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I=ezrly2 257 Hemostasis and Thrombosis
T

* Hemostasis: (physiologic process, maintains blood in

fluid condition and clot-free state in normal vessels,

and inducing a rapid and localized hemostatic plug at
fibtn clob &

* It control bleedlng at the site of injury , blood loss stop
by formation of blood clot that seals the blood vesseles

* Thrombosis: pathologic process, formatlo)g, of  intra-
vascular solid mass (thrombus) from the elements of

circulating blood. TheélVéssébmay be—.mth




HEMOSTASIS

* Hemostasis depends on the integrity of
— Blood vessels -z e4(/4)
— Platelets 7/.o Lo
Eg agulation factors <. coudosy o
el SN

-
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STEPS IN HEMOSTASIS 5

(1) Transient arteriolar vas%nstriction due to reflex

neurogenic mechanism and-secretion of endothelin.

Prom tmleh £ 5 O
(St wisdle: Comtochion) o G Vg e— 24\

A. VASOCONSTRICTION
Endothelium  Basement membrane Arteriole smooth muscle

|
Endothelin release Reflex ECM (collagen)
causes vasoconstriction vasoconstriction 1 =
5 Y



STEPS IN HEMOSTASIS

Privmery Womedhodis

(2)Formation of primary platelet plug due to adhesion
of platelets to collagen and traces of thrombin.

 Adbhesion of platelets to the
subendothelial ECM via B. PRIMARY HEMOSTASIS
(YWE: von Willebrand
M then activation of

_platelets and_release of its
contents like (TXA,:
leading to platelets
aggregation and formation
of hemostatic plug__:z W Engomelium’  Basetent Collagen

membrane
(primary hemostasis)

\ (3)Granule release
(ADP, TXA;)

@ Platelet adhesion
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STEPS IN HEMOSTASIS

(3) Conversion into permanent plug supported by
fibrin clot, which s formed by activation of the

EZaéulat:En cascade.

« At sites of injury: release of

ngécssm:;gc_to_r_and activation C.SECONDARY HEMOSTASIS

of extrinsic  coagulation
cascade leading to formation
of Ehrombiny which converts
ﬁbrmog/v( into  insoluble
¢ (Hbrin>SWhich binds to the
platelet  aggregate  and
stabilize it and this is called

secondary haemostasis.

—— ) — == E———
(2) Phospholipid ‘
! complex expression (3 Thrombin activation

\ @ Tssue factor

N

(4) Fibrin polymerization|
Tissue factor

|;V




Endothelium Collagen

vWF
Circulating vWF
with Factor Vil

e ]

Subendothelial VWF Endothelial defect
© Elsevier 2005
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Antithrombotic Functions
Fibrinolytic Effects

(4), Lysis of fibrin and confinement of clot to the site of

in ury -~ gr
T rmo(gtcc Effect: synthesize tissue —W%Wg
(t-PA) that clears ﬁbrm deposits from endotheliat surfaces.
| TFA |
blasminogen---------------------- > plasmm%‘, \

D. THROMBUS AND ANTITHROMBOTIC EVENTS 5% F

)
w—— ‘/
— —

f[of  t-PA {fibrinotysis)
~ * thrombomodulin ;
| | (blocks coagulation /¥
"\ cascade) oL




omotiais ) bi- Endothelium

intact is an anti-clotting N % [__J\ J
endothelium eawiits P\ Intact. or. Injured mgz?
d Y

Antithrombotic Properties of Normal Endothelium:

- Intact endothelium %ets from
engaging the highly thrombogenic subendothelial
ECM. (WF st ECU %99 g0 (ol g epndothalnl <hs

Prostacyclin and nitric oxide produced by 'szﬁ a/o)‘
endothelium are potentvasodilators and e

(V)<L

Aivive -—QQ
inhibitors of platelet aggregation AT N

T
(= Endothelial cells produce adenosine (o

~diphosphatase, which degra es adenosine
dlphosphategADnga

wivch ffa/oJ—
Plotelir,  (echutnent.
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quThe heparin-like moiecules: Activates antithrombin ———,

Seendty 42
- Thro®bomodulln activates protein C (antlcoagulan

t) Whene A
( )TISSUE factor pathway inhibitor (TEPI) = (v« e~
p y ( r_ﬁ(l)r)lvg(-l’(«fo\-k woobdi o J;.,le

futinss b/ (£3) b 6 J0 (Ferr8)

- Endothelial cells synthesize tissue-type plasminogen
activator, a protease that cleaves plasminogen to

plasmin 3% P (oD

- Plasmin cleaves fibrin. Chrvw —5




Prothrombotic Properties of [HiUECEHOR
Activated Endothelium

- Endothelial injury brings platelets into contact with the
von Willebrand factor (VWEF), a large multimeric protein
that is synthesized by EC.

- VWF binds tightly to Gp1b, a glycoprotein found on the
surface of platelets. = <t sltgion 253 1S

- Endothelial cells produce tissue factor

* Antifibrinolytic Effects. - -

- Activated endothelial cells secrete plasminogen
activator inhibitors (PAls) o~

4)\;3 p losirodun — Ploguighs et
4’%/}’4 «l‘_/:'\g3 ) Vv




Platelets

lack of nucleus

- anucleate cell fragments shed into th w
bloodstream by ma me aké'?“o“é'yte

- Two types of cytoplasmlc granules:

@ o granules

| —

Dense bodies (6 granules): contain adenine

nucleotides (ADP and ATP), ionized calcm\m,

histamine, serotonin,and epmephrme

AT A & FW elived

Cithr




Here isan actual{electron micrograph of a platelet) Note that this platelet
bearsa striking resemblance to a chocolate chip cookie. The chocolate chips
are the alpha and dense granules that contain a variety of mediators such as

ADP

1 micron




(After vascular mwh

1- Platelet Adhesion _ frvet VawmeShonTs = Sl

- Depends on lE and platelet glycoprotein
BRI - 7l sl ek 2

" Uy
2- Platelet Activation —deebbon

- Irreversible shape change and secretion of
both granule types.

f’(( Calcium and NBDR releas(—ﬁ
—— R —

(lé/’/e/'i e dwines-
TelS (edvine

&w@‘

- Activated platelets also synthesize [IKAR2

Petles +(VE) Lo O
o4 Raoiam




After vascular injury:

3- Platelet Aggregation— [ {lsus )12 2]
- Stimulated by TxA2.

- Promoted by bridging interactions between

fBAROEERARAIGHNBINS receptors on

adjacent platelets .
- Rare inherited deficiency of Gpllb/llla
(Glanzmann thrombasthenia)
plult ogfigplion 185



secondary homesteases occurs under the control of clotting factors

coagulation cascade

* Coagulation components typically are assembled

on a phOS@hthld su@ce (provided by 3
endothelial cells or platelets) — Qoo kpid gutfoce
—

\_/‘\/'\_. (}NC\‘. J'

* Coagulation components are held together by
interactions that depend ori calcium icﬁ&‘ O,

* The ability of coagulatlor}factors I, VII,IX, and X
to bind to calcium reqwres that additional y-
carboxyl groups be enzymatically appended to
certain glutamic acid residues on these proteins.

- This reaction requires vitamin K as tor  Feckl 2/

(it k)+ ) 2k
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\.wx'w«(«df/rlq_ s\ Q
e Blood coagulation divided into extrinsic and
intrinsic pathways, converging at the

\
activation of factor X &+ R e
PfOW“AP\‘&W lcc»:<> S\

« Several interconnections between the two
pathways exist.

+ The extrinsic pathway is the most
ne extrnsic pat - e

coagulation occurring after vascular damage;

it isn




The coagulation
cascade

* Factors in red

boxes represent

inactive molecules.

« Activated factors
are indicated with

a lower case "a"
and a green box.

HMWK (high
molecular weight
kininogen).

INTRINSIC PATHWAY

(%) Xl (Hageman Factor)
Kallikrein 1 HMW

EXTRINSIC PATHWAY

Tissue Injury

Prekallkrein Xia
Fila :

X Xa

COMMON PATHWAY Sy




Intrinsic Pathway

HMWK
Prekallikerin
Surface o
Xll > Xlla Extrinsic Pathway
Xl l > Xla
l Vila < il
TF
IX > 1Xa
Villa
X > Xa
lVa
Prothrombin > Thrombin
Fibrinogen l > Fibrin
— Xllla
Cross linked fibrin




The three pathways that makeup the classical blood coagulation pathway

Xl —Hageman factor, a serine protease

Intrinsic | |
Xl —Plasma thromboplastin, antecedentserine protease|
surface contact IX — Christmas factor, serine protease
VII —Stable factor, serine protease
l Xl = Fibrin stabilising factor, a transglutaminase

PL — Platelet membrane phospholipid

—
XlI Xll; Ca™"—Calciumions

l TF — Tissue Factor ( , =active form)
X — "5 Xl .
EXtrinsic
~lf TRV, ¢ tissue damage
X —s IX
(VII, PL,lCa“} J,

X > ¥ < ’ Common

(v, PL, | Ca™) All

prothrombin— —s thrombin _}l

(serine protease)

X1,
fibrinogen —— fibrin ——  stablefibrin
clot




Coagulation cascade

1. Damaged cells (extrinsic
pathway) display a
surface protein (tissue

<) factor: TF) that binds to
¢ activated Factor 2 (TF-

7) to cleave:

I e

TF

Factor 2@ binds and
activates Factor &
(prothrombinase
converting prothrombin
(also known aj Factor II)
to thrombin

(F2)

o

T
L

v

'y
)
I

—_—

]: prothromhbinase

~4 Platelet
activation

+ fibrinopeptides

] —-_-H“\
Fibrin
,},

Ro%R

= Tissue

Factor

VviWH= von Willebrand Factor

= inactive precursor
activated factor



3.

4. Factor 13 forms

Coagulation cascade

Thrombin O
;Fozoteo ytically cleave
f

¥
en (Factot 1) 1o
©;

fibrin,
(Fla)

]: prothrombinase

-...iFIﬂtelet

!\ activation

Flhl‘lﬂ :) N4 fi fibrinopeptides

covalent bonds
between the soluble
fibrin. molecules

converting them into

an insoluble. %qm
W\&Shwork - the TF |=Tissue Factor
C?Ot e =St VW = von Willebrand Factor

’Cbﬂ\/\ = inactive precursor
(JOF N> y ﬁ }: activated factor



Coagulation cascade

* The TF-7 complex & Facto$
11 HEEREEEE Factor 4.

+ “Factor 4 binds to factor 8,
a protein that circulates in

the blood_stabilized by

]: prothrombinase

Platelet

another PY‘OtGl.lﬂ. (VWF) EE'EQ +fibrinopeptides
. Complex q -8 -vWF activate: ‘};
more factors: 5,10 RR
((/M/@ - or(3) ?’35—”—("“5(\_) TF |=Tissue Factor

vi?d'H = von Willebrand Factor

= inactive precursor
activated factor

activation



Coagulation factors and related
m it L “ﬁadrav -
substances " " froniat

L et DO wel
Number and/or name Function M{ﬂ cobiva

| (fibrinogen) Forms clot (fibrin) et
—Ewo — n e =

11 (prothrombin) lts@ctive form (l1apactivates |, V, V111, X1, XlII, protein C, platelets
-7 B N T T
a

11 (Tissue factor or thromboplastin | Co-factor of V1l “E_?—,
IV (Calcium) plallels = — !  |Required for coagulation factors to bind to phospholipid (H'—!—‘).)

5V (proaccelerin, labile factor) Co-factor of X with which it forms the prothrombinase complex £10, /¢ 4x
\4 Unassigned — old name of Factor Va
VI (stablefactor) (7 ActivatesIX, X +2 ¢
A VI (antihemophilic factor) Co-factor Of_LXj/’VI'[h which it forms the tenase complex Fi+ ?;'5";‘;
C,Mstmas factor) Activates X: forms tenase complex with factor V1| -
X (Stuart-Prower factor) Activates Il forms prothrombinase complex with factor V
;(r:t épc)lezs;nnta)tthromboplasti n Activates |X
XI1I (Hageman factor) Activates factor X1 and(prekallikrein™) ug»‘
X (fibrin-stabilizing factor) Crosdinksfibrin bmékw\

von Willebrand ;%tor Bindsto VIII, mediates platelet adhesion
—




Coagulation factors and related
substances

prekallikrein Activates X1 and prekallikrein; cleaves HMWK

Al elEEUET S T InTEgET Supports reciproca activation of X1, X1, and prekallikrein
(HMWK)

fibronectin Mediates cell adhesion

Inhibits l1a, Xa, and other proteases;

Inhibits Ila, cofactor for heparin and dermatan sulfate (*minor
antithrombin™)

Inactivates Vaand Vllla

Cofactor for activated protein C (APC, inactive when bound to C4b-
binding protein)

wer M\ o

M ediates thrombin adhesion to phospholipids and stimulates
degradation of factor X by ZPI

°
=
Q.
>
N

Protein Z-related protease inhibitor

(zP) ><

Degrades factors X (in presence of protein Z) and X1 (independently)

and other proteins

aIpha2 antiplasmin Inhibits plasmm

\osewdnrge 4 esb <!
-

urokinase (endothelial PAI)

| nactlvat

Inactlvate.& urokinase (placental PAI)



Clinical labs assessment

q;->\;/' A\ ()x:-)-" s 031‘*‘0993\ o

CPIBR); | /-1

- Screens for the activity o&the protei

ns in the

Eiiinsio pathway (factors'VIl, X, 1, V, and

fibrinogen). + O =

- The PT is performed by adding phos
tissue factor to a patient’s citrated p
(sodium citrate chelates calcium anc
spontaneous clotting), followed by c

oholipids and
asma
prevents
alcium, and

the time to fibrin clot formation (usually 11 to 13

seconds) is recorded.

Liwee gofiy By ®




Y

Prothrombin Time(PT)

Liiwenc. qathus

Y

l Vila< VII
/TF
> Xa
lVa
Prothrombin >Thrombin
Fibrinogen >Fi brli n

< Xiila
Cross linked fibrin



- Screens for the activity of the proteins in the

dmmmimsiopathway (factorsetiinisXmmmp

éow\ﬁw e \ L W X 2 o 5
Kovwand fibrinogen).

- The PTT is performed by adding a negatively
charged activator of factor Xl and phospholipids
to a patient’s citrated plasma, followed by
calcium, and recording the time required for clot
formation (usually 28 to 35 seconds).



Partial Thromboplastin Time

HMWK SR
Prekallikerin Iakiinsac
Surface (_OwNRRYS

0 > Xlla {)M\m

|

XI

> | Xa

Vlllal
X

Prothrombin >Thrombin

> Fibrin

<— Xliita

Cross linked fibrin

Fibrinogen



CQ\.AM»\ QQJ(LJ_j qb L C pe d—iﬁ

. fﬁwombin TirrE

- screen for reduction of fibrinogen concentration and presence of
fibrin split products.

- Thrombin is added to plasma. Time needed to clot is measured as
TT.




ThrombinTime
CO\_,\W\C'\" J WA

Rl .
2 3;;ve AURN

Fibrinogen > Fibrin



Regulatlon of clottlng

\
1- Antlthrombms (e.g., f’ Wm Mx — /J

- Inhibit the activity of thrombin and factors IXa, Xa, Xla, and
Xlla. \_ 2\ \?T —

- Actlvated by binding to heparin-like molecules

2- Protein C and protein S: \uo/ s~

- Two vitamin K—dependent proteins that act in a complex to
proteolytically inactivate cofactors Va and Vllla.

- Protein C activam/‘L

- protein S’is a cofactor for protein C activity

3-Tissue factor pathwav inhibitor (TFPI):

- Inactivates factor Xa and tissue factor—factor Vila
complexes

4- Plasmin “ Fegglobe d1 ¢ e 3L s X

W"ﬂdiq /WV’@WJ%&W)\




Contact activation Tissue factor
(intrinsic) pathway (extrinsic) pathway

Damaged surface

l Trauma
TFPI
XII Xlla o
7 T Vila VIl
XI Xla N
A o VI

a lTissue factor «—— Trauma

e Antithrombin

IX IXa Villa ;

. Prothrombin (Il) = > Thrombin (lla) - Common
- Va pathway
V\/ i
NN Fibrinogen (I) Fibrin (la)
T At s ) : . /_\
Active Protein C i Xllla Al
Protein S Cross-linked
e fibrin clot

Protein C + Thrombomodulin



Antithrombin Il

HMWK
Prekallikerin
Surface _ Xlla

X” XI , /l Xla

W Thrombin
AT Il |

Fibrinogen =

Fibrin

l = Xllla

Cross linked fibrin



Protein C

Protein C
IXa
Vlilla j
X ~ Xa
j Va
Prothrombin ~ Throjmbin
Fibrinogen > Fibrin

j = Xllla

Cross linked fibrin



Regulation of Clotting

Vila = VI

Prothrombin ~  Thrombin

Fibrinogen > Fibrin

l E Xllla

Cross linked fibrin



Plasmin

HMWK
Prekallikerin
| Surface Xlla
XI Xla Vila Vil
TF
XI IXa
Vllla
X Xa
Va
Prothrombin Thrombin
Fibrinogen > _Fibrin
j =~ Xlla
Plasmin

Cross linked fibrin



Regulation of Clotting

HMWK
Prekallikerin

Surface XIIa PrOtE|n C

> X3 Vila = VII

Thrombin

— |

Fibrinogen > Fibrin

Prothrombln

AT Il

l < Xllla
Plasmin Cross linked fibrin



