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4 Keaui!

Phyatology of hemostasi s

Hemostasis 18 the spontanecus arrest of bleeding +4rom
damaged bklcocod vessels. When a blood .essel 13 se.ered or
ruptured, hemostasies  OCCurs in three phases termed t

~ascular, platelet and coaguletion,

(1)Vascular phase

Vascul ar Spasm wcures 1mmedl atel, and laste  for Ju
m1nut es to hal+t arc  hour , during  which the Bfisulng
process of platelet plugging and bl ocod coagulation can tale
place.
The degree o+ vascul ar spasm 18 proportionate to the type
of trauma.This explains why sharply cut blood vessel usually
Pleeds much more than the vessel ruptured by crushing
{(Guyton, 1976).
(2) Platelet phase

Platelets are mnute rounded or oval discs about 2
microns 1n diameter. They are fragments of megakaryocytes
present 1in bone wmarrow. The normal concentration of
platelets in the blood is between 200,000 and 400,000 per

cubic millimeter.

Role of platelet in bhemostasis 13

1~ Formation of platelet (hemostatic) plug which is
important in hemostasis.

2- Plug any abnormally large gaps between endothelial cells,
thus helping to maintain the normal vascular permeability
(3"Brien, 1977 b).

3~ Able to recognise any foreign material in the blood
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stroan ang {Over 3t with & la,er L4 Llatei,ets 1. tor e ar
AMOrphous NON- thrombogen: ¢ coating over the surtace tGuyton,
1978,

The platelet phase has Leen Lrevicusly Jeacr 1bed ae
be:ng composed of adties1 0n, relesde reactan and
agQregation.

* Rahresiron:

Wi thin =8 Onds ]l ood platelets CuMe 11 cuntact
w, th ® posed rollagen of the 1r ,ured .essel by - Procees
Called platelet adhesion. Certain substantes arg present or
are produced at sttes Of vascul ar damage, Can  pr oduce
platelet transformation. These substances are cellagen,
adencsine diphosphate (ADF), serotonin (SHTH , adrenal i ne,
and thrombin, 14 1t comes 1nto contact with one of these

substances, a platelet instantaneously throws out many
long, thin pseudopods (Acland, 1970 a).

The pseudapods have bulbous tips, which are sticky
{Warren, 1971y . In this altered state the platelets wili
stick, both to other sticky platelets, and to any site of
damage where the smooth lining of the vessel 18 disturbed.
This change 1n the platelet is reversible (Born, 1962) .
After a time the Pseudopods will siowly withdraw and the
platel et will slowly revert top its previous unsticky
condition (T'Sao, 1970).

* Release reaction:

Adhesive platelets then discharge into the space
around themsel ves, substances which have the
property of making other platelets sticky (Day and Holmsen,
1971). These substance are ADP, UOHT and adrenaline. A4
platelet which has been provoked into producing a release
reaction probably does not return to normal but undergoes

irreversible changes. However, it should be noted that a
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Rggregation:

Flatelets then gy’ egete to  4orm - er.lar Qiry
[Flatelet mass Mustard and Fa ltiam, 1570 4 and as the, louse
their 1ndividual membranes, 4 J1BCLS Mase 1% tormed (termed
v1GC US metamorphosis), Ttius a platelet plug 1% formed
producing  temporary hemostesls. 1f the rert 1R & vesse)l 1.
small, the platelet plug by 1tselt can stop tload 1lose
completel y, but 1f there 18 a Jarge hole, a BElood clot Iinm
addition to platelet plug 1% required to stop tleeding
(Guyton 197&) .,

Contral of platelet agyrezation ¢ There are two clasces of
prostaglandins which control platelet aggregation,
Thromboxane—-AZ and prostacyclan. Thromboxane AZ (TXA ) is
synthesized by the aggregated platelets and stimulates
further aggregation. This 1s the most potent inducer of
platelet release and aggregation. Frostacyclin A2 (FGI 2) 1is
synthesized by the vessel wall and inhibits platelet
aggregation (Kayser, 1983). Moncada and Vane (1978)ybelieve
that there is a balance between the activities of
prostacyclin and thromboxane-A2. If intimal damage occurs,
Prostacyclin generation is reduced in favour of an increase
thromboxane~A2, and platelets then adhere to the defect.

(Fig. 1) shows the detailed mechanisms of production of

prostacyclin and thromboxane-AZ,
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~ Pistelwt dovaggregac:ns by - Plateiet agrregation by
Rplatelot cyrlic AMP ¢ platelot cyclic AMP
~ Vapodilstion - Yaso-constriction

Fir 1 The mechsmism of prodyclion of prostacyclin and
Thrombosane- A2 [Emerson ot al 1981)

A) The endothelisl cells of blood vessels contun the anjyme
prostacychin synibetess Bunting and his collesgues [197¢)
beliave Lthat prostaglandin endoperoxides are brought to Lthe
rossel wall by blood platelets They are released. intersct
with the sniyme,. and prostscyclin 1t gonerated
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1 The criemical everts of *tiia oroacess will e

under the mechanism of bloond coagulation,

¥ Fibrous organization of the blood clot

Once a biood clot 1s formed, w0 1ngrowth of
along the scafolding of fibrin reparis the
permenantly (Gutyton, 197&).
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Ne . bhanive of tlood (ocagulation -

Tt e I S S AT (e [ LA T L P S 'S I T 4 iy Mae 4 ot
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oL B 'L BRI FEA LI U AR LAY Of "I SR S S L
Loagul ety o, L2 RO T I BT et Ml d Lwt 1o Fhiee 0l asilg S
Miger ¥ HLITRNT S Fa,. T, ar o Y oanador ned 1t ens, et
wh:@r:, arty.ated, These &7, tiey t Yo oot . ert Y P or 00
ne ¢ tr ltiee 10t 1ts el et torm, EBach coegulation

factor thue acte first as & ¢ LSLrate and thern as af, @h . ine.
Se.er al revicions of the coaqgulation " cascade © te.g
Bewn  mede Le_avse of rew 0 dorasticons,. Despite  Continging
dirsagreemer.t [OrCerning deteils a4 1ndividual teps, ‘re
essential core  0f the tasiede PrpOthesls remdsaine  widely,
accepted.

Blood coagulation 18 1nitiated by two fundamentally
different mechanisms termed, tte 1ntrinsic and e:trinsic,
that ‘“converge" by activating a third common pathway
leading to Ffibrin formation which converts the loose
temporary plug into a definitive clot (D"Rei1lly, 1985).

(R)> The intrinsic wechanisnm

It 1s 1nitiated by trauma to the blood itself in the
form of exposure of blood to the cellagen fibres underlying
the endothelium of the blood vessel. This results in
activation of factor XI1I and release of platelet
phospholipids. The former starts the intrinsic pathway while
the latter plays a role in subsequent clotting reactions.
(Guyton, 12748).

Thus factor XII undergoes contact activation and becomes

bound to surfaces. This surface - bound fator X1
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undergoes prutecl tic activation by tallibrein (1 a) 1n  the
presence af high molecular-weight b ininogen (HMW. ¥ ),
Activated factor (x]la) constitutes an arm of & feed bact
loop and activates more Ka érom predallibrein ipre-§ or
Filetcher factor:?, i the presence of MHMW. ), (Colman, 197%;

Webster, 19791, Factor X1lsa itn the presence of HMW-} al so

activates factor X1, Factor Y¥la 1n the presence of Ca
proteclytically activates factor 1% to IYa. Factor VY111,
factor Ixa C;. and phospholipid micelles R from blr.od
platelets, form  a lipaprotesn comple:. with factor X and

activate 1t
(B) The extrinsic mechaniss

It 18 1n1ti1ated by trauma to the tissues outside blood
vessels which results 1n liberation of tissue thromboplast:in
(#4actor IIl}, which activates blood coagulation at the level
of factor X.

Factor XIla, Xa and Ka liberated from the intrinsic

s

system activates factor VII to VIla. Factor Vila., Ca .
tissue thromboplastim ([JI), and factor X form a lipoprotein
complex that results i1n activation of factor X.

(L) The commor pathway of coagalation

Factor V, factor Xa, Ca“ and PL also form a lipoprotein
complex with factor Il (prothrombin) and activate it to Ila
(thrombin).

In seconds, thrombin splits two amall patrs of
peptides off the large fibrinogen (I) molecule, <Followed by
rapid non covalent aggregation of soluble fibrin monomers
(I). Factor XIII, activated by thrombin to XIlla, crosslinks
ad jacent fibrin wmsonomers (1) covalently to form the

insoluble fibrin clot (I"),
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The pre.tous mectianiam 1a Yhe most e et Byprthesrs of
blood coegulation and t1e jllustrated ir Fiy 4, (Fatroadd,
19613 Iwaal and Hemler, 1987, From the previous mechani uam,
1t 18 noDted that the ertrinelt mechaniem 1w explosive in
frature (ectivated within seronds) because the ear ]y t1me
(ONBUIMING reactions are by-passed. Its speed of GCCur ance
1% limited only b, the amount of tisue tactor released ¢r om
the traumat,:-ed tissues. SO with Sever t1ssue tr auma
clotting can Occur in as li1ttle as 1% seconds.

On the atter hand, the 1ntrirnsic pathways 1¢ mucrh slower to
proceed (requires 1-7 minutes!. However, bath pathways moeat

be 1ntact for adegquate hemostasls (G'Re1lly, 1287,
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Intninsic system

HMW-K '
]
: Pre-K
X{ —moeee Mo Xis
HMW-K ;’
]
' X1, Xla
IX —mmeee e HpixXa VIS Gmeee vii
Ca : id Ks
\ 4
|
{ 1, Ca ¥
X mmmeee Y- I (YK S X
VIN, Cs, PL :
)
Prothrombin -'—----—-———-) Thrombn
V.G PL
]
Fibrooges ——-——— Y5 Pibra—soluble (1)
-~ i
» XM <—— XII
Fibrin—insoluble (1°)

Pig4 Chemical events of blood cosgulstion (O'Reilly, 1985)
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