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quantitative light scattering to standardise EV 
measurements by flow cytometry
outlook: size and refractive index determination 
by flow cytometry
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Standardisation is boring (most biologists)
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Standardisation is exciting (metrologists, physicists)

0.31 nm X-rays to size EV

(flow cytometers typically 
use 488 nm light)

measure length 
variations of 10-9 nm

BESSYII LIGO
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Standardisation

allows comparison of results between 
instruments and laboratories
allows investigation and validation of biomarkers
allows development of reliable biorepositories

image: biorepositoryresources.com 6



What happens without standardisation?
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an ISTH example



8Lancet 380: 2095-128 (2012)



9Lancet 380: 2095-128 (2012)

1. Ischaemic heart disease
2. Stroke



Platelet aggregation



Light transmission aggregometry (LTA) 
is not rocket science

blood collection
centrifugation
stirring at 37 ˚C
adding an agonist
measure change in light transmission
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Lessons learned?

major clinical problem
easy assay (LTA)
>50 year later: no standardisation
no comparison of results possible between 
instruments and laboratories
no reference materials (“standards”)
no validated assays
no multi-centre trials
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EV are not platelets. Do we need any 
standardisation of EV measurements?
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EV diameter in human plasma

Diameter (nm) Method Reference
20-50 EM Wolf, 1967

200-800 EM Turiák, 2011
180 EM György, 2011

80 AFM Dragovic, 2011
30-1,000 Cryo-EM Brisson, 2014
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EV concentration in human plasma

Concentration (mL-1) Method Reference

1.1 x 104 - 7.0 x 108 AFM Yuana, 2010

5.8 x 106 - 9.3 x 106 FCM Biro, 2003

1.5 x 108 - 2.5 x 108 TRPS De Vrij, 2013

1.2 x 1010 - 1.5 x 1012 NTA Dragovic, 2011
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Yes: we do need standardisation
of EV measurements
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Why is standardisation of EV measurements 
difficult?

EV originate from complex fluids
EV are small (diameter <100 nm for >80% of EV)
EV differ

25-fold in diameter
20,000-fold in volume
300,000-fold in concentration
10,000,000-fold in scattered light

instruments differ >100-fold in sensitivity
signals are in arbitrary units
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Problem: instruments differ in sensitivity

30-fold2-fold

power-law relation*

21*van der Pol et al. JTH (2014)



Problem: signals are in arbitrary units
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Apogee A50-micro Becton Dickinson FACSCanto II

same population of erythrocyte EV



EV standardisation in 2016

A standardized method of determining the
concentration of extracellular vesicles using
tunable resistive pulse sensing. Vogel R et al, 
2016 submitted

Measurement of microparticle tissue factor 
activity in clinical samples: A summary of two 
tissue factor-dependent FXa generation assays. 
Hisada Y et al. Thromb Res 2016;139:90-7 
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Standardisation of flow cytometry measurements

fluorescence-based standardization (ISEV-ISAC-ISTH)
Nolan et al. 2016

scatter-based standardization (ISTH)
Robert S et al. JTH 2008
Cointe S et al. 2016, submitted
Coumans FAW, et al.  2016, in prep

common goal, no competition
combine advantages of approaches
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Flow cytometry

flow cytometry is the most commonly used 
method to count EV
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Goal

obtain reproducible measurements of the EV 
concentration using different flow cytometers



Study comprises 33 sites (64 instruments) worldwide
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Approach

measure EV reference sample and controls
determine flow rate
scatter (a.u.)  diameter (nm)

measure METVES-beads
Exometry software obtains scatter to diameter relation
Exometry software provides EV size gates

apply EV size gate to software (e.g. FlowJo) and
report concentrations
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EV reference sample

erythrocyte EV from blood bank concentrate
CD235a-FITC labeled
trigger on most sensitive scatter channel
exclude EV similar to isotype
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Flow cytometry standardisation approach 

measure EV reference sample and controls
determine flow rate
scatter (a.u.)  diameter (nm)

measure METVES-beads
Exometry software obtains scatter to diameter relation
Exometry software provides EV size gates

apply EV size gate to software (e.g. FlowJo) and
report concentrations

31



Determine flow rate

32

concentration = # of EV
flow rate × measurement time



Flow cytometry standardisation approach 

measure EV reference sample and controls
determine flow rate
scatter (a.u.)  diameter (nm)

measure METVES-beads
Exometry software obtains scatter to diameter relation
Exometry software provides EV size gates

apply EV size gate to software (e.g. FlowJo) and
report concentrations
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Earlier ISTH studies: gate on polystyrene beads

Robert et al. JTH (2008)
Lacroix et al. JTH (2010)
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Earlier ISTH studies: gate on polystyrene beads

Robert et al. JTH (2008)
Lacroix et al. JTH (2010)
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Earlier ISTH studies: gate on polystyrene beads

Robert et al. JTH (2008)
Lacroix et al. JTH (2010)
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2016: relate scatter (a.u.) to diameter (nm)

Robert et al. JTH (2008)
Lacroix et al. JTH (2010)
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Exclusion of flow cytometers (FCM)



Instrument sensitivity
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Flow cytometry standardisation approach 

measure EV reference sample and controls
determine flow rate
scatter (a.u.)  diameter (nm)

measure METVES-beads
Exometry software obtains scatter to diameter relation
Exometry software provides EV size gates

apply EV size gate to software (e.g. FlowJo) and
report concentrations
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Reproducibility of 1200-3000 nm EV



%CV = standard deviation / mean * 100%
Preliminary results
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Reproducibility of 1200-3000 nm EV

%CV All SSC only FSC only
Gate on beads 74% 60% 80%
Gate on EV size with 
light scatter theory

59% 42% 92%
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Reproducibility of 600-1200 nm EV
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Reproducibility of 300-600 nm EV



Conclusions

standardisation of EV measurements is essential
flow cytometry

flow rate calibration is essential
many flow cytometers used in EV research 
do not detect EV by scatter-based triggering
EV size gate by Mie theory (CV=59%) leads to better 
reproducibility than gate on beads (CV=74%)

51Preliminary results



Discussion

assumption of EV size gate by Mie theory
EV have similar refractive index of 1.4

discrepancy between FSC and SSC 
due to incorrectly selected refractive index?

standardization of EV sizes <1200 nm ineffective
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Outlook: size and refractive index 
determination by flow cytometry
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Flow-SR



Supernatant of outdated platelet concentrate

centrifuged 3-fold, 1550 × g, 20 min 54

Flow-SR

No gate

lipoprotein
particles?

EV? 77%

23%



Supernatant of outdated platelet concentrate

centrifuged 3-fold, 1550 × g, 20 min 55

No gateCD61+ gate

97%

3%

77%

23%
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