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Normal Hemostasis
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- Normal coagulation ﬂﬁiﬂﬂﬁ%&gﬂﬁam

RBC (erythrocytes)
- Function : carry oxygen from lung to target tissues
- Yaduiifinasio tissue delivery = CO (Hb x %sat)(1.39) + (Pa02)(0.0031)
- anway RBC
Biconcave discs: can be deformed into any shape ﬁﬁiﬁﬁﬂa’mgﬂwduq\i Bjﬂugammuh intravascular
space 1¢1
Diameter 8 microns
Volume 90 cubic microns
5,200,000 rbc/ml of blood
Hct 40-459%, hb 14-16 grams/dl

- Genesis of blood cells

-
0 5101520 30 40
Age (years)

519910 bone marrow
lugi9e181iae long bone fiu membranous bone @319ma9iu uiiiloa1guINUU bone marrow 410

long bone azdouduy fatty tissue U 1ideusa31997n membranous bone: vertebrae, sternum, rib

Blood cells Vgﬂﬂiﬁﬂ WU stem cells FiaLmeiu (pluripotent hematopoietic stem cell) LLﬁaQﬂ
ﬂizé’juasmmmzaﬂﬁﬂumaéé&aﬁu (colony-forming unit) Tnedidesnafiu i WBC line productions = CFU
granulocyte, RBC line production = CFU erythrocyte

Tusnene cell growth uae differentiation gnAuANlaglUsAunaengy Sund1 growth &
differentiation inducers
Tnelusfuazgnauauandadaneuondniiia 1wy

Whbc §nnseduatnande inflammation Tusienie azlunsedu macrophages -> nsgdu cytokines (IL) 311
ﬂixél:u endothelial cell @14 colony stimulating factor (= growth & differentiation inducer 983 whbc line

production)
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Rbc regulate by tissue oxygenation 94319018
Hematopoietic Stem Cells

-

Kidney (
\ Proerythroblasts
I Erythropoietin | ‘
Red Blood Cells
Decreases
i
o e e e 2 | Tissue Oxygenation

Decreases
|

Factors that decrease
oxygenation

1. Low blood volume

2. Anemia

3. Low hemoglobin

4. Poor blood flow

5. Pulmonary disease

Tissue oxygenation anas ﬁﬂﬁﬂszﬁu erythropoietin (inducer 4840158574 RBC)

Erythropoietin: 90% kidney, 10% liver

- RBC differentiation

Erythrocytes o O
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Tuwday stage audinswmunfididey 3 ot
1. Hb production
2. Nucleus condensation
3. Reabsorbed endoplasmic reticulum
Tugaevneves differentiation 138n31 reticulocyte —> RBC 2% mobilize 911 bone marrow to
circulation 121 1-2 u el mature erythrocyte ERRRGHITEY
RBC fnsiiunuazutssaly = nutritional status vasiUedsilnudndsy
mm&;ﬁwuﬂaﬂ‘um differentiation failure fi® Vit b12 & folic a deficiency (megaloblastic anemia)
- Megaloblastic anemia
Defective nuclear maturation caused by DNA synthesis
RBC production line fiRaund = Megaloblast : large abnormal RBC precursors in bone marrow
Macro-ovalocytes: large abnormal RBC in peripheral blood
WBC line finun@ = Giant metamyelocytes
Abnormal plt  : abnormal nuclear pattern in megakaryocyte
Abnormal nuclear pattern in nucleated actively proliferating cells (cell ﬁﬁﬂ'liLL‘Li\‘l{?f’ng) 114 skin,
endometrium, buccal cell
In peripheral blood > Macro-ovalocyte laiiu biconcave disc
Howell-jolly bodies: abnormal inclusion cell
Neutrophil hypersegmentation: abnormal neutrophil
Megaloblastic anemia etiology
common causes - Vit b 12 deficiency
- Folic a deficiency

WULBUAINI - Non-vitamin def disease: acute leukemia, myelodysplastic syndrome

- Drugs interfere with vit b12 metabolism: CMT, anticonvulsants

Vit b 12 transportation
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Vit b 12 egluswnsmanidedn
N5 Vit b12 U target tissue @asly carrying protein 2 #2 @a IF (intrinsic factor) wag TC I
(transcobalamin II) 1ng IF @519970 parietal cell in stomach
\ilo Vit B12 gnudesinannenvng agsauiu IF gadiuidn small bowel = IF a3 degrade aangly, vit
B12 1#1g circulation dufu TC Il = 191g bone marrow Litea$a blood cells viomniiu Afulily liver leld
Aoy
Causes of vitamin B12 deficiency
Dietary deficiency: nsnulsdiviangau (strict vegans)
Malabsorption: Post operative gastrectomy (total/partial)
Blind loop syndrome: reflux 484 bile, ph in stomach lsisngau
Fish tapeworm infestation
Diseases of ileum
Chronic pancreatic disease: finsndansnain pancreas 1oy
Drugs

Folic acid transportation

DIET Llrmasnne? | CIRCULATION
s 2 | .-

Potyphsmme Acd 4 . CH TP

INYESTINAL LUMEN

v
LR
Bl

Tuewns nuldinnmandnludes viiewnsedludnd Wy kidney, liver
Folic acid (or polyglutamic acid) ﬁag”luamﬁlﬂmmm‘mﬁ osgnaareuszidu monoglutamic acid
wangadudlulu circulation udagn hydrolized 1w methyltetrahydrofolate ud3aenlUldld Yaeglunisadnsg
DNA sialy
Causes of folic deficiency
Increased requirement - pregnancy
- infancy
- malignancy

- anvndunulddey (Liresiaeluaulifad)
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Megaloblastic anemia treatment
prophylactic treatment - Vit b12: post gastrectomy, ileal resection
Maintainance dose: 100-1000 mcg g 1-3 m sc or im
- Folic a: pregnancy, sickle cell anemia, thalassemia, hemodialysis

Dose: 5 mg daily

Formation of hemoglobin
- frmdnlunisasiiu O, 9nnUenluds tissue 1ae Hb WussAUsznaunanves RBC (constitutes 95% of
RBC dry weight)
- Hb i synthesis 91n%33:381 4849 RBC Faus proerythroblast ~65% W& 35% %74 reticulocyte (329
gnvne)
- Normal Hb production depends on 3 processes
1. Adequate iron delivery & supply
2. Adequate heme synthesis
3. Adequate globin protein synthesis

l[ron metabolism

Bilirubin (excreted) Tissues
4 Ferritin  Hemosiderin

Macrophages T l // Heme
Degrading hemoglobin — F € / Enzymes

A N Ereeion 4

|

Hemoglobin <—————————Transferrin-Fe

T N -

Blood loss~0.7 mg Fe Fe** absorbed Fe excreted-0.6 mg daily
daily in menses (small intestine)

swmdnegluams gngadalu small bowel wdsantdudiowh circulation assesduiu carrier protein
(transferring) Tnaagvihuthitdssinumanludl targeted tissue #1979 19U bone marrow 138 liver (FiAu azifuly
3U compound ffu carrier %o ferritin)

1 mg of Fe produce 1 ml of RBC

20-25 ml of RBC loss daily (31n RBC wumamﬁagn%’uaanmm spleen) 33¢189n15 Fe 20-25 mg daily

108 5% 91919113 81 95%31n recycle in spleen
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Formation of Hb
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Hb = multiple chain structure — 1 Hb molecules Usgnausie 4 Hb chains = 1 chain
Us2naunae heme + globin protein

Globin protein &1A31297970 RBC ribosome 34 specific U gene ﬁﬂawgmgﬂu chromosome 7 11
wae 16 FamnianufinunffiagyiliAn thalassemia

Heme 1HuansUsenauves iron Wag protoporphyrin @d4As1g#a1n RBC mitochondria

Hemostasis

process which the body spontaneously stop bleeding and maintain blood in fluid state within the

vascular compartment

Clot Formation Clot Dissolution

The balance between clotting and bleeding

Events in hemostasis
1. Vascular contraction
Formation of platelet plug

Formation of blood clot

e

Growth of fibrous tissue LSi’JJW"LUEj blood clot for permanent cession of bleeding

® Vascular contraction
Injury - vascular contraction = reflex stimulation to adjacent vessels T9iin15 contraction

Sy = diversion of blood flow around damaged vasculature inlviidensentesa
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vessel contraction results from

- Nerve reflex

- Local myogenic spasm

- Local factors from traumatized tissue and blood platelets —> thromboxan A2 (potent plt

aggregator and potent vasoconstrictor)

® Formation of platelet plug
Platelet (thrombocyte) 311910 megakaryocyte
- Normal conc = 150000 - 300000 per ml
- Half life 8-12 days
- Don't have nucleus, cytoplasm containing active factors (metabolic organelles)

Platelet ultrastructures & 3 ngy FnnudAnyAeriunslsien)

1. Peripheral zone: plt membrane glycoprotein fivhn gy receptor U84 stimuli #1499 Fd1ALY LU
plt membrane glycoprotein Ib ¥iwthl mediate N15 adhesion 184 plt tu plasma protein (von
willebrand factor), Plt membrane glycoprotein Ilb/llla wihdl mediate fibrinogen fiber formation

2. Sol-gel zone (cytoskeletal organelle of plt)

Microtubule/ Microfilament ile plt aNNsEAUIEgNINEEIva vl metabolic organelle ve4 plt
ueglusiumisinza wios release reaction wazU$uuss plt Wisnzausionns aggregation

3. Organelle zone (metabolic organelle)

o w

Granules $d1AgyY = dense tubular granule WN&# thromboxane A2
Platelet plug formation & 3 NSzUIUNIT
1. Plt adhesion: 13a1dl vascular injury 2> plt adhere to subendothelial space ualUiniglneasslails
99 mediate W11 VWF bridge nau uaaluinziu plt membrane glycoprotein Ib Fsagdinig stimuli
Aol
2. Plt release reaction: dense granules secrete ADP, serotonin, calcium (Ca yilynAn formation of
TXA2 - potent plt aggregator)
3. Plt aggregation
® Formation of blood clot

Blood clot = meshwork of fibrin éEntrapping plt, blood cells and plasma

Mechanism of coagulation

Prothrombin
Prothrombin Ca**
activator

Thrombin

Fibrinogen =3~ Fibrinogen monomer

g

Fibrin fibers
Thrombin - activated
HDAN-SIADINZING o
factor

Cross-linked fibrin fibers
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1. Formation of activated substance = Prothrombin activator or prothrombinase complex
2. Prothrombin = thrombin
3. Fibrinogen - fibrin
Prothrombin activator tasuy prothrombin - thrombin =2 key @Aty Wasuy fibrinogen > fibrin
ez thrombin 1Uﬂ53151:u fibrin-stabilizing factor (factor XUL) ﬂi%@jﬂﬁ fibrin form 19u meshwork sialy

Prothrombinase complex 1Auna7n 2 AszUIuNg Aie Extrinsic pathway Lag intrinsic pathway

Extrinsic pathway
1) Tissue trauma

Tissue factor

(@) VIl === Vila~]

\

X \: Activated X (Xa)
Ca§¢
<\ Ca*t
3) Prothrombin
Platelet activator
phospholipid%

Prothrombin s Thrombin

Ca*t
Guyton and Hall Textbook of Medical Physiology, 12th Edition
Copyright © 2011 by Seunders, an imprint of Elsevier, Inc. All Nghts reserved.

Sunszurumsiied] injury e vessel axdin15Uany tissue factor (IL1) or tissue thromboplastin >
factor VIL = Vlla éﬂixéju X = 141 common pathway
X 521U V, plt phospholipid, tissue factor = prothrombin activator > ﬂizé’u prothrombin >

thrombin

Intrinsic pathway

Intrinsic Pathway
Surface

Vil contact VIl
—_»

l

. AT (R

Common
Pathway

Extrinsic Pathway
Vil
Tissue
Factor
Vilg

LXS

L

Vs
Prothrombin l » Thrombin

Fibrinogen —— Fibrin clot
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Sunszuiunsidiedl endothelial injury 113 expose vasdansia foreign body = XU = XL = (X

- VIl = common pathway ﬂ'ﬁxgju X

9InMsdana Coagulation cascade = N15917 coagulation factor uesa wu XU, XL vieasegtaelldl

clinical bleeding lawmiounsun (X Tu hemophilia ﬁﬂLﬁﬂ%qwaiwﬁ = Coagulation cell-based model

Coagulation cell-based model

- Initial interaction between TF & FVlla on subendothelial cell surfaces (Wan fibroblast, monocyte)
- small amount of thrombin

- small amount of thrombin generated during the amplification phase activated local platelet fig
thrombin ﬁ]ﬂﬂﬂizé]:u local plt #i adhered E]qu ey coagulation factor 7 circulate in serum

- thrombin burst results in the formation of a stable clot activated plt+coagulation factor LUy

UfATe1UuRIT0Y plt 1AinN15a319 thrombin 11NTU WeAANT5@319 fibrin

Cell-based model
- Initiation phase
dlofl endothelial injury - tissue factor barrier cells (fibroblast, monocyte) exposed to blood
VL luidemaglusausiaitu TF (1Ju transmembrane protein) =2 nsesu XX

18 Xa + Va = prothrombinase complex Lﬁﬂﬂ @579 thrombin

- Amplification phase
Thrombin lunsedu Xla, VU, V

XU=> nsgdu X 8ndivils vhlminnisnsedu plt waz nszsu coagulation factor udluiinuizeniu

UURIUD4 plt
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- Propagation phase
ﬂizé]:u X L{Juﬁ’aejﬂﬁ’lﬂ > prothrombinase complex (potent n7And tissue barrier cel) 2
nszAwindu thrombin burst effect \Wasu fibrinogen = fibrin
211 cell based model vilidiut v intrinsic + extrinsic pathway ﬁm’mtﬁm%’aaﬁ’uag}' Ing
coagulation factor ﬁﬁua&éuu plt fiaudfayde thrombin genesis 1nn31 factor 7ilallé action uuRaves plt

Correlate fiun15919 VUL, (X Tu hemophilia AslilAn clinical bleeding 1nnnan X1, XU

Fibrinolytic pathway = nalnn1saane blood clot
msteatiulalliin blood clot fiunniuanuslunay recanelized injury vessels 155 maintain distal
perfusion &
fdAgy
1. Plasma protein plasminogen + its active enzymatic form, plasmin
2. Plasminogen activators @1u11n&@51931n endothelial cell @utlasaineain activated X1, XU
3. Plasmin inhibitor: alpha2 plasmin inh (Fad1Agluns neutralize plasmin)

4. Fibrin: substrate for plasmin

Fibrinolytic pathway

Tissue plasminogen

activator (IFA)
T \L:SMINDGEN
Piagrminogen activalor l Factor Xla, Xlla

¢ Hallikrain

inhibitor 1 & 2/‘
PLASMIN .
v —

Urakanase L = ag-antiplasmin

.

~
.

e, "
ap-macroglobulin

FIBRIN <  FIBRIN DEGRADATION
4 T PRODUCTS

: p Thrombin-activatable
THROMBIN fibrinalysis inhibitar
151971nN153 thrombin(3a1n intrinsic + extrinsic pathway) ﬂizé’u fibrinogen =2 fibrin LLé”Jﬁmiﬂixﬁu

o =~

niJsmea endothelial cell = nsedu protein ¢ udwiausIuiy cofactor idfey fie protein s
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Protein ¢ = endothelial cell TAin15u@n tissue plasminogen activator > ﬂizéju plasminogen >

plasmin widuiu fibrin = degraded to fibrin degraded product

Hemostasis surgical thrombosis

Outline - Surgical thrombosis

- Thrombophilia

Hemostasis = balance between bleeding and clotting/thrombosis

Excessive thrombus formation

1 Coagulation activation

1 Coagulation factor

1 Platelet activation

l Natural anticoagulants (protein c/s)

l Fibrinolytic activity

Arterial thrombosis - Coronary a thrombosis: Ml

- Carotid a thrombosis: stroke

- Femoral a thrombosis: leg ischemia

Deep vein thrombosis (DVT)

Abnormal hemostasis

mMsWdianansanelmin thrombosis 16 Juiu szegiiande, immobility, level of hydration

(dehydration - blood viscosity iy = clot), sepsis or inflammation (ﬂixé]:u endothelial injury) >

virchow triad ﬂizﬁﬂﬁlﬁ@ clot 19

Stasis of
blood flow

Endothelial Hypercoagulability
injury

DVT incidence: General sx -> 6.9%, Hip sx 23%, total knee 7.6%
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Risk factors of hypercoagulable state
etes = natural anticoagulant |,
Antithrombin L
Protein ¢
Protein s
0819
e Antithrombin deficiency
AT = inhibit of thrombin, factor Xa, (Xa, Vlla, Xla
1-2% cause of DVT
ﬁwaﬁﬂ genetic + acquired
Acquired cause: liver disease, malignancy, sepsis, DIC, malnutrition, protein production or
loss in nephrotic syndrome
suspected in AUld7ile heparin w&s aPTT 14l prolong &nit wie aquzdilé heparin udrduin
thrombosis 1§ (Heparin aaﬂqwéffu AT lll vinl9ALAR coagulopathy)
Dx : measurement level of AT antigen and activity
Rx : FFP + heparin (I3 FFP wieliil protein AT flou uwdareelsi heparin aaﬂqm?:lé’
e Protein c and s deficiency
Protein c and s are vit k dependent factors, synthesis in liver
Half life: 4-6 hours (protein c 4 hr)
Genetic + acquired
Acquired: liver failure, dic, nephrotic syndrome
3-5% cause DVT
Dx : measurement of protein c and s level + activity

Rx : heparin, oral warfarin adusnnenasasli lifelong

Conclusion
Thrombosis = imbalance of hemostasis

Cause organ ischemia

Thrombophilia (hypercoagulable state)
Chronic hematological condition prone to thrombosis
Cause = Congenital/acquired
Congenital: ATW def, protein ¢/s def

Acquired: antiphospholipid syndrome, nephrotic syndrome
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- When to screen
Early age of thrombosis (<45 year-old)
Recurrent thrombosis or at usual site Ly mesentery, Hx of multiple abortion
Strong family Hx of DVT
Blood for screening must be taken before any coagulant use*

Antithrombotic therapy (medical treatment)

1. Anti-thrombotic drug n1stesiuliliiAn clot - Anticoagulant
- Antiplatelet
2. Thrombolytic therapy n13&a18 clot - Thrombolysis

® Anticoagulant
- Indirect thrombin inhibitor
- Factor Xa inhibitor
- Coumadin

- Direct thrombin inhibitor

® |ndirect thrombin inhibitor
1. Heparin (unfractionated heparin - UFH)

- AT Wl action: inactivate thrombin (lla), Xa, (Xa, Xla, Xlla

- Size 5000-35000 D

~ Half life 1 hr ->&adl continuous videvasads

- Not pass placenta: Auvias lila

- Monitor aPTT : bioavailability 40%, most bind with macrophage, protein,
endothelium Fannauldlusfiush active form fagdaun

- Aim aptt: 1.5 - 2.5 times the control (heparin level 0.2-0.4 u/ml)

- Dose: 80 unit/kg bolus then drip 9-18 meg/ke/hr

- Only coagulant drug with antidote fidedels: protamine

- Side effects: hypersensitivity, alopecia, osteoporosis, thrombocytopenia (heparin
induced thrombocytopenia - HIT)

- HIT =2 dnifn day 3-5 > IgG against plt factor 4 > Ag-Ab complex > ﬂiz@ju
T¥An thrombosis Sauffuiinisvhane plt se vils plt s
Dx: day3 after heparin > plt <100000 or reduced >50% + serosonin release
assay
Rx: stop heparin (include LMWH - 92% cross react), start direct thrombin inh +
coumadin group

- How when we stop for urgent sx - stop in 3 hr

- Severe bleeding -> protamine: 1mg/ 100 u of UFH
(Effective anti factor lla, partially anti factor Xa 819%94 add FFP \fisl)
(Neutralize UFH > LMWH)
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Size 2000-8000 D

Made from UFH by chemical/depolymerization

Effect anti Xa > lla (Lﬁaqmnms%aaﬂqméﬁ l éfaa‘lﬂif’maﬁm’m’jwmiaaﬂqwéﬁ X ugl
LMWH anedufsoongnslais)

No monitoring needed (iesnn bioavailability >90% Fudotiels) usdluauld lver
disease, renal disease, pregnancy, obesity bioavailability 919lilutuen = If need
monitoring use anti Xa level, not aPTT

Half life: 4 hr -> once or twice subcutaneous Snw iy opd case ¢

HIT and osteopenia less

Up\de: expensive > enoxaparin (clexane), nadroparin (fraxiparine), tinzaparin

(innohep)

® Anti factor Xa (181 heprarin 118 LdBWA anti Xa)

Pentasaccharide: fondaparinux, pentathlon

Effect only factor X not Ul

Treatment dvt equal to LMWH (mattisse study)

Limited data cross react with HIT antibody wilunsUfia dgiedinne HIT Ald

fondaparinux 16

® Vit K antagonist - coumarin

Coumadin, warfarin

Inactive Factors (lI, VII, IX, X) Anticoagulant rodenticides
KH, /
Carboxylase Reductase
KO
Functional Factors
Inactive Factors (lI, VII, IX, X) Anticoagulant rodenticides
KH, ¥
Carboxylase Reductase
KO

Functional Factors

Vit K = KH, (cofactor d@fgylun1sadns clotting factor) Waa KH, - KO ladu kO
> recycle Wielia KH, wagnann

Warfarin inhibit KO reductase vilslaiiin recycling -2 msata clotting factor A
anaN

Coumadin = 4-hydroxycoumarin compound

Warfarin, acenocoumarin, phenprocoumon
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Inhibit Vit K dependent protein (I, VL, IX, X, protein c/s) E]@ﬂwaﬁ’\'i clotting wag
anticoagulant WeiNaTIM = anticoagulant
Response variation —> monitor PT (INR)
Half life: Factor Il 72 hr needs 3-5 days overlap with heparin up to PT, INR at
least 1.5
Caution in protein c/s deficiency: dieli warfarin szeu protein ¢/s AaNAIDLN
i half life du (ahn viliAa thrombosis Tueghaviuiviulauntu uae
fRafuUsnuiidonudetios fatty area 1wy niivios buttock = full thickness
skin necrosis fatutsusn3eRaslH heparin \la overlap fiunou
Aim INR - DVT = 1.5-2.5

- Mitral stenosis, AF = 2-3

- Recurrent DVT = 3-4.5
Potentiation (1148 warfarin Qjﬁ‘ﬁu), drug interaction 1A 14U 197 warfarin a7
n&1 Gl bleeding = W cimetidine, omeprazole Bsiliidensen
Inhibition (ﬁﬂﬁaaﬂqwéﬁaa) : Food with high vit k, Azathioprine, barbiturate,
rifampicin, sucrafate, carbamazepine, cholestyramine
Side effect : Pass placenta  : teratogenic effect, intracranial hemorrhage
Bleeding: INR > 45 3 approach : stop warfarin, Vit K, FFP
usiliudniidede Vit K = Antidote Toiluudawinlidl Vit k ann KH, wnn vilslaiifinnng

recycling ¥l warfarin f9z19 dose sio9lU sanguslaanas

® Direct thrombin inhibitor = eangwilagnsasie Factor Il EaLReY

Hirudin, Argatroban, Ximelagatran

Ximelagatran (new)

Prodrug is converted to melagatran

Binds to catalytic site of thrombin

No need for coagulation monitoring or dose adjustment
Act quickly after oral use - might replace heparin
Few drug-drug interaction

Some patients increase liver enzyme

Pass placenta, blood brain barrier

argaiseanatneainly Llesainidiu liver enzyme
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® Antiplateplet

- Mechanism of antiplatelets

Clopidogrel Dipyridamole
ADP Prostacyclin

lk/Wia AR
antagonists
\ \ Collagen
GP lib/INa Activation Thrombin
/ Thromboxane "'z

Thrombaoxane A,

- Aspirin > aaﬂqw%‘ﬁ' COX (cyclooxygenase enzyme)
- Clopidogrel eaaﬂqwé‘ﬁ' ADP
- Cilostazol (Pletaal®) eaaﬂq‘w%‘ﬁ' phosphodiesterase
- ASA pengidtiesndi clopidogrel
1N on clopidogrel 8¢ WK NAAYIA AITNYABENNTDY 7-10 Tu
ASA mIsvign 7 Ju
® Thrombolysis
- Streptokinase, urokinase, rTPA -2 TPA (tissue plasminogen activator)
- Application : Acute limb ischemia, M
Vascular sx 14 thrombolysis Tuassindale 1w poor back flow > Streptokinase

150000 unit (low dose) local ¥aetiis flow nsadu distal

Conclusion

® Antithrombotic therapy
- Antiplatelet
- Anticoagulant
- Thrombolytic drug
® Bleeding complication must be aware
- Arterial disease 3Tl ASA 1ila391n arterial disease $iniing1n white clot @d plt Hu
dulsznauNn
- DVT, cardiac clot inl¥ warfarin , heparin losan clotting factors Wudmusynevann

58011 red clot = warfarin, heparin
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Blood transfusion

Principles of clinical transfusion

1.
2.

Transfusion is only one part of the patient 's management

Blood loss should be minimized to reduce the patient's need for transfusion lagtaniz
elective surgery

The patient with acute blood loss should receive effective resuscitation (IV fluid, oxygen)
while the need for transfusion is being assessed

The patient's hemosglobin value should not be the sole deciding factor in starting transfusion.
The decision should be supported by the need to relieve clinical signs and symptoms and
prevent significant morbidity or mortality

The clinician should be aware of the risks of transfusion-transmissible infections in the blood
products that are available for the individual patient

Transfusion should be prescribed only when the benefited of the patients are likely to

outweigh the risks

Indication for replacement of blood and its elements

1.

General indication
- Improvement in oxygen carrying capacity Uu o2 nUanlusnenie udilen co2 31n
suMenauoaudtusanty
- Acute anemia: mslidenidlewde >20% veadonlusienie
- Chronic anemia: Hb < 7 gm/dL
- Volume replacement
Ex: adult healthy male
- Acute blood loss 1000 ml
1st hr hct drop 3%
24 hr 5%
48 hr 6%
72 hr 8% (g hemostasis)
- In operation theatre —> estimate blood loss
20% TBV = crystalloid solution
50% - plus PRC
>50% - plus plasma
- Anemia & perioperative patient (study)
Hb >12 ¢/dl -> mortality rate 1.3%
Hb <6 g¢/dl -> mortality rate 33%

- Replacement of clotting factor



Transfusion
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Characteristics of blood and replacement therapy

Blood

- Oxygen transportation
- CO, removal
- Hemostatic components

- Antibody

- Typing and cross matching

- ABO Rh : Donor's RBC with recipient serum

- Rh neg to Rh neg

- Rh

neg receiving Rh pos blood may need anti Rh antiserum Tilaluutensal

- Replacement therapy

-ER

- O Rh neg should not exceed 4 units

- dextran interferes with group match

A3LALEDR matching, grouping Tl3yUpanaU

- Blood group antibody - Natural antibody

- Blood transfusion
- Pregnancy Wi Rh neg an Rh pos waylALLLAR antibody Fuun

- Transplantation

- Blood products

1.

2
3
4.
5

Whole blood
Red cells
Platelet
Plasma

Cryoprecipitate

Whole blood Uagdusiliiies

Blood 350/450 ml + anticoagulant 63 ml
Hb 12 ¢/dl, Hct 36%

JaLde: loss of functional plt, Factor V, VIl

Indication: active bleeding, exchange transfusion

ansdestunsudaveadendildlu : CPD 21 days, CPDA-1 34 days, adsol 42 days

C = sodium citrate: bind with calcium ions
P = phosphate: supports metabolism of rbc
D = dextrose: maintains rbc membrane

A = adenine: provide energy source
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banked whole blood

rarely indicated, rarely available

low plt, low pH, high lactic level, high K, ammonia concentration

Fresh whole blood

blood administered in 24 hr Wluauusuiiddymlunsfuden

Uof : ﬂulsmﬁlﬁamﬁqquﬁ 37°C uazdl clotting factor ATU Liigpades hypothermia, Loy
Laan

Jaidy  : Anelsmannauusanale wszliiinan screen

® Red cells

Packed red cell

150-330 ml

Hb 20mg/dL, Hct 55-75%

Indication: acute or chronic symptomatic anemia, loss of rbc mass

Leukocyte poor packed red cell (LPRC)

200-350 ml

Hct 50-70%

WBC < 1.2 x 107 cells/bag

Fumeunsie1 whe oon wUdld 2 egh

1. Pre storage  : lauualte100nae 4of febrile reaction e, cytokines Uasaoanuntios
fouds wbe foreanluuds enavtilidelsafiegluguaigydvials

2. Post storage  : Anglo1@BnnoUIL AEDN

Leukodepleted packed red cell (LDPRC)

200-350 ml

whc <5 x 10° cells/bag

Single donor red cell (SDR)

LY

Apheresis technique Auldiiua Wiedesudaadoniifisansesen PRC aanun

200 ml

Hct 57-60%

Red cells : 1 unit = hb 1 g/dl or hct 3% except SDR 1 unit = hb 2 or het 6%
Indication for leukocyte-reduced red blood cell concentrations Tsiluauld transplantation
1. Reduce risk of febrile nonhemolytic transfusion reaction (LPRC, LDPRC)

2. Reduce risk of HLA alloimmunization (LDPRC)

3. Reduce risk of CMV infection (LDPRQC)
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® Plasma

- FFP
150-330 ml
Normal plasma levels of stable clotting factors, albumin and immunosglobulin
FVUL > 0.7 u/ml
Indication 1. Replacement of multiple coagulation factor deficiency

Liver disease, warfarin overdose, massive transfusion
2. Disseminated intravascular coagulation (DIC)
3. Thrombotic thrombocytopenic purpura (TTP)

Use: 10-15 ml/kg
No crossmatching needed
-18 °C or colder for up to 1 year ueiminagansiad tumashaiiu v hr

- Cryoprecipitate
20 ml/u
F VUL, XUW, fibrinogen, von willebrand factor
Indication: Hemophilia A, von willebrand's disease, F X deficiency
Source of fibrinogen in DIC patient

- Cryoremoved plasma
Lalpogld
150 ml

Decreased F VLU, XU, fibrinogen = Clotting factor fawdnwi {ulusiiu albumin Aeudaees

® Platelet
1. Platelet concentration (PC)
2. Pooled- leukocyte poor platelet concentration (LPPC)
3. Single donor platelet concentrate (SDP)
- Platelet concentrate (PC)
50-60 ml
> 5.5 x 1010 cell/bag
- LPPC
4-6 units of PC
- SDP
Apheresis technique
Aoutned 1esanninannaudien TonaRnidesag, febrile reaction Arpuintion
250-350 ml
indication - Treatment of bleeding
- thrombocytopenia, platelet function defect (on ASA, clopidogrel)

- Prevention of bleeding due to thrombocytopenia



Hemostasis, Surgical bleeding and Transfusion 21

- Threshold for prophylaxis
Chronic bone marrow failure (AA/MDS) = keep plt 5000

Lumbar puncture > keep plt 50000-80000

Major surgery (hepatectomy, heart-lung machine) > keep plt 100000

- use: 1 uof PC/10 kg

- up to 5 days #&391nUTAA

Time limits for infusion

Start infusion Complete infusion
Red cell within 30 min within 4 hr
Platelet immediately within 20 min
FFP within 30 min within 4 hr

Monitoring the transfused patient

1. For each unit of blood transfused

v/s g 15 min until stable after starting transfusion then g 1 hr during transfusion then 4 hr after

complete transfusion

2. At each of these stages

patient's general appearance
temperature

pulse

BP

RR

fluid balance: IV, urine output

Elective surgery

- Type & screen laifipa M/G =2 QLL@' blood group, Antibody screening

- Recommend for surgical procedures that require blood less than 10% of cases\

Autologous blood transfusion

1.

Preoperative blood donation =2 auld3agudrinasil elective surgery Adnlinuldunusaaiden
nou

Acute normovolemic hemodilution

Blood salvage

- Benefit . reduce risk of infectious disease transfusion

: reduce risk for febrile transfusion
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- Preoperative blood donation
Elective surgery
Hb >= 11, age < 60
Contraindication: severe cardiac disease, cancer
Notify blood bank before 2 weeks of surgery
1 unit collected every 5 days or more and last unit must be donated no later than 72 hr before
surgery
Oral iron supplement
Erythropoietin supplement
Acute normovolemic hemodilution
Hb >10 (at day of surgery)
Remove patient's blood immediately before surgery
- replace with crystalloid (3 ml for blood 1 ml) or colloid (1 ml for blood 1 ml)
- replace with crystalloid (3 ml for blood 1 ml) or colloid (1 ml for blood 1 ml)
- reinfuse at the end of the procedure
- Blood salvage
memﬁamﬁamazﬂjmuﬁﬂ gauze 1n5095mAU udlraulundululnl
Massive blood transfusion
- Massive blood loss - Loss of 1 blood volume within 24 hours *
- Loss 50% of blood volume within 3 hours
- Loss > 150 ml/min
- Management - Volume resuscitation
- Blood component therapy: FFP, plt, PRC TLlgsne
FFP 1 unit : PRC 1 unit
- Pharmacological agents
Antifibrinolytic drug: tranexamic acid (transamine)
Recombinant factor Vlla: novo?
- Risks of massive transfusion
- Hypothermia
- Hypocalcemia
- Hyperkalemia
- Metabolic acidosis
- Oliguria
- DIC
Alternatives to transfusion
decreasing use of medication that result in perioperative bleeding : nsaids, asa, clopidogrel Lty

WaAuldan elective surgery Alw3eu preop neu
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- Adverse effects of transfusion - Acute complications
- Delayed complications
® Acute complications - Cat 1 : Mild reaction
- Cat 2 : Moderately severe reaction
- Cat 3 : Life-threatening reaction
- Category 1
Mild hypersensitivity: urticaria, rash
Management : slow rate of transfusion, cpm 0.1 mg/kg
Prevention : cpm + paracetamol before transfusion 5’1?’3‘%%11%3’3’&%
- Category 2
Moderately severe hypersensitivity: Fever, rigor, urticaria, flushing, restlessness
Management : stop transfusion, iv fluid, cpm, paracetamol, observe urine output
If clinical improvement - restart transfusion
- Category 3
*Immediately stop transfusion, dudenndulunsaa7i blood bank
Transfusion associated lung injury (TRALI) 1A immune response VL‘lJ‘I/T'ﬁJﬁﬁ%EJ’]ﬁULﬁaUam“USQQﬂ’JS
Fever, rigor, tachycardia, hypotension, pain or heat where infusion canula is sited
Within 5-10 ml after blood has been given
Management : stop transfusion, iv fluid, maintain vital signs, monitor urine output
® Delayed complication
- Transfusion- transmitted infection: hiv, cmv, syphilis : rare
- Delayed hemolytic reaction
Anemia, appear 5-10 days after transfusion

Management : observe

Method of administering blood
- Routine administration

5 mU/min (1 min) -> 10-20 m/min -> 50 ml/min or free flow



