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°
liver is responsible for synthesis of many clotting Factors H
aemO S aSIS zlezd unstabilized 29 platelets plug

stabilized s+ai ;lue clotting factors

* The term haemostasis means prevention of blood loss. # ol s izlace

* Haemostasis is the process of forming clots in the walls of damaged
blood wvessels and preventing blood loss while maintaining blood in a fluid

state within the vascular system. c ‘ :
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Mechanism @iz
Haemostasis involves 4 main steps:
1 % Vas Cular Sp aAS1. vasoconstrictors from platelets which do vasoconstriction
2. CEIITCIOUBEITIITI . ..o ocncrence octut with endothelsl salls - ooregate plates then
3. Formation of the platelet plug. wsasie
3. Blood coagulation.




HAEMOSTASIS - THE FOUR MAIN STEPS &yl g3 Clghsl — £,y

Haemostasis is the process of forming clots in the walls of damaged blood vessels and preventing blood loss while maintaining blood in a fluid state within the vascular system.
Slegl jlaadl J3l dile Al § aull Gle Blas go plll GluiS ging 8y paiall Lgaudl duegdl Ohas § Slaladl 53655 ddas ga cB,Y)

VASCULAR SPASM PLATELETS REACTION FORMATION OF THE BLOOD COAGULATION
T R = i i PLATELET PLUG
The first response to vascular injury. Includes: adhesion, activation, and aggregation. A teprary plug to stop Ieeding. Stabilizes the platelet plug with fibrin.
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WHAT HAPPENS? Tliamy bl - R ~ r” WHAT HAPPENS? a0 5L N KEY POINTS / duelusl Jolis

= Vasospasm is the narrowing Dutl ol Ganiti 38 gVl il i b 2 » Accumulated platelets form "Balu” 5453) pdlial e = Clotting involves a cascade of reactions in which

of the arteries caused by a Olptznd jacinat bl ssens 1. Platelet adhesion (§laziVi): a “plug” that seals the gEe s e clotting factors are activated.

persistent contraction of (e g W1 i) dusgil + Platelets adhere to exposed collagen and von injured site. Aol adga gl * Most clotting factors are plasma prateins synthesized

blocd vessels {vasocanstriction). | Willebrand factor (VWF) in the vessel wall « This plug is temporary LizBga Balul ein by the liver (vitamin K is needed for the synthesis of
+ Reduces the flow of blood sleall o pall 300 e JIB = via platelet receptors — Platelet activation. and unstable. Byltes by factors 1, VIF, 1 ancl X]; i ; A y

fram an injured vessel sabazall o S » They are always present in plasma in an inactive form,

) : 2. Platelet activation (b=l + When activated, they act as proteolytic enzymes
; ; PLATELETS - KEY FACTS / ailiuall (e duwlad Ologhis : ksl Gkl vt ¥!
= » Activated platelets change shape (become spiky). O = that activate other inactive enzymes.
CAUSES / bl + Release the contents of their granules. + Produced in the bone marrow by fragmentation of = Several steps require Ca®™ and platelet phospholipid.

megakaryocytes (1000-5000/cell).

. . v COAGULATION PATHWAYS / jisall Oljlas
1. Sympathetic reflex. 52gll ramll ! pfnis 1. 3. Platelet aggregation (gasl): + 1/3 of marrow output is trapped in spleen (splenectomy?), TRISIE BATHT ER CP sy
2. Release of vasoconstrictors | o= &gl daa slge Gilb] .2 BT e R + Normal count: 150,000-400,000/pL (250,000). i rJ.il!un T:_:[";"" ) '"}w i A
from platelets that adhere wle diailell digou)l piliall il latel g I 2| » Life span: 7-10 days. e ﬁ”mniw
to the walls of damaged 3 sl W s secreted from platelets activate nearby platelets. « Removed from circulation by tissue macrophage (oe gl i) il 2
vessels: + This leads to accumulation of more platelets system mainly in spleen. X — Xl —> 1% Tissue factor (TF)
p I N <, —s forming a platelet plug. * Thrombopoietin: major regulator of platelet il +Vil
T ne A, (TXA;) (TXA:) A, 'J ) _*“” AP plug production (produced by liver and kidney). \\\ LI
« Serotonin (S-HT) (5-HT) duigigpeadl = — It increases number & rate of maturation of /J\lﬂanwo’nh-‘
[ heati i — megakaryocytes. 3
Normal vessel Vasospasm o A'?E::I;n 9 Acltw:a_t_l;:n 9 Aggreg?t‘mn s 5 A +“" s
e oWl et < * E'u-"' PLATELET STRUCTURE - KEY FEATURES / milawll jailas 11 (Prothrombin} —3 Ila (Thrombin) Fibrin
o 1 r Cell membrane Cytoplasm contains: 1 e
S * Glycoprotein * Contractile proteins I Fibrinogen) —— | a (Fibrin) <
=3 (receptors) —+ adhesion {actin & myosin} | (
= to injured endothelium + Dense qrsrsu_:i_s”—o ADP, Xl —3 Xllla (Cross-linking) 4
. & exposed coll b | -
|~ - Ph:::hdi:i::ie ; o * a-granules - PDGF frbliect fionn)
KEY POINT / dage dlads pe= important in cltting i e FINAL RESULT / dlgdll dovid
Limits blood loss and allows time for the next steps. @ ‘:..@ + Stores lage amounts of Ca™ Conversion of fibrinogen — fibrin
A Slglasll Gig amsg pall Gladd e asu TX (stabilizes the platelet plug and stops bleeding)
. ;.fr & f:ﬂ;i;’l‘ Sl o | il 0 . b J Gezghaill Jgoi
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CLOT RETRACTION / 822l (583 e SUMMARY / g, pasbe REMEMBER / ;533 S
« Clot formation is fully developed in 3-6 minutes, 8,280 5 dsinsl] iliall Al ¢ e [ Platelets = First responders = g
+ Contraction of platelets trapped within the clot oo Ml alf : [RYESIN
hrinks the fibrin meshwork pulling the edges of il UGl Bk aln Y o A
shrinks the fibrin meshwork pulling the edges of )l e gl Blgo Vascularspasm _,  Plateletsreaction _,  Plateletplug _, Blood coagulation [+ Fibrin = Strong net that stabilizes
S imritings NAS O Slisiiac gt Junall e s 35l A3l etsh o dee gl puits ilhall o dgmnion 53l plll i (S dugh 35,2
* During clot retraction, serum is squeezed from SN y ply :
the clot. Bl e el 35 & gz + bls + Gl &Bgo 5ol D90l B3l Sy (] Teamwork = Prevents bleeding

(sl s lazdl Jasll)
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I-Vascular spasm

e 3l 3w B9l b 909 igedl due oM anua oLl e 2l olpadl 3225 90 dygen] Ao Yl puas -
- A vasospasm is the narrowing of the arteries caused by a persistent
contraction of the blood vessels, which is known as vasoconstriction.

- Reduces the flow of blood _from an injured vessel. ..o oo

Cause:

Blra Wieas L platelets J! oo Jodo

1- Sympathetic reflex. .o i sealbzss zzing adherence

2- Release of vasoconstrictors (TXA, andserotonin) from platelets that
adhere to the walls of damaged vessels. S S
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A. VASOCONSTRICTION
Endothelium Basement membrane Arteriole smooth muscle
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blood J! ye Sl dadally 352> 90 30
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smooth muscle J! leé
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1. Vascular spasm

* Trauma to the vessel wall

el sl dlol o5

ool _plasl ) results in smooth muscle

—

Endothelium  Basement mambrane Arteniole smooth musche

25U oladl clulall wnu-acﬁon % — — =
Jo s« Contraction caused by
wlaall elegll -
ool - Local myogenic spasm
(oo — Factors released from the
e injured vessel wall
(endothelin and seroionin)

— Nervous reflexes

aaial) aodl Lygbs B85 oy o) ¢Sy g mle 551 90 Tugell due gl §us
Vasoconstriction is a transient effect and cannot cause long
term cessation of bleeding
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II- Platelet plug formation

Mechanism:
- Platelet adherence. ...
- Platelet activation. ="~

- Platelet aggregation.
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e Thrombopoietin
@ From kidneys and liver bone marrow i ez oz

Myeloid stem cell
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Platelet Production (Thrombopoiesis)

(Oldaall $5S5) geall poliall z L]

B o . ; O Thrombopoietin
o Myeloid stem cell \ From kidneys and liver o dueliv dyein Al a
- - Myeloid stem cell A P )jjl \
Multipotent stem cell in 8l et G U441982909 Slpaill Brasio dacis duls
the bone marrow. dus d‘ﬂ"""u" dl> S |19 151 o bl g_l.:‘ad u-" i
— h 4

9 Megakaryoblast 9 Caadl gy Slio
Develops from the stem cell doeimdl dudidl o oS
and becomes committed to A (o i O piilig
the megakaryocyte lineage. Megakaryoblast eyt S e

Sty gy Sloo s

e Megakaryocyte v 9 Caaluwgs ) Slaus

Large cell that undergoes = S99 plwdid RAS 8)us 4l

endomitosis (DNA replication
without cell division) and
matures.

o Platelet precursor extensions

O DNAJl caclas) lsls
paidy (EWEN] Inl.a.uﬁ|

O oo il Gt Slolszal

' Platelet precursor y
The megakaryocyte extends Megakaryocyte extensions Slalaial Colwes;Blowall )i
cytoplasmic projections into Culwg) Sl Zlaall dalw Slslaiel Lgoall wgasdl I &._...n)'ﬂggs.!.h._;
bone marrow sinusoids. Bgoull phell gl 8
c;; 0 rPiatelets « Ve, (5 ) e
T 3
éP Fragments are released into ¢ @ Olalaiedl (o elisl jpmi & <
the bloodstream as platelets. s Pljiel?t.s I Ages piliuas pall (gm0 Joa5g
sg0ull xilaal

Key Regulator / i)l plaisll

Thrombopoietin (TPO) is the major regulator
of platelet production.

iyl plaiall ga (TPO) (uisggageg il
agoull pilaall plsY

v Increases the rate of maturation.
Lgauii deyun (o 23j
v Stimulates the release of platelets into the blood.
23l L Lgesll pilaall 3] jasy

Functions of Thrombopoietin / (xlg91509,4l Caillag

v Increases the number of megakaryocytes.

Key Points / dags blaj
* Platelets are not made by the nucleus.
Blgd Ll (g0iad 3 dygeall Filaall
» Lifespan: 7-10 days.
2Ll 7-10 ;513 saal
* Normal count: 150,000-400,000 /uL.
g )S40 51 150,000-400,000 : bl saall

aglwg ) Slasadl LS sae po a3



a2l activation Jasy «¥ @ge calcium J!
clotting factors J! ¢ receptor o= o)le liag
|9_?- ULJ vWF J)! ual:S-

by oS el 7y o
AGONISTS ADHESION B

™

Alpha granule
Collagen

GPlIb-llla Fibrinogen

vWF
Fibrinogen
Factor V

Thromboxanes

PLATELET ww ——

ADP
ATP
Serotonin
Calcium

GPla-lla collagen

Thrombin Dense granule ! glycoproteins receptors J! ea Joia
le 8 lga ol Lol Lo 20 oges LS
J!seau Llé collagen and fibrinogen
SLby OMdzually shadyg Igelly bleeding
passl platelets J! s



PLATELET STRUCTURE & FUNCTION

Platelets have surface receptors and granules
that help in adhesion, activation and aggregation
to stop bleeding.

AGONISTS (Activate Platelets)

(Olwiall J245) Ol jaa

Collagen ¥ esll
Exposed at the site of
vascular injury.

wseell elegll Lilol pige B LSS

Thromboxanes (TXA,)
N:JL!LH-‘—W g}U|
Released from platelets;
cause activation and
vasoconstriction.

tigg asdl Oloubiall fe 5,8
L e ¥l Guiiy Jomdill

0 ADP  Glawsall il puwgisal

Released from dense granules;

recruits and activates
aggregation.

more platelets.
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Thrombin
Potent activator; cleaves
receptors and promotes

Caeg il

—_—
GRANULE CONTENTS / ©lousdl Glgizs KEY FUNCTIONS / dowloll cailbsgll
-
Alpha Granules (Storage) Dense Granules (Storage)
_ (00330) Wl ilannd] (003%9) 32l Slewssll | — e al O°°
i@ @) « uWF (won Willebrand Factor) l.'/ﬂ @ . ApP
@ || ¢ Fibrinogen (e ) o Adhesion Activation
@ @ *FactorV I\ ol = P (Slax¥) (Jamall)
@ * Other ctotting factors 5 @ @ / 7 = Serotonin (5'HT) Attach to injured Change 5haper release
i * Growth factors (PDGF) = + Calcium (Ca®") vessel wall, granule contents.
+ Adhesion proteins elegdl jlasy bl ¥l Eiblg JSodl e
\ J oLl il cilogtae

Alpha granule .
1| AN |

@ Fibrinogen

Factor V
@ . @

5 ) PLATELET

Agod| doudall
@ 9
] @
® " ADP @
9 MNP o
_ Serotonin @
@ Calcium @
e @

Dense granule
dadsll Sl

=y Platelet adhesion and activation are the first step in forming a platelet plug,
Y followed by blood coagulation to form a stable fibrin clot.

dsg0a] Olouiiall dibgg S )3
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ADHESION (Receptors on Platelet Surface)
(Acaiual] pxbos e SMiiuno) (Ll

GPlIb-1lla - Fibrinogen

GPIlIb-llla = (= gia juall
Binds fibrinogen — bridges
between platelets — aggregation.

O b = Oargianedll by
el Gl sagy = Ologasall

vWF (von Willebrand Factor)
Slpdig 098 Jole
Binds vWF — mediates adhesion
to injured endothelium.
Slal¥l gy — VW Jolay kg,
pdiall pgulisa sl

-
GPla-lla - Collagen
GPla-lla — ;yu=>¥g8Jl
Binds collagen — adhesion
to exposed collagen fibers
in vessel wall.
SLIYL sladdl — e dgIl das
wlegll jlas (8 d8glSa)l dcumY sl

'\' .
KEY POINTS / dege bld

Q Platelets are anucleate cell fragments.
Blgh e g ¥ Dsls LS Lo digesll Oloiuall
o Lifespan: 7-10 days.
-pul 7-02 151,383 el
0 Normal count: 150,000-400,000 /uL.
g 5s I 150,000-400,000 : = all saall
@ Work together with clotting factors
in hemaostasis.

28yl Adas b il Jalge go Jasd

Aggregation
(gozxadl)
Form platelet plug
to stop bleeding.
dazilies ol ugS3
Cisey )L

Agiliall 831awdl 52055 LS oYl Bshail 9o Slowiall Janisy Glaslil
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Platelets <

(345/5000-1000) &eladl UMSI! 3520 coutds Basbs pe aliall g5 B gud »

Produced In the bone marrow by fragmentation of the cytoplasm of
megakaryocytes (1000-5000/cell). N e R

1/3 of marrow output of platelets is trapped in spleen (splenectomy?)
Normal count: 150,000-400,000/uL (250,000) G700 oot s
Life span 7-10 days.

Removed from circulation by tissue macrophage system mainly in

Spleen Jodll B wdy Sy dompud] pedd] a5 dawlgs G501l 8yl o adl]
Thrombopoietin: major regulator of platelet production (produced by
liver and k|dney) (1S9 S i) Zagasll pSliall Y gy pliio teisissnsydl

It increases no. & rate of maturation of megakaryocytes. i cs e v s

T ——




Functional characteristics of platelets

« The cell membrane of platelets contains:

— A coat of glycoprotein (receptors) that cause adherence to injured
endothelial cells and exposed collagen. Sl o () 5l ] S5

BgaSall ey dilaall diliall LSl

— Phospholipids that play an important role in blood clotting.

Al T 8 aga 3gs el Al Oladgdungall -




* Their cytoplasm :
» Contains:

(csmgsag uBT) 2o lasl Sligg sy

v" Contractile proteins (actin & myosin). Sl i il 3585150 e 5o 265 Sl

ADP3 ;igigspadl 3 8 lay dygedl

v Dense granules, which contain substances that are secreted in
response to platelet activation including serotonin & ADP.

v o-granules, which contain secreted proteins e.g., platelet-
derived growth factor (PDGF) which stimulates wound healing,
fibrin stabilizing factor (factor XIII) and other clotting factors.

J2a 83388 Oligay Sle gaud M4l Ol

» Can store large quantities of Ca**. (PDGF) 2sasl il g 3220 5 Jle

ol s Jale gyl plidl 3oy (Al
< o331 3133 Jalseg (rae el Solall)
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Mechanism of platelet plug formation

* Platelet adhesion: When a blood

vessel wall is injured, platelets
adhere to the exposed collagen
and von Willebrand factor in the
wall v iplatelet i ifeceptonsis—
Platelet activation.

et @gesll Xilaall gladl *
douls (5903 cleg ylas Glol
e 51l dygandl lla

2 dlsdig o8 Jaley Boasall
laall OMdtwa ye ylasdl
Lygadl Hlaall basd 40l

*Activated platelets release the

E@EEEE of ther CHENIES
including ADP and secrete

G — activating GEERED

platelets to produce further
accumulation of more platelets
(platelet aggregation) and forming a
Dlatelet plug.

Oligrme dndaall dsgaull pilaall gl *
laa TXA 35859 ADP U3 3 lay @ilo>
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Fibrin (stable platelet plug)

- Fibrinogen Platelet Aggregation
Aggregation Thrombin

Platelet
Gpllb/llla receptor

Platelet

Fibrinogen
(unstable plug)

Gplb receptor

Adhesion Von Willebrand factor

Disrupted endothelial surface



PLATELET PLUG FORMATION & AGGREGATION (IN SHORT)

@ ~oHEsion @) AGGREGATION (UNsTABLE PLUG) €) sTABILIZATION (sTABLE PLUG)
Platelet adheres to the Activated platelets expose GPIIb/llla Thrombin converts fibrinogen
damaged endothelium receptors that bind fibrinogen, to fibrin — stabilizes the

via Gplb-vWF. linking platelets together. platelet plug.
o Fibrin
: Fibrinogen l (stable plug)
Platelet i l
Platelet Thrombm

v o—— Gplb receptor Platelet
vWF glAtsiet Platelet

Disrupted endothelial surface

Platelet ( GPlIb/llla receptor . Fibrinogen & vWF (von Willebrand factor)
. - E - - - bl -
(HLais>l) goexilly zulasall 8slauw ()9S
o SLaildl 9 (858kuse yué 531auw) gand 9 (B tun 851wus) Canadill
&goall dviall Guaili O)ludiiune dlaasll xilawall gls Oezodiyadll Guseg il Jazu
a3liall elegll dilbay (e gl bauiys il GPIIb/Illa 83laws Cudy = Gapad S
VWF go Gplb Judiuso e L2o pilaall boyyid Aagasll xilaall
(6 )fiun 83lauw)
Qg0 =
I a0 g
W Gplb Juliius oo
digas q
\ mes
$ilia il pbas

PO o O ( GPIIb/1lla Judiuwo @ o= A VWF) sludig 98 Jele

KEY POINTS

@ Adhesion: Gpib binds vWF
on exposed endothelium.

o Aggregation: GPIIb/llla binds
fibrinogen between platelets.

@ stabilization: Thrombin - fibrin
forms a stable clot.

dawlwl blas

Q by Gplb Juius (§laildl
AVWF) 23lebig (g8 Jola

@ GPlIb/llla Jubiuo :ganill
2l G Guzolypall bdp

@ i Guegsill ol
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50l uilimall (e ¥ss)l willg o8 Jale

1. Platele: adhasion occurs when
ven Willebrand factor connects
aollagen and platalets.

2. The platelet release reaction is the
relegse nf ADR thromhoxanes, and
other chemicals that activate othar
platelots.

3. Platelet apgragation oecurs when
. fibrinogan receptors on activated

platelets bind to fbrinogen, conneciing
the plateleta to ore another, A platelat
plug is ‘ormed oy the accumulating
mass of piatelets,

by be dgadll milaall bl Sasy 3

Ligal laall e uag gl OMLdiue

by I g352 laa a5 95y dndcall

Boalaws 0958 . ol pasy dgaill xilaall

2ilaall daSlyaall AL oy dyganll 2ilaall

Augaall

— vessel
wall

ADP $b| 50 dygasll milaall 3ol Jelis 2

b gyl a8lasS slgeg (HULLS 91094l Platelet Smoath
.33l dyganll =ilaall muo Mlﬁwe
Ch

Platelet Plug Formation




PLATELET PLUG FORMATION duuiuall 83lawdl (553

® How platelets stop bleeding and form a temporary plug °
B30 dolaww (19539 il Bliyd dygeall Zilaall gexis Cass

ADHESION (5Lazl . KEY POINTS g
o (@ ) Adhesion Activation @ Aggregation Stabilization 3l s "'

—
@lazl Lu=aill szl il

Platelet adhesion occurs when
von Willebrand factor (vWF)
connects collagen and platelets.

b gy Loaie Bladdl Eang

0 Adhesion: vWF binds
collagen and platelet GPlb.

@ ADP @ Thromboxane

(VWF) Jil)-_nl.!g ug.? .J-nl: mz} wWF wﬁ LgL.a.';J)IE
Lgaall plaally Huzdasil Collagen ' GPIb Jidtucog a>Besil
: Platelet |
[y ) Figan i) 5N @ Activation: Release of ADP
- — = 5 Z / i a and thromboxane activates
e ACTIVATION (Ju=azdl) g \ Fibrinogen other_platelets_.
Granules : : (o giasuillla) hQP Gibl : Jusall
Activated platelets release ADP, (Silawas) R i bl pilwSgeegyille
thromboxanes, and other \ ) &l ilio
chemicals that activate Fibrinogen ]
other nearby platelets. ima von Willebrand receptor (GPIIb/Il1a) (] AEBT;E\W;P::::P/ lia
A& AN Sl 1S Hisgniaill it receptors bind fibrinogen,
o | placall pitas :adm.(“wﬂl: o linking platelets together.
Lo dlgey ClluSsng,dlly Thromboxane (ilelsg 1od Jale) (GPIIb/1lila) A
- . & @ o L_.lﬂ.t.ﬂ.a.u.:.ﬂ_ at b :EMA.J_
Byglnall pdlisall b2 syl (TXA;) Endothelial cell byl uzsissuily GPIIb/Ila
@ AGGREGATION (ga=l) o i
Fhrinogen N~ @ stabilization: Thrombin

Aggregation occurs when
fibrinogen receptors (GPIIb/1lla)
on activated platelets bind to
fibrinogen, connecting platelets

converts fibrinogen to
fibrin — stable clot.

Oyl Jgz ruddl

(Oszgizsuadll) ;

to one anather and forming an ™\ B‘Td vessel L:H-_’*Ss -..J_l -.H-"‘B-'éﬁ'
wal 8 yfius dlals 1952
unstable platelet plug. GPlIb/llla . slls \_ S > O )
CaMalians doui )i Lodis Em.‘[n.‘.“ [ REY} receptor e . =
alasall e (GPIIB/Ia) i gis il seal) LEGEND (390! £liie)

pliall by las izpin il daddl -.ﬁ Platelet (figes auiu)
Byfiiacn pi doudue 8314w (% lguaey
. eeped  Fibrinogen ((usgiudl)

& i GPlIb/llla receptor
Smooth muscle cell (GPilb/lllla Jubiuss)

o STABILIZATION (<esstdl) / Fiprin (stable plug)

Thrombin converts fibrinogen {@yitin 8akiio) (313,5)

to fibrin, which stabilizes the ikl dal ) peue """TJF [“D’T Willebrand factor)
platelet plug and forms a T @ (2l ubig 098 Jolc)

s'tmn.lger \?Icl:t_. S 1 Thrombin . ADP

O2>gi el (uragill Jasy ; S

8olaull Casty Lo w32 ) (oss0s, @  Thromboxane (TXA;)

98l Al 3555 dvudall - \ _J

These steps form a temporary platelet plug that stops bleeding until blood coagulation : iy il Ll didgo dusudio Balaw 2955 | Dlghaadl o (5355
creates a stable fibrin clot. Byatun dubyyud dbl> 0955 pall )i didas pad i
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Blood Coagulation

sl Jolge bauius lgd iy Ll Odelasd] oy dldus yascdl AT e
- The clotting mechanism involves a cascade of treactions in which clotting
factors are activated.

(Xs IXs Vg IL Jalgall gnad K tpalind p3ly) oSl daulgs geial po Laydly Olids s lgaliea
- Most of them are plasma proteins synthesized by the liver (vitamin K is
needed for the synthesis of factor II, VII, IX and X).

- They arealways present in the plasma in an inactive form. > s Ll s b isese s

- When activated they act as proteolytic enzymes which activate other inactive
CNZVIMCES. syt g3 Olagsi] b gyl Al SlagyilS Jass bt e

- Several of these steps require Ca™ and platelet phospholipid.

. sdshagss OIS Dlshasll adn o spsall

() ( ) -
& A gaalli sl &

= e ; — -




Table 18.1 The coagulation factors

Factor
number Descriptive name

l Fibrinogen

I Prothrombin

1] Tissue factor

v Labile factor

Vil Proconvertin

Vil Antihaemophilic factor

IX Christmas factor

X Stuart—Prower factor

Xl Plasma thromboplastin antecedent

Xl Hageman (contact) factor

X1l Fibrin-stabilizing factor
Prekallikrein (Fletcher factor)
HMWK (Fitzgerald factor)

* Active without proteolytic modification.
HMWK, high molecular weight kininogen.
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Name

Description

Function

Fibrinogen (Factor I)

MW = 340,000 Da: glycoprotein

Adhesive protein that forms the fibrin clot

Prothrombin (Factor I1)

MW =72.000 Da:
vitamin K-dependent serine protease

Activated form is main enzyme of coagulation

Tissue factor (Factor II1)

MW = 37,000 Da;
also known as thromboplastin

Lipoprotein initiator of extrinsic pathway

Calcium 1ons (Factor IV)

Necessity of Ca’ " 1ons for coagulation

reactions described in 19th century

Metal cation necessary for coagulation reactions

Labile factor (Factor V)

MW =330.000 Da

Cofactor for activation of prothrombin to thrombin

Proconvertin (Factor VII)

MW = 50,000 Da;
vitamin K-dependent serine protease

With tissue factor, initiates extrinsic pathway

Antihemophilic factor

MW = 330,000 Da

Cofactor for intrinsic activation of factor X

(Factor VIII)

Christmas factor MW = 55,000 Da: Activated form is enzyme for intrinsic
(Factor IX) vitamin K-dependent serine protease activation of factor X

Stuart-prower factor MW = 58,900 Da: Activated form is enzyme for final common
(Factor X) vitamin K-dependent serine protease pathway activation of prothrombin

Plasma thromboplastin

antecedent (Factor X)

MW = 160,000 Da: serine protease

Activated form is intrinsic activator of factor IX

Hageman factor
(Factor XII)

MW = 80,000 Da: serine protease

Factor that normally starts aPTT-based
intrinsic pathway

Fibrin stabilizing
factor (Factor XIII)

MW =320.000 Da

Transamidase that cross-links fibrin clot
N\

\_;\-/___’=\/Q=

S—




Factor

Name

Pathwayv

I

Fibrinogen

Both

II

Prothrombin

Both

[T

Tissue Factor

Extrinsic

].-‘il.'r

Calcium

Both

1H'F

Proaccelernin

Both

VI

Accelerin

Both

VII

Proconvertin

Extrinsic

VI

Antithemophiliac

Intrinsic

Christmas Factor

Intrinsic

Stuart-Prower Factor

Both

Plasmathromboplastin antecedent (PTA)

Intrinsic

Hageman Factor

Intrinsic

Protransglutaminase

Both
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NAME(S)

Fibrinogen.

Prothrombin.

Tissue factor (thromboplastin).

Calcium ions (Ca**).

Proaccelerin, labile factor, or accelerator globulin (AcG).

Serum prothrombin conversion accelerator (SPCA), stable factor,
or proconvertin.

Antihemophilic factor (AHF), antihemophilic factor A,
or antihemophilic globulin (AHG).

Christmas factor, plasma thromboplastin component (PTC),
or antthemophilic factor B.

Stuart factor, Prower factor, or thrombokinase.

Plasma thromboplastin antecedent (PTA) or antihemophilic factor C.

Hageman factor, glass factor, contact factor, or antihemophilic factor D.

SOURCE

Liver,

Liver.

Damaged tissues and activated platelets.

Diet, bones, and platelets.
Liver and platelets.

Liver.

Liver,

Liver.

Liver.
Liver.

Liver.

PATHWAY(S) OF
ACTIVATION

Common.

Common.

Extrinsic.

All.

Extrinsic and intrinsic.

Extrinsic.

Intrinsic.

Intrinsic.

Extrinsic and intrinsic.
Intrinsic.

Intrinsic.



COAGULATION FACTORS - EASY TO REMEMBER  tids) Jguw — sl Julos @

1) INTRINSIC PATHWAY (ls1u1) 2) COMMON PATHWAY (& jiiall) 3) EXTRINSIC PATHWAY (>,
Starts on contact with collagen Final common path to form a clot Starts with tissue damage
322 Ys50 o polaill ag dalodl 7sSa Hlaill & il Hlusll s DLl faw
m Hageman factor n Fibri m .
(Contact factor) v [~ esagen Tissue factor
oleala Jole - O 9 pasd . (Thromboplastin)
— ¢ ) el Jole
n Plasma thromboplastin : n e (D gang 15)
antecedent (PTA) - ' ro roin in
or Factor C : #0999 5
C of PTA Jole i
: = P Stable factor
| roaccelerin (Labile factor
i SPCA
n Chikstmas faston (F1G) H or Accelerator globulin (AcG) ¢ ) ;
or Factor B 1 s olb i i or Proconvertin
B of Lulawws,S Jole - (SeB k) gs o s Jals
; : Shiatt factor 055299595 3l (SPCA)
m Antihemophilic factor A - Mark et
o (AHF) H (Power factor) !
it U N - or Thrombokinase '
slidgasgll slae Jo : (851) & lgui Jole H
: jlwSesag s gl : SOURCES (,+a0l)
1 ]
1 ') ]
V Y v ' Liver = a.sJ1 l:'l’ o)
‘ Conversion of Fibrinogen (I) — Fibrin Stable ,;:?' Bones = allaall
by Thrombin (11) Clot .
; : \/ . Platelets = &gl pilaall
Dasd 1) Gazmgs sl J g2 adal>
(1) oaog,ill ddawlgs 8 yiiias Q@ Diet = clian
SUMMARY TABLE (Ja2=xll gy aixds) EASY MNEMONICS (dlgw Jaa> 5,b)
Factor (@ ,JI) Name (awl) Source (ja.aall) Pathway (;Lusll)
' Common Pathway=1-2-5-10
n Fibrinogen a3 9 yaad P Liver {2501} Common (& iliuall)
. . Remember:
n Prothrombin Oasag g g P7  Liver (as) Common (4 724all) .;‘;# “1 25 10 = Core Clot"
m Tissue factor (Thromboplastin) & Damaged tissues & activated platelets Extrinsic (= ,l=Jl) — = L e s R a5
(et peag,h) manill Jols T dladiall wiliiallg 3y paiall Al i
m Calcium ions (Ca®*)  pseudiSl Sligsl .~ Diet, Bones, Platelets gitisall plisal ol Al ({2l NS) Extiineie Pathway =3/~
n Proaccelerin (Labile factor) / cijus Jule P Liver & Platelets (plially w301) ?zr_?:r?o;n;:_;ﬁft;ﬂ; . b, i,
[ it | Stable factor (SPCA) / Proconvertin P Liver (asn) Extrinsic (L)) 0 “3 7 = External Shield”
m Antihemophilic factor A (AHF) ' Liver (xS11) Intrinsic (A1ul) el £30 = dmew A
m Christmas factor (PTC) / Factor B ' Liver {41) Intrinsic (A1.1)
. Intrinsic Pathway =12-11-9-8
n Stuart factor (Power factor) P Liver {4£1) Commen + Ext. & Int. )
(3ol Jale) & jlgains Jole 9 orls + 2 il e Remember:
NI « . "
m Plasma thromboplastin antecedent (PTA) / ' Liver {asJ1) Intrinsic (A=>1.1) 4" “12 11 9 8 = Winter Path
Factor A1 jlue = diled jams e asl pudie (L1
C Jale /PTA Jals .
m Hageman factor (Contact factor) P Liver (451) Intrinsic {,ﬁ,l:'-l..\Jl}
(Juasyl Jole) plasla Jole All produced mostly in the LIVER
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INTRINSIC PATHWAY

Surface Contact

bleeding inside the body

) dysfunctional endothelial cells ! ww

Factor XI| Al Factor xua-b active J sless! g a !

¥

FactorXl | £ M

Factor IX

gag 03554l qgue &JB L;LH Joia
pathway J! ©lg 5 50 U

X%

Hemostatic

Mechanical

Adhesive

pede sale U1 Jsin
activation for Wslesy
common pathway

Factor Xla
‘ COMMON PATHWAY
f\ Factor IXa \ Factor X
) l

Factor Xa

4

bleeding outside the body

EXTRINSIC PATHWAY

Tissue damage

4

pie

Factor Vila Factor Vil

Prothrombin r\ Thrombin

§ X

NN

gie <8 I Jgia

Tissue factor 92 I lgagr 0395
Jlulg 8
pathway
Factor XIl| s> 4lS common pathway J!
3 l
Factor Xllla

Fibrinogen r\

Fibrin

A Stable fibrin
clot




| intrinsic pathwagil | extrinsic pathwaggh

HII—=HIla T

lca=" VIIa/TF = VIl

H]——=H1a
=+
1'38 Ca=Z CcCa<*
Ix Caz"’» I1xa PL =platelet
lg{na phospholipids

e Ca<* TF=tissue factor
5409 posd S zlimy U1 a0 Yaos aga o W a
zlisd ale ISy @l Byes Lagy U1 o ¥ PL
PP lCaz-l»

prothrombin = thrombin

= TiDbrin monomer

|

Tibrin clot
= I11a bl

fibrinogen

<7 IIT thrombin

=31 937 Encyclopaedia Britannica, Inc. stabilized Tibrin clot



Blood Coagulation .. ...

e S e snyeall Jaged

The ultimate step in clot formation is the conversion of fibrinogen — fibrin.

X — Xa
PL
\ =L Ca2+
Va
v
Prothrombin > Thrombin

v
Fibrinogen » Fibrin
—— o
oo

X111 = Xllla
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Factor X can be activated by reactions
in either of 2 systems:

An Intrinsic system. . .

gl pla

An Extrinsic system

. ©)



Intrinsic pathway

- The 1initial reaction is the conversion of inactive factor XII to

active factor XIIa.

ozl yae S Jalall ) bzl pé yae Sl Jalall Jagad 9o JolI Jeladl -

- Factor XII is activated in vitro by exposing blood to foreign
surface (glass test tube).

(ol sl oadl) ol adacd pll (i Basb e psall 6 yae Sl Jelall b o -

- Activation in vivo occurs when blood is exposed to collagen
fibers underlying the endothelium in the blood vessels.

ygaall Lo gl 5 @lkadl Jauwl 5252 gall o deSl BLIY pull (oyes Lovic ol a3 bl Saomy -



INTRINSIC SYSTEM

Xl —— Xlla

Xl —— Xla

v
IX —— IXa
PL
Vill —— | Cast
Villa




Extrinsic pathway

- Requires contact with tissue factors external to blood.

aal) Loy Il doei¥l Jalgey Ilas! Clbagy

- This occurs when there is trauma to the vascular wall and surrounding

tissues. Aol tonailly pgasll Gl and daro Hgux i [0 S

== The exttinsic “system “is  ttigoered by - the release of * fissue: factor
(thromboplastin from damaged tissue), that activates factor VII.

bl Jalall by (31 (G011 Aol o cpuzatlgagyall) doudlll Jale M| Gaybs se oyl aladl jass azy

- The tissue thromboplastin and factor VII activate factor X.
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SYSTEM
TPL
v
VIIA == Vil
Ca=t
=
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Platelet/cell
activation



J&as 3958 Lo w2y > clot

—sni (ClOt retraction

- Clot formation 1s fully developed GRS = o °° oo oot Jos® b

- Contraction of platelets trapped within the clot shrinks the fibrin

meshwork pulling the edges of the damaged vessel closer together.

el gany I o8l dalld] dgaul due g8l Blos ooy lan (i yesdll 3t (ol )] daladl 51 Bzl dsgadll ailaall (oLl gass

- During clot retraction serum 1s squeezed from the clot.

Abladl e Lol badg dklad] oSl s -
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Clot retraction:

« After the formation, the blood clot starts contracting.

And after about 30-45 minutes, a straw colored fluid
called serum oozes out of the clot.

* This process is called
Clot retraction,

* The cantractile proteins
namely, actin, myosin,
thrambeosthe nin are
responsible for
clot retraction.

_
Clot Retyacion Tew
1t hoar 37%)
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Clot retraction: o

e After the formation, the blood clot starts contracting.
And after about 30-45 minutes, a straw colored fluid
called serum oozes out of the clot.

o >
Clot Retraction Test
e This process is called (1 hour @ 37°C)
Clot retraction. Normal Abnormal
= = =

e The contractile proteins
namely, actin, myosin,
thrombosthenin are , |

: Firm, fully
respons|b|e for retracted clot
clot retraction.

Serum

| Poorly retracted,
loose clot

RBC-fibrin clot

* Fibrinogen is necessary for clot retraction




INTRINSIC SYSTEM

Injury to wall
of blood vessel HMW kininogen
| Kallikrein
; ¢ * Xl —— Xlla
Contraction Collagen Tissue S g
thromboplastin EIVY Sininagen
EXTRINSIC
X) ————= Xla SYSTEM
Platelet Activation of l TPLlTH
reactions coagulation = a
IXi — Xa VIIA =—VII
Y PL Ca2+
Loose platelet Thrombin Vil —— | Ca2* PL
aggregation Vilia TPL
 / ¥ X ——= Xa
PL
Temporary v Definitive V——» | Ca2+
hemostatic > hemostatic Va
plug ; plug Prothrombin Thrombin
I

Limiting
reactions

|

Fibrinogen —— Fibrin

Figure 27-23 Summary of reactions involved in he-
mostasis. The dashed arrow indicates inhibition. (Modi-

fied from Deykin D: Thrombogenesis, N Engl J Med
1967,267:622.)

—_no"
S\ab"\“”a\
Xl ———— Xllla

Figure 27—-24 The clotting mechanism. a, active form
of clotting factor. TPL, tissue thromboplastin; TFI, tissue

factor pathway inhibitor. For other abbreviations, see
Table 27-8.




el Hypercoagulability states.

sl

o Sl wey Dlceding disorders.
Coagulation
disorders wmime  Dlceding associated with vascular

el disorders.

S Disseminated intravascular

: coagulation.
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Table 1: Thrombogenic and antithrombogenic

components in the body
Thrombogenic Antithrombogenic

Site

Vessel wall Expn endothelium  Heparin
e df TF  tissue Factor Thrombomodulin
Lo Collagen Tissue plasminogen activator
Circulating Platelets Antithrombin
elements  Platelet activating factor Protein C and S
Clotting factor Plasminogen
Prothrombin
Fibrinogen
vWF

vWEF — Von Willebrand factor: TF — Tissue factor
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1. Hypercoagulability state

Represents an exaggerated form of hemostasis that predisposes to thrombosis and
blood vessel occlusion which could be venous (most common), arterial or both

Sy s : B340 st 3 < g o il S5 Jus
It can be inherited or acquired e G

dewSa 9i a3lys UQS-’ C)i us-“—’ o lagdS gi :Lub)m gi ;(i_r_g,u.h )J5:ﬂ|) 13.\__;)9
It can be divided into:
TR . o e Bbo By

o 5 G sl blad 3l
Increased clotting activity,. ~ ~~ .
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Increased platelet function

Increased platelet count:

Reactive disorders (iron-deficiency anemia (children), splenectomy, cancer, chronic

. e .
inflammatory conditions such as RA and Crohn’). S e
X 2 . g (olosadl ekl Jlaziwl ‘(Jl.é.b’il) sl
Myeloproliferative disorders (polycythemia vera). Joliall lgdl Jio dinse Gledl Yl
{0955 =lag gragilagyll
e e S S e white and red blood ! slsel 9390 22y
uncontrolled 2 platelets Jls cells

Endothelial injury

Atherosclerosis. et clos

Elevated blood lipid and cholesterol level. « s Jossudsls uasl s elisy

Smoking, o=

Central venous catheters. &5l &sdll sl P

o e s s




Accelerated activity of the clotting system

Inherited disorders (primary) /—) platelet JI J31s 35> 5

Mutation in factor V. gene (factor V Leiden) .y i puiall puslsdl Lol o s 5320

Mutation in the prothrombin gene o095 93l e B Bsdbo

Acquired (secondary)

Immobility or prolonged bed rest bl ;3 dskaall inlyll of &S5l pac »

Oral contraceptive agents and pregnancy  JeJls dsaill Jaxl lss

Myocardial infarction &l alae clas|

Heart and respiratory failure —eulslealy dal Jas -

Mahgnant dlSCaSCS 423 el ex:cancer (bl dsnyoll Olysdl) aed gaunsdl) Bslanall alucYl da3dle

Antiphospholipid antibody syndrome (venous and arterial thrombi) o |

e S ar e s e
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2. Bleeding disorders

Could be due to:
Platelet disordetrs
ThrombOCYtOPENia  ws-i ot o

Impaired platelet function wseui wiaa wps s

Coagulation disorders
sl allgdasl

Inherited disorders iglye Ollshas -

iieduitcd disordcetss B ar s =
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Platelet disorders

.(250,000) »4955+0/400,0005 150,000 (& el Lgadll milaall suc Zoly »

Normal platelet count is 150,000-400,000/ 1 (250,000).

Decrease in platelet level below 100,000/ pl. 995540/100,000 5o 31 L] gl piliall gozua (plasal

Spontaneous bleeding occurs if the platelet count falls below 20,000/ pl. . J;’Tj 'L ;Aj’i Soest

3995544/20000

Platelet deficiency will appear as bleeding in certain areas of the body
including: )3 8 Loy cpand] 0 Eigma Fblio 8 s IS e Bygasll piliall ol sl

Cutaneous bleeding as purple areas of bruising and pinpoint hemorrhages.
B8 ydig Olassl e dglax )l Bl (S e gal> iy

Nose and mouth bleeding. i, a1 o s -
Bleeding from GIT and uterine cavity. e i casdlslendl so iyss

Intracranial bleeding is very rare even with severe thrombocytopenia.

)
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Causes of thrombocytopenia

(Bl g5 3 5 Slvdall 7 1] 4l pac -

Inadequate platelet production (bone marrow dysfunction).
Excess pooling of the platelet in the spleen. St e
Excess platelet destruction (thrombocytopenia).  (shea s ot bens.
NS gl ...

Drug induced thrombocytopenia (sulfonamides, quinine, quinidine,
heparin).

(ool (oS S Olaaligaldl) dy90Y1 e @ Ul Slball il




)

0

D)

,/'((;\\"
&
Antihemophilic factor (AHF),

Coagulation disorder S Mmoot omin (o)

s25d] Jalse e 381 ol sl B s 13y
Inherited: Defect in one or more of the clotting factors. e Ao
Se a3l BIS e Lol gl Jalall o o LLS sacg)

Hemophilia A: factor VIII deﬁcienc?)vhich is either insufficient or defected.

Characterized by bleeding in soft tissue, GIT, and joints which produces inflammation of

the synovium, with acute pain and swelling. Jolially aagl 3lglly 5o3 )l Al (6 i jensy
22559 s> @l 2o ( JYI eladll Olgd] o) laa

Aspirintand NSAIDs shouldibeavoided.  :,o, e olgadl Slitans sl coms cou

N CAtCERbACIONAIETEDIACCINENERETARND 2! <! 200 Tk pllad

Von Willebrand disease: hereditary deficiency or defect in VWE.  vwr s 115 i stys joss wwilyilis 8 ose

dygell xilaall by agall o

It 1s important in binding the platelets to collagen in blood vessels. R

Stabilize factor VIII by binding in the circulation and preventing its proteolysis.

ol alls piag dygadll yeall 3 bliydl guyb e peldl Jalall e @)
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Coagulation disorders

s

Acquired:

Liver disease: affect the synthesis of the clotting factors and

storage of vitamin K. G b s el e e St

s

Gallbladder disease: impair vitamin K absorption (a fat-soluble

vitamin). (0601 35 oligill Wb aalzd) 4 pualid polirzal cinist 5ylsall plal

he has an important role in platelets aggregation and clothing formation

e

Any disease that impairs vitamin Kin body. . s uts s o0

-
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3. Bleeding associated with a vascular disorder

This occurs due to structurally ‘weak vessel wall or because of damage to the vessel by

inflammation or immune system. (el 3lex of wlgdl Aot cleg)l Al o of WS coadl clegll Hlan s o lia Do

Platelet count and other tests for coagulation factors is normal but easy bruising and spontaneous
appearance of pinpoint and purpura of the skin and mucous membrane is common.

2l ol Adolsall Bzl Aol e d3y8 389 8y pid Il 5 0alllg Oloas)] g Uggus (g s ¢33 31 a3l Jalge Olslosly dyganll zilaall sae oS

Could be caused by:

Vitamin C deficiency (cOllagen STAtHESIS). (..oys<1 .45 7 pusles o T e
(J3453 6 83L1) sy Bygadl dc gl
Cushing syndrome (protein wasting and loss of vessel tissue support due to excess cortisol).

Senile purpura (bruising in elderly due impaired collagen synthests). et ] SIS o3 Slaasl) B g5eptll 233858
(oSl 3 s

1/0'[";“ £
&
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at the same time 132y o1>g blood vessel o 351 8 s clots JI s

4. Disseminated intravascular coagulation |

Characterized by widespread coagulation and bleeding. Sl guly izip s jean

Massive activation of the coagulation sequence leads to fibrin deposition in the
microcirculation of the body.

el 8 da Bl dyganll Bygall 8 eyl ey I yesdl Jdwcd Bl il g5 80

As a consequence of the thrombotic process, the consumption of platelets and
clotting factors and the activation of plasminogen will lead to hemorrhagic
diathesis.

16803 B3 I e grea )Ml by yasidl Jalge g &gaull plaall IMgzal o35 a5l ddas) dn s

It can be due to the activation of the intrinsic (endothelial injury) or extrinsic
(tissue injury) pathway. (el o) 2yt slesall of (Bl Bilol) L1 sl B gy <ll3 155 of (5

= =t

e
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Conditions That Have Been Associate
with Disseminated Intravascular
Coagulation

Obstetric Conditions
Abruptio placentae

Dead fetus syndrome
Preeclampsia and eclampsia
Amniotic fluid embolism

Cancers

Metastatic cancer
Acute promyelocytic leukemia

Infections

Acute bacterial infections (e.g., meningococcal
meningitis)

Histoplasmosis, Aspergillosis

Rickettsial infections (e.g., Rocky Mountain spotted fevél‘)a

Parasitic infections (e.g., malaria)

Sepsis/septic shock

i
-

Trauma or Surgery

Burns

Massive trauma

Surgery involving extracorporeal circulation
Snake bite

Heatstroke

Hematologic Conditions
Blood transfusion reactions



Conditions Associated with Disseminated Intravascular Coagulation (DIC)

L

dygedd dusg¥l J31o e sty dlad L) GV

1. Obstetric Conditions
(g5 o)

+ Abruptio placentae
SSuall dasdll Jlais!

+ Dead fetus syndrome
Cashll izl daydia

s Acute

leukemia
+ Preeclampsia and eclampsia

Jasedl Silissy Jasdl paud

« Amniotic fluid embolism

. iy Placental abruption
. gaiodl Sladl dass |

dassall Jlal

4. Trauma or Surgery
(@12 5l o)1)

* Burns g2l

» Massive trauma sunud (2940)

» Surgery involving extracorporeal
circulation

Ganall g gl 09 paisS I sl
+ Snake bite =8l 42w

* Heatstroke juad &y

2. Widespread activation
of coagulation

PR | e l-;,...

1. Trigger
(3hons Jale

Cancer
Trauma

=

1 ;

Microthrombi form
throughout the body
Bpieo SlAS 085
el eloul s e

(fomgesy cOlopar calgll)

2. Cancers
(SLls yudt)

« Metastatic cancer
ridie Cus Ol
| promyelocytic

Al L_,:.:.,:dl p.AJI wolawl
(lailoagllall g32)

What Happens in DIC?

3. Infections
(SLlgyl)

» Acute bacterial infections
(e.g., meningococcal meningitis)

Sale sy Oblgl

« Histoplasmosis, Aspergillosis
Sl I els abbewid! el

* Rickettsial infections

LaSo ) Sllgal
Cancer cells (ahad;all Gadl asigle Sl em Jis)
ERITRES

(LyMall Jie) dubuiall Sblgay!
+ Sepsis/septic shock
A55) daduaf Gl

5. Hematologic Conditions
(dag05 yalyal)

= Blood transfusion reactions
adl a5 SMlelas

SDIC 5 Ezes sl o

(Aol SlygSally Lloeed! L2l Jhe)

(e.g., Rocky Mountain spotted fever)

« Parasitic infections (e.g., malaria)

3. Consumption of clotting
factors & platelets

4. Bleeding due to lack of
clotting components

AR Jolge INigiul A s B35 Crga>
&y gaul pilially

sl SligSe
@ 0 — e
oa®

Wy
* a9
l*ll

Levels decrease
Olistaall kAT

Bleeding occurs in
multiple organs

BBy Sudou
slacl sue

Result
FES-H]

Q Clots in small
vessels
Q L:JIJ::. =5y
5 el dusg¥l

Bleeding in
other areas
Bl 55
s

N

D DIC is a serious condition that can lead to organ failure due

to clots and severe bleeding.
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