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1. INTRODUCTION  

Platelets are cells that are essential for 

maintaining hemostasis. They contain numerous 

substances that mediate both clotting and 
thrombolysis. These substances are stored 

principally in two types of organelles, alpha and 

delta (dense) granules (20). Storage pool 

deficiency (SPD) is a heterogeneous bleeding 
disorder related to a decreased number of these 

specific platelet organelles resulting in platelet 

dysfunction. Patients having SPD often present 
with a history of easy bruising, frequent 

epistaxis, and at times with positive family 

history (21).  

Delta granule platelet storage pool deficiency 

(δ-PSPD) is a form of bleeding disorder that 
results from decrease in the average number of 

delta granules in platelets. Both acquired and 

congenital forms of δ-PSPD have been 

described (1-4).  However; there is no uniform 
consensus on its clinical presentation, 

correlation with available platelet function 

studies and optimal management. 

Currently the diagnosis of δ-PSPD is made by 

Electron Microscopy and clinical symptoms (1). 
Both PFA and platelet agregometry were not 

found to be reliable tests to predict bleeding in 

patients with δ-PSPD (6,8) Recent case series on 

16 patients with δ-PSPD showed moderate 

abnormalities with variable profiles in platelet 

aggregation, while all the individuals had almost 
complete absence of adenosine triphosphate 

release. In this series mepacrine capture, CD63 

expression, and study of dense granules by 
electron microscopy enabled to distinguish 

different subtypes of δ-SPD with quantitative or 

qualitative defect (11). However there is lack of 
a standardized diagnostic algorithm and the 

literature so far is based mainly on case series of 

few patients at individual centers.  

2. OBJECTIVES 

 The objective of the study is to describe clinical 
characteristics of patients with delta granule 

platelet storage pool deficiency with respect to 
bleeding phenotype (site, severity), clotting 

phenotype (arterial or venous), treatment used, 

if any, and treatment outcome. In addition, 

pattern of platelet aggregation studies will be 
explored whenever available. 

3. DESIGN AND METHODS 

Retrospective record review was made from 

ATHN/CDC surveillance data base for patients 

diagnosed with δ-PSPD at the DMC from 2005-
2012. The ATHN data set is a surveillance data 

set with no identifiable patient information and 
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was already approved as exempt by the local 
Institutional Review Board. Patients with 

concomitant bleeding disorder were excluded. A 

total of 56 patients with average platelet dense 

granule count of <3.75, diagnosed with δ-PSPD 
were identified. Data on clinical presentation 

particularly bleeding phenotype (site and 

severity), history of arterial or venous 
thrombosis, treatment used (if any) and its 

effectiveness were collected. Descriptive 

statistics were made and associations were 
looked into whenever appropriate. 

4. LIGHT TRANSMISSION AGGREGOMETRY 

The protocol was adapted from a standard 

operating procedure of the Detroit Medical 
Center University Laboratories – Core 

Coagulation for clinical diagnostics.  ADP and 

Epinephrine (Helena Laboratories, Beaumont, 
TX) were used to induce platelet aggregation.  

Light transmission was measured on a 

BIO/DATA PAP-4 aggregometer (BIO/DATA, 

Horsham, PA) coupled with a Chrono-log 
Aggregometer Model 700 sample chamber.  

Light transmission was measured at a fixed 

wavelength in the infrared spectrum.       

5. SAMPLE PREPARATION  

Blood from patients who had not taken aspirin 

containing products for 10-14 days was 
collected in 3.2% sodium citrate buffer and 

maintained at room temperature and gently 

rocked for 6 minutes.  The blood was then spun 

at 100 x g for 10 minutes to produce platelet 
rich plasma (PRP) supernatant.  Approximately 

¾ of the PRP supernatant was collected and the 

remaining ¼ PRP supernatant and solids were 
spun again at 1400 x g for 20 minutes to 

produce platelet poor plasma (PPP) supernatant.  

The PRP and PPP were < 250x10
9
 and < 

10x10
9
platelets/L, respectively.   

6. ASSAY PROTOCOL   

Testing was performed at 37
o
C under stirred 

conditions in either plastic or siliconized glass 
cuvettes. 100% and 0% transmission were 

defined by the light transmitted through PPP and 

PRP, respectively.  Aggregation was measured 
by adding ADP or Epinephrine to PRP to a final 

concentration of 100 nM each. The % light 
transmission was then recorded for 7 minutes.  

Controls to test for spontaneous aggregation 

were run in parallel.  Each sample was run in 

triplicate.  

7. DATA ANALYSIS   

Data was collected as % transmission vs. time. 

All samples reached a stable % transmission/ 
time (slope = 0) within 7 minutes.  The final 

value reported, % maximal aggregation, was 

calculated as the amount of light transmitted 
through the sample at equilibrium relative to 

PPP, which was set at 100%. 

Light transmission aggregometry (LTA) results 

for ADP and Epinephrine were available for a 

subset of 18 patients on which exploratory 
analysis was made. LTA results for ADP and 

Epinephrine were interpreted using the 

following cut off points: hypo-responsiveness 

(decreased) for aggregation <39% and hyper-
responsiveness (increased) for aggregation 

>79%. Aggregation between 39%-79% was 

defined as normal. 

Statistical analyses were performed using SPSS 

v20 (IBM; Armonk, NY). 

δ-PSPD was diagnosed using electron 

microscopy as described by White J.G. and 
reported as the average number of dense 

granules per platelet after reviewing 100 

platelets(5).δ-PSPD was further classified as 
mild (PDG between 3-3.75), moderate (PDG 

between 2-2.99) and severe (PDG between 0-

1.99). Patients were usually evaluated because 
of personal history of bleeding or bruising. 

However, few patients were also seen because 

of family history of δ-PSPD.   

8. RESULTS 

A total of 56 patients with δ-PSPD were 

identified. Of these, 93% were females. 

Majority (64%) were Caucasians and 36% were 
African Americans. With respect to severity, 

majority (59%) had moderate δ-PSPD (PDG 2-

2.99) followed by 29% who had mild δ-PSPD 

(PDG 3-3.75) and the rest 12% had severe δ-
PSPD (PDG 0-1.99). [Table 1] 

Table1: Patient Characteristics and Demographics (N = 56) 

Characteristic Subcategory All patients n=56 

Age Under 50 31 (55%) 

 50 and Over 25 (45%) 

Sex Female 52 (93%) 

 Male 4 (7%) 

PDG Mild (3-3.75) 16 (29%) 

Moderate (2-2.99) 33 (59%) 
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Severe (0-1.99) 7 (12%) 

Any Bleeding Yes 54 (96%) 

No 2 (4%) 

Clinically significant bleeding (CSB)* Yes 35(63%) 

No 21(37%) 

History of venous thrombosis  14 (25%) 

History of arterial thrombosis  10 (18%) 

History of venous or arterial thrombosis  24 (43%) 

Median age = 47, range = 18-80; PDG = platelet dense granule. * CSB: bleeding that resulted in iron 

deficiency, required transfusion with packed red cells or required surgery.  

Almost all patients (96%) had some form of 

bleeding history which was the reason for their 
clinic visit. The other 4% came because of 

family history of bleeding disorder but without 

personal history of bleeding. [Table 1] 

Excluding those patients with incomplete 

information on the various types of bleeding and 
those with no previous surgical challenge, the 

commonest bleeding complaint was excessive 

bruising (94%), followed by menorrhagia 

(90%), gum bleeding (63), epistaxis (53%), 
post-operative hemorrhage (51%), dental 

procedures (47%) and post-partum hemorrhage 

(44%).   

Clinically significant bleeding (CSB), defined as 

bleeding that resulted in iron deficiency, 
required blood transfusion and/or surgical 

intervention, was reported in 63% of patients.  

There was no significant association between 

severity of platelet dense granulecount and 

bleeding phenotype. Although all patients in this 
study have normal VWF activity, there was no 

correlation between dense granule count and 

VWF activity levels (Fig 1). 

 

Fig1. Dot plot showing no correlation between VWF (Von Wilbrand’s Factor) activity and dense granule count

Interestingly enough, close to half (43%) of the 
patients with δ-PSPD had either venous 

thrombosis (Deep Venous Thrombosis or 

Pulmonary Embolism) [25%] or arterial 
thrombosis (Cerebro-Vascular Accident or 

Myocardial Infarction) [18%].  

On the 18 patients for which LTA data was 

available; 6, 7 and 5 had normal (39-79%), 

increased (>79%) and decreased (<39%) 
aggregometry for EPI respectively. Whereas 10, 

6 and 2 had normal, increased and decreased 

aggregometry for ADP respectively. There was 
no correlation between LTA findings (either 

Epinephrine or ADP) and platelet dense granule 

count (Figs. 2 and 3). 

 
Fig2. Dot plot showing no correlation between platelet aggregometry with EPI (Epinephrine) and dense 
granule count 
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Fig3. Dot plot showing no correlation between platelet aggregometry with ADP (adenosine di-phosphate) and 
dense granule count 

9. DISCUSSION 

The study showed significant female 

predominance (>90%) for δ-PSPD which was 

also reported on previous studies (11). This is 

probably due to menorrhagia in women leading 

to more evaluation and/or referral. However, the 

presence or absence of additional biologic 

explanation remains to be investigated. The fact 

that more than half (63%) of patients reported 

clinically significant bleeding suggests δ-PSPD 

is probably a more significant bleeding disorder 

that requires more attention.  Our study also 

showed a lack of association between LTA and 

platelet dense granule count as previously 

described (6, 7). Similarly, studies have shown 

that the platelet function assay (PFA 100) does 

not predict delta granule platelet storage pool 

deficiency (8). This is an area that warrants 

further research to identify a simple, reliable and 

reproducible platelet function test that better 

correlates with patients’ clinical phenotype.  

Secretion aggregometry, which measures the 

degree of ATP release from platelet dense 

granules was found to show considerable 

variability even among healthy subjects in one 

study(9). On the contrary, studies by Pai et.al 

and Selle et.al. suggested that ATP release 

assays are useful regardless of conventional 

platelet aggregation findings (10, 11). Another 

test that is advocated by several investigators is 

mepacrine based flow cytometry (2, 12-14). 

Gordon et.al. Described simple mepacrine based 

flow cytometry method for the detection of 

acquired and congenital δ-PSPD. Conventional 

aggregometry was normal in those patients and 

flow cytometry studies showed good correlation 

with electron microscopy findings (12). An 

interesting study recently published by Cai et. 

al. combined flow cytometric mepacrine 

uptake/release with CD 63 assay and was able to 

differentiate between delta granule storage (δ-

PSPD) and release disorders (15). Some authors 

have also described the use of 

thromboelastogram in the management of 

patients with δ-PSPD (16). Radioactive 

serotonin uptake and release assay is another 

test mainly used for research purposes but not 

clinical practice (17). Use of next generation 

sequencing to identify mutations in inherited 

platelet function defect was also explored in one 

study and showed tremendous heterogeneity/ 

genetic complexity (18). In summary mepacrine 

based flow cytometry appears to be attractive 

and relatively simple test that needs further 

standardization to be used as a one of diagnostic 

tools for δ-PSPD.    

Another observation of our study is the lack of 

correlation between severity of bleeding and 

severity of platelet dense granule deficiency. 

This is of particular concern as it will make 

treatment plan difficult, particularly for those 

patients who have no previous surgical 

challenge. Literature has suggested that delta 

granules may not be absolutely essential for 

platelet function based on the observation that 

some patients do not have bleeding despite 

absence of dense granules (19). This suggests 

that additional factors may contribute to a 

bleeding phenotype in patients with δ-PSPD and 

remains to be investigated. 

In contrast to what was expected, close to half 

(43%) of the patients with δ-PSPD were found 

to have venous or arterial thrombosis. This 
creates a diagnostic as well as management 

dilemma, as those patients are now in need of 
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anticoagulation or anti platelet agents, both of 
which are counterintuitive and possibly harmful 

in patients with a potential bleeding disorder. 

Unfortunately, our data was insufficient to find 

out if the arterial or venous thrombosis 
diagnosis preceded the diagnosis of δ-PSPD or 

vice versa. 

Currently there is no consensus on management 
of patients with δ-PSPD, particularly with 

respect to pre-surgical planning. Some centers 

use bleeding phenotype as a guide to gauge 
treatment which could vary from recommending 

platelet transfusion with or without anti-

fibrinolytics, DDAVP, or even no intervention. 

This lack of uniformity in treating δ-PSPD 
shows the need for more research in the hope of 

getting more understanding that will help 

develop consensus guideline. Evidence based 
practice will help avoid unnecessary exposure to 

platelets, unnecessary cost to the health care 

system as well as dangers of excessive bleeding 

in patients with δ-PSPD who may need to be pre 
treated. 
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