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Inherited Platelet Function Defects

Genetic defect identified

→ will it cause clinically relevant functional defects? 

→ will it cause bleeding/thrombotic problems?

Patient presenting with bleeding tendency

→ Are platelet functions affected?

→ Which platelet functions are affected?
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damage

…but many methods only measure one of these (e.g aggregation, 

secretion assays, thrombin generation) 

→ advantage for flow cytometry

Many platelet functions are relevant for haemostasis…
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Introduction to flow cytometry
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Laser

Light scatter detectors

Fluorescence detectors

(modern instruments: more

lasers, more detectors…)

(Size) 

(granularity) 



Lymphocytes

Monocytes

Granulocytes

Platelets

and debris

Lysed whole blood, FSC 

vs. SSC linear scale:

Discriminator (threshold)–

Now cutting out our particles

of interest…

Flow cytometry – where are the platelets..?



The size advantage

Platelets

Other blood

cells 

• No lysis needed, 

whole blood can be 

used

• No risk of loosing

platelet populations 

during centrifugation

Clean instrument? – check the washing protocols!

Avoid RBC lysis in non-fixed samples (ADP release)

With threshold on fluorescence→

smaller ”microparticles” may also

be detected



Advantages with flow cytometry for platelet function testing 

• Whole blood can be used

• Platelet pre-analytical activation can be easily tested 
and accounted for

• Low volumes of blood are needed

• Platelet function can be evaluated also in 
thrombocytopenic patients



Advantages with flow cytometry for platelet function testing 

• Tests can include many different aspects of platelet 
function 

• Surface expression of important receptors can be 
evaluated at the same time
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Advantages with flow cytometry for platelet function testing 

Flow cytometry is already

suggested as part of first line

investigations, so why not use

it for more tests…?

From: Diagnosis of inherited platelet function disorders: guidance from the SSC of the ISTH. 

Gresele P, for the Subcommittee on Platelet Physiology. J Thromb Haemost 2015; 13: 314–22.



Challenges with flow cytometry for platelet function testing 
in clinical settings

• Fresh blood is necessary

• Need for a skilled operator and a lot of pipetting…

• Flow cytometers are expensive instruments (but used 
for many different things, so often present in hospitals)

• A lot of data is generated

• Correct data analysis is crucial for reliable 
interpretation
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Possible solutions

• Pre-frozen reagent mixtures with antibodies and/or 
platelet activators

• Standardized protocols for preparation of samples 
and running the flow cytometer

→ possible for less experienced users to prepare and 
run samples for later (also remote) data analysis
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Platelet agonists

Challenge – defects are most

obvious at low grade activation, 

but the inter-individual variation 

is also greater here

→harder to tell what is a defect

Possible solution: to evaluate

concentration-response curves?

Ramström S, Södergren AL, Tynngård N, Lindahl TL. Platelet function determined by 

flow cytometry - new perspectives? Semin Thromb Hemost. 2016 Apr;42(3):268-81

https://www.ncbi.nlm.nih.gov/pubmed/26886398


Platelet agonists - evaluating
concentration-response curves

Dunster et al. Multiparameter phenotyping of platelet

reactivity for stratification of human cohorts. Blood Adv. 

2021 Oct 26;5(20):4017-4030.

“Sensitivity and capacity are distinct 

characteristics of platelet function”



Platelet functions

Ramström S, Södergren AL, Tynngård N, Lindahl TL. Platelet function determined by 

flow cytometry - new perspectives? Semin Thromb Hemost. 2016 Apr;42(3):268-81

https://www.ncbi.nlm.nih.gov/pubmed/26886398


Granule content/release analysis - challenges

• Proof of content is not proof of release

• Proof of exocytosis is not proof of functional content

• Note: most markers are not totally specific to one type of
granule!

ISTH SSC Platelets in Health and Disease
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Impact of anticoagulants

Platelet responses are higher in citrated blood
(but still this is most commonly used)

Ramström S, Södergren AL, Tynngård N, Lindahl TL. Platelet function determined by 

flow cytometry - new perspectives? Semin Thromb Hemost. 2016 Apr;42(3):268-81

https://www.ncbi.nlm.nih.gov/pubmed/26886398


Platelet agonists – influence by autocrine ADP activation

Large influence by endogenous ADP, especially for 
fibrinogen receptor activation

Ramström S, Södergren AL, Tynngård N, Lindahl TL. Platelet function determined by 

flow cytometry - new perspectives? Semin Thromb Hemost. 2016 Apr;42(3):268-81

https://www.ncbi.nlm.nih.gov/pubmed/26886398


Impact of calcium in buffer

• Calcium in buffer reduces PAC-1 binding

• Calcium in buffer enhances granule secretion

Ramström S, Södergren AL, Tynngård N, Lindahl TL. Platelet function determined by 

flow cytometry - new perspectives? Semin Thromb Hemost. 2016 Apr;42(3):268-81

https://www.ncbi.nlm.nih.gov/pubmed/26886398


Impact of temperature
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Platelet activation responses are higher at room temperature
(but this is still commonly used due to convenience and to avoid variability)

Ramström S, Södergren AL, Tynngård N, Lindahl TL. Platelet function determined by 

flow cytometry - new perspectives? Semin Thromb Hemost. 2016 Apr;42(3):268-81

https://www.ncbi.nlm.nih.gov/pubmed/26886398


Impact of sample platelet count

Platelet count affect autocrine activation, especially fibrinogen receptor activation
(but much smaller effects than for aggregometry)

20
0

10
0 50 10

0

20

40

60

80

100

(n=5)










PAC-1 whole blood

PAC-1 PRP

P-selectin whole blood

P-selectin PRP

Platelet count ( 10
9
/L)

%
 p

o
s
it

iv
e
 p

la
te

le
ts

Boknäs N, Macwan AS, Södergren AL, Ramström S. Platelet function testing at low platelet counts: 

When can you trust your analysis? Res Pract Thromb Haemost. 2019 19;3(2):285-290.

https://pubmed.ncbi.nlm.nih.gov/31011713/


Special considerations – % positive platelets or MFI?

Fluorescence background

(isotype control etc. Note: 

exact matching of F/P!)

Spontaneous activation

(buffer) – important to 

report!

Medium strong agonist

(less than 100 % positive)

Strong agonist Even stronger agonist

→ % positive 

platelets

good readout

→ Median/geoMean

fluorescence intensity good

readout (but beads are

needed for standardization

between instruments)



Percent positive platelets – challenges with consistent gating



Percent positive platelets – challenges with consistent gating

→ For consistent
gating we need to 
define a more
specific threshold
(we use 1.5%)

Anti-fibrinogen-FITC, platelets identified with anti-GPIb-PE, activation with ADP 5 µM, 

background fluorescence control sample: resting platelets, same ab but with 10 mM EDTA 

Gate at 1%: Gate at 2%:



Standardized gating - especially important in multi-center studies

16 sites running the same fixed and pre-stained samples
with low, medium and high P-selectin expression 

Gating using 0.4% in isotype sample

Table 4 Intra- and interlaboratory CV (%) for CD62P

Image intentionally blurred to comply with copyright requirements



Percent positive platelets – challenges with gating

Platelets bind antibodies unspecifically

→ Important to account for this when analyzing low
expressed activation markers

For activation markers: the background staining control
should overlap with the resting platelet population!

→ Need to match both antibody type and F/P quote
etc

FMO controls may be less suitable for platelets than for 
other cells?
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MFI – advantages and challenges

+ No operator-dependent gating

- Not sensitive for low expression

- Not useful if biphasic expression

- Data is not comparable between
instruments

- Batch-to-batch variation for 
standardization beads

Logarithmic scale: Linear scale:
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Median vs mean – remember that the expression is not normally

distributed, it just appears to be in the logarithmic scale..



https://www.bio-rad-antibodies.com/flow-cytometry-fluorescence-compensation.html

• Important to consider and adjust

• Commoly seen percentages not always true for platelets

• Try to choose fluorophores with minimal overlap – or 

spectral flow cytometry

Compensation issues

ERN-EuroBloodNet Topic on Focus on Inherited Platelet Function Disorders (IPFD)



Compensation issues – need for adjustment if 
fluorescence for other markers changes with activation

Resting sample, CD41-PE alone, no 

compensation:



Activated sample CD41-PE alone, no 

compensation:

And this is the case for most markers used for platelet activation analysis…

→ Avoid investigation of low expressed activation-induced antigens under these conditions

Compensation issues – need for adjustment if 
fluorescence for other markers changes with activation



Multicolor protocols

If possible – always choose fluorophores with minimal compensation needs

Alternative option: spectral flow cytometry – avoids compensation by 
analysing the whole spectrum of each fluorophore



Spurgeon, B. E. J., & Frelinger III, A. L. (2023). Platelet phenotyping by full 

spectrum flow cytometry. Current Protocols, 3, e687. doi: 10.1002/cpz1.687

Multicolor protocols
– powerful but challenging to analyze and to interpret

Image intentionally blurred to comply with copyright requirements



Challenges – platelet function testing in suspected PFD

• Large variation among healthy individuals
→ wide reference ranges

• Patients with well defined defects are very rare 
→ cumbersome to validate protocols

• Many variables→ hard to present in a 
pedagogical way

• Limited data correlating different variables to 
bleeding problems

• Interpretation even harder in cases with
combinations of thrombocytopenia and PFD
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Platelet function testing by flow cytometry
- things to keep in mind

• We need to dilute samples and incubate under static conditions to avoid
aggregation → less/no effect of TXA2 autoactivation

• Presence of calcium is needed for some markers (e.g. Annexin V) and for 
normal functional responses – but need to prevent clotting if citrate was 
used as anticoagulant

• Citrate anticoagulation affect platelet activation potential – risk to 
misinterpret functional defects? (not just for FC) 

• Still limited data available regarding the correlation between FC findings 
and bleeding score results

• Surface receptor analysis – quantitative defects will be detected but not 
qualitative (unless it affects the binding of the antibody used for 
detection)



Platelet function testing by flow cytometry
- things to keep in mind

We will only study the circulating population of
platelets (and with PRP perhaps not even all those)

Active fibrinogen receptor marker

(PAC1-FITC)
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Large variation in activation within the platelet 
population - and between healthy individuals

Platelet subpopulations? Important to study dot 
plots and not just numbers



Platelet function testing in suspected PFD – what is your aim?

• Evaluate the most important functions necessary for 
haemostasis?

• Detect/identify/investigate new defects in less known
functions/receptors?

→ The answer to these questions should guide your choice of panel 
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Thank you for your attention!

Want to get in contact? 

sofia.ramstrom@oru.se
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