variation (CV) of the 
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numerical responses as follows: CV <32% indicated agreement (+); CV >42% indicated 
disagreement (-);.CV between 32-42% indicated inconclusive agreement (?). Based on the 
feedback from experts in Survey 1, some statements were removed (*) or revised (**) in Survey 
2. 
 

I. Clinical Utility 

Appropriateness 
Median, Range 

CV, Level of 
Agreement (+, ?, -) 

I.1 Flow cytometry is useful in the determination of platelet 
count. 

appropriate 
7, 2 - 9 

36.9%, ? 

I.2 Flow cytometry is useful in the diagnosis of inherited 
deficiencies of platelet surface glycoproteins. 

appropriate 
9, 8 - 9 
4.6%, + 

I.3* Flow cytometry is useful in the diagnosis of storage pool 
disease. 

uncertain 
6, 3 - 9 

25.8%, + 

I.4 
Flow cytometry is useful in the diagnosis of disorders that 
result in abnormal platelet procoagulant activity such as 
Scott syndrome and Stormorken syndrome. 

appropriate 
8, 5 - 9 

14.9%, + 

I.5** 
Flow cytometry is useful in the diagnosis of platelet 
cytoskeletal defects (e.g., defects in filamin, Wiskott-Aldrich 
syndrome protein, ACTN1, MYH9-RD, TUBB1). 

uncertain 
5, 1 - 8 

42.4%, - 

I.6 Flow cytometry is useful in the diagnosis of defects in 
specific platelet activation (signaling) pathways. 

appropriate 
7, 4 - 8 

16.9%, + 

I.7* Flow cytometry is useful in the diagnosis of heparin-induced 
thrombocytopenia. 

uncertain 
5, 3 - 8 

24.2%, + 

I.8 Flow cytometry is useful for the determination of the 
fraction of immature platelets. 

appropriate 
8, 2 - 9 

27.7%, + 

I.9* 

Flow cytometry is useful in the monitoring of GPIIb/IIIa 
antagonist (abciximab, eptifibatide, tirofiban) therapy. 
(Please evaluate this statement independent of whether 
monitoring GPIIb/IIIa antagonist therapy is itself useful). 

uncertain 
6, 4 - 7 

18.3%, + 

I.10** 

Flow cytometry is useful in the monitoring of P2Y12 
antagonist (ticlopidine, clopidogrel, prasugrel, ticagrelor, 
cangrelor) therapy. (Please evaluate this statement 
independent of whether monitoring P2Y12 antagonist 
therapy is itself useful) 

appropriate 
7, 2 - 9 

34.5%, ? 
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I.11** 

Flow cytometry is useful in the monitoring of platelet 
inhibition by aspirin. (Please evaluate this statement 
independent of whether monitoring platelet inhibition by 
aspirin is itself useful) 

uncertain 
5, 2 - 7 
43.0, - 

I.12** 

Flow cytometry is useful in the analysis of prothrombotic 
syndromes characterized by platelet activation (e. g. 
diabetes, anti-phospholipid syndrome or secondary to drug 
induced, non-immune platelet activation) 

uncertain 
6, 3 - 8 
24.8, + 

I.13 Flow cytometry is useful in the diagnosis of platelet alpha 
granule secretion defects. 

appropriate 
7, 6 - 9 

15.0%, + 

I.14 Flow cytometry is useful in the diagnosis of platelet dense 
granule secretion defects.  

uncertain 
6, 3 - 8 

23.7%, + 
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Supplemental Table S3. Pre-analytical variables: Survey 1 statements and expert panel scores: 1 
– 3 inappropriate, 4 – 6 uncertain, 7 – 9 appropriate. 
Based on the feedback from experts in Survey 1, some statements were removed (*) or revised 
(**) in Survey 2. 
 

II. Pre-analytical variables 

Appropriateness 
Median, Range 

CV, Level of 
Agreement (+, ?, -) 

II.1 

Where clinically feasible, patients should refrain from aspirin 
for at least 10 days and nonsteroidal anti-inflammatory drugs 
(NSAIDs) for at least 3 days prior to providing blood sampling 
for analysis of platelet function by flow cytometry. 

appropriate 
7, 3 - 9 

27.6%, + 

II.2 

Information should be collected at the time of the blood 
draw on the use of medications that can interfere with 
platelet function, including antihistamines, theophylline and 
antibiotics (including penicillin, cephalosporin, 
nitrofurantoin, and similar antibiotics). 

appropriate 
9, 5 - 9 

21.7%, + 

II.3 
Information should be collected at the time of the blood 
draw on the use of medications that can interfere with 
platelet function, including tricyclic antidepressants. 

appropriate 
9, 5 - 9 

18.3%, + 

II.4 

Information should be collected at the time of the blood 
draw on the use of anti-platelet drugs (including 
dipyridamole, clopidogrel, prasugrel, ticagrelor and 
cangrelor). 

appropriate 
9, 5 - 9 

15.3%, + 

II.5 

Information should be collected at the time of the blood 
draw with regard to recent food intake (fasting or fed), 
smoking history, alcohol consumption, recent 
exertion/exercise. 

uncertain 
6, 1 - 8 

36.4%, ? 

II.6 
In order to document the time between specimen collection 
and analysis, date and time of sample collection must be 
recorded. 

appropriate 
9, 7 - 9 
7.8%, + 

II.7 

Care should be taken when collecting blood for platelet 
testing by flow cytometry to avoid procedures (e.g. 
prolonged or too tight tourniquet, use of small gauge 
needles, collection into non-anticoagulated syringe prior to 
transfer to anticoagulant, difficult blood draw, etc.) that may 
cause platelet activation.  

appropriate 
9, 7 - 9 
7.8%, + 

II.8 Citrate is the best choice of anticoagulant for blood collected 
for platelet testing by flow cytometry. 

appropriate 
8, 5 - 9 

19.1%, + 
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II.9 ACD-A is an acceptable anticoagulant for blood collected for 
platelet testing by flow cytometry. 

uncertain 
6, 2 - 9 

38.0%, ? 

II.10 EDTA is an acceptable anticoagulant for blood collected for 
platelet testing by flow cytometry. 

uncertain 
6, 1 - 7 
42%, ? 

II.11 Heparin is an acceptable anticoagulant for blood collected 
for platelet testing by flow cytometry. 

uncertain 
4.5, 2 - 7 
44.4%, - 

II.12 Partial filling of anticoagulant tubes may affect platelet 
testing by flow cytometry and therefore should be avoided.  

appropriate 
8, 5 - 9 

15.8%, + 

II.13 

Difficulty in collecting the blood sample (difficulty drawing 
the blood or a blood draw that stops and starts) may affect 
platelet testing by flow cytometry and therefore should be 
avoided.  

appropriate 
9, 7 - 9 

10.9%, + 

II.14 
EDTA should be avoided as anticoagulant for blood collected 
for platelet testing due to its effect respectively on 
glycoprotein structure. 

appropriate 
7, 3 - 8 

29.2%, + 

II.15 
Heparin should be avoided as anticoagulant for blood 
collected for platelet testing due to its effect platelet 
microaggregate formation. 

appropriate 
7, 3 - 9 

31.6%, + 

II.16 Blood for platelet testing by flow cytometry should be 
collected only after a discard of the first 1 – 2 mL of blood. 

appropriate 
8, 1 - 9 

39.3%, ? 

II.17* 
Blood for platelet testing by flow cytometry may be collected 
from an indwelling line after discarding a volume greater 
than the volume of the line. 

appropriate 
7, 5 - 9 

21.1%, + 

II.18 Platelet function testing by flow cytometry should not be 
performed on hemolyzed blood samples.  

appropriate 
9, 7 - 9 
8.1%, + 

II.19 
Between sample collection and flow cytometric 
determination of platelet function, blood samples should be 
stored at room temperature (20 – 25°C) 

appropriate 
9, 7 - 9 
9.7%, + 

II.20** Blood samples should be allowed to “rest” for 30 min at 37°C 
prior to flow cytometric determination of platelet function. 

uncertain 
5, 2 - 8 

30.7%, + 

II.21** Flow cytometric analysis of platelet function must be 
performed within 4 hours of blood collection. 

appropriate 
7, 3 - 8 

30.7%, + 
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II.22* 

Flow cytometric analysis of platelet function may be 
performed up to 72 hours following blood collection, 
provided the blood has been maintained at room 
temperature. 

uncertain 
5, 1 - 7 

55.4%, - 

II.23** 

Flow cytometric analysis of platelet function may be 
performed up to 72 hours following blood collection, 
provided blood from a healthy control subject is processed in 
parallel and the blood has been maintained at room 
temperature. 

uncertain 
6, 1 - 8 

39.9%, ? 

II.24 
Flow cytometric analysis of circulating monocyte-platelet 
aggregates must be performed within 30 min of blood 
collection. 

appropriate 
7, 4 - 9 

20.9%, + 

II.25 
For flow cytometric determination of some platelet antigens, 
whole blood may be stabilized for later analysis by addition 
of a stabilizing solution (usually a fixative). 

appropriate 
8, 7 - 9 

10.3%, + 

II.26 Stabilized samples may be analyzed several days after 
preparation, provided this is supported by stability studies. 

appropriate 
8, 1 - 9 

30.8%, + 

II.27 
To minimize artifactual pre-analytical platelet activation it is 
preferable to use native anticoagulated whole blood for 
platelet analysis rather than PRP or washed platelets. 

appropriate 
7, 4 - 9 

24.6%, + 
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Supplemental Table S4. Instrument and reagent standardization: Survey 1 statements and expert 
panel scores: 1 – 3 inappropriate, 4 – 6 uncertain, 7 – 9 appropriate. 
Based on the feedback from experts in Survey 1, some statements were removed (*) or revised 
(**) in Survey 2. 
 

III. Instrument and reagent standardization 

Appropriateness 
Median, Range 

CV, Level of 
Agreement (+, ?, -) 

III.1 

The most basic requirements for a flow cytometer to 
perform platelet analysis are detection of forward and side 
light scatter and at least two fluorescence signals with good 
sensitivity (equivalent to detection of <1000 FITC molecules 
per cell).  

appropriate 
8, 3 - 9 

21.7%, + 

III.2 Software for data acquisition should allow data storage in a 
standard, sharable format (e.g. FCS-2.0 or FCS-3.0). 

appropriate 
8, 5 - 9 

18.8%, + 

III.3** 
Flow cytometry instruments used for analysis of platelet 
function should have a preventive maintenance check at 
least twice a year. 

appropriate 
8, 3 - 9 

24.8%, + 

III.4 
Each day that samples are analyzed, a quality control check 
of the flow cytometer should be run using standardized 
fluorescent calibration beads. 

appropriate 
8, 2 - 9 

33.0%, ? 

III.5 Auditable records of instrument maintenance and daily 
calibration should be kept. 

appropriate 
9, 4 - 9 

18.8%, + 

III.6 Fluorescence compensation (hardware or software) is 
required whenever more than one fluorophore is used. 

appropriate 
9, 6 - 9 

14.3%, + 

III.7 Antibodies for platelet testing by flow cytometry must be 
validated.  

appropriate 
9, 7 - 9 
8.1%, + 

III.8 
For well-established combinations of monoclonal antibodies 
and fluorophores (for example, FITC-PAC-1), validation 
provided by the manufacturer is sufficient.  

appropriate 
7, 1 - 8 

30.1%, + 

III.9** 
For less commonly used antibodies, validation by methods 
such as Western blotting, immunoprecipitation, or reactivity 
with known positive and negative cell lines is required. 

appropriate 
7, 3 - 9 

27.8%, + 

III.10 Pipettes should be calibrated on a regular schedule.  
appropriate 

9, 3 - 9 
25.6%, + 
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Supplemental Table S5. Methods: Survey 1 statements and expert panel scores: 1 – 3 
inappropriate, 4 – 6 uncertain, 7 – 9 appropriate. 
 

IV. Methods 

Appropriateness 
Median, Range 

CV, Level of 
Agreement (+, ?, -) 

IV.1 
Protocols which provide sufficient detail to allow the 
procedure to be reproduced by an independent party are 
required for platelet analysis by flow cytometry. 

appropriate 
8, 8 - 9 
6.2%, + 

IV.2 

Protocols for platelet analysis by flow cytometry must 
capture a description of the flow cytometer (manufacturer 
and model number), its configuration and settings, and any 
user-configurable settings or modifications. 

appropriate 
9, 3 - 9 

24.6%, + 

IV.3 
Protocols for platelet analysis by flow cytometry must 
capture the source and type of sample and any sample 
treatment descriptions. 

appropriate 
9, 3 - 9 

22.4%, + 

IV.4 

Antibodies must be identified by source, catalog number, lot 
number, and expiration date, the name of the clone of the 
antibody used, fluorescent label, the antigen detected 
(usually by CD nomenclature) and the dilution or 
concentration of used. 

appropriate 
9, 3 - 9 

21.6%, + 

IV.5 Antibodies for platelet activation analysis by flow cytometry 
should be used at saturating conditions. 

appropriate 
8, 5 - 9 

19.1%, + 

IV.6 
Studies should be performed to determine acceptable time 
windows between sample preparation and flow cytometric 
analysis. 

appropriate 
8, 7 - 9 
9.7%, + 

IV.7 Each laboratory should generate their own reference ranges 
for healthy donors for each assay. 

appropriate 
9, 6 - 9 

11.0%, + 

IV.8 

Each assay must include a positive control (such as healthy 
donor blood, or in the case of activation-dependent 
antigens, healthy donor blood activated by ex vivo addition 
of a platelet agonist). 

appropriate 
8, 5 - 9 

18.8%, + 

IV.9 
Each assay must include a negative control (e.g. blockade of 
specific binding by the immunizing peptide or a sample 
stained with an isotype-matched fluorescent normal Ig). 

appropriate 
8, 6 - 9 

12.0%, + 

IV.10 
Methods for setting gates and positive analysis regions for 
the parameters to be reported should be standardized and 
detailed in the assay protocol. 

appropriate 
9, 7 - 9 
9.7%, + 



25 
 

IV.11 
Methods should include the methods used to train 
individuals performing these tests and procedures for 
documenting their training. 

appropriate 
8, 1 - 9 

37.0%, ? 

IV.12 Documented methods should contain version numbers, a 
revision history, date last updated, and date approved. 

appropriate 
9, 4 - 9 

24.6%, + 
 
 
  



26 
 

Supplemental Table S6. Reporting: Survey 1 statements and expert panel scores: 1 – 3 
inappropriate, 4 – 6 uncertain, 7 – 9 appropriate. 
 

V. Reporting 

Appropriateness 
Median, Range 

CV, Level of 
Agreement (+, ?, -) 

V.1 

A standardized laboratory report form should document 
date and time of sample receipt, preparation and analysis as 
well as all technical steps of the analysis, e. g., instrument 
performance and reagent lot numbers. 

appropriate 
8, 6 - 9 

12.9%, + 

V.2 
A standardized laboratory report form should provide the 
concentrations of any agonists used to stimulate platelet 
activation. 

appropriate 
9, 8 - 9 
3.4%, + 

V.3 
A standardized laboratory report should provide results 
using internationally recognized standardized units where 
possible. 

appropriate 
9, 4 - 9 

18.8%, + 

V.4 

Where results are provided as numerical values, the 
uncertainty of the test (analytical and biological variability) 
should also be reported. [Example: Vasodilator-stimulated 
phosphoprotein (VASP) platelet reactivity index 49%, 
(analytical and biological uncertainty +/- 10%). 

appropriate 
8, 5 - 9 

15.4%, + 

V.5 A standardized laboratory report form should contain an 
interpretation of test results. 

appropriate 
8, 7 - 9 
9.7%, + 

V.6 
Interpretation of test results should include mention of pre-
analytical and analytical factors that could influence the 
results. 

appropriate 
8, 7 - 9 

11.2%, + 

V.7 
Interpretation of test results should consider the 
appropriateness of the normal reference range with respect 
to the individual case. 

appropriate 
8, 7 - 9 
9.6%, + 
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Supplemental Table S7. Quality control: Survey 1 statements and expert panel scores: 1 – 3 
inappropriate, 4 – 6 uncertain, 7 – 9 appropriate. 
 

VI. Quality control  

VI.1 Stability and reproducibility of the method should be 
analyzed based on a repetitive analysis of samples. 

appropriate 
9, 3 - 9 

22.4%, + 

VI.2 Documentation should be sufficient to provide an auditable 
trail of sample possession, processing, and data analysis.  

appropriate 
9, 3 - 9 

25.5%, + 

VI.3 Records should be kept to demonstrate that personnel 
performing the tests are qualified to do so. 

appropriate 
9, 7 - 9 

11.1%, + 

VI.4 Records should be kept to demonstrate that all instruments 
used to perform the studies are in good working order. 

appropriate 
9, 7 - 9 
9.7%, + 

VI.5 Records should be kept to demonstrate that all reagents 
used to perform the studies are in-date (not expired). 

appropriate 
9, 5 - 9 

16.8%, + 
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Supplemental Table S8. Expert consensus of pre-analytical variables for the assessment of 
inherited and acquired abnormal agonist-stimulated levels of platelet surface GPIIb/IIIa, P-
selectin and GPIb. Results shown are the percent of experts supporting each level of 
recommendation, among the eleven experts of the panel which self-identified as having 
knowledge or expertise (N).  
 

  
Agonist-

stimulated 
platelet surface 

GPIIb/IIIa change 

Agonist-
stimulated 

platelet surface 
P-selectin change 

Agonist-
stimulated 

platelet surface 
GPIb change 

Citrate 

Recommended 100% 91% 88% 
Acceptable 0% 9% 13% 
Not Recommended 0% 0% 0% 
Uncertain (lack of data) 0% 0% 0% 
N 10  11 8 

Heparin 

Recommended 0% 0% 0% 
Acceptable 29% 33% 14% 
Not Recommended 71% 67% 86% 
Uncertain (lack of data) 0% 0% 0% 
N 7 9 7 

EDTA 

Recommended 0% 0% 0% 
Acceptable 0% 13% 0% 
Not Recommended 100% 88% 100% 
Uncertain (lack of data) 0% 0% 0% 
N 9 8 6 

Whole 
Blood 

Recommended 78% 80% 88% 
Acceptable 11% 10% 0% 
Not Recommended 11% 10% 13% 
Uncertain (lack of data) 0% 0% 0% 
N 9 10 8 

PRP 

Recommended 50% 45% 25% 
Acceptable 30% 36% 50% 
Not Recommended 20% 18% 25% 
Uncertain (lack of data) 0% 0% 0% 
N 10 11 8 

Fresh/Not 
Fixed 

Recommended 90% 91% 88% 
Acceptable 10% 9% 13% 
Not Recommended 0% 0% 0% 
Uncertain (lack of data) 0% 0% 0% 
N 10 11 8 

Formalin-
fixed 

Recommended 0% 10% 0% 
Acceptable 0% 10% 0% 
Not Recommended 100% 80% 100% 
Uncertain (lack of data) 0% 0% 0% 
N 9 10 7 

Test 
within 30 
min 

Recommended 90% 82% 88% 
Acceptable 10% 9% 0% 
Not Recommended 0% 9% 13% 
Uncertain (lack of data) 0% 0% 0% 
N 10 11 8 

Test 
within 4 hr 

Recommended 50% 45% 50% 
Acceptable 30% 36% 25% 
Not Recommended 20% 18% 25% 
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Uncertain (lack of data) 0% 0% 0% 
N 10 11 8 

Test 
within 24 
hr 

Recommended 0% 10% 0% 
Acceptable 33% 30% 29% 
Not Recommended 56% 50% 43% 
Uncertain (lack of data) 11% 10% 29% 
N 9 10 7 

Test 
within 96 
hr 

Recommended 0% 0% 0% 
Acceptable 13% 20% 14% 
Not Recommended 75% 70% 71% 
Uncertain (lack of data) 13% 10% 14% 
N 8 10 7 
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Supplemental Table S9. Secondary survey statement on flow cytometry assessment of 
ristocetin-dependent VWF binding. Results shown are the percent of experts supporting each 
level of recommendation, among the eleven experts of the panel which self-identified as having 
knowledge or expertise (N). 
 
For flow cytometry assessment of ristocetin-dependent VWF binding: 

 Recommended Acceptable Not 
Recommended 

Uncertain 
(lack of 
data) 

N 

citrate 100% 0% 0% 0% 5 
heparin 0% 0% 100% 0% 3 
EDTA 0% 0% 100% 0% 4 
whole blood 50% 25% 0% 25% 5 
PRP 50% 25% 25% 0% 5 
fresh/not fixed 100% 0% 0% 0% 5 
formalin fixed 0% 50% 0% 50% 5 
test within 30 min 75% 25% 0% 0% 5 
test within 4 hr 50% 25% 25% 0% 5 
test within 24 hr 0% 50% 25% 25% 5 
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Supplemental Table S10. Secondary survey statement on flow cytometry assessment of 
intracellular markers. Results shown are the percent of experts supporting each level of 
recommendation, among the eleven experts of the panel which self-identified as having 
knowledge or expertise (N). 
 
For flow cytometry assessment of intracellular markers (such as cytoskeletal proteins such 
[e.g. WASp] or signaling pathways [e.g. VASP-P]): 

 Recommended Acceptable Not 
Recommended 

Uncertain 
(lack of 
data) 

N 

citrate 83% 17% 0% 0% 6 
heparin 0% 25% 75% 0% 4 
EDTA 0% 33% 67% 0% 6 
whole blood 83% 17% 0% 0% 6 
PRP 33% 67% 0% 0% 6 
formaldehyde followed 
by detergent 60% 40% 0% 0% 5 

formaldehyde followed 
by methanol 0% 0% 0% 100% 1 

methanol followed by 
detergent 50% 0% 0% 50% 2 

acetone 50% 0% 0% 50% 2 
anticoagulant and 
procedure depend on 
target 

50% 50% 0% 0% 6 
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Supplemental Table S11. Revised and newly suggested statements. Results are presented as 
median rating (1 – 3 inappropriate, 4 – 6 uncertain, 7 – 9 appropriate), range, and the level of 
agreement between the eleven experts in the panel (+ = agreement, - = disagreement, ? = 
inconclusive). 
 

Statement 

Rating: 
median, range 

Level of 
Agreement 

Flow cytometry may be used in the diagnosis of platelet cytoskeletal defects 
(e.g defects in filamin, Wiskott-Aldrich syndrome protein, ACTN1, MYH9-
RD, TUBB1). 

uncertain 
6, 1 – 9 

? 
Certain flow cytometry tests (for example, VASP P2Y12) may be used to 
monitor the pharmacodynamic effects of P2Y12 antagonist (ticlopidine, 
clopidogrel, prasugrel, ticagrelor, cangrelor). (Please evaluate this 
statement independent of whether monitoring P2Y12 antagonist therapy is 
itself useful) 

appropriate 
9, 5 – 9 

+ 

Flow cytometry can be used to detect the aspirin-induced defect in platelet 
function. (Please evaluate this statement independent of whether 
monitoring platelet inhibition by aspirin is itself useful) 

uncertain 
6, 1 – 9 

? 
Flow cytometry can be used to detect increased levels of activated platelets 
in patients with prothrombotic syndromes (e. g. diabetes, anti-phospholipid 
syndrome or secondary to drug induced, non-immune platelet activation) 

appropriate 
8, 5 – 9 

+ 

Blood samples should be allowed to “rest” prior to flow cytometric 
determination of platelet function. 

appropriate 
7, 3 – 9 

+ 
Agonist (ADP or TRAP for example) stimulation of platelet samples for flow 
cytometric analysis of platelet activation markers (PAC-1 or platelet surface 
P-selectin for example) is preferably done within 4 hours of blood 
collection. 

appropriate 
9, 7 – 9 

+ 

Agonist (ADP or TRAP for example) stimulation of platelet samples for flow 
cytometric analysis of platelet activation markers (PAC-1 or platelet surface 
P-selectin for example) may be performed up to 72 hours following blood 
collection, provided blood from a healthy control subject is processed in 
parallel. 

uncertain 
6, 2 – 7 

? 

Flow cytometry instruments used for analysis of platelet function should be 
documented on a regular basis to be in good working order (for example by 
use of a preventive maintenance plan). 

appropriate 
9, 6 – 9 

+ 
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For less well-known antibodies, the specificity of the antibody for the 
intended target should be validated, for example by Western blotting, 
immunoprecipitation, or reactivity with known positive and negative cell 
lines (although reactivity of the antibody by these methods with the target 
does not guarantee the antibody will work in flow cytometry).  

appropriate 
8, 2 – 9 

+ 

GFI1B macrothrombocytopenia may be screened by CD34 flow cytometry.  
appropriate 

7, 4 – 8 
+ 

For flow cytometric tests of agonist-stimulated platelet activation markers, 
a parallel sample without activation (buffer activated) should always be run 
and the results reported to take into account primed/pre-activated 
platelets.  

appropriate 
9, 8 – 9 

+ 

When whole blood samples are used, steps should be taken to minimize 
possible interference by RBCs during sample analysis.  

appropriate 
7, 6 – 9 

+ 

When whole blood samples are used, the preferred approach to minimize 
possible interference by RBCs during sample analysis is RBC lysis.  

uncertain 
6, 1 – 8 

- 
When whole blood samples are used, the preferred approach to minimize 
possible interference by RBCs during sample analysis is use of a fluorescent 
platelet-identifying antibody and setting the threshold accordingly.  

appropriate 
9, 6 – 9 

+ 
 
 
 
 


