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The first law of haemostasis and thrombosis:

The more thrombin the less bleeding but more thrombosis,
The less thrombin the more bleeding but the less
thrombosis





CLOTTING CASCADE AND 
PHYSIOLOGIC INHIBITORS





VIRCHOW’S TRIAD

The three components that
regulate coagulation:
1. Blood flow
2. Blood composition
3. Vascular function



Antithrombotic function of endothelial cells







RESPONSE TO VASCULAR INJURY

Furie and Furie N Eng J Med 2008



PLATELETS



Under normal physiological conditions, platelets circulate in close
proximity to the endothelium without forming stable adhesion contact
due to the anti-adhesive properties of quiescent endothelial cells.

However, after vascular injury, platelets rapidly adhere to sites of
endothelial disruption to establish a hemostatic plug that prevent excess
blood loss.



THE ROLE OF PLATELETS FOR TISSUE REMODELING, APOPTOSIS AND ANGIOGENESI



MECHANISM OF INTERACTIONS BETWEEN PLATELETS AND THEIR MICROENVIROMENT



Under condition of high
shear stress, as encountered
in arterioles and stenotic
arteries, VWF plays a critical
role in recruiting platelets
from blood flow.



The unfolded VWF 
macromolecues 

provides a linear array 
that facilitate binding 

of multiple GPIba 
receptors.



Proinflammatory and prothrombotic function of inflamed endothelial cell
Proinflammatory and prothrombotic function of inflamed

endothelial cells



PLATELETS FIRM ADHESION AND 
AGGREGATION

Once adherent platelets undergo a
remarkably complex series of
morphological and biochemical changes
that lead to release of platelet granule
contents and upregulation of adhesive
function of integrin.

GPVI is the major collagen receptor
inducing intracellular calcium influx
necessary for stable platelet adhesion,
cytoskeletal reorganization and the
release of soluble agonists (ADP and
TxA2)



Function of fibrinogen in haemostasis

Substrate for fibrin generation

Activation of coagulation factors

Stable clot

Ligand of GP-IIbIIIa receptors 
inducing platelet aggregation

Subendotelial collagen



The Wall : bricks and cement

Platelets

Fibrinogen/Fibrin

Platelets









BLOOD COMPOSITION



CLOTTING CASCADE AND 
PHYSIOLOGIC INHIBITORS





Clotting reactions do not occur, or 
hardly, occur in solution

BUT

occur on surfaces

AND

in the presence of cofactors



INITIATION

AMPLIFICATION

PROPAGATION

A CELL BASED MODEL OF 
HEMOSTASIS
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Free factor Xa binds TFPI 
and inihibits TF-VIIa 
complex 

Also free factor Va is a 
potent inihibitor of TF-VIIa 
complex

INITIATION PHASE



Excess TF

TF-VII

X-V

IIa

Extrinsic pathway
driven clotting
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Lung
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Placenta

Testis
HIGH TF EXPRESSION

EXTRINSIC PATHWAY
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INTRINSIC PATHWAY



AMPLIFICATION  PHASE



Large amounts of thrombin are generated

PROPAGATION PHASE



Fibroblast mythogenesis
Platelet PDGF and TGFB release

PMN chemotaxys
Endothelial PDGF production

CELL PROLIFERATION

E-selectin expression
PMN and monocyte adhesion

PMN chemotaxys
PAF production

INFLAMMATION

Protein C activation
Prostacyclin release

ANTICOAGULANT

Platelets activation
Fibrin formation

Coagulation positive feedback 
(Va, VIIa, VIIIa, XIa)

PROCOAGULANT

MULTIPOTENCY OF THROMBIN





Thrombin



At a constant fibrinogen
concentration, low thrombin
concentrations produce coarse,
unbranched networks of thick
fibrin fibers, whereas high
thrombin concentrations produce
dense, highly branched networks
of thin fibers.

At a constant thrombin
concentration increasing the
fibrinogen concentration produces
dencer, highly branched fibrin
network



The condition under which
fibrinogen is converted to
fibrin determine the fiber
thickness, branching and
network density of the
resulting clot



PHYSIOLOGIC INHIBITORS

Efficient regulation of thrombin generation is required to

prevent excessive or improperly clot formation; for this aim

different inhibitors act in controlling the process.



Thrombin

FVIIa+TF

FIXa-FVIIIa

FXa-FVa

FII

TFPI

INHIBITORS-1



Thrombin
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Anti-thrombin
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There is no escape from the second law of hemostasis
and thrombosis:

If you want to know about thrombin-measure thrombin



Models for thrombin generation and risk of 
disease

Brummel-Ziedins K, 2013



Individual with acute condition appears to have more pronaunced
thrombin generation  than individuals with chronic condition.



Thrombogram: different thrombotic
tendency



CELLULAR PROCOAGULANT ACTIVITY





VASCULAR CELLS 

Two essential functions during coagulation

1. Cellular adhesion molecules exposed during vascular injury recruit
leucocytes and platelets to sites of damage

2. Accumulation of these cells, as well as the exposure of active cellular
TF, provides a surface upon which to assemble procoagulant complexes

Fibroblasts and smooth muscle cells express considerable TF and are
primed to trigger coagulation upon contact with blood





CIRCULATING MICROPARTICLES

Circulating microparticles (MP) are derived from a variety of cell types including
leukocytes, platelets, megakariocytes, red blood cells, encothelial cell and tumors.
MP carry cell-specific markers and functional properties of their parent cell



CELLULAR MICROPARTICLES: A DISSEMINATED STORAGE POOL 
OF BIOACTIVE EFFECTORS



PROCOAGULANT FUCTION OF PLATELETS

A. Plasma membrane phospholipid are
asymetrically distributed in resting platelets,
with PS confine to the inner leaflet. After
platelet activation, high level of intracellular
calcium trigger scramblase activity resulting
in a loss of phospholipid asimmetry and PS
exposure on the outer leaflet

B. PS exposure can be induced through two
distinct cell-death pathway: apoptosis and
necrosis

C. Platelets can also contribute to thrombin
generation via activation of FXII



BLOOD FLOW



In much of the arterial system, blood vessels adapt their caliber
via endothelium-mediated regulation to manitain a mean wall
shear stress of approximately 5 to 20 dynes/cm2.

This maintenance is thought to be crucial to normal vascular
function, including the promotion of anti-inflammatory,
antithrombotic, anticoagulant and profibrinolytic states.

Vascular endothelial cells are also subject to pressure.
Hypertension increase TF exposure for example.



Recirculation zones are often characterized by low
shear conditions, stasis and increased risk of
thrombosis.

The shear rate also modulates the kinetics of both
fibrin monomer formation and polymerization. At a
constant given shear rate, initiation of clotting is a
function of the size of the exposed region of TF.
Once initiated, the shear rate dictates both influx of
procoagulant reactants including prothrombin and
fibrinogen, and efflux of reaction products includin
thrombin and fibrin.



ROLE OF LOW ESS IN ATHEROTROMBOSIS
1. Low ESS attenuates nitric oxide dependent atheroprotection
2. Low ESS promotes low-density lipoprotein cholesterol uptake, synthesis and permeability
3. Low ESS promotes oxidative stress
4. Low ESS promotes inflammation



Under high-shear rates (arterial microcirculation or
in regions of moderate arterial stenosis) platelet-
platelet interactions become progressively more
VWF dependent.

Pathological shear rates (sites of atherothrombosis)
platelet aggregation is exclusively mediated by VWF-
GPIb adhesive bonds.

In regions where platelets experience marked
alteration in flow (ex vortex), platelet agonists
accumulate in post-stenotic zones, thereby
enhancing platelet accumulation and activation
downstreaam from site of vascular injury













VIRCHOW’S TRIAD OF 
THROMBOSIS

Flow disruption
Stent design

Hypercoagulable

Surface activation
Endothelial damage

Device material
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