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Haemostasis and blood coagulation 

    Haemostasis (from the Greek: aima, blood + stasis, halting) is the 

termination of bleeding. It requires the rapid interaction of a number of 

closely regulated processes to produce a localized clot at the site of vessel 

injury. Two millennia ago, the Greek philosopher Plato already described 

that the blood forms fibers once it leaves the heat of the body. He was 

also the first one to coin the term fibrin, which nowadays refers to a key 

blood clotting protein composing those fiber structures. Interestingly, 

Plato’s view on blood clotting, which was shared by other early 

philosophers, such as Aristotle and Galen, remained the leading concept 

until the end of the 18th century. In the course of the 19th century, 

groundbreaking discoveries were made on the biological mechanism of 

coagulation. Around 1865, platelets were discovered as well as their 

critical function in hemostasis. (Versteeg et al., 2013). 

    It was proposed that a hypothetical protein termed “thrombin” could 

induce the formation of fibrin. The majority of the key players in 

coagulation were discovered during the course of the 20th century. In 

1905, Morawitz constructed the first coagulation model in which 

thromboplastin, now known as (TF), was released by damaged vessels to 

convert prothrombin into thrombin in the presence of calcium. Thrombin 

then convert fibrinogen into fibrin resulting in the formation of a blood 

clot. However, this four-clotting factor model could not fully explain the 

complex process of coagulation. Around the 1950s, many of the 

remaining factors had been characterized, such as (VWF) and factors V, 

VII, VIII, IX, and XI. (Riddle et al., 2007). 

    Haemostasis is an essential protective mechanism that depends on a 

balance of procoagulant and anticoagulant processes. It is controlled by 
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an intricate interplay of four key components: the vascular endothelium, 

platelets, the coagulation pathway and fibrinolysis. The process of 

coagulation is divided into primary and secondary phases. Primary 

haemostasis occurs rapidly following vascular injury with platelet plug 

formation and vasoconstriction. Secondary haemostasis follows with the 

exposure of tissue factor expressing cells and formation of insoluble 

fibrin fibers through the action of the serine protease coagulation factors. 

There is a great degree of overlap between these phases with tight 

regulation to limit clot formation only to sites of injury. (Kemball-Cook 

et al., 2011). 

Primary haemostasis 

Endothelium 

    All blood vessels have a single layer of endothelial cells (ECs) that are 

in constant contact with blood flowing through the vessel lumen. ECs, 

underlying collagen and elastin fibrils make up the tunica intima. The 

tunica media consists of smooth muscle cells (which regulate vascular 

tone), further collagen fibrils and an elastic layer. The outer tunica 

adventitia has a protective and structural role, being made up of collagen 

and fibroblasts. (Hoffbrand et al., 2011). 

    The role of the endothelium is multifaceted. Primarily, it acts as a 

physical barrier separating haemostatic blood components from reactive 

sub-endothelial structures. It modulates vascular tone and permeability. In 

addition, endothelial cells also produce inhibitors of coagulation and 

platelet aggregation. (Figure 1.1). (Van Hinsbergh, 2012). 
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(Figure 1.1) Endothelial haemostatic functions  (Van Hinsbergh, 2012). 

    In the resting state, the endothelium functions as an effective 

anticoagulant. Expression of specific proteins (thrombomodulin) and 

mucopolysaccharides (heparan sulphate, dermatan sulphate) promote an 

anticoagulant effect by accelerating the action of circulating natural 

anticoagulants. Platelet aggregation is inhibited by production of 

prostacyclin and nitric oxide and endogenous synthesis of ectoenzymes, 

which degrade ADP (platelet agonist). Lastly, the endothelium modulates 

fibrinolysis, by producing activators and inhibitors of clot lysis. (Van 

Hinsbergh, 2012). 

    Tissue damage disrupts the integrity of the endothelial basement 

membrane exposing the underlying extracellular matrix and 

prothrombotic haemostatic factors, including collagen, (VWF), 

fibronectin (promotes platelet adhesion) and (TF). Additionally, anti-

thrombotic endothelial properties are lost by thrombin, shear stress, 

oxidants, endotoxin or cytokines interleukin-1 (IL-1), tumour necrosis 

factor (TNF) and interferon-𝛾. Activated endothelial cells express TF, 

which initiates the coagulation pathway, impairs fibrinolysis by secretion 
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of plasminogen activator inhibitor (PAI-1), and reduces the surface 

expression of the anticoagulant, thrombomodulin. Furthermore, 

stimulated endothelial cell attract leucocytes by synthesizing chemokines, 

and expressing intracellular adhesion molecules (leucocyte integrins). 

(Van Hinsbergh, 2012).  

    These procoagulant events are themselves regulated, limiting 

intravascular extension of the thrombus. Proposed mechanisms include 

the negative charge of intact endothelium (repels platelets), adjacent 

prostacyclin release (inhibits platelet activation), heparan inhibition of 

thrombin, thrombomodulin enhancement of thrombin anticoagulant 

effects, and secretion of tissue plasminogen activator (tPA), which can 

initiate fibrinolysis. The fine balance between procoagulant and 

anticoagulant phenotype varies and led to the concept of vascular bed-

specific haemostasis. Responsible mechanisms include growth factors, 

cytokines, mechanical forces, circulating lipoproteins, coagulation factors 

and components of extracellular matrix. Hence the prevalence of 

pathological thrombosis varies at different vascular sites, and may be 

associated with different acquired factors or disease states. (Van 

Hinsbergh, 2012). 

Platelets 

    The circulating platelet is an anuclear discoid cell produced from 

megakaryocytes. It functions as a vehicle for transportation of regulatory 

factors, prothrombotic proteins, growth factors and other molecules inside 

platelet granules to the endothelium. The platelet membrane functions as 

a template for promotion/acceleration of haemostasis and wound healing. 

Also it facilitates rapid recognition of disruption or injury. The  reduction 

in the number of platelets results in a bleeding tendency. The normal 

platelet count is 150- 450 ×109/L, and below 80 ×109/L, haemostasis may 
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be impaired. The risk of bleeding correlates with the severity of the 

platelet reduction. (Michelson, 2007). 

    Internally, they contain mitochondria, glycogen particles, lysosomes, 

and different secretory granules, which are essential for normal platelet 

function:        

· The α-granules containing large polypeptides that contributes to 

haemostasis, such as VWF and fibrinogen, and platelet factor 4, FV, and 

other factors. 

· The d-granules (dense granules) rich in low molecular weight 

compounds that potentiate platelet activation, such as ADP, ATP, GTP, 

serotonin, and calcium  

    The cytoskeleton, containing tubulin, actin, and filamin, is responsible 

for the shape of the resting platelets and for the contractile events, such as 

the secretion of granules and clot retraction. Despite the lack of genomic 

DNA, platelets contain more than traces of messenger RNA and the 

translational machinery necessary for protein synthesis. (Healy et al., 

2009).  

    A wide variety of mobile transmembrane receptors is displayed on the 

surface and work synergistically in platelet adhesion, activation, and 

aggregation. The subendothelial components involved in the interactions 

with platelets include VWF, different types of collagen, fibronectin, 

thrombospondin, and laminin. Fibrin and fibrinogen, which are not 

produced by endothelial cells, are immobilized onto extracellular matrix 

at the site of vascular damage and also bind to platelets. Although several 

tissue components are able to interact with platelets, only a few may have 

an essential role in initiating thrombus formation. (Table 1.1) summarizes 

the characteristics of the main platelet receptors. (Rivera et al., 2009). 


