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_ ODbjectives
¥ By the end of this lecture the student should
be able to:

-+ - Detfine haemostasis.

t  Describe the main mechanisms that prevent
blood loss after an injury.

~ # Describe role of platelets in haemostasis
= Outline the mechanism of platelet plug
formation. - -

- 1 Describe the mechanisms of blood coagulation



Haemostasis

*Hemostasis: drives from the Greek meaning “The
stoppage of blood flow”.

* The term haemostas:s means pr'even’rlon of
blood loss.

* Haemostasis is ‘rhe process of for'mmg clo’rs in
‘the walls of damaged blood vessels and |

preventing blood loss, while maintaining
blood in a fluid s’ra‘re wu‘rhm ’rhe vascular'

system.



Definition of HEMOSTASIS

# Maintaining a balance
+ Coagulation
.+ Fibrinolysis

# Hypocoagulation: excessive bleedmg (mher'u’red
or acquired) |

% Hypercoagulation (thrombosis) inadequate
~activation of the fibrinolytic system



~ Vessel wall, Blood flow &
Coagulation Substances

Thrombocytes Coagulation Factors

Subendothelial
cells

J] Endothelial

cells




In Case if there is an Endothelial Injury
(Bleedmg must be prevented at snte of mJury)

(




Flow must be Maintained
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Systems Involved in
( ~ Hemostasis

# Vascular system
+ Injured vessel initiates vasoconstriction

4 Platelet System

= Injured vessel exposes collagen that
initiates platelet aggregation and help form
g | _ | |
# Coagulation System

= protein factors of intrinsic and extrinsic
pathways produce a permanent fibrin plug



= = * e ;f‘f/_'; - -
e ”,
® o 24 - ‘
k. & \ d { "( .
& -

Al 4

. . b
.

- - - ¥

; ; : . -  Endothelial cel R o
r 1 » X :
i il Biol

¥ Key players.in the regula‘rlon Of
homeostasis ‘

¥ Have Anti- and pr'o‘rhrombo’rl
activities: |
+ Thrombus formation
+ Propagation, or
= Dissolution.occurs




Endothelium

Gm.rm‘nnl

m Normal endothelial cells exhibit |

GQ...,...n misiaicT | Antithrombotic activity:
~ @ s A 1. Antiplatelet
\ e 2. Anticoagulant and
A ’.“.:’:J““’“‘i"’ 3. Fibrinolytic properties
Subendomhebum

In summary
» Intact, nonactivated endothelial cells2_> Antithrombotic
> Endothelial injury or activation 2> Prothrombotic




Platelets

¥ Fragments of megakaryocytes; diameter 1-4
um, 150-400x10° /| of blood

& Contain many active factors:

= Actin, myosin, thrombosthenin
Endoplasmlc r'e‘nculum Golgl appar'a’rus
Mitochondria |

Enzymes for prostaglandin produc‘rlon
Fibrin-stabilizing factor -

Growth factors for vascular repair
Glycoproteins on cell surface
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Functional characteristics of
platelets

The cell membrane of platelets contains:

% A coat of glycoprotein (receptors) that cause ' |
adherence to 1njured endothelial cells and exposed
collagen:

= Ib (GPIb) -
‘= Receptor site for vVWF

r IIb, IITa (GPIIb/IIIa)

= Complex becomes receptor site for fibrinogen

% Phospholipids, that play an 1mp0rtant role in blood
clotting - | |



“Granular content

# Dense granules
= ATP
= ADP
= Calcium
= Magnesium
r Serotonin
= epinephrine



Granular content
(Alpha granules)

¥ Hemostatic + Nonhemostatic -
proteins _ pro’rems
_ ,E'abc';'gfg\f" = p-thromboglobulin,
- VWF = Platelet factor 4

= Plasminogeh T PIaTele’r derive_d'
t Plasminogen activator | grOWTh chTor' (PDGF)

inhibitor (PAI-1) = Albumin
= .a,—antiplasmin = fibronectin,



VON WILLEBRAND FACTOR

¥ Large Adhesive Glycoprotein
¥ Polypeptide chain: 220,000 MW

4 Base structure: Dimer; Can have as many as 20
linked dimers

¥ Multimers linked by disulfide bridges

% Synthesized in endothelial cells & megakaryocy’res
# Constitutive & stimulated secretion | |
% Large multimers stored in Weibel-Palade bodies

¥ Functions: |
1) Stabilizes Factor VIII
2) Essential for platelet adhesion



'VON WILLEBRAND FACTOR

GPIb GPIlb  GPllla GPla

Platelet
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Classification of Coagulation
‘Factors

Based on functional or structural properties
% Physical groupings

. # Prothrombin

# Fibrinogen

= Contact

¥ Functional Groupmgs

+ Substrate

+ Cofactors

= Enzyme



|

Physical 6roupings

Prothrombin Group.

W

¥ -

H OH B &%
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IT, VII, IX, X

Protein C, Protein S, Protein

Z
Vitamin K dependent..
Synthesized.in liver

Small mw (50,000-100,000)

Contain a domain that is
critical for calcium binding

Heat stable

Inhibited by warfarin

Fibrinogen group

®
W

W

o

I,V, VIIT, XIIT

Thrombin acts on all these
factors

Synthesized in liver

£ Exception: VIII:vVWF which

is produced by endothelial
cells and megakaryocytes

Large mw. (250,000)

"ALL are consumed in the

clotting process, since they
are NOT enzymes '



Physical Groupings

Contact Group

# XI, XIT, HMWK(HK) PK

% Produced in liver

¥ Activated upan_c;on’rac'r with a nega’rlvely charged surface
= Collagen iA-MIVO
m Glass, Kaolin  in vitro

¥ Large mw (80,000-173,000)

¥ Not consumed in coagulation, found in serum

= Purpose: activate the intrinsic pathway & fibrinolytic
system



Functional Groupings

¥ Substrates: substance upon which enzymes act.
= Factor I:fibrinogen
¥ Cofactors: speed up the activities of enzymes
= (i.e) Factor V: Pr'oaccelerm
¥ Enzymes |
= Transglutaminase
= Factor XIIIa only
= Serine protease .
~# Inactive until converted to enzymes

# Once activated, assist in reaction, but are no’r
consumed or used up



What's so Special About Vitamin K?

|

¥ Where does it come from?
+ Green leafy vegetables, fish and Ilver'

+ Gram-negative intestinal bacteria
# What does it do?

= Vitamin K is necessary for the carboxylation of
“glutamic acid. Carboxylation is essential for
binding coagulation factors to negatively-
charged phospholipid surfaces via Ca** bridges.

Carboxylation reactions also reduce vitaminK to
- be recycled.



What's so Special About Vitamin K?

# Why do we care?

= Vitamin K antagonist drugs'suchas =~
warfin/coumadin inhibit the activity of
the recycling of Vitamin K, so the
‘reduced form can not be made

r Deficiencies of Vitamin K result in the
production of non-functional factors
which can not PGI"TICIPOT@ in coagula‘ruon
‘reactions ' | |



Coag factors (by group)

|

# Fibrinogen group: I,V VIIT XITI

= most labile, are consumed in coagulahon found on
platelets

¥ Prothrombin group: IT VII IX, X

r Vitamin K dependent, may be affec‘red by
coumarin,diet, antibiotics

¥ Contact group: XI XTI HMWK Prekalhkrem

= initiate intrinsic path and fibrinolysis



= WWE o L H:!'-'d.ll]'f l;.'ill IL T
anymore. we know now that it is

1311] NHOL PY0 Tets

Facto Synonyms Function Factor Synonyms Function
I Fibrinogen polymer unit IX Christmas factor, plasma protease
thromboplastin
I1 Prothrombin protease component
IIf F T fact X Stuart factor, Stuart- protease
issue cofactor -
Prower factor
tIu'-:unbn:}plastin,
tissue factor XI Plaaﬂmlﬂu'nmboplasfm Pl‘(}fea_g,e
antecedent
IV Calcium [ve don't call Calcium factor
IV either... XII Hageman factor protease
V Accelerator globulin. cofactor — — —
PIU&ECE‘IEﬁIL lﬂbllf' relE.as_ed frﬂm p|3te|et5 in 3 pamE"}r III Flblﬂ-l StELblllE]Ilg Flblll‘t
factor active form, which was known as factor, fibrinoligase crosslinker
- factor VI, but we don't call it that | =

— Prekallikrein (Fletcher | protease

VII Proconvertin, stable protease
factor)

factor

VIII | Antihemophilic factor | cofactor = High-molecular- cofactor
or olobulin weight kininogen
N (Fitzgerald factor)

unless otherwise specified, we still

use the factor name and number to
identify parts of the cascade. ;)

Factor V| was at one time used to designate activated Factor V.



HEMOSTASIS
Primary vs. Secondary vs. Tertiary

¥ Primary Hemostasis
= Platelet Plug For'ma’rlon(Uns’rable)
+ Dependent on normal platelet number & fUhCTIOh
= Initial Manifestation of Clot Formation

¥ Secondary Hemostasis: Activation of Clotting Cascade
>4 Deposition & Stabilization of Fibrin

= Reinforced platelet plug with fibrin clot
= Enzyme-mediated, cascade-like reactions

# End result = insoluble fibrin clot

¥ Tertiary Hemostasis
= Dissolution of Fibrin Clot -
= Dependent on Plasminogen Activation



Primary Hemostasis

¥ vasoconstriction (vascular system)

% platelet exposure to sub-endothelial
- ..connective tissue of blood vessels

¥ Platelet release of ADP, ATP, Thromboxane
A, (promotes vasocons‘rmc’rlon)

¥ Platelet aggregation, phospholipid provides
site for fibrin formation



I-Vascular spasm

# Reduces flow of blood from mJured
vessel. - -

r Sympa’rhe’rlc reflex
¥ Release of vasoconstrictors (TXA, and-

serotonin) from platelets that adhere
to the walls of damaged vessels



(For'ma'rion of primary hemostatic plug

¥ Platelets converted from inactive to
active state |

-+ Adhesion to collagen

® Triggers platelet activation

= Tromboxane A, is synthesized from arachidonic
acid and stimulates secretion

= Aggregation of platelets to each
= prostacyclin (PGI,) inhibits pla’relef gY*ega’ruon

= Secretion (discharge of granule contents)



" o3  Platelet Adhesion

Injury site
collagen exposed
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Active

Inactive




hrmocesactiation 1

COLLAGEN

Exposed Collagen
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- 1. Platela: adheslon occurs when
- von Willebrand factor connects
eollagen and platalets.

2. The olatelet release reaction is the
 reessenl ADR thromhotanes, and
other chemicals that activate other
platelots.

3, Platele! aggragation aocurs when

- ibrinagan recaptors on activated
platelats bind to fbrnogen, connecing
the platelets to ore another, A platelel
plug is ‘ormed by the accumulating
mass of piatelets,

3 - Vessel
wal

Platelet Smoath
plug muscle
ol

Platelet Plug Formation



Stable adhesion

- Platelet . activation/
Platelet aggr'egahon
~ Rolling

~ Platelet
Blood Flow_ adhesion

?1??4%@%}( S

VWF VWF VWF collagen VWF

collagen

VWEF collagen VWEF collagen
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endothelium adhesion into [:'atelet

i @ Releaseof
plateletfactors

e \
Smooth .
Collagenin (‘D Exposedcollagen
[N e — subendothelial bindsand activates
layer platelets

Platelet Plug Formation

Overview of Hemostasis: e o e e
- R v latelets do not stck 1o each other or 1o IO
Clot Formation & Vessel Repair ALl
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SECONUALYAACITNOSTASIS
_ |

Coagulation proteins act on platelet surfaces to
form fibrin, which stabilizes the platelet plug

A = '
' > % 1) M burried under here

'ﬁ ’ P are some activated [
oy ' platelets
-
L
Just fibrin

RBCs, leukocytes,
and platelets are
trapped in the
meshwork.
leukocytes will also
migrate in, and help
to disolve the clot




3. Blood coagulation

Q Begins ~ 15-20 s to 1 min after vascular damage
Q  Initiated by:

0 Release of active factors from in Jured vessel
wall

0 Activated pla’rele’rs '

0 Blood proteins adher'lng to damaged vessel
wall

A If vessel opening is not too lar'ge in 3- 6 min
the bleeding is stopped. |

Q  In 20 min - clot retraction.



3-Blood Coagulation

e S the process Where by on vessel injury, Plasma
protein, Tissue factors and Calcium interact on the
surface of the platelets to form a Fibrin clot.

¥ Platelets provide a surface for the coagulation reaction,
and interact with fibrin to form a stable platelet fibrin:

clot.



Importance of Calcium ions

Except for the first two steps in the intrinsic pathway,
calcium ions are required for promotion or accelem’non of all
the blood-clotting reactions.

When blood is removed from a person, it can be prevented
from clotting by reducing the calcium ion concentration.

The extrinsic pa’rhWayﬁ can be eXploﬁsive. The intrinsic paThway
is much slower to proceed, usually requiring 1 fo 6 minutes to
cause clotting.



Intrinsic pathway

1 Starts with trauma to the blood or
contact of blood with collagen

0 More steps in cascade and thus slower
than extrinsic pathway.

a All coagulation factors are in the blood.



pathway

~ Intrinsic

Blood trauma or
contact with collagen

O Factor VIII - | o
- antihemophyilic factor
O Ca®t necessary for all,

but first two steps

O removal of calcium :

- (citrate, oxalate) - ®

prevention of clotting

;

X|| ==~ Activated XII (Xlla)
l = (HMW kininogen, prekallikrein)

Xl s Activated X (Xla)
Ca"

IX s——p- Activated |X (IXa)
Vil

Thrombin seegs-
Vlllal Ca*

X s— A ctivated X (Xa)
Platelet
5 S pe—-
phospholipids Theoaildn Gt
V
Y
Prothrombin
activator
Platelet

phospholipids

Prothrombin sees—gp= Throm

1

Ca"
Hall: Guyton and Hall Textbook of Medical Physiology, 12th Edition
Copyright © 2011 by Saunders, an imprint of Elsevier, Inc. All rights reserved



Extrinsic Pathway

(1) Tissue trauma
Initiates when injured
vascular wall or j
: eXTraVGSCUIGr TISSUeS ' Tissue factor
- come in contact with
blood. (2) VIl === VIia
Injured tissues release | T
~ tissue factor (tissue 4 e
. thromboplastin) - - Ca+ /
lipoprotein (proteolytic) S
and phospholipid g Tk
Componen'l‘ i phﬁaphﬂlipida l
el 3k R, ' Prothrombin » Thrombin

T

G att



Interaction between extrinsic
~and intrinsic pathways

0 Damage of blood vessel ac‘rlva’res boTh
pathways!

0 They converge at the level of factor X.
Q Extrinsic pa’rhway explosuve (15 s)..
@ Intrinsic patway - slower (1-6 min).



Coagulation Cascade

Intrinsic
Contact

Xl — Xlla

X| — Xla

lCa?-‘
IX —¢
IXa + VI
PL + Ca?*

Intrinsic Xase
complex

Prothrombin

Fibrinogen

Extrinsic

Vessel Injury

TF + VIl
Common
X
o | Tissue Factor
Ca2* + Vlla
Extrinsic Xase
xf complex
Xa +V Prothrombinase
PL + Ca?* complex
l X1
» Thrombin > l
Xllla

» Fibrin —> Crosslinked

Fibrin



AR is. INTRINSIC PATHWAY EXTRINSIC PATHWAY

i ' (Hageman Factor) Tissue Injury

Kallikrein> l HMWK collagen
Tissue Factor

. Prekallikrein
(Thromboplastin)

T Thrombin P
e (lia) A
- g /

IXa / Tissue Factor Palhwa ‘\T'asuo EActon

- ] 4 P Inhibitor (TEP1) - ViHa
- _ . vin = Villa — N

P 0 Thrombin 2 X

o A=

.‘.1 \I s | ///

. _/'
. g i = ./’
e i »> Xa -

E P

"t s
/ Thrombin
4 (1a)

g —— ua

LWTE - (Prothrombin) (Thrombin) Xila

Ve Phospholipid @

pre " surface
Ca=+
Active Fibrinogen Fibrin Cross-linked
Inactive M @a) ERBIS
COMMON PATHWAY




Breakdown of Factor Location

Intrinsic Pathway Extrinsic Pathway Common Pathway

Prekallikrein= PK VII X

HK Tissue factor= TF, v
IIT

XIT IT

XTI I

IX

VIII



Thrombin

activates

E

\/Ilh

IY\

. L
’ Fibrinogen R L&
Puothrombm\ 4 . Activated ¢ Fibrinogef\
.
Thrombin \ Fibrin ; Platelet 0
clot A " b



iy 3 Tissug 'fac11"or' k 3 - 1Posi1‘iVe 8
o VIIG pafhway.. mhbutgr 2 _ fee dback
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Tissue Fac'ror' (TF)

Tissue Damage
Vessel wall

i Cell .pa_r"r_lcles Herta ks II _>IICI
‘ ‘ | (prothrombin)| | (thrombin)




XI — Xla

Ila ——— VIII—> VIIIa

' Thrombin
| Pro- coagulanf \

effects

| \ V—P Va

Fibrinogen —— Fibrin



5 XIa: - |Precursor —— Enzyme

‘ Reaction on Activated Platelets ‘

‘FVIIIa/CaZ*/Phosphollpld ‘

| FVa/Ca?/Phospholipid |

‘Fibrinogen — Fibrin



“Classic” (Test Tube) Coagulation Cascade

Intrinsic Pathway

Xl

Xl | K,

Xla —

Extrinsic Pathway

'/T issue Factor + Vi
TF-Vil

Since 1961

PL
Va

Thrn

Fibrinogen

Prothrombin

Common Pathway

Xl

mbln

Fibrin 29 _ Fobvin
(weak) (strong)




“New” (in vivo) Coagulation Cascade

Tissue Factor + Vi
'
IPI' IX Xla —

TF-Vlla — Prothrombin (1)

) &
Va Xill

Thromi;in [| ) J—

S (|| “J—
Fibrinogen (l) —*l(:::::ll)l _a.(Elern:;}




Clot r'e'rr'achon Serum

-

Q 60 min after clot formation all the fluud
is expressed out (serum) |

Q Platelets are essential for re’rrac’rlon and
pulling fogether the edges of broken -
vessel | |



FIBRINOLYTIC SYSTEM

% Definition: temporary fibrin clot |

systematically and gradually dissolved as the
~vessel heals AR AN DRAN
% Key components

= Plasminogen (inactive form)

= Plasminogen activators

= Plasmin R

# Fibrin

= Fibrin Degradation Products (FDP)

# Inhibitors of plasminogen activators and plasmin




Activation

Extrinsic: t-PA, urokinase

Intrinsic: factor Xlla, HMWK, kallikrein

Exogenous: streptokinase

Fibrin, fibrinogen

Fibrin, fibrinogen
degradation products
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Coagulation Regulatory Mechanisms

|

# Naturally Occurring Anticoagulants rapidly
interact with components of coag cascade To
avoid unabated clot formation
= Protein C (PC) and Protein S (PS)

= deficiencies may be congenital or acquired

= Antithrombin (AT) and Heparin Cofactor II

= serine protease inhibitors (serpins)

# Deficiency of inhibitors cause increased risk
of thrombosis



. XII—» XIIa

XL —XIa : | Pr'ofem S
«h

Pr'o’rem C
Ix — s l | Protein S_-

. ‘ l VIIIa+Ca+PI : e :
' X—» Xa g e
£ ‘ VarCa+Pl| N
4 ey m— B ——re i

TF / VIIa l | "
2 y Fibrinogen —> Fibrin--— Fibrinolysis
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Coagulation factors
Phospholipids
Ca+ -+

‘«',3/

The Coagulation System

Factor Xlla
Factor Xla
Kallikrein
t-PA
u-PA

lﬂ
\}"\VY

Clotting

Fibrinolysis

AT
Protein C
Protein S

TFP |
as Macroglobulin
a4 Antitrypsin
C, Inactivator

Heparin cofactor

Coagulat|0n s_ystem is kept in balance by actlvators and |nh|bitors of clotting and

fibrinolysis.

_Clotting occurs when blood vessels are damaged and activators of coagulatlon i
- factors are released. Clotting is controlled by f|br|nonS|s Inhibitors serve to bnng the_ :

system back into baIance

[U_
PAI-1
PAI-2
PAI-3
as-Antiplasmin

as-Macroglobulin
TAFI




BLEEDING THROMBOSIS

NV N

¥ Without this balance, the individual may experience either excessive
bleeding (poor clot formation or excessive Fibrinolysis)

k' Vaso-occlusion (uncontrolled formation of thrombin in vascular system
occluding vessels and deprlvmg organs of blood)



Tests of Hemostasis

+ Bleeding.T > 10m. Platelet & BV function
-+ Prothrombin.T - Extrinsic, aPTT - Instrinsic -
+ Thrombin.T 2> common path. (DIC)

-+ Factor assays - hemophilia.- .
= Tests of thrombosis - TT, FDP, DDA

+ Platelet function studies:
= Adhesion, Aggregation, Release tests.

-+ Bone Marrow study



( Blood coagulation tests
- 0O Bleeding time

Q After incision to fingertip or earlobe - 1-
6 min

0 Clo’r’rlng time

0 Blood colection in glass tube, invert tube
every 30 s - wait until it clo’rs (usually 6

min)
0 Not reliable - not used clinically



Prothrombin Time

& Mixture of:

= 50% patient’s platelet poor plasma

+ 25% Mixture of Tissue Factor &
phospholipid species

= 25% Calcium chloride (to bring final -
calcium concentration to c. 3-5 mM)

+ Time to clot formation measured




R S
_Extrinsic/Initiation pathway

A B 5
- EXTRINSIC
- PATHWAY \i Ila
Vila ‘u’lla Xa ﬂ‘(
X Xa L
Va Tissue Factor Bearing Cell
lipid |TF
I ¢y
fibrinogen ibrin ? ‘\“
X §
|Xa




Prothrombin Time

Relates to concentration of = o4
BTo’rgr‘ombm in‘patient's - ’
ood

Oxalated blood given large
amounts of Ca®* and tissue
factor - time to form a clot
depends on the amound of
prothrombin |

Concentration (percent of normal)
n
=]
o
L

Usually 12 sec( Normal 25.0 - \
Con‘l'r'gll) .

12.5 - b
Unreliable without | 6.25 - R
normalization (INR) due to T e e 5 o B B
variability of effectiveness Prothrombin time

of tissue factor

(seconds)
of Mahcal Piysclogy. 1.2th Edition

& Hall Textbook o a
! int of Elevier, Inc. All rights ressnaad



Prothrombin Time

a In’rer'na‘rlonal nor'mallzed r'cmo

-

Q- Clmucally used

'@ Takes into account international
sensitivity index (ISI: 1,0-2,0) for each
tissue factor baTch

0 Normal INR: 0,9-1,3  na(p= )"
Q High INR:

Q2  4-5 (high risk for bleedlng)
a 2,0 3,0 (warfarin therapy)




aPTT (activated partial
thromboplastin time)

¥ 50% patient’s platelet-poor plasma
% 25% mixture of phospholipid & surface
active agent (Celite, Kaolin)

# 25% Calcium Chloride to bring calcuum '
concentration to 3-5 mM

"« Time to clot formation measur'ed



1 fibnnoge/n)a\'ﬁibrin

:f Intrinsic/

(

A INTRINSIC
PATHWAY
HK

XII
PK

BNy
Xla Xl

K\
Xa IX

Vllla
lipid
Xa X
Va

/Iigid\‘

-

aPTT

Platelet pathway

aPFTT measures the pathway 3
that happens on the platelet

IXa
a X
v o 9 la
X \ A
9 ¥y Sy
Y aalX 2 B,
‘ ' o
\»ﬂ ”x P ab
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g I { 3 J
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