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Platelet Function Testing

ÅBleeding time

ÅLight transmittance aggregometry (LTA)

ÅWhole blood impedance aggregometry (WBA)

ÅLumiaggregometry

ÅBenchtop and near-patient PLT testing
ÅAggregometry applications: VWD; monitoring antiplatelet 

drugsñaspirin, thienopyridines, GP IIb/IIIa inhibitors; membrane 

deficienciesñBernard-Soulier syndrome (BSS), Glanzmann 

thrombasthenia (GT); hyperaggregability in MDS, MPD, storage 

pool disorders: acquired and congenitalñHermansky-Pudlak, 

Chediak-Higashi and Wiscott-Aldrich
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Bleeding Time: Mielke Template

ÅDetect VWD and qualitative platelet disorders in controlled conditions 

with experienced operator, not used to monitor therapy

Å50% positive predictive value as screen for intraoperative bleeding

ÅProlonged by thrombocytopenia, leaves scars
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ÅGustav VR Born, 1960

ÅCollect 9ð12 mL blood (3ð4 ea 2.7 mL 

plastic tubes + 0.3 citrate)

ÅCentrifuge at 50³g 30ó,  Remove PRP

ÅCentrifuge at 1500³g 15ó, PPP

ÅAdjust PRP PLT count w/ PPP to 

~200,000/uL

ÅWait 30ó for òplatelet shockó, dispense 

to cuvette

ÅPipette agonist, record absorbance 

using photometry

Preparing Platelet Rich Plasma for

Light Transmittance Aggregometry (LTA)

Resting 

Platelets

0%

100% Transmittance

Agonist

Shape 

Change

Primary 

Aggregation

Secretion

Secondary 

Aggregation0 5 minutes

Light Transmittance Aggregometry
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In Vitro Agonists and Their Receptors
Platelet Aggregometry

Å Thrombin (factor IIa) or thrombin receptor-activating peptide  (TRAP)
ï Binds protease activatable receptor (PAR ) and GP V

ï Thrombin generates clot, we measure secretion only

ï Activates g-protein, eicosanoid synthesis, and diacyl-glyceryl pathways

Å Arachidonic acid (AA)
ï Enters eicosanoid synthesis pathway as substrate to produce TXA2, 

ï TXA2activates platelet by binding autocrine receptors TPŭor TPb
Å Collagen
ï Binds intact collagen receptors GP Ia/IIa (integrin a2b1), GP IV, GP VI

ï Requires intact eicosanoid synthesis or diacyl-glyceryl pathway

Å ADP and epinephrine
ï ADP binds P2Y1 & P2Y12

ï Epinephrine binds a-adrenergic receptor

ï Require intact eicosanoid synthesis pathway

Å Ristocetin: a 1956ð60 antibiotic withdrawn because of thrombocytopenia 
and hypofibrinogenemia
ï Ristocetin-induced platelet agglutination (aggregation, RIPA) tests for VWD

http://www.fritsmafactor.com/
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Whole Blood Aggregometry (WBA)

ÅCollect 9 mL blood, 3 tubes 

each 2.7 mL + 0.3 citrate

ÅDilute 1:1 with saline in cuvette

ÅPipette agonist, timer starts

ÅElectrodes lowered into 

suspension

Courtesy of Kathy Jacobs, Chronolog, Inc

Whole Blood Method

ÅAggregating platelets form layer on 

electrodes

ÅCurrent impeded by platelet layer

ïImpedance measured in ohms (W)

ï0 W= no aggregation

ïAggregation proportional to W

Courtesy of Kathy Jacobs, Chronolog, Inc

Courtesy of Kathy Jacobs, Chronolog, IncWBA 591A

Secretion Measured Using 

The òFireflyó Reaction

Courtesy of Kathy Jacobs, Chronolog, Inc

Luciferin Luciferyl:AMP

ATP PPi

Oxyluciferin + AMP

O2

Luminescence

Chromo-lume® 

firefly luciferase 

reagent

Proportional to 

ATP release 

measure in hM
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0. 3 uM ADP

1. 7 uM ADP

4. 0 uM ADP

Comparison of ADP-Induced Aggregation

and Firefly Luminescence

4.0 uM ADP

1.7 uM ADP

0.3 uM ADP

Wor %T

hM ATP Luminescence

Indomethacin-treated

Secretion

Aggregation

Control

Courtesy of Thrity Avari, Chronolog, Inc
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Whole Blood Lumi-Aggregometry

Reference Intervals; Mean ± 2 SD

Agonist ConcentrationAggregation 

Impedance

Secretion: ATP 

Luminescence

Thrombin 1 unit N/A 1.0-2.0 hM

Collagen
1 mg/mL 15-27 W 0.5-1.7 hM

5 mg/mL 15-31 W 0.9-1.7 hM

ADP
5 mM 1-17 W 0.0-0.7 hM

10 mM 6-24 W 0.4-1.7 hM

AA 0.5 mM 5-17 W 0.6-1.4 hM

Ristocetin 1 mg/mL > 10 W [< 70 sec lag]
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Normal Lumiaggregometry
Impedance ATP Release

0
0

5 Minutes 10 Minutes

20 W

0

1.5 µM

3.0 µM

Full 40 W

Aggregation

1.0 unit thrombin or TRAP

40 W
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 Full 2 hM 

Release

Normal Lumiaggregometry
ATP Release

0
0

5 Minutes 10 Minutes

1.5 µM

3.0 µM

5 µg/mL collagen, 0.5 mM arachidonic acid, 5 µM ADP

Impedance

20 W

0

40 W
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Full 40 W

Aggregation

Full 1 hM 

Release

Normal Lumiaggregometry
ATP Release

0
0

5 Minutes 10 Minutes

1.5 µM

3.0 µM

1 mg/mL ristocetin  (RIPA)

Impedance

20 W

0

40 W

Full 40 W

Aggregation

No (< 0.1 hM) 

Release
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Agonist Thrombin 1 U/mL

Tracing 1-Control 2-Patient

Gain 2/75 2/111

Luminescence

(Amplitude)

.80hm 1.08hm

Tracing 3 4

Gain ND ND

Aggregation

(Impedance)

ND ND

Agonist Ristocetin  1 mg/mL

Tracing 1-Control 2-Patient

Gain 20/5 20/5

Aggregation

(Impedance)

35W 44W

Tracing 3 4

Gain ND ND

Luminescence

(Amplitude

ND ND

1

2

1

2

Normal
Courtesy of Patti Tichenor, UAB Coagulation; using AGGRO/LINK®

Agonist Collagen 5 mg/mL

Tracing 2-Control 4-Patient

Gain 2/90 2/111

Luminescence

(Amplitude)

0.83hm 0.81hm

Tracing 1 Control 3-Patient

Gain 20/5 20/5

Aggregation

(Impedance)

38W 37W

1

2

3

4

Agonist Arachidonic Acid 0.5 mM

Tracing 2-Control 4-Patient

Gain 2/75 2/111

Luminescence

(Amplitude)

0.45hm 0.45hm

Tracing 1 Control 3-Patient

Gain 20/5 20/5

Aggregation

(Impedance)

27W 25W

1

2

3

4

Normal
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Whole Blood Lumi-Aggregometry

Anticipated VWD, BSS Ranges

Agonist Concentration Aggregation

Impedance

Secretion: ATP

Luminescence

Thrombin 1 unit N/A 1.0-2.0 hM

Collagen
1 mg/mL 15-27 W 0.5-1.7 hM

5 mg/mL 15-31 W 0.9-1.7 hM

ADP
5 mM 1-17 W 0.0-0.7 hM

10 mM 6-24 W 0.4-1.7 hM

AA 0.5 mM 5-17 W 0.6-1.4 hM

Ristocetin* 1 mg/mL < 5 W [< 70 sec lag]

*Use ristocetin cofactor assay to distinguish VWD from Bernard-Soulier syndrome.
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ATP Release

0
0

5 Minutes 10 Minutes

1.5 µM

3.0 µM

1 mg/mL ristocetin

Whole Blood Lumiaggregometry
Von Willebrand Disease and Bernard-Soulier Syndrome

Impedance

0

20 W

40 W

No (<5 W) 

Aggregation

No (<0.1 hM) 

Release
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Normal Collagen, AA, ADP in VWD

ATP Release

0
0

5 Minutes 10 Minutes

1.5 µM

3.0 µM

5 µg/mL collagen, 0.5 mM arachidonic acid, 5 µM ADP

Impedance

20 W

0

40 W
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Full 40 W

Aggregation

Full 1 hM 

Release
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Type 2B von Willebrand Disease Using Two Ristocetin Concentrations 

2626?? 2828??

Type 2B von Willebrand disease response: 

Complete aggregation at standard and low

concentration ristocetin 

Courtesy of: Dr. Thomas S. Kicklerand Ms. Lydia Nelson, 

Johns Hopkins Hospital, Special Coag Division, Baltimore, MD

0.75 mg/mL 

ristocetin
0.25 mg/mL 

ristocetin
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Whole Blood Lumi-Aggregometry

Anticipated Aspirin Ranges

Agonist Concentration Aggregation 

Impedance

Secretion: ATP

Luminescence

Thrombin 1 unit N/A > 0.5 hM

Collagen

1 mg/mL 10-18 W 0.2-0.4 hM

5 mg/mL 21-25 W 0.3-0.7 hM
In ASA or NSAIDs, 1 mg/mL aggregation is 50% of the 5 mg/mL aggregation

ADP 5 mM 1-13 W < 0.1 hM

AA 0.5 mM < 0.5 W < 0.1 hM

Ristocetin 1 mg/mL > 10 W < 70 sec lag C
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Whole Blood Lumi-Aggregometry
Anticipated Aspirin-like (Release) Disorder Ranges

Agonist Final 

Concentration

Aggregation 

Impedance

Secretion: ATP 

Luminescence

Thrombin 1 unit N/A > 0.5 hM

Collagen

1 mg/mL 10-18 W 0.2-0.4 hM

5 mg/mL 10-18 W 0.3-0.7 hM
In aspirin-like disorder, 1 mg/mL and 5 mg/mL responses are proportional

ADP 5 mM 1-13 W < 0.1 hM

AA 0.5 mM < 0.5 W < 0.1 hM

Ristocetin 1 mg/mL > 10 W < 70 sec lag C
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Whole Blood Lumiaggregometry
Aspirin, Aspirin-like Disorder (Secretion Defect)

ATP Release

0
0

5 Minutes 10 Minutes

1.5 µM

3.0 µM

Thrombin

Impedance
0

20 W

40 W

Full 40 W

Aggregation

Full 2.0 hM 

Release
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ATP Release

0
0

5 Minutes 10 Minutes

20 W

0

1.5 µM

3.0 µM

Collagen, arachidonic acid, ADP, epinephrine

Impedance

40 W

Aspirin, Aspirin-like Disorder (Secretion Defect)
Whole Blood Lumiaggregometry

No (< 5 W) 

AggregationNo (< 0.1 hM) 

Release
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Agonist Thrombin 1 U/mL

Tracing 1-Control 2-Patient

Gain 2/90 2/87

Luminescence

(Amplitude)

2.04hm 0.81hm

Tracing 3 4

Gain ND ND

Aggregation

(Impedance)

ND ND

Agonist Ristocetin  1 mg/mL

Tracing 1-Control 2-Patient

Gain 20/5 20/5

Aggregation

(Impedance)

46W 21 W

Tracing 3 4

Gain ND ND

Luminescence

(Amplitude

ND ND

1

2

1

2

Courtesy of Laura Taylor, UAB Coagulation Secretion Defect (Aspirin-like Disorder)

Agonist Collagen 5 mg/mL

Tracing 2-Control 4-Patient

Gain 2/90 2/67

Luminescence

(Amplitude)

1.69hm 0.57hm

Tracing 1 Control 3-Patient

Gain 20/5 20/5

Aggregation

(Impedance)

39W 26W

1

2

3

4

Agonist Arachidonic Acid 0.5mM

Tracing 2-Control 4-Patient

Gain 2/90 2/67

Luminescence

(Amplitude)

1.42hm 0.57hm

Tracing 1 Control 3-Patient

Gain 20/5 20/5

Aggregation

(Impedance)

26W 0W

1

2

3

4

Secretion Defect (Aspirin-like Disorder)
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Aspirin Effect Using

5 µg/mL and 1 µg/mL Collagen

1 µg/mL agg <50% 5/mL µg agg

5 µg/mL agg

1 µg/mL agg

1 µg/mL release

5 µg/mL release

Courtesy of Laura Taylor, UAB 

Coagulation; using AGGRO/LINK®

1

Whole Blood Lumiaggregometry in
Glanzmann Thrombasthenia (GP IIb/IIIa Deficiency)

Impedance ATP Release

0
0

5 Minutes 10 Minutes

0

1.5 µM

3.0 µM

Thrombin, TRAP, arachidonic acid

20 W

40 W

Partial (15 W) 

Aggregation

Partial (1.0 hM) 

Release
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