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Abstract
Assessment of platelet secretion is crucial for diagnosing suspected inherited platelet 
function disorders (IPFD). A previous survey of the SSC on Platelet Physiology of the 
ISTH and a comprehensive review highlighted that most of the platelet secretion as-
says (PSAs) lack standardization and validation. The aim of this study was to provide 
expert consensus guidance on the use of PSAs for IPFD diagnosis. We surveyed 26 
experts from 10 different countries using the RAND/UCLA methodology, to attain 
a consensus on sensitivity, specificity, feasibility, time to readout, and cost of most 
PSAs. Answers were then graded in three categories: appropriate, uncertain, and in-
appropriate. Equivocal or misinterpretable statements required a second and third 
round survey involving 14 of the original 26 experts. We report here the consoli-
dated results of the entire procedure. There was uniform agreement on several gen-
eral statements, including that PSAs should be performed in hemostasis laboratories 
as first line diagnostic tests even in patients with normal platelet aggregation, and 
should include a δ-granule secretion marker. Among the specific assays examined, 
lumiaggregometry, other luciferin/luciferase-based assays, high-performance liquid 
chromatography methods, radiolabeled-serotonin based assays, and whole-mount 
transmission electron microscopy were rated as appropriate for the measurement of 
δ-granule release, and platelet P-selectin expression by flow cytometry and released 
proteins by ELISA for α-granule release. For most of the other PSAs, the expert opin-
ions were widely dispersed. Lack of expert consensus on many PSAs clearly indicates 
an unmet need for rigorous standardization, multicenter comparison of results, and 
validation of PSAs for clinical laboratory practice.
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1  |  INTRODUC TION

Laboratory assays that measure the content and release of plate-
let granules were introduced in clinical practice more than 50 years 
ago,1 and are considered a crucial step in the diagnosis of inherited 
platelet function disorders (IPFD). An international survey showed 
that less than 50% of 202 specialized laboratories worldwide evalu-
ated either the content or the secretion of specific platelet granule 
constituents during the diagnostic work-up of a suspected IPFD and 
the majority performed tests as a second diagnostic step.2 That sur-
vey was followed by a consensus guidance that recommended the 
assessment of platelet secretion as a first-line test in the diagnostic 
approach.3

The 14C-serotonin (5-HT) secretion test, later modified using 3H-
5-HT developed by Holmsen et al. in 1969,1 remained for decades 
the “gold standard” for the diagnosis of platelet secretion disorders 
(PSDs). It allowed concomitant measurement of platelet aggregation 
and 5-HT secretion but, despite its advantages, the increasing re-
striction of radioisotopes from clinical laboratories led the  14C-5-HT 
secretion test to fall in disfavor; its current use is restricted to very 
few laboratories worldwide. Lumiaggregometry (LA), introduced in 
1977,5 is currently the most popular test for measuring δ-granule 
release. Regarding α-granules, after the initial studies reporting the 
release of platelet factor 4 (PF4), β-thromboglobulin (βTG), platelet-
derived growth factor (PDGF), and fibrinogen,6 a vast number of 
proteins and assay methods have been described as α-granule 
biomarkers. Currently, flow cytometric measurement of platelet 
P-selectin expression is used in most hemostasis laboratories. In 
contrast, after the early studies reporting the measurement of lyso-
somal acid hydrolases secretion,7 very few assays have been devel-
oped to evaluate lysosomal release. These include measurement of 
lysosomal associated membrane proteins (LAMP)-1, 2, and 3 by flow 
cytometry, although these are seldom used in routine diagnostics. 
Many other platelet secretion assays (PSAs) have been reported, but 
there is a lack of evidence-based information on their overall diag-
nostic performance for IPFD and of comparative studies.3

The Subcommittee on Platelet Physiology of the ISTH carried 
out a comprehensive review on PSAs used for clinical or research 
purposes and the results showed a wide variety of tests, most of 
which were developed mainly for research purposes.8 That over-
view also underlined that most of the currently used PSAs are poorly 
standardized, not validated, and thus are not endorsed for diagnos-
tic use. The main weaknesses singled out for most of the current 
tests were insufficient sensitivity, specificity, and reproducibility.8 
Altogether these observations reveal an important unmet diagnostic 
need and highlight the importance of improved standardization of 
current assays and/or the development of new tests complying with 
good laboratory practices.

Thus, the Scientific and Standardization Committee (SSC) on 
Platelet Physiology of the ISTH decided to undertake a survey 
among international experts on the clinical indications of PSAs, the 
most suitable assays for clinical diagnosis of IPFD, and their perfor-
mance. Our objective was to attain the best possible consensus on 

current practice based on published evidence and expert opinion to 
generate an informed up-to-date statement on the best laboratory 
practice for platelet secretion studies for IPFD diagnosis.

2  |  METHODS

Given that a thorough review of the literature established that there 
is not sufficient evidence on the relative value of PSAs,8 the work-
ing party decided to adopt a formal consensus method (RAND) to 
develop recommendations on PSAs.9 The RAND approach requires 
that expert panel members, blinded to the responses of the others, 
score each statement from 1 to 9, where 1 is completely inappropri-
ate and 9 is fully appropriate. Each statement is then classified as 
inappropriate (scores of 1–3), uncertain (scores of 4–6), or appropri-
ate (scores of 7–9).

The working party developed an online questionnaire with 52 
items and 163 questions, which was distributed in 2016 to 54 ISTH 
members chosen for their clinical and laboratory expertise in PSAs. 
Items covered the types of diagnostic PSAs and their main charac-
teristics (sensitivity, specificity, operating speed, feasibility, cost, 
and overall satisfaction of each assay) as well as the diagnostic step 
at which PSAs are indicated. Questions about type and concentra-
tion of agonists to be used were also included (Appendix S1 in sup-
porting information). Aspects related to the indications or clinical 
correlations of the tests were not considered in the questionnaire.

We collected 26 replies and the results were presented at the 
SSC/ISTH meeting in Montpellier in 2016. Given some uncertain-
ties due to possibly unclear or misinterpretable questions and upon 
feedback from the audience, a second set of questions was distrib-
uted in 2017 to 14 experts and all of them answered (Appendix S2 
in supporting information). Results were presented at the SSC/ISTH 
meeting in Berlin in 2017. Some remaining doubts and new ques-
tions raised during the presentation prompted us to send a third, 
short questionnaire to the same 14 experts to attain the best pos-
sible agreement on some remaining controversial issues and 13 of 
them responded (Appendix S3 in supporting information). This re-
port summarizes the results of all the steps of this project.

All the replies, anonymized, were entered into a database. Basic 
statistical analyses were performed, and results are presented as 
medians and range, fitting with the degree of appropriateness ac-
cording with the RAND methodology. Outliers were ruled out using 
Grubbs’ test.

3  |  RESULTS

3.1  |  General statements

All 26 respondents to the first questionnaire agreed that special-
ized diagnostic hemostasis laboratories should perform at least 
one PSA, but only 5/26 (19%) recommended testing at the initial 
diagnostic step, while 19/26 (76%) suggested performing PSAs 
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only after ruling out von Willebrand disease (VWD). Other main 
conclusions were:

a.	 PSAs should be carried out even when light transmission ag-
gregometry (LTA) already strongly suggests an IPFD (median 
score 9; range 7–9).

b.	 PSAs should be performed also in patients with normal LTA (9; 
5–9).

c.	 PSAs should include a δ-granule secretion marker (9; 3–9), 
while the appropriateness of including an α-granule secretion 
marker at the initial diagnostic step was rated as uncertain (5; 
3–9). In patients with clear evidence of δ-granules defect it is 
appropriate to measure an α-granule secretion marker to rule 
out α/δ-storage pool disease (8; 3–9).

A PSD can be diagnosed only upon confirmation of an abnor-
mal PSA in at least two separate laboratory sessions (7.5; 3–9). The 
diagnosis of a PSD after only one abnormal test (3.5; 1–7) or one 
laboratory session was rated as inappropriate (3; 1–6).
a.	 The diagnostic utility of measuring the release of lysosomal mark-

ers for the diagnosis of PSD was rated as uncertain (4.5; 1–7).

3.2  |  Evaluation of specific methods

3.2.1  |  Measurement of δ-granule 
content and secretion

Measuring the total content and secreted fraction of either ATP/
ADP or serotonin by high-performance liquid chromatography 
(HPLC) in the supernatant of stimulated platelets should be con-
sidered the gold standard for the evaluation of platelet dense-body 
content and secretion (7; 3–9); these tests also distinguish between 
functional secretion defects from storage pool disease (SPD) or de-
fective granule biogenesis. However, the implementation of these 
assays in diagnostic laboratories was rated as uncertain due to their 
complexity and cost (6; 1–8).

1.	 Light transmission-lumiaggregometry (LT-LA) in platelet-rich 
plasma (PRP) measures secreted ATP.

 This test reflects the ability of platelets to release their δ-granule 
content.

LT-LA sensitivity and specificity were rated as appropriate when 
using strong agonists (7; 4–9 and 7; 1–9, respectively) but uncertain 
with weak agonists (5; 1–9 and 6; 1–7, respectively). The inter-assay re-
producibility, reference range, and concordance of LT-LA with LTA were 
rated as uncertain (6; 3–9, 6; 5–8, and 6.5; 2–9, respectively). There was 
agreement on the need to run the test in duplicate (7; 2–9). Feasibility, 
time to read-out, and overall satisfaction with the assay were rated as 
appropriate but with a rather wide range of scores (7; 3–9, 7.5; 1–9, and 
7; 2–8, respectively). The assay was considered expensive (7; 2–9).

2.	 Other luciferin/luciferase-based assays. These tests quantitate 
secreted ATP and ADP, useful for the diagnosis of SPD. Platelet 
lysates with or without previous pretreatment with pyruvate 
kinase plus phosphoenolpyruvate can then be used for the 
measurement of total ATP or ATP + ADP content, 
respectively.

They were rated as sensitive (7; 5–9), specific (7; 3–9), and overall 
satisfactory (7; 5–9), whereas feasibility (5; 3–8), time to read-out (5; 
1–8) and cost (5; 3–7) were rated as uncertain.

3.	 HPLC-based methods measure total and secreted ADP, ATP, 
and ATP/ADP ratio, thus allowing to differentiate δ-body se-
cretion defects from δ-SPD.

These assays were rated as sensitive (9; 2–9) and specific (8; 3–9), 
but feasibility (3; 1–8), cost of the test (5; 1–8), and time to readout 
(5; 1–6) were considered unsatisfactory.

4.	 Radio-labeled serotonin (14C-5-HT or 3H-5-HT) release in PRP 
measures the ability of platelets to secrete δ-granules. It also 
allows us to suspect defective granule biogenesis when the 
platelets fail to uptake isotopic 5-HT.

The assay was still considered the gold standard for platelet se-
cretion measurement (8; 5–9), despite 62.5% of the respondents 
stating they had never used the test in their laboratories. The test 
was rated as sensitive (8; 5–9), specific (8; 3–9) and overall satisfac-
tory (7.5; 3–9). However, it was rated as of uncertain value regarding 
time to readout (6.5; 2–9), feasibility (5; 3–8), cost (5; 1–9), and safety 
for the operator (6; 1–8).

5.	 Fluorometric measurement of 5-HT release using an ortho-
pthaldialdehyde assay.

Sensitivity (5; 4–9), specificity (5; 4–9), time to readout (5; 1–
7), feasibility (5; 1–6), cost (5.5; 4–8), safety for the operator (5, 
3–8), and overall satisfaction with the test (5; 4–7) were all rated 
as uncertain.

6.	 HPLC-based assays of 5-HT secretion using fluorometric or 
electrochemical detection. Quantitation of total and secreted 
5-HT measures δ-granule secretion and contributes to the di-
agnosis of SPD.

 This methodology was rated as appropriate for sensitivity (8; 4–9) 
and specificity (7; 3–9). All the other items were rated as uncertain, 
including time to readout (5; 2–6), feasibility (5; 2–7), cost (4; 2–8), and 
overall satisfaction (6; 4–9).

7.	 Dense body secretion by flow cytometry (FC) using mepacrine-
labeled platelets.
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This assay was rated as simple (7; 4–8) but of uncertain value 
for all the other items, including sensitivity (5; 1–7), specificity (5; 
1–7), time to readout (6.5; 4–8), feasibility (6; 3–8), cost (6; 4–7), and 
overall satisfaction (5; 1–7).

8.	 ELISA measurement of 5-HT is done in PRP, platelet pellets, 
or washed platelets.

This assay was rated as appropriate for sensitivity (7; 4–8) and 
specificity (7; 4–8). All the other characteristics were rated as of un-
certain value, including time to readout (5; 3–8), feasibility (6; 3–9), 
cost (5; 1–7), and overall satisfaction (5; 2–8).

9.	 Whole mount transmission electron microscopy (WM-TEM) in 
PRP. This morphological counting of platelet-dense bodies helps 
to confirm the diagnosis of SPD.

WM-TEM to count δ-body number was rated appropriate 
for sensitivity (7; 5–9) and specificity (7; 5–9). This test was 
instead rated as inappropriate for time to readout (2.5; 1–5), 
feasibility (3; 1–9), and cost (3; 1–5). Overall satisfaction was 
good (7; 3–9).

3.2.2  |  Platelet α-granules secretion assays

1.	 Platelet P-selectin expression by FC.

P-selectin expression on activated platelets measured by FC 
in whole blood was considered the first-choice assay to measure α-
granule secretion (8; 5–9).

The test was rated as appropriate for sensitivity (7.5; 7–9), speci-
ficity (7; 3–9), time to readout (7.5; 3–9), feasibility (7; 3–9), and over-
all satisfaction (7; 6–9). However, the test was rated as of uncertain 
value for its cost (6; 3–9). Also, the correlation of this assay with LTA 
was rated as uncertain (4; 1–8).

FC measurements of P-selectin secretion in PRP or washed 
platelets were rated as having uncertain value (5; 1–7, and 4; 1–9, 
respectively).

2.	 ELISA measurement of specific α-granule proteins (e.g., βTG, 
PF4, thrombospondin) in the supernatant of stimulated PRP 
or of lysed washed platelet pellets. These tests are important 
in the diagnosis of α- or α/ δ-granule SPD.

This kind of assays was rated as appropriate for sensitivity (8; 
4–9) and specificity (8; 3–9), but there was uncertainty on their use 
as first-line test for α-granule release (6; 2–9). ELISA assays were 
also rated as of uncertain value with respect to time to readout (5; 
3–8), feasibility (6; 3–8), cost (4.5; 1–8), and overall satisfaction (5; 
2–8).

3.	 Immunofluorescence assessment of specific α-granule proteins 
(e.g., βTG, PF4) on a blood smear.

There is uncertainty whether these assays should be carried out 
in smears of whole blood (6.5; 1–9), of PRP (5; 2–9), or of washed 
platelets (5; 1–9). Similarly, sensitivity (5; 3–8), specificity (6; 3–8), 
time to readout (5; 2–7), feasibility (6; 3–7), cost (6.5; 5–8), and over-
all satisfaction (5; 3–8) were rated as uncertain.

Although many α-granule proteins are characterized and as-
sessed using western blot probes, we did not include questions on 
these assays regarding their possible use in diagnostic laboratories.

3.2.3  |  Lysosomal release assays

There was no consensus on the need to measure lysosomal granule 
release for the diagnosis of PSDs (median score 4.5, range 1–7).

3.2.4  |  Selection of agonists for platelet 
secretion assays

1.	 Collagen,

Collagen was rated as the best platelet agonist for PSAs (8; 7–9) 
and should always be used for diagnosis of IPSD (7; 3–9). However, 
we did not include a question about the most suitable type of colla-
gen to be used.

2.	 Stable thromboxane A2 analogs and arachidonate.

Thromboxane analogs were rated as preferable over arachido-
nate for PSAs (7; 3–9 vs. 6; 3–9), despite the different mechanisms 
of each one in eliciting platelet secretion.

3.	 ADP.

ADP was rated as an appropriate agonist (7.5; 3–9), but only at 
high concentrations (7; 1–8).

4.	 Epinephrine.

This agonist was rated as not recommended for the study of 
platelet secretion (1; 1–9).

5.	 Protease-activated receptor 1 and 4 agonists.

Protease-activated receptor (PAR)1 agonists, like thrombin recep-
tor activator peptide, were rated as appropriate (7.5; 3–9), but there 
was no consensus in using them routinely for diagnostic purposes (6; 
4–9). The use of PAR4 was rated as of uncertain value (4.5; 3–8).
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3.2.5  |  Major Recommendations

A summary of the major recommendations rated as appropriate in 
the study of platelet secretion for the diagnosis of IPFD by expert 
consensus is shown in Table 1. A flow diagram showing the consen-
sus for the study of platelet secretion in specialized hemostasis labo-
ratories is shown in Figure 1.

4  |  DISCUSSION

4.1  |  Limitations of current PSAs

The study of platelet granule secretion was initiated more than 
50 years ago1 and we now know that impaired secretion is present in 
the vast majority of IPFDs, either as a main determinant or important 
contributor to platelet dysfunction.10 In fact, a laboratory-confirmed 
PSD is considered sufficient for diagnosing an IPFD. Myriad PSAs 
have been developed in the last decades for clinical diagnosis or re-
search purposes.8

This survey, distributed to a panel of experts in platelet func-
tion studies with experience with PSAs, highlights the wide variety 
of opinions regarding the main features of the evaluated tests. This 
emphasizes an unmet need for the systematic evaluation of PSAs, 
methods of standardization, and consensus on diagnostic criteria for 
PSDs. On the other hand, there was broad agreement on several 
important statements that may then be considered as current good 
laboratory practice for PSAs (Table 1).

Our survey shows that more than three quarters of the panel-
ists perform PSAs as a second-line diagnostic step, after ruling out 

VWD or low von Willebrand factor in their patients. This is proba-
bly explained by the belief that VWD is the most frequent inherited 
hemorrhagic disorder, a notion that has been challenged by several 
studies in the last 15 years.11,12 However, 52% of the panelists per-
form LTA and PSA concomitantly, in line with the SSC guidelines for 
the diagnosis of IPFD.3 Of note, the highest survey consensus was 
related to the need of carrying out PSAs even when LTA tracings 
are consistent with PSD, because LTA does not measure granule 
content secretion, needed to diagnose SPD.13 Moreover, there was 
wide agreement that normal LTAs do not rule out PSD;4,14,15 in two 
reports only 50%16 and 52%17 of the patients with dense granule 
deficiencies have LTA abnormalities. Accordingly, PSAs should be 
carried out even when LTA is normal. The expert consensus states 
that platelet secretion study should start with the measurement of 
dense-body secretion and that an abnormal result should be con-
firmed in a repeat laboratory test.

The measurement of an α-granule marker is also recommended 
after the detection of a δ-granule secretion defect to enable detec-
tion of combined α- and δ-storage pool disease.

4.2  |  Critical evaluation of currently available PSAs

LT-LA, a longstanding platelet function assay5 that progressively re-
placed the classical radioactive 14C-5-HT secretion test, was rated 
by the expert panel members as the most suitable test currently 
available for measuring δ-granule release. However, the ratings of 
individual panelists showed a large variability. In the 2014 SSC-ISTH 
survey, 41% of the 197 participants declared they have LT-LA in 
their laboratories, but only 21.3% used it as a first diagnostic step.1 

TA B L E  1  Major recommendations on platelet secretion assays for diagnosis of inherited platelet disorders

General Statements •	 PSA should be performed in specialized hemostasis laboratories (100%).
•	 PSA should be performed after ruling out VWD (76%).
•	 PSA should be performed in patients with pathological bleeding even if they have normal platelet aggregation (9; 

7–9).
•	 PSA should be performed also in patients with normal LTA (9; 5–9).
•	 Initially, testing should include a δ-granule PSA, usually done in citrated PRP (9; 3–9).
•	 Diagnosis must be established after confirming a PSD by repeated laboratory testing (7.5; 3–9).

Secretion of δ-granules •	 Lumiaggregometry in PRP is the most frequently used test, despite cost and uncertainties about sensitivity and 
specificity with weak agonists.

•	 High sensitivity and specificity of HPLC-based measurements of ADP/ATP or 5-HT make these assays new 
gold standards. However, high cost, need of expertise, and slow response limit their feasibility for use in clinical 
laboratories.

•	 Dense body counting by whole mount TEM using citrated PRP is sensitive and specific as supportive diagnostic test.
•	 Other reported assays are rated in the uncertain category.

Secretion of α-granules •	 Platelet P-selectin expression measured by flow cytometry in whole blood drawn in citrate, is currently the best and 
most frequently used assay (8;5–9).

•	 ELISA methods to quantify secreted α-granule proteins are sensitive and specific, but expensive and not sufficiently 
feasible for routine use.

Agonists •	 Collagen, thromboxane analog, ADP in high concentration, and PAR-1 agonists are appropriate agonists to elicit and 
measure platelet secretion. Epinephrine is not recommended (1; 1–9).

Note: Between parentheses: percentage of experts agreeing with the statement or median and range of score.
Abbreviations: HPLC, high-performance liquid chromatography; PAR, protease-activated receptor; PRP, platelet-rich plasma; PSA, platelet secretion 
assay; PSD, platelet secretion disorder; TEM, transmission electron microscopy; VWD, von Willebrand disease.
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This assay continuously measures platelet ATP release upon agonist 
stimulation and allows the simultaneous determination of secretion 
and aggregation in PRP.5 However, agonist-stimulated LT-LA does 
not distinguish secretion defects from defects in δ-granule content, 
although an estimate of the latter can be obtained by the measure-
ment of ATP and ADP in platelet lysates. Recent studies have also 
raised doubts about LT-LA sensitivity,18 specificity,19 and inter-assay 
reproducibility.20 Therefore, this Subcommittee encourages that 
these uncertainties are addressed through well-controlled studies 
that should include definition of the lower threshold concentrations 
for agonists, the place of weak agonists, and refined diagnostic cri-
teria for mild PSDs.

Other luminometry-based assays using luciferin/luciferase to 
quantitate ADP and ATP were rated as appropriate for sensitivity and 
specificity and they might be especially suited for the measurement 

in platelet lysates,21 and thus for the diagnosis of δ-storage pool 
disease. However, the test was rated as cumbersome and indeed is 
used by few respondents.

There was consensus that HPLC-based platforms for platelet 
ADP/ATP and serotonin are highly sensitive and specific,22–24 and 
should now be considered the “gold standard” for measuring dense 
bodies’ secretion instead of the almost abandoned 14C-5-HT re-
lease assay. However, they were rated as cumbersome, expensive, 
and with a long time to readout and need for skilled operators. In 
the 2014 SSC ISTH survey, only 5.5% of the participants had HPLC-
based assays running in their laboratories to measure ATP and ADP 
in the same run and to quantify 5-HT in one single step, either in the 
platelet supernatant or in platelet lysates.24,25 These methods would 
be highly valuable to calibrate and validate current or newly devel-
oped 5-HT and ADP-ATP assays.

The ortho-phtalaldehyde test to measure serotonin release, first 
described in 1974,26,27 is currently sporadically used28,29 and was 
rated of uncertain value for all the characteristics, including safety 
for the operator.

There was wide consensus that semi-quantitative FC measure-
ment of platelet P-selectin expression in whole blood, but not in PRP 
or washed platelets, is currently the most appropriate test to mea-
sure α-granules secretion.30,31 FC is being continually updated and 
progressively more standardized,32–35 and upon fixation it allows the 
blood sample to be stored or shipped to reference laboratories.36 
The cost of the assay was rated as uncertain, possibly in part due 
to differing perceptions of costs and budgets among laboratories. 
Importantly, the correlation of FC measurement of P-selectin ex-
pression with LTA was rated as highly uncertain. Because platelet 
aggregation and secretion are interdependent and highly correlated 
functions, this relationship should be further explored by studies 
with validated controls and cutoff values to establish more precise 
diagnostic criteria of PSDs. Moreover, agonist-stimulated expression 
of P-selectin on platelet surface by FC was reported to be normal in 
some patients with the gray platelet syndrome (GPS), an α-granule 
disorder,37 suggesting that in rare cases this assay may not detect 
the α-granule secretion deficit.

ELISA methods to measure specific α-granule proteins (e.g., βTG, 
PF4) in the supernatant of activated platelets were rated as appro-
priate for sensitivity and specificity. However, their time to readout, 
feasibility, cost, and overall satisfaction were rated as uncertain.

Whole mount TEM38 was rated as appropriate for the diagnosis 
of storage pool disease but it was considered impractical for diag-
nostic purposes. Regarding the mepacrine uptake/release tests,39 
there was consensus that there is insufficient information to recom-
mend its use. Finally, there was consensus that the role of lysosomal 
content assays in PFD diagnosis is unclear.

4.3  |  Platelet agonists for PSAs

There was consensus that sensitivity and specificity of PSAs per-
formed with weak agonists or low agonist concentrations are 

F I G U R E  1  Suggested flow diagram for the study of platelet 
secretion defects. This diagram does not include specific 
phenotype patterns which may orient the study to specific 
disorders before starting the platelet secretion testing. For 
example, albinism in Hermansky-Pudlak disorder (δ-SPD), blood 
smears with leukocyte inclusions (i.e., Chediak-Higashi syndrome), 
or large platelets with gray appearance (gray platelet syndrome), 
among others. Abbreviations: IPFD, inherited platelet function 
disorder; LTA, light transmission aggregometry; LT-LA, light 
transmission-lumiaggregometry; PSA, platelet secretion assay; PSD, 
platelet secretion disorder; VWD, von Willebrand disease; VWF, 
von Willebrand factor.
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uncertain although this recommendation may have been influenced 
by the predominant use of LT-LA by survey participants. In line with 
the expert opinions, two studies from the same group found that up 
to 14% of healthy subjects with no bleeding history present platelet 
5-HT secretion below normal cutoff values with weak or low con-
centration of agonists.15,40

PSDs may have different degrees of severity and it remains 
to be established whether milder cases may be missed using 
strong agonists and if weaker agonists may have a role in the 
diagnosis of such cases. Thus, studies to correctly define the 
diagnostic criteria of PSD in clinical laboratories are highly 
warranted.

4.4  |  Limitations of the current expert 
opinion survey

No questions on the type of collagen to be used as agonist or on 
different TxA2 analogs were included. Moreover, neither statements 
linking PSAs with clinical manifestations of IPFD nor the relevance 
of the ISTH Bleeding Assessment Tool score for the decision to em-
bark in PSAs were included.

Another limitation of our study is that no questions were 
included regarding the feasibility of the various PSAs examined 
in patients with low platelet counts. In some IPFD, like Bernard-
Soulier syndrome, it may be possible to obtain PRP with platelet 
counts sufficiently high for PSAs by spontaneous sedimentation 
of the blood tube at an angle of 45° and careful collection of the 
supernatant PRP. More frequently, however, classical LTA and 
PSA testing are not possible, but some of the above-described 
assays may be performed; for instance, flow cytometry, includ-
ing platelet P-selectin secretion for the diagnosis of α-granule 
release defects or mepacrine for the study of uptake and re-
lease of platelet dense granule contents. The counting of dense 
bodies using whole mount electron microscopy, complement-
ing the diagnosis of storage pool deficiencies, may also be per-
formed in samples with low platelet counts. Examination of the 
blood smear is essential in patients with thrombocytopenias: 
large, gray, or pale platelet appearance due to lack of α-granules 
are characteristic of GPS, which is confirmed by transmission 
electron microscopy and detection of NBEAL2 mutations; other 
macrothrombocytopenias, like those characterizing the spec-
trum of phenotypes associated with MYH9 mutations, are rec-
ognized by leukocyte inclusions (Döhle bodies), whereas anemia 
and leukopenia in male patients with macrothrombocytope-
nia orients the diagnosis to GATA-1-related X-linked disorder. 
Moreover, platelet clumps associated with a mildly increased 
and unequal platelet size may suggest platelet type VWD.41 
Finally, labelling blood smears with fluorescent monoclonal an-
tibodies directed toward specific platelet proteins and fluores-
cence microscopic examination may be a useful tool in a fraction 
of IPFD.42

4.5  |  Future directions

Despite decades of use of PSAs in laboratory practice there is still 
need for adequately designed and powered studies to define the 
advantages and limitations of current tests, the interpretation of re-
sults, and diagnostic criteria for PSDs. We believe that the currently 
most used PSAs should be validated by systematic comparison with 
an accepted gold standard assay, i.e., HPLC measurement of platelet 
secreted ATP, ADP, or 5-HT. It is also important to explore new ways 
to measure α-granule secretion, perhaps devising new tests, and to 
resolve the relationship of FC measurements of platelet secretion 
with LTA. Finally, it is important to clarify which platelet secretion 
test better correlates with bleeding severity through prospective 
clinical studies. This new information may lead to more conclusive 
and evidence-based recommendations for the use of PSAs for the 
diagnosis of IPFD and possibly of acquired PFDs.
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