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Learning objetives

1. IPFDs overview

2. Light transmisssion aggregometry (LTA): Principle and recommendations for performance 

and interpretation in the diagnosis of IPFDs

3. Using & interpreting LTA: Case examples from the GEAPC project



Inherited Platelet Function Disorders (IPFD)
IPFD types

• Receptors: 

✓ Adhesive 
proteins

✓ Soluble agonists

• Enzymes

• Signal transduction

• Granules

• Membrane 
Phospholipids

Rodríguez-Alén Biomolecules 2025;
https-doi.org10.3390biom15111528

IPDs ≈ 60 types, 75 genes;  IPFDs≈ 15 types, 30 genes; ≈ 1:10.000 – 1:1.000.000; 
Likely underdiagnosed; ≈ 6000 new diagnosis/yr; 0.3-2.5% based in recent DNA senquencing data

Clinical impact

• Bleeding

• Blood malignancy

• Sydromes or extra-
hematological 
additional disease. 
(Lung fibrosis in HPS)
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GEAPC

GEAPC- IPFDs Casuistry

2008-2025
IPDs: n=500, 45 types

IPFDs: n=155, 19 types



Standard Approach to diagnosis of IPD

Blood drawn
Preliminary tests

First&second steps:
Biochemical & functional

characterization

Third step: 
molecular 

characterization

Diagnosis & 
treatment

Clinical
Evaluation

Gresele ..  J Thromb Haemost 2015; Rabbolini.. Pathology 2020; Gomez.. Br J Haematol 2021; Bourguignon.. Crit Rev Clin Lab Sci 2022;  Sánchez Fuentes.. Biomolecules 2025

Session 5: K FresonSession 3: P Gresele Sessions 2,4,6-9



Screening methods in IPFD diagnosis

Test: ADP, ASPI[arachid. acid], TRAP, PGE1
[+ADP], IIb/IIIa antagonist

Studies have shown that Multiplate is less sensitive 
than LTA for diagnosing moderate TPCs.

Test viscoelastic test  
Thrombus physical properties

Total-Thrombus Analyzer
System  (T-TAS)

AR, HD, PL



Electron Microscopy

Light Transmission aggregometry Flow cytometryM
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Diagnostic methods for IPFDs

Biochemical  methods 

Immunoblotting; cAMP level, TxB2 level (serum, 
LTA supernatant, Whole blood), -TG, etc.



Light transmission aggregometry (LTA) in PRP
GVR BORN- JR O’BRIEN

O'brien JR. Platelet aggregation: Part I Some effects of the adenosine phosphates, 
thrombin, and cocaine upon platelet adhesiveness. J Clin Pathol. 1962 Sep;15(5):446-52. 

BORN GV. Aggregation of blood platelets by adenosine diphosphate and its reversal. 
Nature. 1962 Jun 9;194:927-9.



Light transmission aggregometry (LTA) in PRP

Agonists: ADP, epinephrine, collagen, ristocetin, arachidonic acid, Trap, U46619, etc.

Parameters: %Shape change, Lag, slope, % maximal aggregation, % final aggregation, area under curve.

(Born GV Nature 1962; 194:927-9; O’Brien JR. J Clin Pathol 1961; 14:140-9)
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Advantages and limitations of LTA
Advantages: 

• Flexible: Multiple agonists and doses. 

• Information on different aspects of platelet function  (receptors, secretion, activation)

Limitations: 

• Response test under non-physiological conditions

• Laborious, time consuming, qualified personnel required

• High sample volume (limitation in pediatrics)

• Not applicable in cases of thrombocytopenia or in the presence of interfering 
medications or foods

• Influenced by many pre- and analytical variables (anticoagulants, extraction, PRP 
making, etc.)

• Poorly standardised

Moffat et al, T&H 2005,Cattaneo M et al JTJ, 2013



Alternative methods to measure platelet aggregation

Flow cytometry–based platelet aggregation assay
Automated LTA in New coagulation Analyzers 

De Cuyper et al. Blood 2013

Lechhi A et al. Blood Transfus. 2024; 22:350-9

2025 ISTH-MEETING. Automate study –UK
OC 42.2 - Evaluation of national guidelines for light transmission aggregometry

in adults.  Automate study. Mr. Sean Platton
Sysmex CS series devices. 

1021  patients; IPD: Sensitivity 87%; Specificity 94% 



Standardization of LTA



Recommendations for the standardization of LTA: a consensus of the 
working party from the platelet physiology subcommittee of SSC/ISTH

70 statements grouped into:

1. Clinical usefulness of LTA

2. Pre-analytical variables 

3. Blood collection

4. Preparation of PRP and platelet-poor plasma (PPP) 

5. Assessment of PRP quality 

6. Methodology 

7. Choice of agonists

8. Evaluation and reporting of  results

Cattaneo M et al. J Thromb Haemost 2013;11: 1183–9



LTA- SSC-ISTH recommendations. Performance

➢ Drug use control (no use for 10 days); rest period (30 min); no smoking (30 min); no caffeine (2h); not fasting

➢ Blood extraction: 21g needle;  minimal stasis; First ml for blood count; plastic or siliconised glass tubes, 3.2% 
buffered citrate (0.102 M), 15 minutes rest

➢ PRP preparation: 150 x g 10 min, RT, no brake [isth: 200-250 x g]. Rest 15 min Not suitable for giant platelets
(SBS) (sedimentation)

➢ Platelet count not adjusted in the PRP (normal range ... 150-600.000 pl/uL).

➢ Samples from a normal subject run in parallel.

➢ Test execution: 37°C, 1000 rpm, 5 minutes recording (10 min for some agonsits) , 250 µL final volume.

➢ Completed (if possible)  <4 hours from extraction.

➢ Agonists: < 10% volume;  concentration from-

• ADP-2uM ; Epinephrin-5uM; Collagen-2ug/ml; PAR1-10uM; TxA2.. 10 uM; AA- 1mM; U46616.1um; 
Rsitocetin-1,2mg/ml (0,5-2mg/mL)

➢ Evaluation:  Shape chage, Lag phase, Slope,  Maximal %; Final % ; Secondary wave; Deaggregation

Cattaneo M et al. J Thromb Haemost 2013



Clinical Usefulness of LTA: ISTH recommendations

➢LTA is clinically useful for the study of subjects with bleeding
disorders

➢LTA should not be used for the identification of subjects at risk of
thrombosis, except in research (the experts agreed that this is an
area that still needs further studies and standardization)

➢LTA should not be used for monitoring subjects on antiplatelet
therapy, except in research

Cattaneo M et al. J Thromb Haemost 2013;11: 1183–9



How useful is LTA for the diagnosis of IPFDs ?

It is very useful.. (If used properly) 



LTA, alone, can be diagnostic for a few severe IPFDs

 

Glanzmann Thrombastenia

 

Epinephrine 0,5uM 
ADP 5uM
Collagen 2ug/mL

Ristocetin 1.25mg/mL

Epinephrine 5uM 
Arachidonic Acid 1.6mM
ADP 10uM
PAR-1 25uM

LT
A

 (
%

)

Bernard  Soulier Syndrome

Normal Platelet count Severe macrothrombocytopenia ;  Control with adjusted platelet count

Ristocetin 1.25mg/mL

ADP 10uM
Arachidonic Acid 1.6mM

Ristocetin 1.25mg/mL

Epinephrine 5uM 
Collagen 2ug/mL
PAR-1 25uM



LTA utility in diagnosis of mild/intermediate 
IPFDs is far less clear?

Hayward CPM et al. J Thromb Haemost.  2009; 7:676-84

Dawood BB et al. Blood.  2012;120: 5041-49

Alessi MC  et al. J Clin Med. 2020;9:763

Bourguignon A et al. Crit Rev Clin Lab Sci. 2022;59405-44

Sánchez-Fuentes et al. Biomolecules . 2025; 15:846

Could We Use General Guidelines to Interpret LTA in moderate IPFDs?



Cues for interpreting LTA in moderate IPFDs

Dawood BB et al. Blood. 2012;120(25): 5041-5049

Lumi-aggregometry (5 years studies)
• 111 unrelated cases with suspected PFDs   

(IT, BSS, GT or HPS excluded) 
• 70 healthy volunteers. 

Extended panel o f 9 agonists
ADP (3, 10, 30, and 100M) 
Adrenaline (10, 30, and 100M)
Collagen (0.3, 1, and 3 g/mL) 
CRP (1, 3, and 10 g/mL) 
PAR-1 (10, 30, and 100M) 
PAR-4 (100, 250, and 500M) peptides 
Arachidonic acid (0.5, 1, and 1.5mM) 
U46619 (1 and 3mM) 
Ristocetin (1, 1.25, 1.5, and 2 mg/mL)

(58%)



Cues for LTA intrepretation in moderate IPFDs

Dawood BB et al. Blood. 2012

Gi-like defect. (32.8% of IPFDs)
Aggregation and secretion defect to the ADP and 

adrenaline. 

Key diagnostic LTA  features: 
▪ Transient aggregation to ADP (10uM), 
▪ Reduced or absent primary wave with no secondary 

aggregation wave to adrenaline
▪ Reduced aggregation and secretion to low 

concentrations of other platelet agonists, most 
notably collagen
▪ Robust response to 1mM arachidonic acid →

distinguish from a defect in the TxA2 pathway

Potential test of diagnosis confirmation:  VAPS test (PGE1 + ADP/EPI)



Cues for LTA intrepretation in moderate IPFDs

Dawood BB et al. Blood. 2012

Dense granule–secretion defect. 
(30% of IPFDs)
Key diagnostic LTA features: 

▪ Reduced aggregation and secretion to low 
concentrations of most agonists, most notably 
low dose of collagen (1-3ug/ml)

▪ Robust response to ADP 10uM →consistent 
minimal role of secretion in ADP-induced  
aggregation

Diagnosis confirmation:  granule/secretion assays 
(ATP, mepacrine, CD63,  whole-mount EM) 

PAR1-100uM



Cues for LTA interpretation in moderate IPFDs

Dawood BB et al. Blood. 2012;120(25): 5041-5049

TxA2 pathway defect (21,9 % of IPFDs)
Key diagnostic LTA  features: 

TxA2 synthesis defect
▪ Marked and selective defect in aggregation and
▪ secretion to arachidonic acid (1mM) 
▪ Reduced or absent primary wave with no secondary 

aggregation wave to adrenaline.
▪ Reduced aggregation and secretion to low 

concentrations  of most other agonist s, recovered at 
high dose, except for ADP and adrenalins which 
remains  reduced/no second wave.
▪ Normal aggregation response to U46619

TxA2 receptor defect
▪ Reduced aggregation with both AA and U46619

Potential genetic defects in COX-1, TXAS1, PLCA2



Cues for LTA interpretation in moderate IPFDs

Dawood BB et al. Blood. 2012;120(25): 5041-5049

P2Y12 receptor defect 
Key diagnostic LTA features: 
▪ Transient aggregation (+absence of secretion) with 

high concentration of ADP (100M) 
▪Minor defect in adrenaline aggregation
▪ Reduced aggregation to low concentrations of other 

platelet agonists, most notably collagen 
▪ No effect of P2Y12 receptor antagonist  (AR-C67085)

Potentially useful  functional assays 
▪ VASP test, PGE1-induced cAMP synthesis.→ lack of 

ADP effect
▪ P2Y12 receptor level ( Immunobloting/ FC)



Cues for LTA interpretation in moderate IPFDs

Dawood BB et al. Blood. 2012

GPVI defect. LTA  features: 

▪ Selective reduction in  GPVI mediated aggregation
▪ Reduced with low dose of collagen 
▪ Normal LTA with  other agonists (ADP, AA, PAR1)

▪ Reduced LTA also with Rhodocityn may 
discriminate GPVI receptor expression defect 
from GPVI signaling defect

Gq-like defect. LTA  features: 

▪ Reduced with low-intermediate dose 
of PAR1, PAR4, U46619
▪ Normal LTA with ADP, CRP or PMA 



LTA assay at  CRH (1992-2025)
Normal range (n=25-
75)

Sánchez Fuentes et al.  Biomolecules 2025

We, essentially, follow the general recommendations for LTA 
established by ISTH (currently under review)
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IPFD& IT

RUNX1

IPFD

SRC

Using & interpreting LTA: Case examples from the GEAPC project

PTGS1

RASGRP2HPS

Gi GPVI

P2Y12



LTA findings in moderate IPFDs: Gi signalling defect

Normal  and  granule secretion

Woman 62yr
302 x 109pl/L, MPV: 11,1 fL
ISTH-BAT: 19
Four daughters; 1 with bleeding

Key diagnostic LTA  features: 
-Transient aggregation to ADP (10uM), 
- Absent primary wave with adrenaline,
- Reduced aggregation with collagen,
- Robust response to 1mM arachidonic acid

AA-1,6mM

ADP-5uM

Epinephrine-5uM

PAR1-25uM

Patient AA-1,6mM

ADP-5uM

Epinephrine--5uM

PAR1-25uM

Control

HTS Gene panel: Negative-→ WES



LTA findings in moderate IPFDs: HPS

II.B

AA-1,6mM

ADP-5uM

ADP-10uM

PAR1-25uM

Ristocetin-1,mg/mL

CRP-2ug/mL

Collagen-5ug/mL

II.B

C

CD63

CP

HTS Gene panel: 
HTS gene panel Negative
Nanopore Sequencing positive 

Oculocutaneous albinism and mild bleeding



LTA findings in moderate IPFDs: P2Y12 defect

C
D

62
 (

M
FI

) 

P2Y12:  c.44delG 
(p.Ser15Ilefs*33)

P2Y12 c.835 G>A  
p.Val279Met

Zamora-Cánovas et al.  Biomolecules 2025

HTS Gene panel 



LTA findings in moderate IPFDs: GPVI defect

Zamora-Cánovas et al.  Biomolecules 2025

CRP 2ug/mL

P4
P5

C1

C2

Collagen 2ug/mL

P4

P5

C1

C2

ADP 10uM

P4 P5

C1 C2
PAR-1 25uM

P4 P5

C1 C2

P4 P5 C



LTA guided diagnosis and characterization of a GPVI defect

Zamora-Cánovas et al.  Biomolecules 2025



LTA  findings in moderate/severe IPFDs: RASGRP2 defect

Lozano et al. Blood 2016; Sevivas et al. Platelets 2017

LTA  features: 
- Impaired  aggregation  with low dose agonsits (ADP, collagen 

& thrombin):No diagnostic of Glanzmann Thrombastenia
- Less affected response to strong agonists and PMA

Other  features: 
- Impaired  Fibrinogen binding and granules secretion by FC , except with PMA   



LTA  findings in moderate/severe IPFDs: COX1 defect

A 13-year-old girl of Asian origin 
She has had a lifelong moderate 
bleeding diathesis, presenting as 
bruising and petechiae, which occur 
more frequently following minor 
trauma. Recurrent and prolonged 
epistaxis, sometimes associated with 
NSAID intake.
Menorrhagia, once requiring tranexamic 
acid and desmopressin treatment; 
excessive bleeding after tonsillectomy. 

Normal platelet count (206 x109 pl/L) 
and volume (11,5 fL)

(ISTH-BAT=6) 

LTA normal with ristocetin and PAR-1;
reduced with high dose ADP and collagen

LTA absent arachidonic acid, but normal with U46619
A severe defect in TxA2 level was found in LTA
supernatant and collagen-stimulated whole blood

Palma-Barqueros V et al. Am J Hematol. 2021



Previous reports of PTGS1 variants in 
bleeding patients

• Freson, Blood 2011 (Abstract ASH): A case
with heterozygous variants in TBXA2R (R60H)
& PTGS1 (p.Leu237Met),heterozygous (AD)→
no specific studies

• Leinoe et al. BrJH2017; p.Arg113Cys (novel)
+ p.Val481Ile (0.77%). Low TxB2 in plasma

• Chan MV et al. Haematologica. 2021
965G>C[p.Trp322Ser];homozygous;R reduced
TxB2 synthesis, COX1 absence in platelest
(WB); reduced LTA

A few PTGS1 variants have been reported

Gene Panel

PTGS1
c. 428A>G, 

[p.Asn143Ser] 
(Heterozygous) (Novel)  

500 μM AA stimulation 

Palma-Barqueros V et al., Am J Hematol. 2021



LTA findings in moderate IPFDs: RUNX1-RT

Women, 27yr
108 x 109 pl/L
MPV: 10.9 
ISTH-BAT=5

RUNX1: 
c.802C>T 
[p.Gln268*]
De novo

Patient

Collagen -2ug/mL; Collagen -5ug/mL

Control

Bastida el Al. Haematologica 2017

ControlPatient

*RUNX1: 
c.416G>A
[p.Arg166Gln] 



LTA  findings in moderate IPFDs: SRC Gain of Function-RT

Palma-Barqueros V et al., Blood Advancers 2022

SRC
c.1579G>A [p.Glu527Lys]

Gain of Fucntion variant



2025 ISTH Meeting OC 42.1 - Automated Platelet Function Tests Analysis: 
Insights from the Autoplate Study Group

Dr. Panagiotis Christoforou, NHS, U. Cambriged, UK



Thank you
Grupo Español de 

Alteraciones 
Plaquetarias Congénitas

Murcia Platelet Group



Cues for LTA intrepretation in moderate IPFDs

Dawood BB et al. Blood. 2012

Most PFDs can be diagnosed using a streamlined panel
of key platelet agonists and specified concentrations
suitable for testing in most clinical diagnostic
laboratories



OC 42.2 - Evaluation of national guidelines for light transmission 
aggregometry in adults.

Mr. Sean Platton. Royal London Haemophilia Center, UK

LTA response as expected in 27 GT cases & 
8 BSS patients


	Slide 1
	Slide 2: Conflicts of interest
	Slide 3: Learning objetives
	Slide 4: Inherited Platelet Function Disorders (IPFD)
	Slide 5: Grupo Español de Alteraciones Plaquetarias Congénitas (GEAPC) (Spanish Group of IPD)  Multicentric  Project of Functional and Molecular Characterization of IPDs (2008-2025)
	Slide 6: GEAPC- IPFDs Casuistry
	Slide 7: Standard Approach to diagnosis of IPD
	Slide 8: Screening methods in IPFD diagnosis
	Slide 9: Diagnostic methods for IPFDs
	Slide 10: Light transmission aggregometry (LTA) in PRP GVR BORN- JR O’BRIEN
	Slide 11: Light transmission aggregometry (LTA) in PRP
	Slide 12: Advantages and limitations of LTA
	Slide 13: Alternative methods to measure platelet aggregation
	Slide 14: Standardization of LTA
	Slide 15: Recommendations for the standardization of LTA: a consensus of the working party from the platelet physiology subcommittee of SSC/ISTH
	Slide 16: LTA- SSC-ISTH recommendations. Performance
	Slide 17: Clinical Usefulness of LTA: ISTH recommendations
	Slide 18: How useful is LTA for the diagnosis of IPFDs ?
	Slide 19: LTA, alone, can be diagnostic for a few severe IPFDs
	Slide 20: LTA utility in diagnosis of mild/intermediate IPFDs is far less clear?
	Slide 21:  Cues for interpreting LTA in moderate IPFDs
	Slide 22:  Cues for LTA intrepretation in moderate IPFDs
	Slide 23:  Cues for LTA intrepretation in moderate IPFDs
	Slide 24:  Cues for LTA interpretation in moderate IPFDs
	Slide 25:  Cues for LTA interpretation in moderate IPFDs
	Slide 26:  Cues for LTA interpretation in moderate IPFDs
	Slide 27: LTA  assay at  CRH (1992-2025)
	Slide 28: Using & interpreting LTA: Case examples from the GEAPC project
	Slide 29
	Slide 30: LTA findings in moderate IPFDs: HPS
	Slide 31
	Slide 32
	Slide 33
	Slide 34: LTA  findings in moderate/severe IPFDs: RASGRP2 defect
	Slide 35: LTA  findings in moderate/severe IPFDs: COX1 defect
	Slide 36: A few PTGS1 variants have been reported
	Slide 37: LTA findings in moderate IPFDs: RUNX1-RT
	Slide 38: LTA  findings in moderate IPFDs: SRC Gain of Function-RT
	Slide 39:  2025 ISTH Meeting OC 42.1 - Automated Platelet Function Tests Analysis:  Insights from the Autoplate Study Group Dr. Panagiotis Christoforou, NHS, U. Cambriged, UK
	Slide 40
	Slide 41:  Cues for LTA intrepretation in moderate IPFDs
	Slide 42: OC 42.2 - Evaluation of national guidelines for light transmission aggregometry in adults. Mr. Sean Platton. Royal London Haemophilia Center, UK

