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Platelet Aggregation Assays Do Not Reliably Diagnose
Platelet Delta Granule Storage Pool Deficiency

William T. Gunning I11* 9, Lorene Yoxtheimer®?, Mary R. Smith® ¢

Abstract

Background: Patients with platelet dysfunction disorders present
with a variety of mucocutaneous bleeding symptoms including easy
bruising, frequent epistaxis, bleeding gums upon tooth brushing and
for women, heavy menstrual bleeding. Available laboratory assays to
evaluate platelet function include the platelet function analyzer (PFA)
and in larger centers with coagulation laboratories, light transmission
platelet aggregometry (LTA) analyses. Both assays are known to have
a number of limitations, especially in the diagnosis of platelet delta
granule storage pool deficiency (8-SPD). 3-SPD is an underdiagnosed
condition caused by decreased numbers of platelet dense granules
(DGs) and is best diagnosed by electron microscopy (EM). Patients
with platelet 3-SPD have a decreased response to low levels of the
agonist adenosine diphosphate (ADP) in the second wave of light
transmittance with LTA or decreased ADP secretion by fluorescence
lumiaggregometry. There are few reports that have evaluated patients
with 6-SPD and their respective LTA results. One report published in
1987 described normal LTA assays in 23% of patients with 5-SPD; a
more recent report described LTA as having the sensitivity to detect
only about 52% of patients with 5-SPD. The purpose of our study was
intended to review the LTA and EM results of patients suspected of
having a platelet function disorder at our institution for comparison
with previously published studies.

Methods: Our study included 344 patients who had been evaluated
by both LTA and whole mount EM. Aggregometry utilized five ago-
nists: ADP, epinephrine, collagen, arachidonic acid, and ristocetin.
DGs were enumerated in 100 whole-mounted platelets to determine a
mean number of dense granules per platelet (DGs/PL).

Results: Seventy-seven percent of our patients were found to have
5-SPD (264/344); 68% (179/264) of these subjects had an abnormal
platelet LTA. Thirty-two percent (85/264) of our patients had normal

Manuscript submitted March 30, 2021, accepted June 15, 2021
Published online July 28, 2021

aDepartment of Pathology, University of Toledo, Toledo, OH, USA

bCurrent Address: Department of Pathology and Laboratory Medicine, Tulane
University, New Orleans, LA, USA

“Department of Medicine, University of Toledo, Toledo, OH, USA
dCorresponding Author: William T. Gunning 111, Department of Pathology,
College of Medicine and Life Sciences, 3000 Arlington Avenue, MS 1090 To-
ledo, OH 43614, USA. Email: william.gunning@utoledo.edu

doi: https://doi.org/10.14740/jh832

LTA results but were found to have 3-SPD with a mean of 2.54 +0.15
DG/PL (normal =4 - 6 DG/PL).

Conclusion: These data confirm previous reports suggesting the utili-
zation of LTA alone in patients with histories of unexplained bleeding
may miss the diagnosis of platelet 5-SPD. It is, therefore, prudent to
assess platelet DG number by EM, especially if platelet LTA assess-
ment is normal.

Keywords: Platelet dysfunction; Storage pool deficiency; Light
transmission aggregometry; Electron microscopy

Introduction

Mucocutaneous bleeding is indicative of a potential platelet
dysfunction disorder, and identifying the etiology of this bleed-
ing is often challenging [1-3]. Mucocutaneous bleeding mani-
fests as easy bruising, epistaxis, and for women, heavy menstru-
al bleeding, which are common in the general population [4].
Platelet dysfunction disorders include a number of well-recog-
nized genetic conditions with von Willebrand Disease (VWD)
regarded as the most common. It has a reported incidence of
1% of the population and can have a number of genetic varia-
tions with more than 300 single nucleotide polymorphisms [5].
Other inherited platelet dysfunction disorders can be caused
by defects in platelet receptors or defects in signal transduc-
tion such as Bernard-Soulier and Glanzmann’s thrombasthenia.
A significant body of literature has established a deficiency of
platelet dense granules (DGs) in Hermansky-Pudlak, Chediak-
Higashi, Wiskott-Aldrich, thrombocytopenia and absence of
radius (TAR), and Jacobsen/Paris-Trousseau syndromes as the
etiology of mucocutaneous bleeding. A deficiency of platelet
DGs is commonly referred to as dense (delta) granule storage
pool deficiency (5-SPD). The prevalence of platelet dysfunc-
tion disorders is unknown and many functional disorders may
go undetected, especially if the disorder is mild [2, 4].

One of the essential laboratory tools employed to diag-
nose platelet dysfunction is a series of aggregation assays that
utilize agonists known to activate platelets. The gold standard
for aggregation assays has been light transmission aggregom-
etry (LTA) with challenge to aliquots of platelet rich plasma
by the agonists: adenosine diphosphate (ADP), epinephrine,
collagen, arachidonic acid, and ristocetin [6-8].

The gold standard of diagnosing 8-SPD has been the use
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of air-dried, whole-mounted platelets for enumeration of DGs
per platelet (DGs/PL) by electron microscopy (EM) [9, 10].
Algorithms used in the assessment of diagnosing platelet dys-
function generally indicate use of platelet LTA prior to investi-
gation using EM [11-13]. Suspicion for 8-SPD by LTA is usu-
ally triggered by abnormal responses to the agonists ADP and/
or epinephrine [14, 15]. Unfortunately, platelet aggregation
assays are not sensitive for detection of 6-SPD [11, 14-16].
Reports by Nieuwenhuis et al (1987) and Israels et al (1990)
established the inability to detect many cases 6-SPD by LTA
[14, 15]. More recently, Woods et al have described a study in
which more than 50% of pediatric and juvenile patients with
5-SPD demonstrated normal LTAs [16]. In 2018, Brunet et al
reported LTA and lumiaggregometry had only about 52% and
70% sensitivity for 6-SPD, respectively [11].

There are numerous reports in the literature regarding
platelet function assays such as LTA and other methodolo-
gies for evaluation of the patient with unexplained bleeding,
but only a handful of studies that have specifically compared
LTA results with EM determination of DGs/PL content as cited
above. All previous investigations have had a limited number
of subjects with a significant number of normal LTA results
for patients with documented 3-SPD. The purpose of this ret-
rospective study was intended to evaluate substantially more
patients than any previous study and confirm previous study
results that for at least LTA platelet function tests, a significant
number of patients with platelet DG deficiency will not be diag-
nosed correctly without the use of whole-mounted platelet EM.
To our knowledge, this is the largest study of its kind to assess
the hypothesis that LTA is unreliable for diagnosis of 6-SPD.

Materials and Methods

Ethical issues

The study protocol conforms to the ethical guidelines of the
1975 Declaration of Helsinki as reflected by prior approval
from the Institutional Review Board of The University of To-
ledo Medical Center. All relevant patient information obtained
from medical records was de-identified prior to assessment.
All methodologies employed to analyze blood samples fol-
lowed guidelines established by the College of American Pa-
thologist (CAP, Chicago, IL, USA) and the Clinical Laboratory
Improvement Amendments (CLIA, CDC, Atlanta, GA, USA).

Study design

This was a retrospective study comparing data generated dur-
ing platelet function assessment of patients with unexplained
bleeding at our institution for comparison to previously reported
data suggesting that LTA may not be adequate for diagnosis of
5-SPD. All patients included in this study were suspected of
having a platelet dysfunction disorder based upon clinical symp-
toms and laboratory screening tests. Specifically, we collected
laboratory results for patients only if both platelet LTA studies
and EM had been performed. Patients with LTA results sugges-
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tive of aspirin effect or with platelet counts below 100,000 were
excluded. A total of 344 patients suspected of having a platelet
dysfunction disorder had results for both assays over an 8-year
period. Patients were categorized by the results of EM analy-
sis as 6-SPD or within normal limits. Our laboratory has estab-
lished normal range dense 6-granule values utilizing well-vetted
control subjects who met the following criteria: screened by
extensive bleeding questionnaires, normal complete blood cell
counts, and normal platelet function analysis including platelet
aggregation assays, and assessed for an extracted ATP/ADP ra-
tio (< 2.0) via firefly luciferase assay [17, 18]. Our normal range
of DG/PL is 4 - 6 (4.60 = 0.31 DG/PL in our lab), consistent
with values established in the literature [9, 11, 19]. Our lowest
value for normal is 3.68 DG/PL, which is 3 standard errors of
the mean for our control subjects. Thus, patients placed into the
8-SPD group had < 3.68 DG/PL, and those categorized as nor-
mal had a mean of 3.68 DG/PL or greater.

Platelet aggregation studies

Platelet aggregation studies required blood collection in 3.2%
sodium citrate blue top tubes. Nine parts of whole blood were
added to one part of anticoagulant in these tubes. The total
blood draw was approximately 20 mL, divided into six vials
and gently mixed.

Subsequently, blood vials were centrifuged at 900 rpm
for 10 min at room temperature to obtain platelet rich plasma
(PRP). The PRP pipetted from the six tubes was placed into
a single tube and allowed to rest for 30 min; samples were
centrifuged again at 3,500 rpm for 10 min at room temperature
to concentrate the PRP and remove the platelet poor plasma
(PPP). A cell counter was utilized to determine the PRP cell
concentration and platelet number adjusted to 250,000 to
350,000 platelets/mL, using the PPP if the platelet count ex-
ceeded 350,000/mL.

A turbidimetric light transmittance aggregometer (Helena
AggRAM, Beaumont, TX) was utilized in this study; neither
a whole blood impedance aggregometer nor a lumiaggregom-
eter was available for use. For each agonist assay, 450 uL of
PRP was pipetted into cuvettes containing magnetic stir bars
and allowed to rest for 1 min. Subsequently, 50 uL of the fol-
lowing reagents was added to each cuvette: ADP (20, 5, and
2.5 uL), epinephrine (5 and 10 pL), collagen (10 pg/mL),
arachidonic acid (500 ug/mL), and ristocetin (1 and 0.5 mg/
mL) [6, 20]. Each spectrophotometric assay totaled 300 s with
the exception of epinephrine, which was measured for 600 s.
Samples generating abnormal test results were retested to en-
sure the accuracy of the results as well as confirm that reagents
and assays were functioning properly. Determining abnormal
results in our lab included the subjective assessment of LTA
instrument slope for each agonist with the percent aggregation
(generally less than 70%). There is no standardized cut off val-
ues for responses to reagents; anything less than 70% maximal
response was considered low except for our lowest concen-
tration ADP curve, which may show only a primary wave in
a normal subject. If there is disaggregation following initial
primary wave response to lowest concentration ADP, we also
considered this abnormal.
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Table 1. Patients With Delta Granule Storage Pool Deficiency and Normal Number of Dense Granules per Platelet

Females Males

Patients with delta granule storage pool deficiency

n=264 218 46

Normal aggregation 34.4% (75/218) 22% (10/46)

Abnormal aggregation 65.6% (143/218) 78% (36/46)

Age 37.0+18.9 33.5+24.7

Dense granules/platelet 2.47+0.70 2.31+0.83
Patients with a normal number of dense granules per platelet

n=280 62 18

Normal aggregation 50% (31/62) 39% (7/18)

Abnormal aggregation 50% (31/62) 61% (11/18)

Age 352+21.5 29.1+£26.3

Dense granules/platelet 4.88 £0.82 4.79 £ 0.65

EM

Peripheral blood was collected in acid citrate dextrose Vacu-
tainer® blood collection vials (yellow top ACD tubes, solution
A or B, Becton Dickinson, Franklin Lakes, NJ). PRP was ob-
tained by centrifugation at room temperature for 15 min at 200
g for preparation of platelet whole mounts [21, 22]. Twenty
uL of PRP was placed upon parlodion coated copper EM grids
and incubated for 10 min. Grids were then briefly washed
with deionized water for 2 - 3 sec, blotted gently with filter
paper, and air-dried. Preparations were assessed using a FEI
Tecnai G2 Spirit BioTwin transmission electron microscope
(Hillsboro, OR) at 80 kV. The mean number of DG/PL was
determined by enumeration of the total number of DGs from
100 consecutive PLs observed. Platelets partially obscured by
a grid bar or that exhibited preparation artifacts were excluded.

Statistics

Descriptive statistics were calculated using SigmaPlot 12.0
software (Systat Software, Inc., San Jose, CA, USA) to char-
acterize subject demographics. Linear regression was used to
determine potential relationships between platelet DGs or gen-
der as dependent variables with the different platelet function
agonists as continuous variables in our data. Both numerical
and indexed data were utilized. The software was also used to
produce graphs for the manuscript.

Results
Demographics

Of the 344 patients we identified for comparison of platelet ag-
gregation LTA and EM test results, 280 were females with an
average age of 36.5 £ 19.5, and 64 were males with an average
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age of 32.5 £ 26.2. 5-SPD was diagnosed in 264 (76.7%) pa-
tients: 218 females (average age = 37) and 46 males (average
age = 33.5) (Table 1). Thirty-two percent (85/264) of the sub-
jects with 8-SPD had normal LTA test results. Eighty patients
with unexplained bleeding had a normal number of platelet
DGs: 62 females (average age = 35) and 18 males (average age
=29) (Table 1). There were no significant differences between
females and males for PL DG numbers.

Platelet aggregation studies

Platelet aggregation results were abnormal in 65.6% (143/218)
of females with 6-SPD, whereas 78% of males diagnosed with
5-SPD demonstrated abnormal aggregation (Table 1). For
patients with a normal number of DGs, 50% (21/62) of the
women had an abnormal response to at least one agonist with
LTA, while 61% of the men had an abnormal response (Table
1). There were significant differences between PL. DG num-
ber and LTA agonist results. Figure 1 graphically demonstrates
aggregation results for all patients evaluated for unexplained
bleeding by both LTA and EM.

Discussion

The approach to diagnosing a suspected bleeding diathesis
includes a detailed review of clinical bleeding symptoms and
family history of bleeding, a bleeding assessment tool (BAT),
determination of platelet count and size, and examination of a
peripheral blood smear. Etiologies known to affect coagula-
tion need to be ruled out (i.e., aspirin, uremia, autoimmune
disorders, liver failure) [1, 23-25]. Standardized BATs, origi-
nally designed as a screening tool for vWD, are now utilized
in the evaluation of the patient with unexplained bleeding [26,
27]. The BAT has been refined by ISTH working groups and
is a valuable screening tool to determine the relative severity
of abnormal bleeding, but it is unable to discriminate specific
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Comparison of Aggregation Test Results of Patients

with Dense Granule Storage Pool Deficiency and Patients

with Bleeding but Normal Numbers of Platelet DGs

HE SPD Patients
@l Bleeding History but Normal DG #

Percertage
(response to agonists)

Nomal Abnomal

- E
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Aggregation Test Results

(n=344)

Figure 1. All patients presented with unexplained bleeding and were evaluated by both LTA and EM. This figure graphically
demonstrates more than 30% of subjects with dense granule SPD have normal LTA results. For subjects with SPD, the agonist
epinephrine was abnormal more often than for ADP as agonist. SPD: storage pool deficiency; LTA: luminescence transmission

aggregometry; EM: electron microscopy.

etiologies of unexplained bleeding [2]. The BAT has a poor
correlation to 3-SPD [28]. Well-defined algorithms have been
established to diagnose platelet dysfunction disorders [3, 6, 29,
30]. Even with the use of BATs and defined procedures to eval-
uate patients with bleeding diatheses, a laboratory diagnosis is
not always straightforward, not well standardized, and may be
prone to error [31-33].

Whole blood aggregometry (lumiaggregometry) to quan-
titate platelet secretion may have some advantages over LTA
including requiring less blood and reduced technical demands
[7]. However, this methodology has been reported to have
significant variability and limited value in diagnosing platelet
disorders [3, 8].

We did observe significant differences between PL DG
number and LTA agonist responses but not for differences of
gender. Although there were significantly more females in our
study than males, it must be emphasized that this retrospective
study was not a case-control study. We used data available to
us where both LTA and EM had been used during diagnostic
evaluation of patients with unexplained bleeding symptoms.
There are reports in the literature that women have higher LTA
aggregation responses to agonists than men, but this is likely
related to higher numbers of circulating platelets for women,
potentially related to hormone levels and platelet capacity to
prevent excessive bleeding during menstruation [34, 35]. In

our laboratory, we adjust the platelet count between 250,000
and 350,000/mL for standardization.

We did not observe significant differences for platelet DG
number between women and men in this study. In our experi-
ence as a reference lab for evaluation of platelet 5-SPD, a gener-
al observation is that an equal number of prepubescent females
and males have blood samples submitted for diagnosis. In the
adult population of blood samples referred to us, approximately
75% are women. One could speculate why we see such a differ-
ence of gender but this report was intended to compare results
obtained at our institution with previous reports in the literature
to address the hypothesis that LTA is not reliable for diagnosis
of platelet delta granule deficiency. We identified 32% of our
patients being evaluated for unexplained bleeding had platelet
8-SPD and normal LTA response to all agonists tested. This is
consistent with the reported literature and establishes the im-
portance of utilization of EM during diagnostic workup of pa-
tients with unexplained bleeding symptoms.

Patients presenting with mucocutaneous bleeding symp-
toms such as easy bruising, epistaxis, gum bleeding with teeth
brushing, significant post-surgical bleeding and for women,
heavy menstrual bleeding are all suggestive of platelet dys-
function. Once assessed for quantitative issues (low platelets
on complete blood cell count), screening tools including a
BAT and PFA-100 may be utilized to qualify the severity of
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symptoms. Considering vWD is the most common platelet
function disorder, the subsequent evaluation should include a
von Willebrand profile assessment including determination of
factor VIII, von Willebrand factor activity, and von Willebrand
factor antigen. However, utilization of a platelet aggregation
assay is essential to determine functional abnormalities. Whole
blood aggregometry methods (lumiaggregometry or imped-
ance aggregometry) have the advantages of requiring less sam-
ple and fewer steps but do not appear to be as reliable as LTA at
this time. Diagnosing the patient with unexplained bleeding is
unquestionably problematic as every laboratory test has exhib-
ited limitations. This report demonstrates a significant num-
ber of patients with unexplained bleeding and normal plate-
let function assays may have 8-SPD. LTA remains the gold
standard for assessment of unexplained bleeding related to
functional abnormalities. It is essential that EM be employed
in this workup, especially in patients with normal LTA results,
to correctly diagnose conditions such as 3-SPD.

Conclusion

Evaluation of the patient with unexplained bleeding symptoms
by LTA may result in false negative results for platelet dys-
function. Platelet whole mount EM assessment is an important
tool to utilize in the diagnosis of such patients, especially if
LTA results are normal for a patient presenting with significant
clinical symptoms suggestive of a platelet function disorder.
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