BRITISH JOURNAL OF BIOMEDICAL SCIENCE, 2016
VOL.73,NO. 1,10-20
http://dx.doi.org/10.1080/09674845.2016.1156865

&\

Taylor &Francis
Taylor &Francis Group

Platelet function testing: from routine to specialist testing

David Gurney

Department of Haematology, University Hospital Bristol, Bristol, UK

ABSTRACT

Platelets have many functions within the haemostatic system, and when these actions are
diminished for whatever reason, a bleeding tendency can manifest. Unravelling the reason(s) for
this bleeding can be complex due to the multiple roles platelets perform. This review seeks to
explain each level of platelet testing moving from those performed at local hospital laboratories
to those performed by specialist centres and university research departments. It will examine
the testing available and discuss when to move on to additional testing.

Introduction

In 2006, Lord Carter published his review of NHS pathol-
ogy services [1] outlining ways by which laboratories
could improve efficiency and ultimately save money.
One of these proposals was to establish specialist referral
laboratories for specialised analyses. However, all test-
ing begins at local level and this review aims to look at
how the initial testing phase for platelet disorders can
be operated, and when to move on to more advanced
screening.

Normal platelet function

Platelets are anucleate fragments produced from meg-
akaryocytes, found in the bone marrow. The megakar-
yocytes produce 10'" platelets a day with a lifespan of
approximately 10 days, with a normal adult platelet
count being 150-400 x 10%/L. The resting platelet is dis-
coid in shape and about 4 uM in diameter. This state is
maintained by intact vessel endothelial cells producing
nitric oxide (NO) and prostacyclin (PGl,). Once there is
a breach in the vasculature, the concentration of NO
and PGI2 reduces rapidly. Collagen, laminin, fibronec-
tin and von Willebrand factor (VWF) are also exposed at
the site of injury. Activation of the platelet is viewed in
distinct phases. Initially, the platelets and VWF aggluti-
nate via glycoprotein (GP) Ib. This process is reversible
and when analysing platelet function tests is referred
to as ‘first phase’ As platelet activation continues, they
anchor to the damaged area via the collagen exposed
from the sub-endothelial matrix, resulting in exposure of
receptors on the platelet surface and release of activators
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from internal storage pools. This process is irreversible
and is the initiation phase for thrombus formation. The
activated receptor GPIlIb/Illa cross-links with fibrinogen
to stabilise the agglutinating platelets. This phase is
aggregation or second phase. These processes are not
happening inisolation, the platelet is moving in a rolling
like motion along the break until the cross-linked fibrino-
gen/fibrin anchors it securely to the site of injury. During
this process, the storage pool contents are locally recruit-
ing further platelets to increase the size of the thrombus
and leucocytes to help prevent infection. This process is
primary haemostasis.

In conjunction with this, the platelet membrane acts
as a phospholipid surface for the activation components
prothrombinase and tenase factor complexes to accel-
erate the coagulation process. This whole process plugs
the break in blood vessels, thus preventing blood loss
and barring pathogens from entering the bloodstream.

Platelet disorders

The first step to accurate platelet function testing is to
ensure that the sample is fit for purpose. Pre-analytical
variability, such as activation,[2] clots and interfering
substances, should be discounted as early as possible.
It is recommended that a pre-analytical interview and
questionnaire (such as the one detailed in [3]) are carried
out by a suitably qualified clinician to minimise this inter-
ference, as a number of over the counter medications
(primarily aspirin) and foods [4-6] have been implicated
in the reduction in platelet efficacy. Hereditary platelet
function disorders are a heterogeneous group of com-
mon bleeding disorders that require specialist technical
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and clinical expertise. Those disorders can be catego-
rised into two sub-groups; those that are a product of
the number of platelets and those that are a product of
the platelet function. Disorders resulting in a reduction
of platelet numbers can also have functional aspects. This
is particularly evident in macrothrombocytopenias such
as Bernard Soulier Syndrome (BSS) and the Myosin Heavy
chain gene 9 related disorders (MYHI9RDS).

Functional disorders can further be divided into those
affecting the external receptors such as Glanzmanns
thrombasthenia (GPIIb/Illa) or BSS (GPIb), those affect-
ing the internal biochemical pathways (Scott’s and
Stormorken syndrome) and disorders affecting the
internal organelles (storage pools disorders such as
Hermansky—-Pudlak syndrome).

Testing for platelet disorders

There has been recent guidance from both the British
Society for Haemostasis and Thrombosis [7] and the
International Society of Thrombosis and Haemostasis
[8] regarding platelet function testing, both producing
useful algorithms for diagnosis.

Number and size

The first line laboratory test for a suspected platelet dis-
order is the full blood count (FBC). This automated meas-
ure includes leucocyte count, haemoglobin, erythrocyte
count, red cell parameters and platelet count. This will
provide the clinician with a platelet count and platelet
size, although this is not without its limitations [9,10] and
all laboratories performing automated FBCs should be
aware of these limitations. Modern analysers also pro-
vide parameters such as optical platelet counts O-PLT),
mean platelet volume (MPV), platelet distribution width
(PDW) and immature platelet fractions (IPF).[11,12] Small
red cells with a low mean cell volume (MCV), such as
those found in iron deficiency anaemia, or blast frag-
ments in a newly diagnosed leukaemia, may be counted
as platelets leading to spurious elevation of the platelet
count. Macrothrombocytopenias with a raised MPV and
a right shift in PDW can lead to falsely elevated eryth-
rocyte counts and reduced platelet counts as platelets
are counted within the analysers red cell gates (Figures
1 and 2). In larger laboratories, access to fluorescence
flow cytometry analysers may give more accurate plate-
let counts at a lower level such as those below 20 x 10°/L
[13,14]; however, less specialised laboratories would still
be able to produce a manual platelet count estimate
(the inter-observer coefficient of variation (CV) on man-
ual counting is high (10-20%) [15]), using a Neubauer
haemocytometer. Patients with thrombocytopenia may
just require platelet transfusions to increase the patients’
platelet count [16]; however, when functional defects are
suspected, further analysis may be required.
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Platelet function screening tests

Establishments without the workload or laboratory
experience to perform full platelet function testing may
wish to employ one of the number of point of care (POC)
analysers available. Whilst convenient, staff need to be
aware of the analysers’ methodology and ensure they
are used within their technical constraints. The most
common POC analyser available is the Platelet Function
Analyser [17] (PFA-100/PFA-200) from Siemens (Siemens
UK, Frimley, Surrey). This analyser uses a cartridge-based
system to pass a whole blood sample through a cap-
illary at arterial pressure passing through an aperture
covered by a membrane coated with collagen and either
adenosine diphosphate (ADP) or epinephrine. The time
taken for the platelets to occlude the aperture and pro-
duce a blocking force opposite to that of the pressure
from the analyser is measured as the closure time. This
measurement is only valid when the platelet count and
packed cell volume (PCV) are within the given param-
eters,[18] and it is advised that a FBC should be run in
parallel with this assay to check these criteria are being
met. The PFA-100 can yield useful results when used to
predict pre-procedure bleeding, where a negative result
will discount an overt platelet defect. It is known to be
lacking in diagnosing or monitoring bleeding disorders
and their management regardless of result,[19] to such
an extent that the current guidelines list it as an optional
screening test [20] due to the sensitivity being 86% and
the specificity being 89%.[21]

Another popular POC device is the VerifyNow (Accriva
distributed in the UK by Elitech, Berkhamstead, Herts).
This device had been designed for monitoring anti-plate-
let medication,[22] unlike the PFA-100 which is marketed
as a diagnostic tool. The VerifyNow analyser is also a car-
tridge-based system, each cartridge being specific for the
anti-platelet agent on test. Cartridges are available for
aspirin, P2Y_ blockers and GPIlb/llla antagonists. Blood
passes across beads coated with agonists specific for the
drug being monitored, for example to measure GPIlb/
llla antagonists the beads are coated with fibrinogen,
aspirin has cationic propyl-gallate which is a novel COX-1
activator and P2Y , has a novel pathway activators. As
the blood passes through the cartridge across the beads,
they agglutinate and more light passes through the car-
tridge. When the light reaches a given value the assay
stops. The time taken to reach the stop point is reported.
If the anti-platelet agent is present, it prevents the beads
from aggregation and the timed response is longer.

Laboratory staff should be aware of POC platelet
testing outside of the laboratory, as there could be the
possibility of quality assurance issues. The most com-
mon of these are the rotational elastomeric devices, the
rotational elastomeric analyser (ROTEM) (TEM UK Ltd.,
Hartlepool, UK) and the thromboelastograph (TEG)
(Haemonetics, Coventry, UK).[23] These devices meas-
ure clot strength using torsion, with blood in a stationary
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Figure 1. Normal platelet histogram produced by a Sysmex XE analyser showing the normal FBC parameters, scatter plots and the

40fL marker. (Sysmex, Bucks, UK).
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Figure 2. Platelet histogram showing small red cells/large platelets produced by a Sysmex XE analyser also displaying the normal FBC

parameters, scatter plots and the 40fL marker (Sysmex, Bucks, UK).

cup with a rotating pin, or a rotating cup and a station-
ary wire. As the clot forms the pin is exposed to increas-
ing resistance. This resistance is converted into a trace
(Figure 3) from which information such as speed of clot
formation, strength of the clot and breakdown can be
derived. The way the parameters compare across analys-
ers and the influences are shown in Table 1.[24]

Other devices are available, but have a small market
share, such as Cone and Plate(let), Xylum clot analyser
and the haemostatometer [25-27] and tend to be the
preserve of research laboratories.

If these assays do not provide enough data and there
is still a strong clinical suspicion of a platelet defect, then
further laboratory testing is required.

Specialist platelet function testing

The next stage of analysis for platelet disorders is to
move from global assessment of the platelet within
the haemostatic system to testing specific functionality

of the patients’ platelets. There are currently two main
methods for analysing platelet function, light trans-
mission aggregometry (LTA) sometimes called Born
aggregometry after its developer [28] and whole
blood aggregometry (WBA), also called multiple elec-
trode aggregometry (MEA), after the assay device. As
its name suggests, LTA works by passing light through
the platelet suspension, known as platelet-rich plasma
(PRP). PRP is prepared from whole blood, and centri-
fuging slowly so the red and white cells are removed,
but the platelets retained in suspension. If the
patient has an increased MPV these platelets may be
removed with the red cells producing a PRP platelet
count <150 x 10%/L below the current recommended
threshold.[29] If the patient is already thrombocyto-
penic with a FBC platelet count <100 x 10°/L producing
a viable PRP will be problematic. If the PRP platelet
count is below the recommended value, proceeding
with platelet aggregation, it should be discussed with
the requesting clinician.
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Figure 3. Normal visco-elastic trace (TEG/ROTEM) showing reaction time (R), kinetic time (K), alpha angle (Angle deg), maximum

amplitude (MA), Lysis 30 (LY30) and Lysis 60 (LY60).

Table 1. How the ROTEM/TEG parameters equate and their parameters and modifiers. Adapted from [24].

TEG ROTEM Measurement of Major influence by
Reaction time (R) Clot time (CT) Initial fibrin formation Coagulation factors
Kinetics (K) Clot formation time (CFT) Speed of clot formation Fibrinogen, Factor XlIl, and platelets
Alpha angle (a) Alpha angle (a) Speed of clot formation Factor XIlI, platelets, and fibrinogen

Maximum clot firmness (MCF)
Lysis (LY30, LY60)

Maximum amplitude (MA)
Lysis (LY30, LY60)

Maximal clot strength
Fibrinolysis

Platelets and fibrinogen
Plasmin

LTA compares the PRP with a plasma sample in which
there are no platelets, known as platelet poor plasma
(PPP). Chemicals known to modify specific areas of plate-
let response are referred to as agonists. These agonists
(either singularly or in combination) are added to the
reaction cuvette and as the platelets are activated they
aggregate, as the resulting aggregates are removed from
suspension, more light passes through the cuvette and
the analyser creates a trace. An example of LTA plate-
let aggregometer trace can be seen in Figures 4 and 5.
The wide variation of disorders and trace possibilities is
shown in Table 2,[3] an example of a storage pool disor-
der trace is shown in Figure 6. MEA can utilise either PRP
or whole blood, the aggregating platelets are detected
by a change in resistance across two parallel wires. As
the aggregate increases so does the resistance signal,
this signal is translated into a tracing, an example of
which is shown in Figure 5. Both assays measure the
speed to aggregation denoted by the primary slope (PS)
and the when this reaction slows, primary aggregation
(PA). Further aggregation may take place in which case
a secondary slope (SS) and aggregation (SA) will be dis-
played. Maximum aggregation (MA) is the point at which
the aggregation is strongest and final aggregation (FA)
is the aggregation value when the assay is complete. If
the aggregates are stable then the MA and the FA will be
equal. If there is, disaggregation of the platelet clumps
the MA could be greater than the FA.

Agonists used routinely for both systems are ADP,
collagen, arachidonate, epinephrine and ristocetin.
[4,7,20,30] The three main ADP receptors on the plate-
let surface are P2Y,, P2Y,, and P2X, Activation of both
P2Y, and P2Y, receptors is needed for a full response to
ADP and the mechanism plays a role in the conforma-
tional change and activation of GPIlb/Illa (also known as

integrin a,, 3, and CD41/61). The P2X, receptor is an ion
channelinvolved in calcium flux, regulating calcium flow
needed for full aggregation. ADP only gives a first phase
response at low concentrations such as <1 uM with
higher levels, such as 10 uM, the first and second phase
reaction shows a continuous full aggregation trace.
Collagen activates the platelets via four glycoproteins;
the roles of GPla/lla (a,B, CD49b/CD29) and [31] GPVI
(p62) [32] are well defined, but those of GPIV (CD36) [33]
and GPIIb/llla [34] are less well understood. In the plate-
let, arachidonate (arachidonic acid) is converted by cyc-
lo-oxygenase to thromboxane A,, which is released via
granule secretion to amplify localised platelet activation.
Epinephrine interacts with a,andregenic receptors on
the platelet surface, enhancing the effects of other ago-
nists. Ristocetin (an antibiotic developed in the 1950s but
no longer used) causes in vivo mediated agglutination
of platelets via VWF, and so can be utilised as an in vitro
platelet agonist for assessing VWF/platelet interactions.

Testing can be done with other agonists which probe
the platelet response further than those used routinely.
Thrombin receptor agonist peptide (TRAP) is a small
peptide, either six or fourteen amino acids long that
activates the thrombin receptor on platelets known as
the protease-activated receptor 1 (PAR-1). This is a very
useful tool, as using native thrombin to activate the
receptor would cause the fibrinogen to fibrin conversion
in the PRP mixture, causing white thrombus formation
in the reaction vessel. Elucidation of a poor response to
arachidonate can be determined by investigating the
reaction product, thromboxane A, and its receptor. As
thromboxane A, has an extremely short half-life (meas-
ured in milliseconds), a stable thromboxane mimetic
9,11 dideoxy-9a,11a-epoxymethano-prostaglandin F,
commonly referred to as U46619 is used. U46619 will
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verify the function of the thromboxane receptors. In
the investigation of collagen binding, separating which
receptor is at fault can be useful. Convulxin is a frac-
tion isolated from the venom of the South American or
Neotropical rattlesnake (Crotalus durissus terrificus) acti-
vates GPVI specifically. An artificial peptide has been
developed with the same properties ((collagen related
peptide [CRP]) which can be produced in the laboratory
and is therefore safer to manufacture. Both agonists give
information on the function of both GPVI and GPla/lla
activity. A23187 is a calcium ionophore,[35] which causes
a release of arachidonate from the platelet membrane
due to activation of cytosolic phospholipase A, (cPLA,)
via an increase in [Ca®*] concentration and can there-
fore be used in calcium and arachidonate release stud-
ies.[3] Due to the complexity of platelet responses and
the semi-qualitative nature of the assays, interpretation
of data output of these tests is a highly skilled job and

should be carried out by laboratory staff with sufficient
regular experience in the field.[36] If platelet aggregation
does not yield definitive results (or the results are nega-
tive) and there is a strong clinical suspicion of a bleeding
disorder further testing should be carried out.

Specialised platelet analysis

Further testing focuses on two major aspects of the
platelet, the external receptors and the internal contents.
Analysis of the platelet membrane receptors and con-
tents requires equipment that is more advanced. Referral
of these analyses should be to a specialist centre with
expert clinicians and scientists.

Analysis of the external receptors
Flow cytometers were developed from the automated
cell counter that was patented in 1953 by Wallace
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Table 2. The wide variation of disorders and trace possibilities (modified from [3]).

Condition Platelets Agonist Further investigation
Count Size  ADP  Coll Ri AA Epi  TRAP  U46619

Glanzmanns thrombasthenia N N 0 0 1 0 0 N N Flow cytometry for GPIIb/llla/
Genetic testing

Bernard-Soulier syndrome Low Large N N 0 N N N N Flow cytometry for GPIb/Genetic
testing

COX Deficiency N N 1/N R N R N N N Enzyme pathway analysis

Drug induced (aspirin shown) N N 1 R N R/0 N N N Stop aspirin (clinical review)

Thromboxane deficiencies N N 1/N R N R/0 N N N Nucleotide analysis

Thromboxane receptor defects N N 1/N R N R/0 N N N Receptor analysis

P2Y,, receptor defects N N R/0 N N N N N N Receptor analysis

Ehlers Danlos syndrome N N N N N N N N N Genetic testing

VWD N N N N O/R/N N N N N VWEF screening/Genetic testing

Storage Pool defects

Grey platelet syndrome Low R/1 NR N N N R N Electron microscopy

Chediak-Higashi syndrome N N R/1 R N N R N N Nucleotide analysis/Genetic
testing

Hermansky Pudlak syndrome N N R/1 R N N R N N Nucleotide analysi/Genetic testing

Wiskott-Aldrich syndrome Low Small R/ R N N R N N Genetic analysis

Membrane anomalies

Scott syndrome N N N N N N N N N Flow cytometry Annexin A5
analysis/Genetic testing

Paris-trousseau syndrome Low Large NR N N N N R/1 N Electron microscopy/Genetic
testing

Stormorken syndrome Low Large N R N N N N N Flow cytometry Annexin A5

analysis/Genetic testing

Note. Coll - collagen, RI - Ristocetin, AA — arachidonic acid, Epi — epinephrine, N — normal, R - reduced, 1 - first phase only, 0 — absent.

Coulter. These cell counters used a stream of fluid passing
through a charged gate. Each time a cell passed within
the gate, an electrical impulse would be created. The
size of the impulse denoted the size of the cell. Using
size-based guidance, leucocytes being the largest, then
erythrocytes and finally platelets, the smallest of these
cells could be classed into groups and automated blood
cell count could be performed. As technology devel-
oped, the fluid dynamics of the system became more
controlled and the underlying electronics improved with
micro-circuitry, enabling the development of advanced
analysers. A further development was the use of lasers
to interrogate cells passing through the gate. The laser
was used to evaluate the transparency and shape of the
cell. Monoclonal antibodies were discovered during the
same period and the laser was implemented further to
excite fluorescent dye markers, which were attached to
antibodies directed at the receptors of interest.

As some platelet disorders are caused by the reduc-
tion or mutation in receptors on the platelet surface,
these assay methodologies can be used in the diagnosis
of these disorders.[37] Receptors such as the GPIlIb/Illa
(CD41/61) and GPIb (CD42b) on the platelet surface can
have had monoclonal antibodies raised against them.
When these antibodies are conjugated with a fluorescent
molecule, it allows rapid diagnosis of Glanzmann's throm-
basthenia (GT) [38,39] and Bernard Soulier (BSS),[40,41]
respectively. Further targets have been sought for plate-
let analysis [42] including P-selectin (CD62P) and the
commercial antibody PAC-1 (BD Biosciences, Oxford,
UK) are only expressed on activated platelets and are
used as markers for this. Platelets can exhibit receptor
proteins on their surface, which are non-functioning,

such as Glanzmanns Type lll, so diagnostic data should be
considered holistically rather than isolated test results.

Thienopyridines (such as clopidogrel and prasugrel,
commercial P2Y,, blockade agents) activity can be meas-
ured using the vasodilator-stimulated phosphoprotein
(VASP) assay.[43] VASP is an intracellular platelet protein
that is non-phosphorylated at rest. Regulation of the
VASP phosphorylation state is by the cyclic adenosine
monophosphate (cAMP) pathway, which is activated
by prostaglandin E1 (PGE1) and de-phosphorylated by
ADP. Mediation of the ADP de-phosphorylation is by the
P2Y,, receptor. Measuring the phosphorylation state
of the VASP molecule gives indirect information on
the state of the P2Y,, receptor. The assay involves the
analysis of VASP phosphorylation after incubating PRP
with PGE, and ADP, compared to PGE1 alone, using an
antibody against the phosphorylation site of VASP.When
a thienopyridine molecule inhibits the ADP binding to
P2Y,,, VASP phosphorylation decreases. If the phos-
phorylation does not decrease, the assumption is that
there is no drug present. Flow cytometry on PRP can
also probe Annexin A5 to analyse phosphatidylserine
on the platelet surface. This is a diagnostic parameter
for Scott syndrome.[44] Flow cytometry methods are
also available for microparticle analysis [45]; now that the
technology available in both the instruments and soft-
ware means the ability to gate smaller particles that are
previously possible. For microparticles, the fluorescent
antibody targets depend on which cell they originated
from, for platelet microparticles the target of choice are
the membrane glycoproteins. Heparin induced throm-
bocytopenia (HIT) can also be diagnosed as the patients
plasma is incubated with heparin and donor control PRP.
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Figure 6. ADP Traces from a control and a patient with storage pool disorder run on a PAP-8E, note reversal of aggregation even at
high ADP concentrations. (1) ADP 10 uM Control, (2) ADP 5 uM Control, (3) ADP 2 uM Control, (4) ADP 1 uM Control, (5) ADP 10 uM
Patient, (6) ADP 5 uM Patient, (7) ADP 2 uM Patient and (8) ADP 1 uM Patient.

Subsequent detection of the activation marker Annexin
A5 indicates the patients plasma has the potential to
activate platelets in the presence to heparin, therefore
denoting HIT positive.[46]

Initial analysis of the contents of the platelet

The most common defect of platelet function is a storage
pool disorder, where the contents of the alpha or delta
granules are either absent or unable to be released.[47]
The most common of these is the dense, or delta storage
pool disorders.[48] These are characterised by a biphasic
response to ADP at high concentrations, first phase with
reversal at lower concentrations in LTA (see Figure 6) and
weak release and response in WBA/MEA. Therefore, the
first line of investigations undertaken at this stage will
be analysis of the vesicle contents. The most abundant
of these are ADP and adenosine triphosphate (ATP), col-
lectively known as nucleotides. They also contain calcium
ions, magnesium ions, CD62P, CD63, lysosome associated
membrane protein (LAMP-2), histamine, GPIlIb/llla and
GPIb.

Platelet nucleotides were first measured using
preparations prepared from the Common Eastern fire-
fly (Photinus pyralis), commonly known as Big Dipper
after the star constellation. These extracts produce
luminescence in proportion to the ATP concentration.
More recently the active ingredient, luciferase, has been
produced artificially and therefore is readily available in
kit form. ATP Luciferin-luciferase reagent is a stable light
emitter with decay rate of ATP and light emission around
0.5%/min. This stability of emission makes it possible to
use simple single tube luminometers. It is also suitable for
ATP measurements down to 10-15 mol. The Chronolog
700 series whole blood analysers (LabMedics, Stockport,
Cheshire) are able to measure platelet aggregation and
luminescence on a combined platform, visualising
nucleotide release during aggregation (see Figure 7).
However, the Chronolog system only confirms the lack
of release during the aggregation process. The PRP can
be processed into a lysate, which is a sample preparation
were the membrane components of the platelet (both

external and organelle) are broken down and removed.
The lysate is then composed of just the cytosolic compo-
nent. Measurement of the luminescence of the resulting
lysate sample is done in a luminometer. A standard curve
is prepared with a known standard ATP solution and the
lysate result compared. The addition of phosphoenol
pyruvate to the reaction converts the ATP into a meas-
urable, stable form in the ATP tube (see Figure 8). Excess
pyruvate kinase is added to the reaction causing all of
the ADP to be converted into ATP. Subtraction of the
pre-conversion ATP value from post-conversion value
gives the residual ADP value. This will record the total
nucleotide content of the platelet regardless of release
mechanism. ADP:ATP ratio is a diagnostic parameter
when investigating release defects, due to large pro-
portion of ADP residing in the dense granules; however,
up to 30% of ATP is found in the cytoplasm powering
cellular reactions.

With the combination of the Chronolog system and
the analysis technique described above, enzymatic
disturbances within the platelet can be diagnosed. An
example would be a protein kinase defect in which the
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Figure 8. Graphic showing the reaction principle of the ATP Luciferin—luciferase reaction.

patients’ platelets have normal nucleotide levels but
internal enzymatic signalling is defective;[49] thus the
granules are present but are not being activated and
moving to the surface to release their contents.

Storage pool disorders are not limited to the lack of
the dense/delta granules. Grey platelet syndrome [50] is
the lack of content in the alpha granules. It causes them
to appear pale on a Romanowsky stained blood film,
leading to the disorders name.

If further confirmation is required or there still is no
diagnostic evidence, it becomes the territory of supra-
regional laboratories and university research establish-
ments. The facilities can provide electron microscope
suites for the further classification [51] and identification
[52] of platelet disorders and novel testing such as flow
chamber experiments.[53] Research is being produced
into alternatives so that more laboratories can access
diagnostic information without the need for such spe-
cialised equipment.[54]

Genetic analysis

The first platelet disorders to be genetically resolved are
the most common, with the genes encoding for platelet
glycoproteins being elucidated in the early 1990s [55,56]
and the first GT and BSS mutations discovered in the late
1990s.[57]

With the advances in genetic analysis [58] and the
development of whole genome sequencing the genetic
causes of many diseases are being elucidated. The NHS
has started the 100,000 genomes project [59] to discover
the underlying genetic mechanisms for rare disorders.
The 100,000 genomes project will be taking place in
13 nominated specialist regional laboratories. This pro-
ject, and its precursors, the Genotyping and Platelet
Phenotyping (GAPP) [60] and BRIDGE-BPD [61] study
have already started to bear fruit in platelet diseases with
a number of novel mutations being discovered.[62-64]

Future developments

As knowledge of the role of the platelet expands beyond
that of the clot,[65] platelet testing will expand along
with it. Analysis of the platelet, and its role in immu-
nity,[66] inflammation [67,68] and cancer [66,69] will
bring with it a raft of new prognostic testing modalities.
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