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Coagulation
Objectives:

% Recognize different stages of haemostasis.
% Explain the role of platelets in haemostasis.
% Recognize different clotting factors & cascade of clotting.
% Describe the intrinsic, extrinsic and common pathway.
% Recognize the role of thrombin in coagulation.
% Explain process of fibrinolysis and function of plasmin.
-> Team leader:Abdurhman AlHayssoni, Rahaf AlShammari
-> Done by:
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€ Abdullah AlZaid ,
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https://youtu.be/GAcAPDVD3C0

HAEMOSTASIS

The spontaneous arrest of bleeding from ruptured blood vessels

Haeme: Blood , Stasis: to stop
Haemostasis : Stoppage of bleeding
Do not confuse it with homeostasis.
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Causative Factors are three:
1. Nervous reflexes “the nerves are irritated that will send sensory signals to initiate a reflex”

2. Local m\/ogenic SPasm “the smooth muscles of injured blood vessels are irritated that will cause
contraction even an inhibitory nerve is acting , spasm will proceed”

3. Local humoral factors....Platelets — Thromboxane A [TXA2]
(Vasoconstrictor) R,
Importance: Endatalum _Basementmemran. Aol s usl
Crushing injuries — Intense spasm — No lethal loss of blood. -
TXA2 is inhibited by aspirin

The more area is injured, the stronger is the vascular spasm.
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Endothelin release Reflex ECM (collagen)
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If the first step is enough,
our body will not proceed
to the second step and this
applies for other steps.
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Production, activation and formation of platelet plug. riaeiers adnesion either directiy o

collagen fibers or to Von Willebrand factor.

Importance:
Enough to stop bleeding from small vascular damage

B. PRIMARY HEMOSTASIS ADP causes stickiness From NE to prevent the plug formation
Secrete
Qe = prostacyclin (PGI2)
R ' « NO
i - » ADP phosphatase
—_— .
Etskiiely Exsenal  colagen “ADP antagonist”
Serotonin (SHT) & thromboxane A2 are vasoconstrictors

To understand better:

Platelet repair of vascular openings is based on several important functions of the platelet. When platelets come in contact with a
damaged vascular surface, especially with collagen fibers in the vascular wall, the platelets rapidly change their own characteristics
drastically. They begin to swell; they assume irregular forms with numerous irradiating pseudopods protruding from their surfaces;
their contractile proteins contract forcefully and cause the release of granules that contain multiple active factors; they become sticky
so that they adhere to collagen in the tissues and to a protein called von Willebrand factor that leaks into the traumatized tissue from
the plasma; they secrete large quantities of ADP; and their enzymes form thromboxane A2. The ADP and thromboxane in turn act on
nearby platelets to activate them as well, and the stickiness of these additional platelets causes them to adhere to the original
activated platelets.

Therefore, at the site of a puncture in a blood vessel wall, the damaged vascular wall activates successively increasing numbers of
platelets that attract more and more additional platelets, thus forming a platelet plug. This plug is loose at first, but it is usually
successful in blocking blood loss if the vascular opening is small. Then, during the subsequent process of blood coagulation, fibrin
threads form. These threads attach tightly to the platelets, thus constructing an unyielding plug.



Strong and complete
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Blood clotting is the transformation of blood

(soluble fibrinogen) from a liquid into a solid gel
form (insoluble fibrin strands)

Pathways : Intrinsic ; CLOT is a meshwork of fibrin fibres i
t running in all directions :

 entrapping blood cells, platelets and i

Extrinsic | plasma. i

Begins to develop in: 3
- 1_2 mln — MII"IOI’ tl’aU ma %miﬂgfg':((::z?sion @Th_rorrlbin activation
- 15-20 sec— Severe trauma

The third mechanism for hemostasis is formation of the blood clot. The clot begins to develop
in 15 to 20 seconds if the trauma to the vascular wall has been severe and in 1 to 2 minutes if the
trauma has been minor. Activator substances from the traumatized vascular wall, from platelets,
and from blood proteins adhering to the traumatized vascular wall initiate the clotting process.

The purpose of intrinsic and

SAQ Mechanism of clotti ng extrinsic pathways is to form
prothrombin activator complex.

Formation of Prothrombin activator complex (Xa+Ca+PF-3+V) by
Extrinsic & Intrinsic Pathways leading to Common Pathway
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[ Conversion of fibrinogen into fibrin
L [
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Fibrin converts to stable fibrin polymer

Conversion of prothrombin into thrombin }




[ 4- lysis of the clot by plasmin ]

e Formed blood clot can either become
fibrous or dissolve.

e Fibrinolysis (dissolving) = Break
down of fibrin by naturally occurring l
enzyme plasmin therefore prevent
intravascular blocking.

[D. THROMBUS AND ANTITHROMBOTIC EVENTS

Tissue Plasminogen Activator (TPA) is e Gair

Antiplasmin
from the liver

Plasminogen
(Profibrinolysin)

T-PA (tissue
plasminogen
activator)

[ Plasmin ( fibrinolysin ]
)

used clinically to activate plasminogen
to dissolve coronary and cerebral clots.

Plasminogen
(Profibrinolysin)
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n Coagulation factors @ 2 :
:__M_ T _._ __________________________________ i Factor‘ Names
' \ nemor}lcs. . | . | | Fibrinogen
| "Fresher's Party Tonight, Come Let's Sing | p—
And Call Seniors, Please Have Fun " —
T ' v Calcium
I Flbrlnogen' . (FFESher S) \ Proaccelerin, labile factor, accelerator globulin
" prOthrombln' (part\/) Vi Proconvertin, SPCA, stable factor
Il Tissue factor. (tOHIght) vill Antihemophilic factor (AHF), antihemophilic factor A,
v Ca|Cium. (Come) antihemophilic globulin (AHG)
V Proaccelerin, Labile factor. (Let's) = e T T e
VIl Stable factor, proconvertin. (Sing) X Stiart. Prower actot
‘”" Ant|hem0ph|l|c factor A (And) X Plasma thromboplastin antecedent (PTA),
IX Antihemophilic factor B il shcindieii

. Xl H factor, glass fact
or Christmas factor. (call) e -
. | Xl Fibrin-stabilizing factor, Laki-Lorand factor
X Stuart-Prower factor. (seniors) _ — ‘
i HMW-K High-molecular-weight kininogen, Fitzgerald factor
i:lp:'asma thr?mbopl(al.—]stln )anteCEdent. (please) Pre-Ka Prekallikrein, Fletcher factor
ageman factor. (have “ lion

XIll Fibrin-stabilizing factor. (fun) 5 Platelet phospholipid
Prothrombin - Plasma protein (Alpha globulin)

- Mol. Wt. - 68,700

- Plasma conc. - 15 mg/dl
- Unstable protein

- Synthesized by liver

- Vitamin-Kis required for synthesis

Fibrinogen = Mol. Wt. — 340,000

- Synthesized in liver

- Plasma conc. — 100 — 700 mg/dl



https://youtu.be/FNVvQ788wzk

Coagulation cascade

There are intrinsic and extrinsic pathways

[ Extrinsic ]

(1) Tissue trauma

Tissue factor

tissue.
2 Wi —>Vlla\
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X \; Activated X (Xa)
Ca++
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3) Prothrombin
Platelet activator

phospholipids
Prothrombin s Thrombin

ca++

Figure 37-3. Extrinsic pathway for initiating blood clotting.

TF or tissue thromboplastin;
includes phospholipids from the
membranes of the tissue plus a

lipoprotein complex that functions
mainly as a proteolytic
enzyme.

Not present in circulating blood,
is produced by subendothelium

[ Intrinsic ]

Blood trauma or
contact with collagen

X|| s Activated XII (X1la)
——= (HMW kininogen, prekallikrein)

)

2 X| s Activated X1 (Xla)
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IX s Activated IX (IXa)
Vi

Thrombin s
vulal Ca**

X e Activated X (Xa)

‘
hicsphelipics Thrombin Ca++
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Heparin affect mainly intrinsic
pathway while warfarin affect
mainly extrinsic pathway.

Prothrombin
activator
Platelet
phospholipids

Prothrombin s Thrombin

Ca*+*

Trauma to the blood itself or
exposure of the blood to
collagen (from a traumatized blood
vessel wall), foreign surface/glass

The fibrinolytic system

The fibrinolytic system and its regulation by Protein C.

Question from Dr Shahid:

What is the main factor in the blood that is activated by
thrombin which will initiate fibrinolytic pathway?

The answer is Protein C.

Endothelial cell

Thrombomodulin

Protein C ———— Activated protein C (APC)
+ Protein S

Vllla — Inactive Vllla Va———> Inactive Va

Inactivates inhibitor of
tissue plasminogen activator (t-PA)

Plasminogen ——— Plasmin

Thrombin
t-PA, u-PA

Lyses fibrin




Clot reaction

e When clot retracts (contracts), it expresses most of the fluid from
the clot within 20-60 min called Serum

e Serum cannot clot

e Role of platelets in clot formation & retraction, they are contractile.

Role of calcium ion in clotting

No Ca++ — No Clotting (Needed in many steps)
Blood samples are prevented from clotting by:
1. Citrate ions — Deionization of Ca**
2. Oxalate ions — Precipitate the Ca**

3. Heparin — combines with antithrombin effectiveness increases by
100-1000 fold, Also remove Factors Xll, XI, X, and IX (Monitored by PTT time)

4. Warfarin: production of Factors VI, IX and X by liver (Monitored by PT time)

5. EDTA — chelates (binds) calcium ions

Roles of thrombin in hemostasis

Platelet
S t
phospholipid Serees Platelet
(PF3) aggregation
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Natural intravascular anticoagulants

Endothelial Surface Factors

I
! 1. Smoothness of Endothelium

i . Glycocalyx Layers

: 3.  Thrombomodulin Protein binds to thrombin
and activates Protein C (with Prot. S)

- inactivates factors VV & VIl and inactivates an
: inhibitor of tPA increasing the formation of
plasmin.

Antithrombin action of Fibrin and Antithrombin Il

85-90 % Thrombin binds with Fibrin
10-15 % Thrombin binds with Antithrombin IlI

Antithrombin Il is a circulating protease blocking clot factors J

Heparin

e Negatively charged conjugated polysaccharide
e Increase the effectiveness of Antithrombin IlI
e  Produced by

o  Mastcells

o  Basophil cells
e  Most widely used anticoagulant clinically e.g.

in stroke

Alpha 2- Macroglobulin

Synthesized mainly in liver and acts as a binding
agent for several coagulation factors and inhibits
thrombin.

Dr's note: Primary hemostasis is tested by bleeding time “platelets”

Thrombocytopenia is bleeding disorder which prolongs bleeding time and also if it is very severe can prolong clotting time.
Hemophilia“clotting disorder” affect coagulation cascade, so bleeding time is normal and clotting time is prolonged. 7

A type of hemophilia A which is Von Willebrand disease can prolong both bleeding and clotting time.



Bleeding and clotting disorders

Hemophilia Thrombocytopenia

» Genetic disorders Count < 50,000 ul may cause spontaneous
» Transmitted by female chromosome as recessive trait. bleeding
» Occurs exclusively in males, females are carriers. Less than 10,000 ------ Fatal
r--"-=-=-="="===T=T==T¥=======~ [T TTTTTTTSTSEEEEE S SSS 1
Hemophilia A: Hemophilia B: ETIOLOGY:

85 % cases Increased destruction. Decreased production

Classic Hemophilia i
i Def. Of factor IX

i 15 % cases

Def. Of factor VIII -ITP - Aplastic anemia
""""""""""" I - Drugs - Leukemia
___________________ i - Infections (HIV) - Drugs
HEMOPHILIA C: - Infections (HIV, Measles)

' Def of factor XI |
! (both sexes) i

sSmall Comp. —»Hemophilia A»tPTT |  [-omToTomomomomomommommmm o oo m e 1

sLarge Comp. —Von-Willebrand's disease » tPTT & BT Clinical Features
» Easy bruisability

» Epistaxis

» Gum bleeding

» Hemorrhage after minor trauma
» Petechiae/Ecchymosis

_____________________________________

Clinical Features: Easy bruising, massive bleeding after
trauma or operation, hemorrhages in joints

_______________________________________________

Liver disease Vit. K deficiency
e.g. Hepatitis, Cirrhosis Fat soluble vitamin
Required by liver for formation 4 clotting factors
e Decreased formation of (Factor II, VII, IX & X)
clotting factors
e Increased clotting time Sources:
e Diet

e Synthesized in the intestinal tract by bacteria
Deficiency :

Malabsorption syndromes
Biliary obstruction

Broad spectrum antibiotics
Dietary def (in Neonates)

Treat the underlying cause— Vit K injections




Haemostasis tests in hereditary coagulation disorders

Haemophilia A | Haemophilia B | VW disease
Bleeding time | Normal Normal Prolonged
Prothrombin Normal Normal Normal
time
APTT Prolonged Prolonged Prolonged
Factor VIII Low Normal Low or normal
Factor IX Normal Low Normal
VWF Normal Normal Low

Screening tests

Very important to understand

Test [ Mechanism Tested | Normal Value

Hemostasis, 3-7 min beyond  Thrombocytopenia
Bleeding time capillary & platelet neonate , von Willebrand
(BT) function disease
Platelet count Platelet nhumber 150 000 - 450 Thrombocytopenia
000 / mm~3
Extrinsic & common < 12 sec beyond Defect in Vit K-
Prothrombin pathway neonate; 12-18 sec dependent factor,
time in tferm neonate liver disease, DIC
(PT)
Intrinsic & common 25-40 sec beyond  Hemophilia, von
Activated pathway neonate; 70 sec in Willebrand
partial term neonate disease, DIC
thromboplastin
time
(AP TT) Source from : Nelson Essential of Pediatrics 5™ edition

Prothrombin time (PT) is a blood test that measures the time it takes for the liquid portion (plasma) of your blood to clot.
Activated Partial thromboplastin time (APTT) is a blood test that looks at how long it takes for blood to clot.
The tests are performed by taking blood samples

If a patient is on warfarin which test is used to monitor his/her blood ? PT

If a patient is on heparin which test is used to monitor his/her blood ? APTT

Warfarin will prolong PT and Heparin will prolong APTT

Because warfarin affect mainly extrinsic pathway, on the other hand heparin affect mainly
intrinsic pathway.



Questions

MCQs

QIl: Which one would be inhibited by
Aspirin to prevent clot formation?

A.  ADP

B. Thromboxane A2

C. Serotonin

D. PGI

Q2: Bernard Soulier Syndrome is
caused by:
A. A disorder of granules
B. A disorder of cytokines
C. A disorder of aggregation
D. A disorder adhesion

Q3. ADP/ATP can be found in::
A. Dense granules
B. OCS

C. Alpha granules
D. Mitochondria

Q4. Low platelet count can be
caused by:

A. Hypersplenism

B. Splenomegaly

C. Hepatomegaly
D. A&B

Q5. The coagulation pathway that
begins with tissue thromboplastin is:
A. Intrinsic pathway
B. Extrinsic pathway
C. Common pathway
D. Fibrin stabilization

SAQ

Q6. Why do some malnourished
patients bleed excessively when
injured?
A.  Vitamin K deficiency
B. Platelet sequestration by fatty
liver
C. Serum bilirubin raises
neutralizing thrombin
D. Low serum- protein levels
cause factor Xl problems

Q7. Which one of the following
would best explain a prolonged
bleeding time tests?

A.  Hemophilia A

B. Hemophilia B

C. Thrombocytopenia

D. Coumarin use

Q8. A teenage boy with numerous
nosebleeds was referred to a
physician for evaluation prior to a
minor surgery. His prothrombin
time(PT) was 11 secs (11-15sec
norma|), parfia| ’rhrombop|os’rin
time(PTT) was 58 secs (25-40sec
normal), and bleeding time was 6.5
min (2-7 min normal). Which of the
following is most likely abnormal in
this young man?

A. Intrinsic pathway

B. Extrinsic pathway

C. Decreased platelet number

D. Defective platelet

e  What are the four steps for clotting?
e What is the role of thrombin in haemostasis?

e What are the Natural Intravascular

anticoagulants?
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