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Editorial 

With this fourth issue of The Clotting Times we have reached the end of 2011. In this issue we would 

like to start with a Focus Article that gives an overview and update on platelet function testing. A 

number of published guidelines are now available to guide practices, including test interpretation. 

 

Since 2011 the ECAT Foundation has been running a programme for external quality control for moni-

toring both UFH and LMWH and we give you a summary of the results obtained so far.  

 

Some clinical conditions are rare and therefore not always easy to diagnose.  We thank Dr Katrien 

Devreeze from the University Hospital of Gent, Belgium, for providing a case report on a patient with 

acquired Glanzmann thrombasthenia .  Her article provides more insight into the symptoms, diagno-

sis, and treatment. 

 

In the rubric entitled “Literature Reviews” we would like to highlight the publication of Interference of 

rivaroxaban on one-stage and chromogenic factor VIII:C assays (V. Tichelaar et al. Thromb Haemost 

2011; 106: 990 – 992).  

 

The editorial board wishes you a healthy 2012 and hopes you will profit from reading this newsletter. 

 

Yours sincerely, 

Petra ter Hark 

C.P.M. Hayward MD PhD, K.A. Moffat BEd 

CSMLS(D) 

McMaster University, Hamilton, Ontario,  

Canada 

Summary 

Many laboratories assess platelet function to 

help diagnose common and rare bleeding disor-

ders. Tests that are validated to have important 

diagnostic usefulness for detecting bleeding dis-

orders that are due to impaired platelet function 

include: aggregation assays, tests for dense gran-

ule deficiency and dense granule release defects, 

in addition to assays for less common disorders 

(e.g. genetic testing for selected conditions). 

Platelet function is commonly evaluated by 

testing aggregation responses to agonists by light 

Focus Article:  

Update on Platelet Aggregation Testing 

transmittance aggregometry (LTA), using platelet

-rich plasma (PRP),) or whole blood (impedance) 

methods. An evaluation of dense granule release 

by lumi-aggregometry assays with platelet-rich 

plasma (PRP) or whole blood improves the detec-

tion and subclassification of platelet function 

disorders. The interpretation of platelet function 

tests requires careful consideration of the 

pattern of abnormal responses, including poten-

tial false positives and false negatives findings.  

A number of published guidelines are now availa-

ble to guide practices, including test interpreta-

tion. This article provides an overview and up-

date on platelet function testing, with an empha-

sis on issues relevant to testing for diagnostic 

purposes. 

http://www.ECAT.nl
mailto:info@ecat.nl
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What does platelet aggregometry measure? 

Platelet aggregation assesses the ability of 

platelets to interact with each other after adding 

an activating agonist or ristocetin, while stirring 

the sample at low shear. Under low shear condi-

tions, platelet-platelet interactions induced by 

activating agonists are mediated by binding inter-

actions between the -chain of fibrinogen in plas-

ma (or that is released from platelets) and the 

integrin receptor  IIb  3 on adjacent platelets 

[1,2]. When the test is done with ristocetin, the 

ristocetin induces von Willebrand factor (VWF) 

binding to the platelet receptor glycoprotein Ib-

IX-V [3,4] which is followed by platelet activation 

and then aggregation, mediated by  IIb  3 

[5,6]. With collagen, platelets first adhere to and 

are activated by the collagen fibrils, which re-

quires the platelet integrin  2  1 and glycopro-

tein VI, the platelet receptor important for colla-

gen signaling. This leads to platelet shape 

change, which, as recorded on the aggregome-

ter, an initial reduction in light transmittance that 

is followed by rapid aggregation. When platelets 

are aggregated by collagen and other strong ago-

nists, dense granule secretion occurs independ-

ent of, but at the same time as, platelet aggrega-

tion [7].  

Clinical aggregation tests are usually done 

with samples collected into sodium citrate anti-

coagulant, which reduces the extracellular ion-

ized calcium concentration and increases aggre-

gation responses to weak agonists, such as aden-

osine diphosphate (ADP) and epinephrine, which 

do not trigger dense granule secretion without 

aggregation [8,11]. Alternative anticoagulants 

have been explored to allow testing beyond the 

usual 3-4 hour limit for aggregation and release 

studies [12-15] but there is a need to determine 

if these are acceptable for bleeding disorder as-

sessments. 

With epinephrine, aggregation typically oc-

curs in two phases: an initial or first wave of lim-

ited aggregation that is followed by faster, more 

extensive aggregation. Thromboxane generation, 

and the release of platelet dense granule ADP, 

provides positive feedback, increasing secondary 

aggregation with epinephrine, and other weak 

agonists, including low concentrations of colla-

gen [8,10,16-18]. Accordingly, secondary aggre-

gation responses to epinephrine and other weak 

agonists can be absent or reduced from drug 

effects (e.g. non-steroidal anti-inflammatory 

drugs including aspirin, alone or in combination 

with clopidogrel) or with severe dense granule 

deficiency [17-19].  

A recent study of native and platelet count-

adjusted samples illustrated that absent second-

ary aggregation can be considered a normal find-

ing for platelet count-adjusted, sodium-citrated 

PRP but not for native PRP [20]. Deaggregation 

can be a normal finding for platelet count-

adjusted PRP in tests using low concentrations of 

some agonists (e.g. 2.5  M ADP) whereas deag-

gregation with many agonists is an abnormality 

that often accompanies reduced maximal aggre-

gation. 

Many agonists used for aggregation testing 

(e.g. ADP, epinephrine, the thromboxane A2 ana-

logue U46619, and collagen) activate platelets by 

binding to an external platelet membrane recep-

tor, leading to activation signals. An exception is 

arachidonic acid which is a substrate that the 

platelet enzymes cyclooxygenase 1 (COX 1) and 

thromboxane synthase must convert to throm-

boxane A2 before it can trigger platelet activation 

by binding to thromboxane receptors. As a re-

sult, aspirin and other non-steroidal anti-

inflammatory drugs (NSAIDs) that block COX 1 

impair aggregation responses to arachidonic ac-

id, as do congenital defects in COX 1 or throm-

boxane synthase. The North American guidelines 

on LTA recommend comparing aggregation re-

sponses to arachidonic acid to those with throm-

boxane A2 analogue U46619 to distinguish an 

aspirin-like defect from other platelet disorders 

[21], such as congenital thromboxane receptor 

defects (which impair aggregation responses to 

both arachidonic acid and thromboxane ana-

logue U46619 [22]) and other platelet secretion 

defects [23]. 

Striking reductions in responses to ADP occur 

with P2Y12 inhibitors such as clopidogrel, alone or 

in combination with aspirin. However, the most 

profound aggregation defects are seen in con-

genital and acquired Glanzmann thrombasthenia, 
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which cause either absent or markedly impaired 

aggregation with all agonists except ristocetin, 

due to the deficiency or dysfunction of  IIb  3. 

Ristocetin-induced platelet aggregation (RIPA) is 

performed with low and high concentrations of 

ristocetin in order to assess gain-of-function, and 

loss-of-function, defects in VWF and its receptor, 

glycoprotein Ib-IX-V. The low concentration usu-

ally causes minimal platelet agglutination unless 

the person has type 2B or platelet-type von Wil-

lebrand disease (VWD). The high concentration 

of ristocetin triggers rapid agglutination of nor-

mal platelets, followed by platelet activation and 

aggregation mediated by  IIb  3 [24,25]. Ac-

cordingly, RIPA can be delayed or reduced with 

loss of function defects from VWF deficiency or 

dysfunction [24], defects in glycoprotein Ib-IX-V, 

or when the aggregation phase is impaired by a 

platelet function disorder (e.g. Glanzmann 

thrombasthenia, an aspirin-like defect, a secre-

tion defect, etc.). 

Proper reporting of aggregation findings re-

quires a qualitative review of the aggregation 

tracing and a quantitative analysis of the maxi-

mal aggregation (MA) responses to the tested 

agonists [21,26]. Additional parameters that can 

be assessed include: shape change [27]; the final 

aggregation at the end of the test; the amount of 

deaggregation (i.e. maximal minus final aggrega-

tion); the slope of the aggregation response; and 

the area under the aggregation curve [28]. 

The principle and uses of whole blood aggre-

gation (WBA) have recently been reviewed [29]. 

In WBA assays, samples were tested after a 1:1 

dilution in physiological saline, and uses changes 

in electrical impedance (measured in Ohms) to 

detect aggregation; specifically, the impedance is 

modified when platelets attach to the monolayer 

of platelets that first deposited on the test elec-

trode during the procedure of setting the test 

baseline measurement [12,29,30]. For WBA, 

evaluated on lumi-aggregometers, the manufac-

turer recommends simultaneously measuring 

ATP release with aggregation for all agonists ex-

cept ristocetin. 

While there is a need for prospective studies 

comparing WBA and LTA findings, WBA and PRP 

aggregation findings are known to be different 

with some agonists [26,31,32]. Furthermore, the 

recommended concentrations of some agonists 

for WBA is different from LTA and epinephrine is 

recommended for PRP but not for WBA as no 

detectable response can be a normal finding in 

WBA [21,26,29]. WBA responses are influenced 

by the numbers of platelets, and leukocytes, in 

the sample [33] whereas the aggregation re-

sponses obtained using native PRP samples 

(which contain minimal leukocytes) have no or 

minimal correlation with the sample platelet 

count [20]. 

Recent practice surveys indicate that PRP 

aggregation tests are performed more commonly 

than WBA and that aggregation tests need to be 

improved through greater procedural control, 

including the use of standardized agonist panels, 

validated reference intervals and testing healthy 

control volunteer samples for quality monitoring 

[28,34-36]. The North American guidelines are 

unique as these guidelines include suggestions 

on how laboratories should interpret platelet 

aggregation test findings [21], as shown in Table 

1 of this article. The British guidelines provide a 

listing of potential interfering drugs that may be 

useful when considering test findings [37]. 

LTA can be evaluated using native PRP 

(without platelet count adjustment) or PRP that 

is first adjusted to a standardized platelet count 

by adding autologous platelet-poor plasma (PPP) 

[26]. Both sample types have been      validated 

for aggregation assays for bleeding     disorder 

evaluations [20,23].  

Laboratories should be aware of the recom-

mended agonists and agonist concentrations for 

the two methods, which are summarized in Table 

2. Laboratories should also be aware that the 

responses to some weak agonists (e.g. ADP and 

epinephrine) are different for native and platelet 

count-adjusted samples [20,38-41]. 

Laboratories should never refuse to test low 

platelet count samples as there is no accepted 

lower limit of PRP platelet counts for aggregation 

testing and the testing is needed to diagnose 

some thrombocytopenic disorders with aggrega-

tion defects (e.g. Bernard-Soulier syndrome, type 

2B VWD) [42].  
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What do assays of platelet dense granule  

release measure? 

Dense granule release assays can be per-

formed using PRP and whole blood. These as-

says help to detect some platelet function dis-

orders with normal aggregation findings as well 

and providing information to subclassify defects 

in platelet function (e.g. to diagnose a platelet 

secretion disorder). Platelet dense granule   

release assays can be monitored as a stand-

Table 1. Agonists for platelet aggregation studies, based on recent guide-

lines [21,26,37]. All concentrations shown are final, in PRP or whole blood. 

alone test, or as part of WBA or LTA assays 

[8,29,43-45]. 

The most commonly used method for as-

sessing platelet-dense granule release is a bio-

luminescent assay, performed on a lumi-

aggregometer. This assay uses D-luciferin and 

firefly luciferase to measure ATP released by 

activated platelets, usually simultaneously with 

aggregation [28,29,34,45,46]. The principle is as 

follows: 

Agonist and recommended sin-

gle/multiple concentrations for 

testing 

Aggregation method 

Light transmission aggregome-

try with PRP 

Impedance aggregometry 

using whole blood 

ADP 

Test higher concentration(s) if  

abnormal with the lower concen-

tration [21,26,37] 

0.5-10 M, ~5 M to start [26] 

2.0-10 M [21] 

2.5 M [37] 

5-20 M [26] 

Epinephrine 

Test with a single concentration as 

testing much higher concentra-

tions is generally not helpful [37] 

0.5-10 M, ~5 M to start [26] 

5-10 M [21] 

5 M [37] 

Not recommended be-

cause some normal sub-

jects have no response in 

whole blood [26] 

Collagen 

(type 1 fibrillary or Horm collagen) 

Test higher concentration(s) if ab-

normal with the lower concentra-

tion [21,26] 

1-5 g/mL, ~2 g/mL to start [26] 

Concentration that detects ab-

nor- malities from NSAID [21] 

1.25 µg/mL [37] 

1-5 g/mL [26] 

Arachidonic acid 

Test at a single concentration 

[21,26] 

0.5-1.6 mM [26] 

0.5-1.64 mM [21] 

1 mM [37] 

0.5-1.0 mM [26] 

Thromboxane analogue U46619 

Test at a single concentration [21] 

1-2 M [26] 

1 M [21] 

1 M (extended panel only) [37] 

Not provided 

Ristocetin 

Low dose 

  

  

  

High dose 

  

≤ 0.6 mg/mL [26] 

0.5-0.6 mg/mL [21] 

0.5-0.7 mg/mL [37] 
  

0.8-1.5 mg/mL [26] 

1.2-1.5 mg/mL [21] 

mg/mL [37] 

  

0.25 mg/mL [26] 

  

  

  

1.0 mg/mL [26] 
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Aggregation Findings Potential Causes 

Aggregation absent or markedly reduced 
with arachidonic acid but normal with throm-
boxane A2 analogue U46619. Aggregation 
also reduced with lower concentrations of 
collagen and absent secondary aggregation 
with epinephrine. 

These abnormalities are typical of aspirin-like defects, 
which can be caused by drugs that inhibit cyclooxy-
genase 1 and, less commonly, by inherited defects in 
thromboxane generation. 

Aggregation is present with only ristocetin 
(or is markedly impaired with all agonists 
except ristocetin). Platelet count and size 
may be normal or there may be an associat-
ed macrothrombocytopenia. 

This type of abnormality suggests possible Glanzmann 
thrombasthenia, due to inherited or acquired defects 
in integrin IIb Gain-of-function defects in this re-
ceptor should be considered if macrothrombocytope-
nia is present. 

Aggregation absent with high concentrations 
of ristocetin and there is thrombocytopenia 
and also very large platelets. 

Possible Bernard-Soulier syndrome, which can be 
caused by inherited or acquired abnormalities (e.g. 
from autoantibodies) in glycoprotein Ib-IX-V. von Wil-
lebrand disease should be excluded. 

Aggregation is present but reduced with high 
concentrations of ristocetin, without an asso-
ciated thrombocytopenia. 

Possible von Willebrand disease or a defect in the 
glycoprotein Ib-IX-V. Ristocetin-induced platelet ag-
gregation abnormalities usually reflect a significant 
deficiency or dysfunction of von Willebrand factor. 

Aggregation is abnormally increased with low 
concentrations of ristocetin. Thrombocytope-
nia and platelet clumping may be present. 

The findings suggest a gain-of-function defect in plate-
let-von Willebrand factor interactions, possibly due to 
type 2B or platelet-type von Willebrand disease. A 
false positive should be considered if there is border-
line increased aggregation. The findings of the von 
Willebrand disease screen, including multimers, 
should be reviewed. 

Aggregation is abnormal with multiple ago-
nists and is markedly reduced with ADP, with 
significant deaggregation. 

These abnormalities suggest a possible defect in the 
platelet ADP receptor P2Y12, which can be inherited or 
drug-induced (e.g., from clopidogrel or prasugrel). The 
drug history should be reviewed. 

Aggregation tests show abnormalities with 
two or more agonists that differ from the 
abnormalities described above. 

These types of findings are common and suggest a 
platelet function disorder is present. Often these types 
of abnormalities are associated with defects in dense 
granule secretion and, less commonly, dense granule 
deficiency. 

Abnormalities with only one agonist 
(excluding collagen or ristocetin). 

Non-diagnostic findings that could represent a false 
positive. If the abnormality is seen only with epineph-
rine, the possibility of Quebec platelet disorder should 
be considered, particularly if there is a history of de-
layed bleeding. 

Aggregation is normal with all agonists but is 
markedly reduced with collagen, tested at 
low and high concentrations. 

A platelet collagen receptor defect, involving glycopro-

tein VI or 21, should be considered. 

Normal aggregation findings There are some platelet function disorders that do not 
impair aggregation findings (e.g. mild dense granule 
deficiency and some dense granule release defects, 
Scott syndrome). 
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1) Platelet activation by an agonist stimulates 

the signaling pathways that trigger the re-

lease of dense granule ATP 

2) ATP combines with the added D-luciferin, in 

the presence of luciferase, to generate inor-

ganic pyrophosphate and luciferyl adenylate 

3) Luciferyl adenylate combines with oxygen to 

generate the final reaction products: adeno-

sine monophosphate, oxyluciferin plus light 

4) The light emitted is quantified, using an ATP 

standard to calibrate each sample 

Alternative methods use biochemical or radi-

oactive methods to assess serotonin release as 

the endpoint (serotonin is a normal dense gran-

ule constituent). The radioactive method re-

quires a pre-incubation of PRP, with radioactive 

serotonin to allow for uptake, before quantifying 

how much radioactive serotonin is released from 

platelets into the plasma following agonist stimu-

lation [44,47]. 

Dense granule release is typically assessed 

with a panel of agonists such as thrombin, colla-

gen, epinephrine, arachidonic acid and throm-

boxane analogue U46619 [48]. With strong ago-

nists (e.g. collagen or thrombin), secretion occurs 

at the same time as aggregation whereas release 

is delayed until aggregation occurs with weak 

agonists (e.g. ADP, epinephrine) [8]. 

For diagnosing platelet disorders, the ago-

nists that detect many common platelet function 

defects include: 6 M epinephrine, 1 M throm-

boxane analogue U46619 and 5 g/mL Horm 

collagen [48]. Thrombin and collagen are useful 

because absent or reduced release with these 

agonists can be a clue to a deficiency of platelet 

dense granule contents. Repeat testing should 

always be considered to confirm abnormalities as 

dense granule release endpoints show variability 

[20,44,46,48]. Release assays should be consid-

ered as an adjunct, and not a replacement for 

aggregation tests as some platelet function disor-

ders impair aggregation but not dense granule 

release and others impair release but not aggre-

gation [48]. 

Laboratories that assess ATP release and aggre-

gation simultaneously should be aware that the 

commercial D-luciferin/luciferase reagent con-

tains magnesium that can potentiate sub-

maximal PRP aggregation responses of sodium 

citrate-anticoagulated samples, which can in-

crease the measured aggregation [49,50].  

General practice points for the laboratory as-

sessment of platelet function 

Most coagulation parameters, including 

platelet aggregation and release data, do not 

show a symmetrical, bell-shaped distribution 

[42,48]. Accordingly, non-parametric statistical 

methods are preferred to estimate the reference 

interval for maximal aggregation and ATP re-

lease, using a minimum of 40 unique donor sam-

ples [21,42,48,51]. Reference intervals must be 

established for each laboratory’s procedure, in-

strument and reagent combination in order to 

report the quantitative data on platelet function 

[21,26]. As the maximal aggregation responses to 

some agonists are different for platelet count-

adjusted and native PRP, reference intervals 

need to be sample type-specific [20]. Samples 

from healthy subjects, who are not taking drugs 

that inhibit platelet function, should be tested in 

order to establish the reference intervals [52]. 

For children older than neonates, it is acceptable 

to use adult reference intervals for platelet func-

tion tests [21,53]. 

There are uncertainties about the limits of 

acceptable platelet counts for LTA and WBA as-

says. For WBA, samples with low platelet counts 

show reduced responses [33,52,54-56]. The PRP 

platelet count shows little relationship to maxi-

mal aggregation in samples with normal platelet 

counts [20,33,38,39,41,42,52].      When native 

PRP contains <200-250 x 109 platelets/L, the sam-

ple platelet count does influence findings, which 

have led some to recommend using data from 

diluted healthy control sample as the reference 

for low platelet count samples [42].  

Aggregation and dense granule release tests 

show some within- and between-subject variabil-

ity that is greater for platelet release than aggre-

gation endpoints and affects reference intervals 

[20,44,48]. While most repeat aggregation tests 

confirm original findings [44], repeat testing is 

often important to confirm findings and exclude 

the possibility of a false positive finding, which 



     Page 7 

 

 

                    

     The Clotting Times 

could be the result of a pre-examination or ana-

lytical artifact [21]. 

North American guidelines [21] recommend 

reporting platelet aggregation results with:  

1) An overall interpretative comment,  

2) Information on the agonists, and concentra-

tions, tested  

3) Information recorded on the maximal aggre-

gation with each agonist 

4) Reference intervals for the quantitative data 

(specific for the type of sample and proce-

dure performed) 

The maximal aggregation responses of native 

and platelet count-adjusted PRP are considerably 

different with some weak agonists, particularly 

with epinephrine and ADP [20,38-41]. While na-

tive PRP shows less variability than platelet count

-adjusted PRP with weak agonists, platelet count-

adjusted samples show less variable responses to 

ristocetin than native PRP [20]. Testing aggrega-

tion with native PRP is not inferior but also not 

superior to testing platelet count-adjusted PRP, 

although the adjusted PRP samples provide more 

sensitive detection of some abnormalities with 

weak agonists, such as epinephrine [20]. 

When reporting results of platelet function 

tests, it is important to consider that impaired 

aggregation, or release, with multiple agonists is 

more predictive than a single agonist abnormali-

ty [20,23,48]. The recommendations on how to 

report findings, described in the North American 

consensus guidelines [21], is helpful when con-

sidering the potential causes of abnormal aggre-

gation findings when preparing a report. Many 

laboratories have difficulty with common abnor-

malities (e.g. single agonist abnormalities that 

could represent a false positive; distinguishing 

secretion defects from other abnormalities, such 

as aspirin-like defects). Other common errors are 

caused by being more specific than appropriate 

(e.g. suggesting reduced aggregation with 

ristocetin is due to von Willebrand disease when 

a defect in glycoprotein Ib-IX-V is also possible). 

For thrombocytopenic samples, it is a good strat-

egy to first determine if there are abnormalities 

with ristocetin suggestive of either Bernard-

Soulier Syndrome [57], type 2B VWD [58] or 

platelet-type VWD [25]. When there is absent or 

markedly impaired aggregation with all agonists 

except ristocetin, with or without thrombocyto-

penia, Glanzmann thrombasthenia should be 

considered as a potential cause (as some variants 

have thrombocytopenia [59]). If there is throm-

bocytopenia and the findings are abnormal with 

multiple agonists but not all agonists, many 

different conditions, including acquired defects 

and inherited platelet disorders should be con-

sidered. 

For nonthrombocytopenic subjects, the ag-

gregation findings should be evaluated first for 

“hallmark patterns” such as: 

1) An aspirin-like defect (inherited or acquired): 

markedly reduced aggregation with arachi-

donic acid but normal aggregation with a 

thromboxane analogue, along with absent 

secondary responses to epinephrine and re-

duced aggregation with low concentrations of 

collagen. 

2) Glanzmann thrombasthenia (inherited or 

acquired): aggregation is absent or markedly 

reduced with all agonists except ristocetin. 

3) vWD or Bernard-Soulier Syndrome: aggrega-

tion is only abnormal with ristocetin. 

4) A P2Y12 defect (inherited or acquired): aggre-

gation is markedly reduced and shows signifi-

cant deaggregation with ADP, with additional 

abnormalities with agonists that are sensitive 

to ADP feedback [16,60,61].  

5) A thromboxane receptor defect: reduced 

aggregation with thromboxane analogue and 

arachidonic acid. 

However, the most common finding is an 

abnormality that differs from the above patterns, 

which is caused by either a platelet secretion 

defect or dense granule deficiency [17-19,21,62-

65]. Sometimes, the aggregation  findings are 

non-diagnostic (e.g. absent secondary aggrega-

tion with epinephrine and/or an aggregation ab-

normality with only one agonist), even when 

there is a definite platelet disorder (normal    

aggregation in a subject with definite impaired 

dense granule release or dense granule deficien-

cy).  



     Page 8 

 

 

                    

     The Clotting Times 

References  

1. Ni H, Freedman J. Platelets in hemostasis and thrombosis: role of integrins and their ligands. Transfus Apher Sci 2003 June;28(3):257-64. 

2. Holmback K, Danton MJ, Suh TT, Daugherty CC, Degen JL. Impaired platelet aggregation and sustained bleeding in mice lacking the fibrinogen 

motif bound by integrin alpha IIb beta 3. EMBO J 1996 November 1;15(21):5760-71. 

3. Dowling SV, Muntz RH, D'Souza S, Ekert H. Ristocetin in the diagnosis of von willebrand's disease: a comparison of rate and percent of aggrega-

tion with levels of the plasma factor(s) necessary for ristocetin aggregation. Thromb Diath Haemorrh 1975 November 15;34(2):465-74. 

4. Sarji KE, Stratton RD, Wagner RH, Brinkhous KM. Nature of von Willebrand factor: a new assay and a specific inhibitor. Proc Natl Acad Sci U S A 

1974 August;71(8):2937-41. 

5. Kao KJ, Pizzo SV, McKee PA. Platelet receptors for human Factor VIII/von Willebrand protein: functional correlation of receptor occupancy and 

ristocetin-induced platelet aggregation. Proc Natl Acad Sci U S A 1979 October;76(10):5317-20. 

6. Cohen I, Glaser T, Seligsohn U. Effects of ADP and ATP on bovine fibrinogen- and ristocetin-induced platelet aggregation in Glanzmann's throm-

basthenia. Br J Haematol 1975 November;31(3):343-7. 

7. Weiss HJ. Platelet aggregation, adhesion and adenosine diphosphate release in thrombopathia (platelet factor 3 deficiency). A comparison with 

Glanzmann's thrombasthenia and von Willebrand's disease. Am J Med 1967 October;43(4):570-8. 

8. Cattaneo M. Light transmission aggregometry and ATP release for the diagnostic assessment of platelet function. Semin Thromb Hemost 2009 

March;35(2):158-67. 

9. Packham MA, Bryant NL, Guccione MA, Kinlough-Rathbone RL, Mustard JF. Effect of the concentration of Ca2+ in the suspending medium on the 

responses of human and rabbit platelets to aggregating agents. Thromb Haemost 1989 November 24;62(3):968-76. 

10. Mustard JF, Perry DW, Kinlough-Rathbone RL, Packham MA. Factors responsible for ADP-induced release reaction of human platelets. Am J 

Physiol 1975 June;228(6):1757-65. 

11. Lages B, Weiss HJ. Dependence of human platelet functional responses on divalent cations: aggregation and secretion in heparin- and hirudin-

anticoagulated platelet-rich plasma and the effects of chelating agents. Thromb Haemost 1981 April 30;45(2):173-9. 

12. Tauer JT, Lohse J, Konig S, Knofler R. Investigations of Platelet Function in Whole Blood with BAPA as Anticoagulant. Transfus Med Hemother 

2010;37(5):284-8. 

13. Hellstern P, Sturzebecher U, Wuchold B, Haubelt H, Seyfert UT, Bauer M, Vogt A, Sturzebecher J. Preservation of in vitro function of platelets 

stored in the presence of a synthetic dual inhibitor of factor Xa and thrombin. J Thromb Haemost 2007 October;5(10):2119-26. 

14. Haubelt H, Vogt A, Hellstern P. Preservation of platelet aggregation and dense granule secretion during extended storage of blood samples in 

the presence of a synthetic dual inhibitor of factor Xa and thrombin. Platelets 2008 November;19(7):496-501. 

15. Kaiser AF, Endres HG, Mugge A, Neubauer H. BAPA, a synthetic dual inhibitor of Factor Xa and Thrombin, extends the storage-time to a maxi-

mum of 12 hours in ADP- and 24 hours in arachidonic acid-induced impedance aggregometry. Scand J Clin Lab Invest 2011 May;71(3):253-6. 

16. Jarvis GE, Atkinson BT, Snell DC, Watson SP. Distinct roles of GPVI and integrin alpha(2)beta(1) in platelet shape change and aggregation induced 

by different collagens. Br J Pharmacol 2002 September;137(1):107-17. 

17. Lages B, Weiss HJ. Biphasic aggregation responses to ADP and epinephrine in some storage pool deficient platelets: relationship to the role of 

endogenous ADP in platelet aggregation and secretion. Thromb Haemost 1980 June 18;43(2):147-53. 

18. Weiss HJ. Abnormalities in platelet function due to defects in the release reaction. Ann N Y Acad Sci 1972 October 27;201:161-73. 

19. Weiss HJ, Lages B. The response of platelets to epinephrine in storage pool deficiency--evidence pertaining to the role of adenosine diphosphate 

in mediating primary and secondary aggregation. Blood 1988 November;72(5):1717-25. 

20. Castilloux JF, Moffat KA, Liu Y, Seecharan J, Pai M, Hayward CP. A prospective cohort study of light transmission platelet aggregometry for bleed-

ing disorders: Is testing native platelet-rich plasma non-inferior to testing platelet count adjusted samples? Thromb Haemost 2011 September 

27;106(4):675-82. 

21. Hayward CP, Moffat KA, Raby A, Israels S, Plumhoff E, Flynn G, Zehnder JL. Development of North American consensus guidelines for medical 

laboratories that perform and interpret platelet function testing using light transmission aggregometry. Am J Clin Pathol 2010 December;134

(6):955-63. 

22. Mumford AD, Dawood BB, Daly ME, Murden SL, Williams MD, Protty MB, Spalton JC, Wheatley M, Mundell SJ, Watson SP. A novel thromboxane 

A2 receptor D304N variant that abrogates ligand binding in a patient with a bleeding diathesis. Blood 2010 January 14;115(2):363-9. 

23. Hayward CP, Pai M, Liu Y, Moffat KA, Seecharan J, Webert KE, Cook RJ, Heddle NM. Diagnostic utility of light transmission platelet aggregometry: 

results from a prospective study of individuals referred for bleeding disorder assessments. J Thromb Haemost 2009 April;7(4):676-84. 

24. Favaloro EJ. Laboratory identification of von Willebrand disease: technical and scientific perspectives. Semin Thromb Hemost 2006 July;32

(5):456-71. 

25. Othman M. Platelet-type Von Willebrand disease: three decades in the life of a rare bleeding disorder. Blood Rev 2011 July;25(4):147-53. 

26. Christie DJ, Avari T, Carrington LR, Cohen E, DeBiase BA, Harrison P, Kickler TS, Kottke-Marchant K, Ledford-Kraemer M, Rand ML, Schmaier AH, 

McCabe White M. Clinical and Laboratory Standards Institute (CLSI). Platelet function testing by aggregometry; approved guideline. CLSI docu-

ment H58-A (ISBN 1-56238-683-2). Clinical and Laboratory Standards Institute, Wayne, PA, USA 2008;28(31):1-45. Available at: URL: 

www.clsi.org. 

27. Caen JP, Michel H. Platelet shape change and aggregation. Nature 1972 November 17;240(5377):148-9. 

28. Cattaneo M, Hayward CP, Moffat KA, Pugliano MT, Liu Y, Michelson AD. Results of a worldwide survey on the assessment of platelet function by 

light transmission aggregometry: a report from the platelet physiology subcommittee of the SSC of the ISTH. J Thromb Haemost 2009 June;7

(6):1029. 

29. McGlasson DL, Fritsma GA. Whole blood platelet aggregometry and platelet function testing. Semin Thromb Hemost 2009 March;35(2):168-80. 

30. Cardinal DC, Flower RJ. The electronic aggregometer: a novel device for assessing platelet behavior in blood. J Pharmacol Methods 1980 Febru-

ary;3(2):135-58. 

31. Joseph R, Welch KM, D'Andrea G, Levine SR. Epinephrine does not induce platelet aggregation in citrated whole blood. Thromb Res 1987 March 

15;45(6):871-2. 

32. Swart SS, Pearson D, Wood JK, Barnett DB. Effects of adrenaline and alpha adrenergic antagonists on platelet aggregation in whole blood: evalu-

ation of electrical impedance aggregometry. Thromb Res 1984 December 1;36(5):411-8. 



     Page 9 

 

 

                    

     The Clotting Times 

33. Robier C, Neubauer M, Sternad H, Quehenberger F, Rainer F, Neumeister P. Evaluation of platelet function and pharmacological platelet inhibi-

tion in patients with myeloproliferative disorders using multiple electrode aggregometry. Thromb Res 2010 September;126(3):232-7. 

34. Moffat KA, Ledford-Kraemer MR, Nichols WL, Hayward CP. Variability in clinical laboratory practice in testing for disorders of platelet function: 

results of two surveys of the North American Specialized Coagulation Laboratory Association. Thromb Haemost 2005 March;93(3):549-53. 

35. Duncan EM, Bonar R, Rodgers SE, Favaloro EJ, Marsden K. Methodology and outcomes of platelet aggregation testing in Australia, New Zealand 

and the Asia-Pacific region: results of a survey from the Royal College of Pathologists of Australasia Haematology Quality Assurance Program. Int 

J Lab Hematol 2008 March 21. 

36. Jennings I, Woods TA, Kitchen S, Walker ID. Platelet function testing: practice among UK National External Quality Assessment Scheme for Blood 

Coagulation participants, 2006. J Clin Pathol 2008 August;61(8):950-4. 

37. Harrison P, Mackie I, Mumford A, Briggs C, Liesner R, Winter M, Machin S. Guidelines for the laboratory investigation of heritable disorders of 

platelet function. Br J Haematol 2011 October;155(1):30-44. 

38. Mani H, Luxembourg B, Klaffling C, Erbe M, Lindhoff-Last E. Use of native or platelet count adjusted platelet rich plasma for platelet aggregation 

measurements. J Clin Pathol 2005 July;58(7):747-50. 

39. Cattaneo M, Lecchi A, Zighetti ML, Lussana F. Platelet aggregation studies: autologous platelet-poor plasma inhibits platelet aggregation when 

added to platelet-rich plasma to normalize platelet count. Haematologica 2007 May;92(5):694-7. 

40. Favaloro EJ, Mohammed S. Platelet function testing: auditing local practice and broader implications. Clin Lab Sci 2010;23(1):21-31. 

41. Linnemann B, Schwonberg J, Mani H, Prochnow S, Lindhoff-Last E. Standardization of light transmittance aggregometry for monitoring antiplate-

let therapy: an adjustment for platelet count is not necessary. J Thromb Haemost 2008 April;6(4):677-83. 

42. Hayward CP, Moffat KA, Pai M, Liu Y, Seecharan J, McKay H, Webert KE, Cook RJ, Heddle NM. An evaluation of methods for determining refer-

ence intervals for light transmission platelet aggregation tests on samples with normal or reduced platelet counts. Thromb Haemost 2008 Ju-

ly;100(1):134-45. 

43. Soslau G, Parker J. The bioluminescent detection of platelet released ATP: collagen-induced release and potential errors. Thromb Res 1992 April 

1;66(1):15-21. 

44. Quiroga T, Goycoolea M, Matus V, Zuniga P, Martinez C, Garrido M, Aranda E, Leighton F, Panes O, Pereira J, Mezzano D. Diagnosis of mild plate-

let function disorders. Reliability and usefulness of light transmission platelet aggregation and serotonin secretion assays. Br J Haematol 2009 

December;147(5):729-36. 

45. Feinman RD, Lubowsky J, Charo I, Zabinski MP. The lumi-aggregometer: a new instrument for simultaneous measurement of secretion and 

aggregation by platelets. J Lab Clin Med 1977 July;90(1):125-9. 

46. Hevelow ME, McKenzie SM, Siegel JE. Reproducibility of platelet function testing. Lab Hematol 2007;13(2):59-62. 

47. Mezzano D, Quiroga T, Pereira J. The level of laboratory testing required for diagnosis or exclusion of a platelet function disorder using platelet 

aggregation and secretion assays. Semin Thromb Hemost 2009 March;35(2):242-54. 

48. Pai M, Wang G, Moffat KA, Liu Y, Seecharan J, Webert K, Heddle N, Hayward C. Diagnostic usefulness of a lumi-aggregometer adenosine triphos-

phate release assay for the assessment of platelet function disorders. Am J Clin Pathol 2011 September;136(3):350-8. 

49. Mehta P, Mehta J, Ostrowski N, Aguila E. Potentiation of platelet aggregation by Chronolume. Thromb Res 1983 December 1;32(5):509-12. 

50. Callan MB, Giger U. Assessment of a point-of-care instrument for identification of primary hemostatic disorders in dogs. Am J Vet Res 2001 

May;62(5):652-8. 

51. Horn PS, Pesce AJ. Reference intervals: an update. Clin Chim Acta 2003 August;334(1-2):5-23. 

52. Seyfert UT, Haubelt H, Vogt A, Hellstern P. Variables influencing Multiplate(TM) whole blood impedance platelet aggregometry and turbidimetric 

platelet aggregation in healthy individuals. Platelets 2007 May;18(3):199-206. 

53. Israels SJ. Diagnostic evaluation of platelet function disorders in neonates and children: an update. Semin Thromb Hemost 2009 March;35(2):181

-8. 

54. Stissing T, Dridi NP, Ostrowski SR, Bochsen L, Johansson PI. The Influence of Low Platelet Count on Whole Blood Aggregometry Assessed by 

Multiplate. Clin Appl Thromb Hemost 2011 March 14. 

55. Hanke AA, Roberg K, Monaca E, Sellmann T, Weber CF, Rahe-Meyer N, Gorlinger K. Impact of platelet count on results obtained from multiple 

electrode platelet aggregometry (Multiplate). Eur J Med Res 2010 May 18;15(5):214-9. 

56. Mengistu AM, Mayer J, Boldt J, Rohm KD. Whole-blood aggregometry: are there any limits with regard to platelet counts? Acta Anaesthesiol 

Scand 2009 January;53(1):72-6. 

57. Nurden P, Nurden AT. Congenital disorders associated with platelet dysfunctions. Thromb Haemost 2008 February;99(2):253-63. 

58. Weiss HJ. Type 2B von Willebrand disease and related disorders of patients with increased ristocetin-induced platelet aggregation: what they tell 

us about the role of von Willebrand factor in hemostasis. J Thromb Haemost 2004 November;2(11):2055-6. 

59. Nurden AT, Pillois X, Fiore M, Heilig R, Nurden P. Glanzmann thrombasthenia-like syndromes associated with macrothrombocytopenias and 

mutations in the genes encoding the aIIbb3 integrin. Semin Thromb Hemost 2011;37:698-706. 

60. Nurden A, Nurden P. Advances in our understanding of the molecular basis of disorders of platelet function. J Thromb Haemost 2011 July;9 Suppl 

1:76-91. 

61. Murugappa S, Kunapuli SP. The role of ADP receptors in platelet function. Front Biosci 2006;11:1977-86. 

62. Lages B, Weiss HJ. Heterogeneous defects of platelet secretion and responses to weak agonists in patients with bleeding disorders. Br J Haema-

tol 1988 January;68(1):53-62. 

63. Hayward CP. Diagnostic evaluation of platelet function disorders. Blood Rev 2011 July;25(4):169-73. 

64. Holmsen H, Weiss HJ. Hereditary defect in the platelet release reaction caused by a deficiency in the storage pool of platelet adenine nucleo-

tides. Br J Haematol 1970 November;19(5):643-9. 

65. Holmsen H, Weiss HJ. Further evidence for a deficient storage pool of adenine nucleotides in platelets from some patients with thrombocyto-

pathia--"storage pool disease". Blood 1972 February;39(2):197-209. 



     Page 10 

 

 

                    

     The Clotting Times 

ECAT Information:  

Results of the surveys for heparin monitoring 
P. Meijer, PhD 

ECAT Foundation, Leiden, The Netherlands 

Introduction 

The treatment of patients with heparin, both 

unfractionated heparin (UFH) and low-molecular-

weight heparin (LMWH), is nowadays mostly 

monitored by the measurement of anti-Xa activi-

ty. Since 2011 the ECAT Foundation has been 

running a programme for external quality control 

for monitoring of both UFH and LMWH. For both 

modules plasma samples are used which are 

spiked with UFH or LMWH, respectively. The fol-

lowing is a summary of the results obtained so 

far.  

UFH 

For UFH, samples with a content in the range 

of 0.15 – 0.55 IU/mL were distributed to  approx-

imately 65 participants. The overall between-

laboratory coefficient of variation (CVb) varied 

between 20 and 60%.  

Figure 1 shows clearly that there is an inverse 

relationship between the heparin content in the 

sample and the CVb. It is yet unclear whether a 

lower CVb than 20% can be reached at higher 

UFH levels.  

Table 1 shows an overview of the CVb for the 

most frequently (n ≥ 10) used methods. It is clear 

that, even within a method group, the variation 

in test results between laboratories could be 

considerable. 

Another interesting observation is related to 

the consensus values obtained for the most  fre-

quently used methods. Table 2 shows an over-

view of these consensus values. 

It is clear that the consensus values obtained 

with the Rotachrom method are significantly 

lower than those for the Coamatic and Biophen 

methods. This is most likely explained by the fact 

that the Rotachrom method does not use dex-

tran sulphate in the assay reagents while the 

other methods do. Dextran sulphate inhibits the 

binding of UFH to Platelet Factor 4 (PF4). There-

fore the Rotachrom method is probably affected 

by the PF4 content of the normal plasma used 

for spiking the samples with UFH. This is a well-

known phenomenon for in vitro spiked samples 

with UFH. It should be realised that this observa-

tion cannot be automatically translated into real 

patient samples. 

From the surveys for UFH it can be concluded 

that there is still a considerable between-

laboratory variation for the measurement of anti

-Xa activity. This is specially the case in sample 

with a low UFH concentration.  
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Figure 1. The relationship between the 

heparin concentration and the be-

tween-laboratory variation for Unfrac-

tionated Heparin (●) and Low-

Molecular-Weight Heparin (▲). 

Table 1. The range of CVb for the 

different UFH-samples for the 

most frequently used methods. 

Method 
Average 

number of 
participants 

Range 
of CVb 

(%) 

Chromogenix/IL 10 22 – 42 

Hyphen Biomed 16 16 – 28 

Stago/Roche 24 13 – 47 
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LMWH 

For LMWH, samples with a content in the 

range of 0.25 – 1.10 IU/mL were distributed to  

approximately 110 participants. The overall be-

tween-laboratory coefficient of variation (CVb) 

varied between 12 and 23%. This is significantly 

lower than for UFH. Figure 1 shows the relation-

ship between the heparin content in the sample 

and the CVb. There is a small inverse relationship 

between the LMWH concentration and the CVb. 

However this is much less pronounced than for 

UFH.  

In Table 3 an overview is given of the CVb of 

the most frequently (n ≥ 10) used methods. It is 

clear that, even within a method group, the vari-

ation in test results between laboratories could 

be considerable. Overall, it shows the Coamatic 

method to have the highest and the Biophen 

method the lowest CVb.   

The  consensus values obtained for the most 

frequently used methods are also evaluated 

(table 4).  

The effect of UFH on the Rotachrom method 

was not observed for LMWH. The consensus val-

ues for the Rotachrom method are much more 

comparable to those of the other methods.  

On the other hand, slightly higher values are ob-

served for the Biophen method. This is most like-

ly a matter of calibration.   

It can be concluded that for LMWH the be-

tween-laboratory variation for the measurement 

of anti-Xa activity is much lower than for UFH.  

Final conclusion 

The addition of the modules for the monitor-

ing of UFH and LMWH by the measurement of 

anti-Xa activity are a useful expansion of the 

ECAT external quality control programme. 

Table 2. The consensus values (IU/mL) for the different UFH-samples for the 

most frequently used methods. 

Table 3. The range of CVb for the 

different LMWH-samples for the 

most frequently used methods. 

Table 4. The consensus values (IU/mL) for the different UFH-samples for the 

most frequently used methods. 

Sample 
Chromogenix/IL Coamatic 

Heparin 
Hyphen Biomed Biophen 

Heparin 
Stago/Roche Rotachrom 

Heparin 

Sample 1 0.22 0.18 0.07 

Sample 2 0.21 0.22 0.09 

Sample 3 0.43 0.47 0.27 

Sample 4 0.45 0.47 0.27 

Sample 5 0.60 0.62 0.48 

Method 

Average 
number of 

partici-
pants 

Range 
of CVb 

(%) 

Chromogenix/IL 
Coamatic Heparin 

17 14 – 23 

I.L. HemosIL Liquid 
Heparin 

10 7 – 22 

Hyphen Biomed 
Biophen Heparin 

19 5 – 15 

Stago/Roche 
Rotachrom Heparin 

45 6 - 23 

Sample 
Chromogenix/IL 

Coamatic Heparin 
I.L. HemosIL 

Liquid Heparin 
Hyphen Biomed 
Biophen Heparin 

Stago/Roche  
Rotachrom Heparin 

Sample 1 0.26 0.23 0.28 0.21 

Sample 2 0.47 0.46 0.51 0.39 

Sample 3 0.45 0.46 0.51 0.41 

Sample 4 0.99 1.03 1.17 1.01 

Sample 5 1.02 1.02 1.23 1.04 
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Case Report:   

Acquired Glanzmann’s thrombasthenia  

K. Devreese, MD, PhD  

Coagulation Laboratory, Ghent University Hospi-

tal, Ghent, Belgium 

Case report  

A 56-year-old man presented at the emergen-

cy department in April 2010 with gastrointestinal 

bleeding and mucosal haemorrhage (epistaxis 

and gingival bleeding). The patient is known to 

suffer from Evans’ syndrome, a rare autoimmune 

disorder characterized by haemolytic anaemia 

and thrombocytopenia. The patient also suffered 

from pulmonary hypertension and liver dysfunc-

tion, for which he was treated with corticoster-

oids, azathioprin and bosentan (an endothelin 

receptor antagonist). His past medical history 

includes chronic digestive bleeding, due to intes-

tinal angiomatosis, resulting in iron deficiency 

anaemia.  

Gastroduodenoscopy at presentation ex-

posed no bleeding focus. The complete blood 

count showed mild thrombocytopenia and mild 

anaemia (platelet count: 126 000/µl (ref. range 

137 000 –370 000/µl), Hb: 13.0 g/dl (ref. range 

13.3-17.7 g/dl), Hct: 38.1 % (ref. range 39.8-52.2 

%)). The prothrombin time, activated    partial 

thromboplastin time and fibrinogen were nor-

mal.  

The patient was send home. However the day 

after, he presented with persistent melaena. 

The patient was tested for acquired bleeding 

problems that suggested a possible defect in 

Figure 1. Light transmission aggregometry of the patient. 

Platelet rich plasma and platelet poor plasma of the patient.   

Absent or strongly reduced aggregation with all agonists, except ristocetin 1.5 mg/ml 

Trace  1 2 3 4 

Instrument OPT OPT OPT OPT 

Reagent ADP ADP Collageen Collageen 

Stirrer 2.5 µM 5 µM 2.5 µg/ml 5 µg/ml 

Gain 1000 1000 1000 1000 

Amplitude 0% 0% 0% 13% 

Trace  1 2 3 4 

Instrument OPT OPT OPT OPT 

Reagent Ristocetin Ristocetin Archidon Epinephrin 

Stirrer 1.5 mg/ml 0.5 mg/ml 1.5 mM 10 µM 

Gain 1000 1000 1000 1000 

Amplitude 79% 9% 1% 0% 
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primary haemostasis. The evaluation for a plate-

let disorder revealed an abnormal platelet func-

tion demonstrated by PFA-100 collagen/

epinephrine and collagen/ADP closure times of > 

300 sec. Investigations for von Willebrand’s dis-

ease were negative. Light transmission ag-

gregometry was performed. The platelet aggre-

gation studies showed absent aggregation with 

ADP (2.5 and 5.0 µM), collagen (2.5 and 5.0µg/

ml), epinephrine (10 µM) and arachidonic acid 

(1mM), but normal agglutination with ristocetin 

(0.5 mg/ml and 1.5 mg/ml) (Figure 1).   

Because of the history of an acquired prob-

lem, with findings that suggested the diagnosis of 

Glanzmann's thrombasthenia, further testing was 

done for a defect in the platelet fibrinogen re-

ceptor GPIIb/IIIa (alphaIIb/beta3). The dysfunc-

tion of the GPIIb/IIIa receptor could not be ex-

plained by a decreased expression of the recep-

tor on the platelets, as the expression of both the 

GPIIb/IIIa (CD41 and CD61) as well as GPIb/IX 

(CD42b) receptor with flow cytometry was nor-

mal.  

Mixing studies of fresh donor platelets with 

the addition of patient’s plasma was performed 

(Figure 2). The patient’s plasma induced identical 

aggregation defects when incubated with control 

platelets: a partial inhibition of donor platelet 

aggregation with ADP, collagen, adrenaline and 

arachidonic acid and normal aggregation with 

ristocetin, confirming the blocking nature of the 

antibodies.  

To identify the specificity of the platelet anti-

bodies a solid phase enzyme-linked immuno-

sorbent assay (ELISA) was used for the detection 

of antibodies to HLA class I antigens and to 

epitopes on the platelet glycoproteins IIb/IIIa, Ib/

IX, Ia/IIa and IV (PAK-PLUS®, GTI). This ELISA re-

vealed the presence of antibodies against the 

GPIIb/IIIa receptor, and in a lesser extent also 

against GPIa/IIa. Antibodies against HLA class I 

antigens were negative, as well as antibodies 

against GPIb/IX and GPIV. HPA-1a antibodies 

were excluded.   

The presence of the antibodies against GPIIb/

IIIa without a receptor deficiency is consistent 

with an acquired Glanzmann's thrombasthenia.  

The patient was treated with intravenous 

immunoglobulins, corticosteroids and recombi-

nant FVII (Novoseven®) resulting in a cessation of 

the bleeding, and recuperation from the platelet 

aggregation function and thrombocytopenia 

after two weeks of treatment. 

Discussion 

We describe a case of acquired Glanzmann’s 

thrombasthenia in a patient with an underlying 

autoantibody syndrome, the Evans’ syndrome. 

Acquired Glanzmann’s thrombasthenia is a rare 

haemorrhagic disorder arising from the inhibition 

of the GPIIb/IIIa receptors by autoantibodies, 

alloantibodies or paraproteins [1]. Its diagnosis 

requires several laboratory assays and mixing 

studies [2]. Platelet aggregation studies reveal a 

characteristic pattern of partial or complete re-

fractoriness of the patient’s platelets to ADP, 

collagen, adrenaline and arachidonic acid.  

The GPIIb/IIIa complex, which is the receptor for 

Figure 2. Light transmission aggregometry of the patient. 

Platelet rich plasma of healthy donor and platelet poor plasma of the patient. 

Inhibition aggregation (20%-80%) of donor platelets with all agonists, except ristocetin, by patient’s plasma 
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fibrinogen, plays a major role in platelet function, 

binding plasma proteins in its activated state 

resulting in platelet-platelet adhesion and aggre-

gation necessary for haemostasis. Platelet aggre-

gation in response to ristocetin which acts 

through binding of Von Willebrand Factor to 

GPIb occurs normal. Mixing patient plasma with 

donor platelets resulting in a comparable platelet 

aggregation pattern indicates the presence of a 

circulating antibody against the GPIIb/IIIa recep-

tor.  

Flow cytometry may have diagnostic value for 

examining the platelet receptors by monoclonal 

antibodies. However, variable flow-cytrometric 

results for examining the GPIIb/IIIa expression 

have been described and might be due to a 

difference in the epitope specificity of the mono-

clonal antibodies used against GPIIb/IIIa [3, 4].  

The normal expression of GPIIb/IIIa in one assay 

rules out the congenital deficiency of the glyco-

protein receptor. In this case, the expression of 

GPIIb (CD41) and GPIIIa (CD 61) was normal. The 

blockade of those receptors by circulating anti-

bodies (demonstrated by ELISA) was supported 

only by the mixing studies in light transmission 

aggregometry.    

Because the patient had a history of one-

platelet transfusion (transfused with single donor 

platelets in 2008 for severe thrombocytopenia), 

before the onset of the bleeding disorder, alloan-

tibodies responsible for platelet dysfunction can-

not be excluded. However, the rate of alloim-

munization towards platelet-specific antigens 

(HPA) is low compared to alloantibodies induced 

by the HLA system. HLA antibodies and HPA-1a 

antibodies were excluded in this patient. Moreo-

ver, the patient had been diagnosed with Evans’ 

syndrome with periods of anaemia and thrombo-

cytopenia in the past without bleeding tendency. 

Hence, it is possible that an autoimmune mecha-

nism may have resulted in the development of 

autoantibodies. The improvement of the pa-

tient’s platelet function after immunosuppressive 

therapy implies a reduction of a putative autoan-

tibody. Therefore, it appears reasonable to con-

clude to an aetiologic link between his thrombas-

thenia and the autoimmune Evans’ syndrome.  

Antibody-mediated loss of platelet function 

described in patients with antibodies specific for 

GPIIb/IIIa complex is usually not accompanied by 

thrombocytopenia [1]. In contrast to autoim-

mune thrombocytopenia (AITP) these antibodies 

do not destruct platelets (due to their subclass 

IgG2 or IgG4). In this patient thrombocytopenia 

had existed long before the bleeding history 

started, and therefore we can assume that it was 

not induced by circulating GPIIb/IIIa antibodies.   

Acquired Glanzmann’s thrombasthenia has 

been reported in association with lymphoprolif-

erative diseases (Hodgkin and non-Hodgkin’s 

lymphoma), acute leukaemia, drugs, HIV infec-

tion, other autoimmune disorders (e.g. immune 

thrombocytopenic purpura (ITP)), and also in 

otherwise healthy persons [5-8]. Patients present 

mainly with mucocutaneous bleeding. Bleeding 

can be severe, e.g. intracerebral haemorrhage is 

reported.  

Response to immunosuppressive treatment 

and recombinant factor VII is variable [9]. In the 

acute phase, while awaiting the effects of immu-

nosuppressive therapy, plasma exchange may be 

successful [10]. Treatment of the underlying dis-

order might induce remission. Spontaneous reso-

lution is described in a minority of idiopathic cas-

es [5].  

Although it might be a rare event, one should 

be aware of acquired Glanzmann’s thrombasthe-

nia as a cause of an unexpected disorder in pri-

mary haemostasis in patients with underlying 

disease.  
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Literature Review: 

Interference of rivaroxaban in one-stage and 

chromogenic factor VIII:C assays  
(V. Tichelaar et al. Thromb Haemost 2011; 106: 

990 – 992) 

P. Meijer, PhD 

ECAT Foundation, Leiden, The Netherlands 

Rivaroxaban (Xarelto®) is one of the new 

anticoagulation drugs and is a direct competi-

tive inhibitor of factor Xa. Rivaroxaban does not 

only bind to free factor Xa but also to factor Xa 

bound in the prothrombinase complex [1]. It 

has been reported that the use of Rivaroxaban 

can affect several laboratory tests, especially 

those in which factor Xa is involved [2-7]. In a 

recent publication Tichelaar et al described the 

interference of Rivaroxaban in the measure-

ment of factor VIII activity (FVIII:C) by using 

both a one-stage clotting assay and a chromo-

genic assay [8]. In their study they noticed that 

FVIII:C was more often lower in patients on 

Rivaroxaban than in patients on low-molecular-

weight heparin in combination with vitamin K 

antagonists. They looked in more detail into the 

interference of Rivaroxaban in the FVIII:C assays 

by spiking normal citrated plasma with different 

Rivaroxaban concentrations (0 – 500 ng/mL). 

FVIII:C was measured with the one-stage 

clotting assay in 1:10, 1:20, 1:40 and 1:80 sam-

ple dilutions. The chromogenic assay was per-

formed with 1:80 diluted samples. 

In figure 1 an overview of the results ob-

tained is given (for details see table 1 of ref. 8). 

On the basis of the results obtained the au-

thors indicated that a dose-dependent interfer-

ence with Rivaroxaban concentrations higher 

than 50 ng/mL was observed in the one-stage 

clotting assay and with a Rivaroxaban concen-

tration higher than 150 ng/mL in the chromo-

genic assay. 

They also investigated the effect in 6 volun-

teers after an oral intake of 20 mg Rivaroxaban. 

After 4 hrs of intake the average decrease in 

FVIII:C was 33 IU/dL with a 1:10 dilution in the 

one-stage clotting assay and 18 IU/dL in the  

Figure 1 The in-vitro relationship be-

tween the Rivaroxaban concentration 

and FVIII:C measured at different  

dilutions. 
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From this publication it is clear that aware-

ness of the interference of the new oral anticoag-

ulation drugs in general and Rivaroxaban in par-

ticular in coagulation assays  is very important.  

For further details about this publication see 

reference 8. 
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chromogenic assay. However there was a 

large individual difference in the observed effect, 

with one volunteer showing almost no effect. 

The authors concluded that it should be realized 

that Rivaroxaban could influence any FXa-

dependent coagulation assay, including the one-

stage and chromogenic FVIII:C measurements. 

CLOT-ED Website: “Focus Articles” 
In the educational part of the CLOT-ED web-

site the item Focus Articles can be found.  This 

item contains a diversity of in-depth articles in 

the field of Hemostasis and Thrombosis.  

The articles are divided in the following top-

ics: Pre-analytical Phase, Analytical Phase, Post-

analytical Phase, Disorders of Hemostasis & 

Thrombosis and Articles of General Interest. 

Articles related to the Pre-analytical, Analyti-

cal or Post-analytical Phase describe several as-

pects, such as biological or methodological varia-

tion, which may have significant impact on pa-

tient outcome as regards diagnosis, treatment, 

and therapeutic monitoring. Understanding how 

these variations may affect coagulation laborato-

ry testing will lead to more reliable test results 

and will therefore lay a foundation for quality 

improvement. 

The topic “Disorders of Hemostasis and 

Thrombosis” gives more insights into specific 

diseases and treatments. For instance, here you 

can find an article on the role of ADAMTS13 in 

Thrombotic Thrombocytopenic Purpara or the 

role of direct Thrombin Inhibitor Anticoagulants 

(DTIs) in the Management of Patients with Hepa-

rin-Induced Thrombocytopenia (HIT).  

Finally in “Articles of General Interest” the 

articles describe general issues, such as Aspirin 

Resistance, establishing therapeutic ranges for 

heparin and  a general article about the coagula-

tion cascade.  

Reading these Focus Articles should provide 

laboratory professionals with substantial infor-

mation relevant to their daily practice. Enjoy! 
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Announcements 
New modules 

At the beginning of 2012 we start with 5 new 

modules on the quantitative measurement of 

new anticoagulation drugs. The following new 

modules are beginning: Dabigatran, Argatroban, 

Orgaran, Fondaparinux and Rivaroxaban. Sam-

ples for these modules  will be sent out 2 times a 

year (survey 2012-2 and 2012-4). If you are inter-

ested and want to participate or need more in-

formation, please contact the ECAT Foundation 

at info@ecat.nl. 

Special issue The Clotting Times 

At the end of 2011 we distributed to each partici-

pant in the ECAT external quality assessment 

programme the special issue for 2011 of The 

Clotting Times. This issue focuses on acquired 

coagulation inhibitors, clinical and laboratory 

aspects. There is still a limited number of these 

booklets available. You can obtain an extra copy 

(or copies) for € 10,= (excl VAT) per booklet. If 

you are interested please contact the ECAT Foun-

dation at info@ecat.nl. 

Previous issues of The Clotting Times 

All issues of The Clotting Times are available on 

the educational section CLOT-ED of the ECAT 

website.  

http://www.ecat.nl/the-clotting-times-2 

ECAT EQA Programme information 

Detailed background information about the ECAT 

external quality assessment programme is de-

scribed in the Programme Manual. This manual 

can be downloaded from our website and is 

available in the “Information” section.  

Upcoming Events 

 May. 03 - 05, 2012: 

THSNA 2012  

www.thsna.org 

 Jun. 07 - 11, 2012:  

Platelets 2012 International Symposium. 

www.platelets2012.org 

 Jun. 27 - 30, 2012:  

58th Annual SSC meeting. 

www.ssc2012.org 

 Jul. 01 - 05, 2012:  

21st International Congress of the ISFP. 

www.isfp2012.com 

 Nov. 08 - 09, 2012:  

8th ECAT International Symposium 2012. 

www.ecat.nl 

 See for more events the Calendar on  

www.ecat.nl/calendar-2 


