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GLOBAL HAEMOSTASIS ASSAYS

THROMBIN GENERATION ASSAY                       THROMBOELASTOGRAPHY                            CLOT WAVEFORM ANALYSIS
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The amount of thrombin 
formed is more important 

than the moment of clotting

What is the difference between TGA and routine haemostasis assays ?



Dargaud et al, Haemophilia 2018

Accurate assessment of Coagulation Capacity
is important in haemophilia treatment

Patients ranked according to trough Factor VIII level

Patients ranked according to trough ETP

Spontaneous

bleeders

Spontaneous

bleeders

Limit spontaneous bleeding :  200 nM.min i.e. 12.5 % of normal



In vitro
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Ex vivo 
rFVIIa 200µg/kg

FVIII < 1 IU/dl

Ab = 21 BU/ml

TF 1pM

PL 4µM

CTI 1.45µM

CAT method

Major orthopaedic surgery

Dargaud Y. et al. Haemophilia, 2005;11:552-8

Dargaud et al. Blood 2010; 116:5734-37

Tran HTT et al. Haemophilia 2015; 275-283

Luna Zaizar et al. Haemophilia 2014; e7-14

Ay Y et al. Clin Appl Thromb Haemost 2013

Livnat et al. Blood Clls Mol Dis 2017;66:1-5

Van Veen JJ et al. Int J Lab Haematol 2009



Can GHA may be helpful to monitor non factor therapies for haemophilia ?

Szanto&Lassila R. Haemophilia 2021 

Furukawa &Shima M. Br J Haematol 2020 

EMICIZUMAB

Lenting P et al. Blood 2017; 130:2463-68 

Amrani et al. J Chromatogr A. 2021 Oct 11;1655:462489.
Donners et al. Res Pract Thromb Haemost. 2022 Jun 8;6(4):e12725
Josset L & Dargaud Y et al J Pharm Biomed Anal. 2023 Jan 20;223:115163.



Can TGA may be useful to determine individual response of 
patients to combined EMI+By passing agents?

Kizilocak H & Young G et al Haemophilia 2020
Kizilocak H & Young G et al Haemophilia 2021
Kizilocak H & Young G et al Haemophilia 2022

EMI

EMIEMI

Schultz NH & PA Holme et al RPTH 2020



GHA have not been designed to monitor « FVIII mimicking Ab »

unpublished personal data

TF 1pM

PPP Low Reagent

CTI 1.45µM

CAT method

TF 1pM

PRP Reagent

CTI 1.45µM

CAT method



1969

2625

p=0.02

p=0.0001

TF 1pM (PPP Low Reagent)

FXIa 1.5pM

CTI 1.45µM

CAT method

unpublished personal data

n=35                                                           n=30



Plasma samples from patients on prophylaxis with EMI + 
in vitro spiking with by-passing agents
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FXIa 1.5pM
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n=10



Mim8: Next Generation FVIII Mimetic Bispecific Ab

Bowyer A et al . J Thromb Haemost 2023

Bowyer A et al . J Thromb Haemost 2023

Ostergaard et al . Blood 2021;138:1258-68



Rebalancing Therapies

AT

Aymonnier et al. Thromb Haemost 2021;121:261-9

FITUSIRAN



Fitusiran

Pasi J& Ragni M et al. J Thromb Haemost 2020

Pasi et al. NEJM 2017 



Reversal of Fitusiran can be guided by TGA
In case of surgery or major breakthrough bleed

Measure AT 
and TGA
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Dargaud et al. Thromb Haemost 2005



AT Reagents Source Incubation time

Enzyme IIa
Biophen AT (Hyphen Biomed)
Berichrom AT (Siemens)
Stachrom AT (Stago)
AT Cobas (Roche diagnostics)

Enzyme Xa
Biophen AT anti-hXa-LRT (Hyphen Biomed)
Coamatic LR AT
HemosIL AT (IL)
Innovance AT (Siemens)

Bovine IIa
Bovine IIa
Bovine IIa
Bovine IIa

Human Xa
Bovine Xa
Bovine Xa
Human Xa

60-240 sec
180 sec
60 sec
120-200 sec

60-240 sec
90 sec
100 sec
185-210 sec





Reversal of Fitusiran can be guided by TGA
In case of surgery or major breakthrough bleed

Measure AT 
and TGA

If TGA is into the 
normal range, no 

need to give factor 
supplementation
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Normal ETP : 1100 – 1800 nM.min



Reversal Strategy 1

FVIII or FIX 
Supplementation

In vitro spiking with FVIII/FIX 
concentrate in plasma samples

from patients receiving
prophylaxis with fitusiran

FVIII 5 – 10 – 20 - 30 – 50 IU/dL
in PPP or PRP
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By-Passing Therapy

In vitro spiking with rFVIIa and 
aPCC in blood samples from

patients receiving prophylaxis
with fitusiran

rFVIIa 22.5 – 45 – 90 – 270µg/kg  in PRP

aPCC 5 – 10 – 15 – 20 – 25 – 50 U/kg in 
PPP or PRP

No Inhibitor Inhibitor +Determine the personalized dose 
of the factor concentrates to correct 
thrombin generation without inducing
hypercoagulability

Dargaud et al. Thromb Haemost 2005

If TGA is NOT
into the normal range



Reversal Strategy 2
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Correct AT deficiency first 
and treat patients with
usual doses of factors

AT  18 – 30 %

Pasi J& Ragni M et al. J Thromb Haemost 2020

Pasi et al. NEJM 2017 



Reversal Strategy 2
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Correct AT deficiency first 
and treat patients with
usual doses of factors

AT  18 – 30 %

AT concentrate 70-80%

Severe HA no inhibitor FVIII 50 IU/kg
Severe HB no inhibitor FIX 100 IU/kg 

Haemophilia with inhbitors rFVIIa 90 or 270µg/kg 
aPCC 75 IU/kg or





Standardization of GHA

SSC THROMBIN GENERATION AND GHA
June 27th 16h30-18h30



Conclusion
1- Routine laboratory assays are efficient to monitor SHL FVIII and FIX molecules

Need improvements for EHL products (specific calibration)

3- We have laboratory assays able to detect the concentration of non-factor therapies
(ELISA, LC-MS or chrFVIII:C based measurements, AT….) but :
- these assays do not correlate with the clinical efficacy of these drugs
- and they can not indicate the haemostatic efficacy of combined therapies

(EMI+BPA or Fitusiran+FVIII/FIX or Mim8+rFVIIa…..)

2- Haemophilia therapies have been tremendously and very rapidly improved during the last 
decade but laboratory assays did not

4- Global haemostasis assays are good candidates to monitor new therapies
Need for a working group of the ISTH FVIII-FIX SSC to work on this topic
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