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Outline

� Importance of the preanalytical step
� Methods available to count platelets: manual phase-

contrast microscopy, impedance, optical, fluorescence, 
image analysis and flow cytometry

� Interferences on the measurement of platelet counts on 
haematology analyzers (impedance and optical)

� Added value of PLT-F and flow cytometry
� Particular case: platelet concentrates: an unsolved issue…
� Other platelet parameters: MPV, IPF, (P-LCR, MFPV, PCT)
� Conclusions



� Blood collection: - Careful

- Processing within 30min
- Light tourniquet or not at all
- 21-G (or larger bore) needle
- Smooth draw (good flow)
- Discard the first 2 ml of blood drawn

• Anticoagulant

LA Krueger et al. In: Current Protocols in Cytometry (2002) Unit 6.10

Preanalytical step: blood collection 
and anticoagulant



Anticoagulant
EDTA K2 CTAD

EDTA bad anticoagulant because it 

modifies the platelet volume



� Sample handling: - Minimize time between drawing and preparation to 
reduce spontaneous platelet activation

- Properly mix antocoagulant
- Avoid unnecessary agitation prior testing
- Container: nonwettable surfaces: siliconized 

glass or polypropylene � to avoid initiation of clotting resulting from contact activation
- Transport: No pneumatic (platelet activaton)

No extreme temperatures

• Whole blood

Preanalytical step: Sample 
handling, whole blood



� Reference method: Manual Phase-contrast microscopy 
(Burker)

� Impedance: f(volume)

� Optical: f(surface and refractive index)

� Fluorescence: Sysmex XN 

� Flow cytometry

� Image-analysis (DM-96)

Methods available to count 
platelets



1956: Coulter impedance measurement

Salignac S. et al. Methods Mol Biol. 2013

� Based on the increase in 
electrical impedance when a 
blood cell in a conducting 
solution passes trough a small 
aperture encompassed by two 
electrodes

� Blood cells are very poor 
conductors of electricity

� The impedance increase is 
proportional to the cell volume.

� Individual cells counting and 
volume determination



1970: Coulter impedance measurement

Salignac S. et al. Methods Mol Biol. 2013

� Cells should pass one by one through the aperture to avoid 
coincidence, which would lead to inaccurate platelet count

� To avoid or at least to reduce this phenomenon, coincidence 
correction and hydrodynamic focusing (directing cells to the 
center of the aperture) have been developed on some 
analyzers during the 1970s

� improvement of the cell counting apertures 
� More accurate cell sizing
� Reliable and accurate platelet counts. 



Limitations of the impedance method

Salignac S. et al. Methods Mol Biol. 2013

Microcytes
Fragments

Shizocytes

� Major disadvantages: 
�impossibility to distinguish large platelets from extremely 

small red cells or fragment of red cells (Coulter instruments: 
flag “interference zone”) 

� Risk of underestimation of platelet count when large 
platelets are present



Optical methods

Salignac S. et al. Methods Mol Biol. 2013

� Based on light diffraction
� Cells pass trough a laser beam and permit a cell by cell 

analysis of volume and structure (in two-dimensional 
method)

� Platelets are sphered without modification of their volume 
analysis (SDS and glutaraldehyde). 

� The measure is based on Mie theory of light scattering for 
homogenous spheres



Optical Fluorescence Platelet counting 
methods: XE-2100 ( Sysmex)

Salignac S. et al. Methods Mol Biol. 2013 

Briggs C et al Int Jnl Lab Hem 2009

� Optical fluorescence count performed in the reticulocyte channel in 
addition to the impedance count

� Use of a fluorescent dye to stain nucleic acids of reticulocytes and 
platelets

� As optical count is not always more accurate thant the impedance count, 
a switching algorithm is available to report the most accurate platelet 
count



Good separation between red blood cells, microspherocytes and platelets

X: Fluorescence

Y: Size after spherization

PLT-F should be requested by the user

Algorithm to report the most accurate platelet count

Platelet counting by fluorescence: XN-
PLT-F  ( Sysmex)



Platelet counting by fluorescence: XN-
PLT-F  ( Sysmex)

PLT-F reagent strongly stained some intraplatelet 
organelles labeled with anti-Grp75, but only faintly 
stained the plasma membrane of both platelets and 
erythrocytes.
�platelets and fragmented erythrocytes are clearly 
distinguished
�contributes to the platelet-counting accuracy of the 
PLT-F system.

Wada A et al. Plos One 2014



Platelet counting by fluorescence: XN-
PLT-F  ( Sysmex)

Wada A et al. Plos One 2014



Extended mode: counting on a higher volume � improved 

reproducibility

Schoorl M et al. Am J Clin Pathol 2013

Platelet counting by fluorescence: XN-
PLT-F  ( Sysmex)

Excellent performance of PLT-F: at 5000/µl: CV lower than 10% 

(personal data)



Thrombocytopenia in a young child

Inaccuracy of impedance/optical methods in platelet counting 
when platelet count is below 20G/L� responsible for different 
decision regarding transfusion of platelets

Salignac S. et al. Methods Mol Biol. 2013 

Segal HC et al. Br J Haematol. 2005 Overestimation by most analysers in severe thrombocytopenia



Inaccuracy of impedance/optical 
methods at low platelet counts

Lozano et al Vox Sanguinis 2014

� De la Salle BJ et al. Am J Clin Pathol 2012
- CV ranging from 15 to 43% for several different analyser at platelet 

levels between 5000 and 10000/µl

� Lozano et al. Vox Sanguinis 2014
- 4 samples/82 labs/nine countries/6 manufacturers



Inaccuracy of impedance/optical 
methods at low platelet counts

Lozano et al Vox Sanguinis 2014



Accuracy of PLT-F

Park et al. Ann Lab Med 2014

XE XN



Platelet counting on DM96
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Plaquettes (x10³/µL) sur le DM96

PLT-F <400

MPV Normal MPV > aux normes

Linéaire (MPV Normal) Linéaire (MPV > aux normes)
DM96: excellent 

performance even in 

case of 

thrombocytopenia

PLT-F is not influenced by 

the presence of large 

platelets (contrary to 

optical/impedance)

PLT-F and DM96
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:

Threshold: 
Platelet identifier 

(and not the FSC!!!)

Light scatter:
Logarithmic mode

Why?
Heterogeneity in 

Size and morphology

Diluted sample +
Low flow rate:

150-250 platelet
events/sec

Why?
To minimize platelet

coincidence

Identification:
Light scatter + 

positive labeling 
with platelet-

specific identifier

Platelet counting by flow cytometry



Absolute counting in 
FCM

Dual 
Plateform

Hematology
analyser + 

FCM

Single 
plateform

Volumetric Beads
Stable Flow 

Rate
Capilarity
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Platelet counting by flow cytometry



� Dual platform system
� [RBC]� Hematimetry (ex: XE-2100®)

� FCM

CD41 - PE

RBC Doublets

PLT

PLT eventsFCM + Doublets eventsFCM

RBC eventsFCM + Doublets eventsFCM

X RBCCBC = PLT / µL in whole blood

Platelet counting by flow cytometry



� Dual platform system
- Needs the RBC concentration � non usable for platelet 

concentrates and PRP
- Needs to define specifically the population of interest.
- Take care to the limits of linearity of the hematimeter.
- Needs to check reproducibility, accuracy, controls of the 2 

instruments
- Errors of both instruments are multiplied by themselves

Platelet counting by flow cytometry



� Dilute your platelet sample in a buffer with proteins (no 
mention in the « Harrison paper » of 1999, only 
mentioned in van der Meer Transfusion 2012  )
� Ex: PBS + BSA 1%

� Why?
� Platelets/Beads tend to stick to the tube wall
� Induce by weak electrostatic charge
� Proteins from BSA could avoid/minimize this 

phenomenom (the phenomenom is amplified by the 
vortex)

27

Platelet counting by flow cytometry: dual 
platform system: Importance of BSA



� Mainly, two kinds of beads

� Becton Dickinson TruCount®

� Beckman Coulter FlowCount®

� … … … … … …

� Global principle: 

28

Platelet counting by flow cytometry: 
Single platform system



� Simultaneous acquisition of beads and PLTs

� "big" beads: quick sedimentation limits analysis time. 
(Thorough mixing between microbeads and sample must be ensured in 
order to reduce the risks of beads sedimentation or floating (bubble or foam 
formation from energic agitation should be avoided)).

� Ratio Bead/MV: no more than 10/1-1/10

� Acquisition of at least 1000 bead events � statistical 
robustness

� Control of bead quantity or concentration by the 
manufacturer

Platelet counting by flow cytometry: Single 
platform system: Counting beads



� Precision in the pipetting steps!

� Beads aggregates may influence the number of bead 
events to be used for counting.

� Overlapping of fluorescence signals from PLTs and 
beads 

� Drop in microbead concentrations (the “vanishing bead 
phenomenon”). (Depend on the plasma protein 
concentration )

� Expired fast enough (for some)

Platelet counting by flow cytometry: Single 
platform system: Counting beads: Size matters



� Disadvantages:
� Requires a FCMr with a constant flow
� A disruption of the FCMr requires a re-calibration
� Depends on hemolytic solution
� Depends on pressure
� Acquisition speed dependent

� Advantages:
� Calibration is easy and fast ( less than 60min)
� QC easy and fast
� User friendly & cheap
� Available on every FCMrs*

31

Platelet counting by flow cytometry: Single 
platform system: Volumetric systems



� Principle:
� If the flow rate of the cytometer is steady (FCMr 

stability needs to be checked)
� Then sample volume acquired during a T-Time is 

constant

� If we could define the volume acquired.
� Then we could quantify the acquired events in a V-

Volume during a T-Time

32

Platelet counting by flow cytometry: Single 
platform system: Volumetric systems



� Use the Poiseuille law!

� Flow Rate (Q) depends on some parameters:
� Flow radius (r)
� the length of the flow cell(l)
� the pressure difference across the flow cell(p)
� viscosity of the sample (η)

π r 4

8 η l
Q = X p

33

Platelet counting by flow cytometry: Single 
platform system: Volumetric systems



CD41 FITC

FS
C RBC

PLT

Beads

Doublets

Cytometer able to give directly an absolute count

On BD Accuri C6:

• Accuri SP (v/s beads)

•Accuri DP (v/s Sysmex XE2100)

• Accuri SP (volumetric)

Platelet counting by flow cytometry: Accuri C6: 
Simple and dual platform

(number of platelet events) x dilution factor
(volume of aspiration) 



Altered platelet counts on haematological 
analysers (impedance/optical)

Zandecki M. et al. Int Jnl Lab.Hem. 2007



Interference of blasts on platelet count

PLT: (20+188/126144)* 4060000= 
6694 PLT/microl

Confirms the results of Frotscher et al. Int Jnl Lab Hem 2015



Interference of blasts on platelet count: 
PLT-F

Interference of blasts: PLT-F or 
flow cytometry

Transfusional efficiency post 
acute leukemia : PLT-F or flow 
cytometry



Interference of hemolysis on platelet 
count

No CI to bone marrow 
aspiration

CI to bone marrow 
aspiration



Interference of hemolysis on platelet 
count

Flow cytometry:
81069 PLT/microl
95989 CD235a+ RBC 
fragments/microl



Platelet concentrates: example on XN 
(optical/impedance)

High intermethod variation for optical and impedance methods



Mobile threshold: The absence of red 

blood cells in platelet concentrates make 

the threshold vary

The platelets in dark 

blue not counted �

platelet 

underestimation

Platelet concentrates: example on XN 
(fluorescence)



Platelet concentrates

� 5 samples/8 centers/ 6 FCM and 15 haematological analysers

Van der Meer PF et al. Transfusion 2012



Platelet concentrates

� 5 samples/8 centers/ 6 FCM and 15 haematological analysers

Van der Meer PF et al. Transfusion 2012

« The BEST flow cytometric method has a smaller intercenter CV and a smaller 
center-to-center deviation from the group mean compared to hematology
analyzers. Conversely, individual hematology analyzers are more precise than the 
flow cytometric method. 
Thus, the flow cytometric method provides a calibration tool to allow comparisons 
between centers, but there is no need to replace routine counting with
hematology analyzers ».



Issues with platelet concentrates (1/2)

� Haematological analysers: high interinstrument variation (sometimes 
higher than  50%!!!)

� High platelet concentration may be a problem for some analysers 
(absence of linearity at concentration higher than 1500000/µl)

�PLT-PLT coincidence: multiple PLT are counted as one platelet �
underestimation of the actual number of PLTs

� Diluted samples may provide higher values than undiluted samples
� Van der Veer Transfusion 2009: diluted samples sometimes lower 

values (unexplained, hypothesis: dilution in Isoton � PLT swelling)

� Other anticoagulant (Citrate): modification of refractive index
� Always put in K2 EDTA



� Absence of red blood cells
� Difference of viscosity
� When counting whole blood, a correction factor is needed to 

compensate for PLT-RBC coincidence. In PLT concentrates, this 
erroneously leads to an overcorrection of the actual number of platelets 
(van der Veer Transfusion 2009)

� Other additional correction factors or software algorithms of the analyser 
may introduce inaccuracy when counting PLT concentrates

� Difference of position of mobile threshold for impedance counting 
(Sysmex) � inaccurate results (Hervig  Vox Sang 2004,  van der Veer 
Transfusion 2009)

� No reference technique for calibration 
� Absence of adapted controls (contain red blood cells)
� Presence of aggregates (van der Meer Vox Sanguinis 2015)
� Presence of microparticles (Maurer-Spurej E Transfus Apher Sci. 

2016, Rank A et al. Vox Sang.2011)

Issues with platelet concentrates (2/2)



Relation MPV- Platelet count



MPV is unreliable!



Progressive increase of MPV

� Important of platelet swelling for MPV measurement

� Plateau between 60 min (Bath PM et al. Thromb Haemost 1993) and 120 min (Lancé 
MD et al. Lab Hematol 2010)

� Lack of standardization (Noris et al. Platelets 2016, Latger-Cannard et al. Int 
Jnl.Lab.Hematol.2012)



Minimal requirements for publications 
on MPV

� “Firstly, as with any clinical investigation, the study should be 
adequately powered with evidence of how the power calculations 
have been determined.

� Comparisons between groups should ideally be matched for age 
and gender and where this is not possible the data should be 
analysed for the effects of these demographic variables and 
adjusted appropriately.

� All blood samples should be collected, handled and processed in 
the same way so that the effect of pre-analytical variables between 
the groups is minimised”.

Harrison P. and Goodal AH. Platelets 2016



Minimal requirements for publications 
on MPV

� “Pre-analytical variables including anticoagulation, accuracy of tube 
filling and mixing, temperature and time delays between sampling 
and analysis must also be clearly stated. Ideally the time delay
should be standardized but if not the range of times should be 
limited and stated in the manuscript.

� A full description of the technology used (manufacturer, instrument 
model, method principle etc), Internal and External Quality control
procedures employed and ideally the coefficient of variation of MPV 
measurement (within and between assays) should be included”.

Harrison P. and Goodal AH. Platelets 2016



Decreased formation:
CIT and aplastic anemia

Enhanced destruction:
ITP

Anti-
platelet 
antibody

TPO

Spleen

Young, reticulated
platelet

Why?
- Bone marrow megakaryocyte activity and platelet kinetics 

- Differentiate low platelet production from enhanced consumption 
- May decrease the invasive BM aspiration need and eliminates 

superfluous platelet transfusions

Immature platelet fraction



Flow cytometry

Lack of standardisation
Flow cytometer and a cytometrist required
Not widespread as a daily routine test

Hematimetry (ex: XE 2100)
Precise, automated, relatively inexpensive, non-ivasive
Good reproducibility and stability (48 hours)

Reference range: 
1.1-6.1%

Autoimmune thrombocytopenia: 
IPF=17-22%

Healthy subject
ITP              Aplastic Anemia

Immature platelet fraction



� IPF comes from platelet 
fluorescence channel
� FSC: Axial Diffusion
� SFL: Fluorescence after  

Oxazine

� On  FSC vs SFL scale , IPF= 
at the upper right of platelet 
population

� Fixed threshold on 
fluorescence (SFL) � IPF is 
dependent on the platelet 
volume

Immature platelet fraction



IPF Comparison between XE-2100 and 
XN

Different reference intervals for IPF between XE-2100 and XN

Ko et al. Clin Chem Lab Med 2015



IPF vs MPV

y = 0,0156e0,5223x

R² = 0,8359
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IPF is a good 

indicator of the 

platelet volume 

(instead of RNA 

content)

Confirms previsous publication of Miyazaki Hematology 2015



Conclusions about platelet counting

� Inaccuracy of impedance/optical in many clinical 
situations: low platelet counts, fragmented red blood 
cells, leukemia/lymphoma cells, cryoglobulins, bacteria, 
lipids, haemolyis,..

� PLT-F is more accurate than PLT-I and PLT-O in low 
platelet counts, fragmented red blood cells, leukemia 
cells and haemolysis (but less than Flow Cytometry)

� Flow cytometry: gold standard for whole blood but there 
is still place for improvement for platelet concentrates, 
importance of BSA

� Platelet concentrates: Many unsolved technical issues
� Platelet-derived parameters: lack of standardization, low 

clinical interest nowadays



THANK YOU FOR YOUR 
ATTENTION
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