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1. Haemostasis
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3. Disorders of haemostasis
— PLT and vessel wall disorders
— Coagulation disorders
— Disorders predisposing to thrombaosis
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&) Endothelium of ) Platelets form a plug ) Seal is reinforced by a clot of fibrin
vessel is damaged,
exposing connective
tissue; platelets adhere

Fibrin clot Red blood cell

Platelet releases chemicals
that make nearby platelets sticky

Clotting factors from:

Platelets
Damaged cells
Plasma (factors include calcium, vitamin K)
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Prothrombin === Thrombin

Fibrinogen —Lb Fibrin
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It is'now known that the primary pathway for the initiation of blood coagulation is the Tissue Factor
pathway.

The coagulation factors are serine enzymes except FVIII and FV which are glycoproteins.

The pathways are a series of reactions, in which a zymogen of a serine protease and its glycoprotei
n co-factor are activated to become active components that then catalyze the next reaction in the

cascade.
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Contact system: Cellular injuny:
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Legend: HMWK = High molecular weight kininogen, PK = Prekallikrein, TFPI = Tissue
factor pathway inhibitor. Black arrow = conversion/activation of factor.

action of inhibitors. = reactions catalysed by activated factor.
various functions of thrombin.




* Tissue factor (Extrinsic) * Contact (Intrinsic)

1. The main role of the tissue factor 1. The minor role that the contact
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- coagu at'ion cascade in terms of i ~ severe deficienciesof BXII,
' feedback activation roles. HMWK and prekallikrein do net
2. Threombin then-activates other have a bleeding disorder.

components of the coagulation
cascade, including protein C, FV
and FVII (which activates FXI which
In turn activates FIX), and activates
and releases FVIII from being
bound to VWF. FVllla is the co-
factor of FIXa and together they
form.the "tenase" complex which

Wes EX and so the cycle — ——
nRues. _

* Following activation by the contact factor or tissue factor pathways the
coagulation cascade is maintained in a prothrombotic state by the
continued activation of FVIII and FIX to form the tenase complex, until it is
down regulated by the anticoagulant pathways.
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1. Protein.C Hegrades the co-factors FVa and FVllla. It is activated
by thrombin and requires its co-enzyme Protein S to function.

uantitative or qualitative deficiency of either may lead to thrombo
philia. Impaired action of Protein C , for example by having the “lLes
iden” variant of Factor V or high levels of FVIII alsermay leadto a

thrombotic tendency.

2. Antithrombin Is a serine protease.inhibitor (serpin) that degrades
ﬂ;—;erine proteases; thrombin and FXa, as well as FXlla, and 2
It is constant ive, but its adRESIeN te these factor

' teradministration of HEPArNS. Quantitative or

[tative deficiency of antithrombin leads toe thrombophilia.

3. Tissue factor pathway inhibitor (TFPI) inhibits F Vlla-related
activation of F IX and F X after its original initiation.
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~ " PLT count — 2
- " Bleeding time-
® PLT function, vascular disorders and von Willebrand disease, and not by other

coagulation factors so in haemophilia it is normal. Diseases that cause
prolonged bleeding time include (DIC) and thrombocytopenia.

" INR (PT)

" "fissue factor" (a specific cellular lipoprotein) pathway.

" APTT
" TCT

* Contact factor pathway

* guantitative and qualitative screening ofifibrinogen

ude thromboembolic disease where. the probability is low.
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antiphoshoelipid antibodies
autoimmune production of antibodies against cell membrane constituents. ,

. coagulation factor assays,

. genetic tests (eqg. factor V Leiden, prothrombin mutation -
G20210A),

(the Leiden variant of factor V, cannot be inactivated by activated protein C
), dilute Russell viper venom test (dRVVT),
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. Tﬁ'_romboel_stography (TEG®) IS a method of testlng the efﬁmency ) —
pi— co:a[\gulatlon In the blood. It was first developed by Dr. Hellmut Hartert
- In 1948.

* The original method
* In classical thromboelastography, a small sample of blood (typically
0.36 ml) is placed into a cuvette (cup) which is rotated gently through
4° 45° (cycle time 6/min) to imitate sluggish venous flow.and activate
coagulation. When a sensor shaft is inserted into,the sample a clot
forms between the cup and the sensor. The speed and strength of clot
formation is measured in various ways (new:usually by computer), and
depends on the activity of the plasmatic coagulation system, platelet
ﬁﬂon fibrinolysis and other factors whichican be aff‘ected.gy_lmﬁ_
| renment an ions:
mﬁﬁﬂﬂ rengthrandelasticity in the clot provides
ation about how well the blood can perferm hemostasis, and
how well or poorly different factors are contributing clot formation.







Disorders of haemostasis

PLTs and vessel wall Coagulation and thrombosis

Predisposing to thrombosis
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Prothrombin mutation
Protein C deficiency
Protein S deficiency
Antithrombin
deficiency
Factor.\/.lLeiden and

Activated Protein C

Resistence

. Abnormally raised

levels of Factor VIII
and Factor XI|
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Pro-thrombotic states

Endothelium Blood flow Hypercoagulability
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Blood starts to coagulate throughout the whole body. This depletes the body of its plat

elets and coagulation factors, and there is a paradoxically increased risk of hemorrhag

i Causes ]' Diagnosis J [ Management }
. Obstetric complications :
T part_icglarly with L ‘E‘i” BI?'IQsd) count The underlying cause must
gram-negative bacteria. > 1 EDPs or D-dim be t.reated initially.
3. -lla-hsﬁllée g&lf&% '[SSUCh as er tests (markers Anticoagulants are not .
surgery or shock. of fibrinolysis) given, as by now all the
4. Malignantcancers,or 3. TDbleeding time  coagulation factors and
‘é"g;'ﬁ;ggeé‘?'g_'sgﬁﬁls)’ o 4. | fibrinogen platelets have been used
hypersensitivity levels. up. These must be

laced, b
sion and fresh frozen plasm

a, to restore normal levels.
patible blood tran

sfUSION reactions iInfusion with antithrombin

8.  Envenomation by some may be necessary. reCombi
venomous shakes nant activated protein C

product.

' s all can
ce the chemicals
Ingito a DIC.



http://en.wikipedia.org/wiki/Shock
http://en.wikipedia.org/wiki/Hypersensitivity
http://en.wikipedia.org/wiki/Liver
http://en.wikipedia.org/wiki/Transfusion_reaction
http://en.wikipedia.org/wiki/Transfusion_reaction
http://en.wikipedia.org/wiki/Full_blood_count
http://en.wikipedia.org/wiki/D-dimer
http://en.wikipedia.org/wiki/D-dimer
http://en.wikipedia.org/wiki/D-dimer
http://en.wikipedia.org/wiki/Fibrinolysis
http://en.wikipedia.org/wiki/Bleeding_time
http://en.wikipedia.org/wiki/Fibrinogen
http://en.wikipedia.org/wiki/Blood
http://en.wikipedia.org/wiki/Coagulation
http://en.wikipedia.org/wiki/Platelet
http://en.wikipedia.org/wiki/Platelet
http://en.wikipedia.org/wiki/Hemorrhage
http://en.wikipedia.org/wiki/Hemorrhage
http://en.wikipedia.org/wiki/Blood_transfusion
http://en.wikipedia.org/wiki/Blood_transfusion
http://en.wikipedia.org/wiki/Fresh_frozen_plasma
http://en.wikipedia.org/wiki/Fresh_frozen_plasma
http://en.wikipedia.org/wiki/Antithrombin
http://en.wikipedia.org/wiki/Recombinant
http://en.wikipedia.org/wiki/Recombinant
http://en.wikipedia.org/wiki/Protein_C

Heparin-induced thrombocytoepenia (HIT) with or without thrombeosis (HITT) is thrombocy
iOpPENIia dugitetheradministratenieiepainnmValeNsimanly asseciatedwithuniactioned

riegarin, 1t carl elso occur witn expsoure to LMWL, out at significanily lower rates, Dasglie
rpotic disorder, with very hign rates of inrormoosis i ine art
-~ witg o wiifloui venols corgolicaiions,

— HIT

[ Pathophysiology] [ Management }
* Type | - Patients have a transient decrease in platelet count * Treatment is by prompt
without any further symptoms. This recovers even if heparin is withdrawal of heparin

continued to be administered. Platelet counts rarely fall below
100. It occurs in 10-20% of all patients on heparin.'It is not due
to an immune reaction and antibodies are not found upon

and replacement with a
suitable alternative

investigation. anticoagulant.

" TyPe Il - This form is due to an autoimmune reaction with * Protamine sulfate, the
antibodies formed a amstglatelet_ factor 4 (PF4), neutrophil- normal antidote for
activating peptide 2 (NAP-2) and interleukin 8 (IL8) which form heparin, is not effective as
complexes with heparin. The most common being to the the antibodies react with

-PE4 'complex. lt‘appears that heparin binding,te _ platelets;independent of
etfactor 4 cau_seséia confemational ch_alnge in the pr heparin. pﬁ
Eenng It antigenic. Cletionmatien is mainly:a - .
' elets (Cwhitercloteynaromen) inicontrast with fibrin=rich To block the thrombotic
Whichrare redrduetotrapped red blood cells). Most state, lepirudin

pla)
CIOLS
LISy

ombotic events are in the lower limbs, skin lesions and (Refludan®a, bivalinudin, a
necrosis may also occur at the site of the heparin infusion rgatroban, danaparoidiory
Type Il HIT develops in about 3% of all patients on UFH and in other direct thrombin‘inhibr
0.1% of patients on LMWH, and causes thrombosis in 30% to tors are used.

40% of these patients. " Low molecular weight he

parin IS contraindicated In
HIT.
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Arntcoagulants

SVIamMInEKSantagonists
" hereral anticoagulantsiare a class o

= ——= e =
= M v Tk o e e
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tnatact
Py antagonizing the effects of vitamin K. It Isiimportant te nete

. [hatthey: take-atleast 48 to 72 hours for the anticoagulant
effect to develop fully. In cases when an immediate effect Is
required, heparin must be given concomitantly. Generally,

e e e—
.’-_a a_-' C

NE} : : Y,
hese antic ants are used to treat patients with deep-vein t
Lrombos_‘.ls ?I%QH'I) pulmonary embolism, atrlaﬁ f|¥¥r|ﬁ]a’[|on, and
mechanical prosthetic heart valves.

2. These oral anticoagulants are used widely as poeisons for

rgamm lian gest , especially rodents. (For detalls, see rodentic
ide and warfarin.

miﬂe'must Impertant oral anticoagulants are:
: Jann (Coumadig)liis '

>
hisiis thednaipragent used in the ﬂ!—
zipjef B

> nooumaro! and phenprocoumon This IS used more
commonly outside the U.S. and the UK

6. Phenindione
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parnrandider e substances .
= Heparin is a biologicall substance, usually made from pig =

~intestines. It works by activating antithrombin Ill, which blocks

~ thrombin, from clotting blood. Heparin can be used in vivo (by
Injection), and also in vitro to prevent blood or plasma clotting in
medical devices. Vacutainer brand test tubes containing heparin
are usually colored green.

* Low molecular weight heparin is a more highly:precessed product

that is useful as it does not require monitoring of the APTT coagul
ation parameter (it has more predictable plasma levels) and has

=

R ——
| ETC ¢ QWMM of'the five sugars
([PERIASAcCharde)n heparin that bind to antithrembin. It is a

smaller molecule than low molecular weight heparin.
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= Heparin is one of the oldest drugs currently still'in

~Wwidespread-clinical use. As it was discovered in 1916,
Its Introduction predates the establishment of the
United States Food and Drug Administration. It was
originally isolated from liver cells, hence its' name
(hepar or "nmap” is Greek for "liver”). Scientists were

looking for an anticoagulant that could work safely in

=

ml:m-éns, andﬁﬁciean, a se@@l.-year medical
- stident s Hopkins University. working under

the guidance of Willlam Henry Howell, found a
compound extracted from liver that acted as an
anticoagulant.
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_1_ —Ieparln IS a nTuraIIy @ccurring antlcoagulant
"~ produced by py basophils and mast cells.

2. Heparin binds to the enzyme inhibitor antithrombin Il
(AT-IIl) causing a conformational change which
results in Its active site being exposed. The activated
AT-lIl then inactivates thrombin and other proteases

ved in'bloed clotting, moestetably.facierXa..

proteases by AT-III
ncreases 1000-fold due to the binding of heparin.
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1 Heparm IS given parenterallv ItIs dlgested when

e

- takenby'mouth. It can be injected intravenously or

Subcutaneously (und
Injections (Into musc
potential for forming

er the skin). Intramuscular
e) are avoided because of the
nematomas.

2. Because of its short biologic half-life.of approximately
one hour, heparin must be given freqguently or as a

contlnuous Infusion.

However the use of low molecula

neparn(CMWH) has;allowed . oncesdaily,

smpgagWumng.amMous infusion of

3. If long-term anticoagulation is required, heparin Is
often only used to commence anticoagulation therapy
until the oral anticoagulant warfarin takes effect.
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‘= A serious side-effect of heparin is heparin-inducedov:ope‘?

that makes platelets aggregate within the blood vessels, thereby
using up coagulation factors. Formation of platelet clots can lead
to thrombosis, while the loss of coagulation factors and platelets
may result in bleeding. HITS can (rarely) occur shortly after

heparin is given, but also when a person has been on heparin for
a long while. Immunologic tests are available for the diagnosis of
HITS. There Is also a benign form of thrombocytopenia associated
%-;@arly neparin use which resolves,without stopping heEarin. =

a1 side effects

* |In case of overdose, protamine sulfate can be given to counteract
the action of heparin.
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* Ditterences 4 IrRctionaled PNl rrr"
S e ———— —_o

.:LF verage molecular weight: heparin is about 24010100, Da“
and LMWH'is about 3000 Da

2. Once dally dosing, rather than a continuous infusion
of unfractionated heparin

3. No need for monitoring of the APT T coagulation

arameter =
- - TR —
ﬁlbly as of b
['TISK"0T 0Steoporosis in long-time: use

6. Smaller risk of heparin-induced thrombocytopenia, a
feared side-effect of heparin.
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irect thrombin inhibitors

= Another t}/}pe of anticoagulant Is the direct th

rombin In

ibitors. Current members of this

C

ass Include argatroban, lepirudin, and biva

lirudin. An oral direct thrombin Inhibitor, Xim

e

agatran (Exanta®) may replace warfarin

ﬁomeﬂjn_dications. It IS awalting Food and._

UelAdministration (FDﬁﬁgprovaI?-—?
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