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Chapter 19

OVERVIEW OF A COMPLICATED SYSTEM: THE 
COAGULATION SYSTEM

Şebnem İZMİR GÜNER1

The concept of blood coagulation dates back to 1960’s when Davie, Ratnoff 
and Macfarlane described the “waterfall” and “cascade” theories outlining the 
fundamental principle of cascade of proenzymes leading to activation of down-
stream enzymes (1). Haemostasis, defined as arrest of bleeding, comes from 
Greek, haeme meaning blood and stasis meaning to stop (2).This thrombohaem-
morhagic balance is maintained in the body by complicated interactions between 
coagulation and the fibrinolytic system as well as platelets and vessel wall.

Blood coagulation and platelet-dependent primary hemostasis have evolved 
as important defence mechanisms against bleeding. The activation of coagulation 
is temporally co-ordinated with the primary platelet plug formation. The coagu-
lation system is carefully controlled by several anticoagulant mechanisms, which 
under normal conditions prevail over the procoagulant forces. Disturbances of 
the natural balance between the pro- and anticoagulant systems caused by genetic 
or aquired factors mayresult in bleeding or thrombotic diseases.

PRIMARY HAEMOSTASIS

Vascular wall damage exposes blood to subendothelial tissues, which triggers 
the primary haemostasis events. Coordinated interactions between platelet re-
ceptors, plasma proteins, and tissue components seal the wounded area. A series 
of reactions including platelet adhesion, aggregation, release of granule content, 
and morphological changes generate the platelet plug. The von Willebrand factor 
(VWF), a high molecular weight plasma protein composed of multiple disul-
phidelinked subunits is important for the initial adhesion of platelets. Newly pro-
duced VWF multimers can be >20 million Da in mass and 4 um in length. In plas-
ma, they undergo proteolytic processing by the metalloprotease ADAMTS 13.

Platelets are disc shaped, anucleate cellular fragments derived from mega-
karyocytes. They have a pivotal role in haemostasis by forming the initial hae-
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As with the coagulation system, the fibrinolytic system has components that 
are age-dependent (24) . The capacity to generate and inhibit plasmin during 
infancy and throughout childhood is very similar to adults (24) . There are signifi-
cant differences in the levels of the fibrinolytic components between children and 
adults. Some fibrinolytic components are lower at birth when compared to adults, 
especially plasminogen (75% and 50% of adult values for the healthy premature 
and full-term newborns, respectively) and the primary inhibitor of plasmin, α 2 
AP (at 80% of adult values) (24) . However, the levels of fibrinolytic activators 
such as tPA and uPA and regulators such as PAI-1 are elevated at birth compared 
with adults (24,25,26 ).Although α 2 M has a major role in the inhibition of 
thrombin in coagulation during infancy and childhood, the importance of α 2 M 
in plasmin inhibition in the fibrinolytic system in the young is unclear (24 ) .

TAFI is a plasma zymogen that can be activated by thrombin, the thrombin–
TM complex, or plasmin (23,24) . The activated form of TAFI removes C-terminal 
lysine residues of plasminmodified fibrin that mediates a positive feedback mech-
anism in plasminogen activation, thereby attenuating fi brinolysis (23,24,27). The 
TAFI pathway is active in vivo and most likely provides the proper balance be-
tween fibrin deposition and fibrin degradation.

Hemostasis involves the stoppage of bleeding following an injury to the vas-
culature. The various systems work together to maintain the integrity of this pro-
cess and prevent what would otherwise be a traumatic reaction. A delicate bal-
ance is maintained between all of the systems that are involved in the hemostatic 
process. For centuries, there have been conceited efforts to understand the coagu-
lation process and design accurate methods for evaluation and monitoring of this 
complex process. It is hoped that the clinical laboratory will continue to be at the 
forefront in the elucidation of the intricate processes that constitute hemostasis.

REFERENCES
1.	 Achneck HE, Sileshi B, Parikh A, Milano CA, Welsby IJ,Lawson JH. Pathophysio-

logy of bleeding and clotting in the cardiac surgery patient: from vascular endotheli-
um to circulatory assist device surface. Circulation 2010;122:2068‑77.

2.	 Thornton P, Douglas J. Coagulation in pregnancy. Best Pract Res Clin Obstet Gynae-
col 2010;24:339‑52.

3.	 Heemskerk JW, Bevers EM, Lindhout T. Platelet activation and blood coagulation. 
Thromb Haemost 2002;88:186‑93.

4.	 Palta S.,Saroa R.,Palta A.Overview of the coagulation system Indian Journal of Ana-
esthesia 2014;58;5,515-525.

5.	 Cines DB, Pollak ES, Buck CA, Loscalzo J, Zimmerman GA,McEver RP, et al. En-
dothelial cells in physiology and in the pathophysiology of vascular disorders. Blood 
1998;91:3527‑61.

6.	 Ashby B, Daniel JL, Smith JB. Mechanisms of platelet activation and inhibition. He-
matol Oncol Clin North Am 1990;4:1‑26.



Current Topics in Hemato-Oncology

- 180 -

7.	 Monroe DM 3rd, Hoffman M, Roberts HR. Molecular biology and biochemistry of 
the coagulation factors and pathways of hemostasis. In: Williams Hematology. 8th ed. 
New York NY: McGraw‑Hill Professional Publishing; 2010. p. 614‑6.

8.	 Hall JE. Hemostasis and blood coagulation. In: Guyton and Hall Textbook of Medi-
cal Physiology: Enhanced E‑Book. 11th ed. Philadelphia: Elsevier Health Sciences; 
2010. p. 457

9.	 Sadler JE. Biochemistry and genetics of von Willebrand factor. Annu Rev Biochem 
1998;67:395‑424.

10.	Barash PG, Cullen BF, Stoelting RK, editors. Clinical Anesthesia. 5th ed. Philadelp-
hia: Lippincott Williams and Wilkins; 2006. p. 224‑6.

11.	Mackman N, Tilley RE, Key NS. Role of the extrinsic pathway of blood coagulation 
in hemostasis and thrombosis. Arterioscler Thromb Vasc Biol 2007;27:1687‑93.

12.	Manly DA, Boles J, Mackman N. Role of tissue factor in venous thrombosis. Annu 
Rev Physiol 2011;73:515‑25.

13.	Opal SM, Kessler CM, Roemisch J, Knaub S. Antithrombin, heparin, and heparan 
sulfate. Crit Care Med 2002;30:S325‑31.

14.	Ejiofor JA. Anticlotting mechanisms I: Physiology and pathology. Contin Educ 
Anesth Crit Care Pain 2013;13:87‑92.

15.	Dahm AE, Sandset PM, Rosendaal FR. The association between protein S levels and 
anticoagulant activity of tissue factor pathway inhibitor type 1. J Thromb Haemost 
2008;6:393‑5.

16.	Rigby AC, Grant MA. Protein S: A conduit between anticoagulation and inflammati-
on. Crit Care Med 2004;32:S336‑41.

17.	Owens AP 3rd, Mackman N. Tissue factor and thrombosis: The clot starts here. Th-
romb Haemost 2010;104:432‑9

18.	Kumar V, Abbas AK, Fausto N, Aster JC. Hemodynamic disorders, thromboembolic 
disease and shock. In: Robbins and Cotran Pathologic Basis of Disease. 8th ed. Phila-
delphia, PA : Saunders Elsevier; 2010. p. 118‑20.

19.	Bombeli T, Spahn DR. Updates in perioperative coagulation:Physiology and manage-
ment of thromboembolism and haemorrhage. Br J Anaesth 2004;93:275‑87.

20.	Lasne D, Jude B, Susen S. From normal to pathological hemostasis. Can J Anesth 
2006;53:S2‑11.

21.	Collen D, Lijnen HR (1991) Basic and clinical aspects of fi brinolysis and throm-
bolysis. Blood 78:3114–312422. Colvin BT. Physiology of haemostasis. Vox Sang 
2004;87 Suppl 1:43‑6.

22.	Francis CW, Marder VJ (1992) Physiologic regulation and pathologic disorders of fi 
brinolysis. In: Colman RW, Hirsh J, Marder VJ, Salzman EW (eds) Hemostasis and 
thrombosis: basic principles and clinical practice. JB Lippincott, Philadelphia, PA, pp 
1076–1103

23.	Bajzar L (2000) Thrombin activatable fibrinolysis inhibitor and an anti fibrinolytic 
pathway. Arterioscler Thromb Vasc Biol 20:2511–2518

24.	Chan A. K. C. and Paredes N.The Coagulation System in Humans Methods in mole-
cular biology (Clifton, N.J.) 992:3-12 · April 2013

25.	Corrigan JJ Jr, Sleeth JJ, Jeter M, Lox CD (1989) Newborn’s fi brinolytic mechanism: 
components and plasmin generation. Am J Hematol 32:273–278

26.	Ginsberg JS, Hirsh J, Rainbow AJ, Coates G (1989) Risks to the fetus of radiologic 
procedures dures used in the diagnosis of maternal venous thromboembolic disease. 
Thromb Haemost 61:189–196

27.	Nesheim M (2003) Thrombin and fibrinolysis.Chest 124:33S–39S




