
BHS course on HEMOSTASIS and 
THROMBOSIS 17/12/2022 - Final Program
• 09:00-09:15: Blood coagulation revisited – General Introduction and overview by Cedric Hermans 
(UCLouvain)

• 09:15-09:45: Laboratory tests in bleeding disorders by Marie-Astrid Van Dievoet (UCLouvain)
• 09:45-10:15: Congenital bleeding disorders by Catherine Lambert (UCLouvain)

• 10:15-10:45: Management of thrombosis by Peter Verhamme (UZ Leuven)
• 10:45-11:00: Break
• 11:00-11:30: Acquired bleeding disorders by Cedric Hermans (UCLouvain)

• 11:30-12:00: Thrombophilia screening by Christelle Orlando (UZ Brussel)



Blood coagulation 
revisited 

General Introduction and overview 

Cedric HERMANS, MD, FRCP, PhD
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Coagulation : a three steps process

1. Platelets plug

Primary 
Haemostasis

2. Fibrin formation

Coagulation cascade

3. Clot destruction

Fibrinolysis

Primary haemostasis

Coagulation

Fibrinolysis
Vascular 

injury

Clot destruction
Vessel wound repair 
and remodelling
Angiogenesis



Contact Phase 
FXII

FIX + FVIII 

FX

Thrombin

Tissue Factor
+ FVIIa

Voie intrinsèque
Voie extrinsèque

Voie commune

FXI

Caillot de fibrine

FV

Classical theory of the coagulation cascade

Blood clotFibrinogen Fibrin

Extrinsic pathwayIntrinsic pathway

Common pathway
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Thrombin

PAR-1PAR-4

Activated
platelet

Role of thrombin : 
Fibrin formation and platelet activation

Clot

1. Adapted from Angiolillo DJ et al. Eur Heart J 2010;31:17–28; 2. Adapted from Mitchell JRA. BMJ 1981;282:590–594

Fibrin
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Physiological inhibitors of blood coagulation

TF + VIIa

FIXa + FVIIIa

FXa + FVa

Fibrin CLOT

Protein C – S

FIIa

Antithrombin

TFPI
Tissue Factor

Pathway Inhibitor

Fibrinolysis

-

-
-

-

-

-

Reduction of 
coagulation inhibitors
increases the risk of 

thrombosis

Cedric Hermans – UCL.
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FIBRIN CLOT

TF + VIIa

FIXa + FVIIIa

FXa + FVa

FIIa

Antithrombin
Deficiency

-

-

-

Protein C/S deficiency

-

-

Activated protein C resistance
Factor V Leiden (less inhibition)

Prothrombin Mutation 
(increased synthesis of FII)

Hereditary thrombophilia
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Coagulation diseases

Altered thrombin generation (FIIa)

• Hemophilia
• Acquired clotting factor(s) deficiency
• Overdosing of Anticoagulant

Bleeding

• Hypercoagulability
• Thrombophilia

Thrombosis
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aPTT
Activated partial 
thromboplastin time

PTT
Prothrombin Time

INR
Thrombin

Time
Cedric Hermans – UCL.

I

II

V

XII

XI

IX

VIII VII

X

Extrinsic

Tissue Factor

Fibrin Clot

Intrinsic

Interpretation of routine 
coagulation tests
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Revised model of the coagulation 
cascade

Vascular Injury

VIIa + TF Tissue factor

Initiation

VIIIa + IXa Va + Xa
Ca++, PL

THROMBIN

Fibrin Clot

XIa

Amplification
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The multiple functions of VWF

FVIIIc

3. FVIII protection

Endothelium

Collagen

1. Platelet adhesion

Platelet

GPIbIXV

Platelet

GPIb

GPIIbIIIa

Platelet

2. Platelet 
aggregation

Required properties of VWF 
to be fully effective 
haemostatically
• Sufficient amounts
• Multimeric structure
• Binding capacity to

• Collagen
• Platelets
• Factor VIII (protection)



Major functions of VWF

Contribution to 
coagulation by 
protection of 

endogenous FVIII

Primary haemostasis by 
mediating platelet 

adhesion and aggregation
(dependent on 

multimeric structure and 
affinity of binding sites)

Anti-Angiogenic properties
(High-Molecular Weight 

Multimers)
Ultra-large multimers more 

efficient to inhibit
neoangiogenesis

FVIII deficency

(Type I, 2N, 3)
Soft tissue, joint and 

postoperative bleeding

Defective primary
haemostasis

Mucosal bleeding 
(epistaxis, menorrhagia, 

GI bleeding)

Enhanced angiogenesis

Angiodysplasia

Consequences of VWF defects

Mannucci-P 2019 Dec 6;2019(1):590-595.  doi: 10.1182/hematology.2019000368



Kremer Hovinga et al, Nature Reviews. 2017

• Very rare condition: incidence 1.5 to 6 per million people per year
• Impaired ADAMTS13 activity leads to accumulation of constitutionally active ultra-

large vWF multimers

Acquired Thrombotic thrombocytopenic purpura 



Conventional 
antibodies

Heavy chain only 
antibodies

Ablynx’s Nanobody
CH2

CH3

CH1

CL

VL

VH 12-
15kDa

CH2

CH3

VHH

VHH

Caplacizumab is bivalent nanobody that inhibits ULvWF mediated platelet aggregation by blocking
the interaction between the A1 domain of VWF and the platelet receptor GPIb-IX-V.

Ultra-Large (UL)         
vWF multimers Platelet string 

formation in 
patients with aTTP

ADAMTS13 activity is 
impaired

endothelium

Caplacizumab binds to A1 
domain of vWF and thereby 
inhibits platelet string 
formation

Caplacizumab in aTTP
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« GOOD » CLOT

« BAD » CLOT
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Vascular lesion

Haemostatic (Wound Sealing) clot
« GOOD CLOT »

Haemostasis

Vascular lesion

Thrombotic (occlusive) clot
(Arterial or Venous)

« BAD CLOT »

Thrombosis

Haemostatic versus occlusive 
clot

« Good » clot

« Bad » clot



Inhibiting blood coagulation:
Anticoagulant agents



Timeline for 
the 

development 
of 

anticoagulants



Direct Oral AntiCoagulants (DOACs)
Direct and targeted inhibition of clotting Factors Xa or IIa

Fibrinogen Fibrin

IIa
Prothrombin

Xa + Va

X

Tissue Factor-VIIa

IXaIX
VIIIaRivaroxaban (Xarelto) (BAYER)

Apixaban (Eliquis) (BMS / PFIZER)
Edoxaban (Lixiana) (DAIICHI-SANKYO)

Dabigatran Etexilate (Pradaxa) 
(Boehringer-Ingelheim)

Pradaxa / Dabigatran : anti-thrombine
E Liqui S : E pour equilibrium - Liqui pour liquid  and S pour Stability
Xarelto : Xa, RELiable, Treatment, Oral



FXI and FXII as targets for new anticoagulants ?

• FXII (and FXI) are mainly involved
in the formation of bad clots

• Inhibiting FXII (and FXI) would
preserve the haemostatic potential

• Less risk of bleeding complication
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NEJM, dec 7th 2014



Reversing inhibition of the coagulation 
cascade by neutralizing antibodies



Idarucizumab (Praxbind) Mode of action

Schiele F et al. Blood 2013
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(idarucizumab)Dabigatran

Thrombin

 

 

 
  

 

 

 

 

 Monoclonal antibodies with a high 
affinity for Pradaxa



The coagulation cascade and 
replacement therapy :

Substitution of the missing factor(s)



Treatment of bleeding disorders

Defect Treatment options
Primary haemostasis Platelet concentrates

DDAVP (Minirin)
FVIII-vWF/ Pure VWF concentrates
Antifibrinolytics

Coagulation cascade
Thrombin generation
Fibrin formation

Fresh frozen plasma (FFP)
FVIII, FIX, (FXI)
FVII, (FI : Fibrinogen)
rFVIIa (Novoseven)
PCC (II, VII, IX et X)
aPCC

Fibrinolysis Tranexamic acid (Exacyl)
Aprotinin (Trasylol)



Recombinant Activated Factor VII (rFVIIa) 
(Novo Seven): Mode d’action

Activated platelet 

VIIa

X 

Xa 
Va

II

IIa

Generation of FXa at the platelet surface



Rebalancing the coagulation cascade in 
haemophilia



THE COAGULATION CASCADE IS STRICTLY CONTROLLED
BY PHYSIOLOGICAL INHIBITORS

AT, TPFI and APC inhibit the coagulation cascade

FXII
FXI

FX/FVII
FIX

FVIII
FV
FII

Fibrin

Antithrombin

TFPI

-
- TFPI

APC-
Tissue Factor Pathway Inhibitor

Inhibits FVIIa/TF and FXa

Activated Protein C
Inhibitis FVIIIa and FVa

Antithrombin inhibits
FIIa (Thrombin), FXa, FIXa



Severe haemophilia
phenotype

Congenital 
thrombophilia

Milder haemophilia 
phenotype

Strategies to induce thrombophilia in patients with 
haemophilia

Relaxing inhibition of 
coagulation

1. Interfering with liver 
synthesis of 
antithrombin

2. Inhibition of TFPI 
by antibodies

3. Blocking activated
protein C by 

exogenous inhibitor

+ =



Mimicking missing clotting factor with a 
bispecific antibody



FIXa FX

FIXa FX

Bispecific antibody (=ACE910)

Phospholipid membrane

FVIIIa
A2

A1
A3

C2C1

FXa

FXa

Phospholipid membrane

Kitazawa et al. Nat Med 2012;18:1570

EMICIZUMAB IS A BISPECIFIC ANTIBODY MIMICKING THE
ACTION OF FVIIIA IN THE COAGULATION PROCESS



1. Kitazawa T, et al. Nat Med 2012;18:1570–4; 
2. Sampei Z, et al. PLoS One 2013;8:e57479

Emicizumab

*Emicizumab is an investigational product and is not approved or licensed for the treatment of patients with haemophilia A or any other medication
FVIIIa, activated factor VIII; FIXa, activated factor IX; FX, factor X

Emicizumab* mode of action

FIXa FX

Emicizumab is a therapeutic antibody designed to bridge FIXa 
and FX,

replacing the function of FVIIIa1

This allows the coagulation 
cascade to continue without FVIIIa1,2

Cell membrane



Emicizumab (subcut) versus FVIII (IV)

Louvain Médical - 2015 - Édition spéciale Hémophilie : 150 ans d’histoire et 15 ans de prise en charge aux cliniques Universitaires saint-luc.
Oldenburg J, et al N Engl J Med 2017;377:809–18

Time
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Fluctuating F8 correction with regular infusions
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HAVEN 1: Bispecific antibody trough concentrations

FVIII (IV) Bispecific Ab (Sub cut)

Peaks and troughs with FVIII versus constant but not modifiable clotting activity 
with Emicizumab

Time, weeks

Peaks : 50-80 %

Constant level – close to 10-15
FVIII equivalent activity

Troughs : 0 - 5 %



Correcting congenital clotting factor 
deficiency by gene therapy



GENE THERAPY
TO CURE

HAEMOPHILIA



HEMOPHILIA : LIVER-DIRECTED GENE THERAPY



GENE THERAPY FOR HEMOPHILIA

A working FIX or FVIII gene is 
packaged into a specially made carrier 

called AAV. 

• In liver cells, FIX/FVIII gene taken to the nucleus

• The transferred gene does not change the existing
genetic code in chromosomes

• Liver cells make functional FIX/FVIII

1. Ohmori et al. J Thromb and Haemost. 2015;13(S1):S133–S142. Figure adapted.

Liver Cells

Vehicle with Gene



The largest haemophilia gene therapy clinical trial 

March 2022



Why is it important to understand the 
coagulation cascade in 2022 ?

• Physiology of clot/thrombus formation
• Interpretation of routine clotting tests
• Understanding of bleeding and thrombotic diseases
• Mode of action of old, new and future anticoagulants
• Principles of replacement therapy
• Understanding new therapies of diseases such as haemophilia

(rebalancing of blood coagulation, Ab mimicking FVIII, gene
therapy)



More than ever the blood
coagulation cascade is fascinating



Thank you for your attention

cedric.hermans@uclouvain.be



Suggested readings

Blood coagulation dissected

Transfus Apher Sci 2018 Aug;57(4):449-457.

Edward L G Pryzdial et al.

A Molecular Revolution in the Treatment of Hemophilia

Mol Ther. 2020 Apr 8;28(4):997-1015. 

Butterfield JSS et al.

Emicizumab: A Review in Haemophilia A

Drugs. 2019 Oct;79(15):1697-1707. Blair HA.
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