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Proses apa yang terjadi apabila ada
vasa darah yang cedera?

Hemostasis: proses penghentian perdarahan u
kehilangan darah

tuk mencegah



Tahapan hemostasis

Vessel injury

Spasme vaskuler Vessel spasm

Pembentukan sumbat | Pltelets adhere
to injury site and

thrombocytus/ platelet | qggregate to
plug form plug

Formation of

Koagulasi darah isr;rsgrlltélzlz :icllarin

coagulation




Spasme vaskuler mengurangi aliran darah ke vasa yang
Ced €ra spasme vaskuler

» Endotheliocytus (sel epithel pelapis vasa darah) melepaskan endothelin, faktor jaringan,
ADP (adenosine diphosphate)
» Kontraksi sel otot polos (myocytus non striatus) pada dinding vasa darah
 Proliferasi endotheliocytus, myocytus non striatus, fibroblastus (proses perbaikan jaringan)

 Membran plasma endotheliocytus menjadi lengket



Pembentukan sumbat
thrombocytus

» Adhesi thrombocytus
» Agregasi thrombocytus

Release of chemicals
(ADP, PDGF, Ca?*,
Plasma in platelet factors)

vessel lumen
Platelet
aggregation
Platelet Endothelium
adhesion to & ST

damaged

Basement
membrane

Vessel
wall

Platelet plug Contracted smooth
may form muscle cells

Interstitial Cut edge of
fluid vessel wall



Bagaimana thrombocytus bisa melekat ke endothelium, collagen,
thrombocytus lain?

Target: Collagen
Activity: Adhesion

Target: von Willebrand factor
Activity: Adhesion

>
P

Target: Fibrinogen (Factor I)

Activity: Aggregation

Platelet

« VWEF: protein plasma diproduksi

endotheliocytus, thrombocytus; melekat

pada dinding vasa yang cedera

* Prostacyclin & nitric oxide: mencegah

adhesi & agregasi thrombocytus

Activity: Activation

Target: Collagen Plate!eg
2 e F|br|nogen

UH

//

complex

%
Gplb //

Endothelium

ADP induces
conformational
change

von Willebrand
factor

//

_.-——-"'"

Subendothelium



Pembentukan sumbat .
Release of chemicals

thrombocytus (ADP, PDGF, Ca?*,

» Adhesi thrombocytus

—

Plasma in platelet factors)

vessel lumen

» Agregasi thrombocytus Platelet

» Thrombocytus mengalami
aktivasi & memproduksi:

aggregation

Endothelium

ADP Plat-j:zlet

Th b AD adhesion to

romboxane damaqed

PDGF

lon calcium Basement

Faktor pembekuan membrane

Vessel

wall

Platelet plug Contracted smooth
may form muscle cells

Activated platelet

fluid vessel wall

Circulating
(inactive) platelet

5AL/Science Source



Koa g u |a SI d ara h Extrinsic Pathway N\ Common Pathway

Intrinsic Pathway
Factor X
e Jalur intrinsik _ Prothrombin N Factor X
o T'isc:‘; f?ecxtor activator activator
e Jalur ekstrinsik / _ P l complex \
x ' Prothrombi Thrombi .\
* Bergabung di jalur Clotting f ~ i mf Clotting factors
umum omn(vgh)acwr i (Vlﬁ. 1X)
] Fibrin * | Fibrinogen :
* Mekanisme: o
. . . 2
» Cascade reaksi aktivasi 20 Platelat - =
faktor koagulasi yang : -~ W factor (PF-3)
membentuk aktivator et

prothrombin il Activated

. . proenzymes
» Konversi prothrombin
menjadi thrombin

» Konversi fibrinogen
menjadi fibrin

Blood clot containing  SEM > 1200
Contracted smooth trapped RBCs

muscle cells o



Clotting Factor
Fibrinogen
Prothrombin
Tissue factor
Calcium

Factor V

Factor VII

Factor VIII

Factor IX

Factor X
Factor Xl

Factor XlI
Factor XIiI
Prekallikrein

High-molecular-
weight kininogen

Platelets

Synonyms

Factor |

Factor Il

Factor llI; tissue thromboplastin
Factor IV

Proaccelerin; labile factor;
Ac-globulin (Ac-G)

Serum prothrombin conversion
accelerator (SPCA); proconvertin;
stable factor

Antihemophilic factor (AHF);
antihemophilic globulin (AHG);
antihemophilic factor A

Plasma thromboplastin component
(PTC); Christmas factor;
antihemophilic factor B

Stuart factor; Stuart-Prower factor

Plasma thromboplastin antecedent
(PTA); antihemophilic factor C

Hageman factor
Fibrin-stabilizing factor
Fletcher factor

Fitzgerald factor; HMWK (high-
molecular-weight kininogen)

Faktor koagulasi

» Berupa pro-enzim (inaktif)

» Pada saat satu faktor diaktivasi, faktor
tersebut kemudian akan mengaktivasi faktor
berikutnya dalam suatu reaksi yang

berurutan (cascade)



Jalur ekstrinsik

» Diawali dengan
produksi faktor
jaringan (faktor Ill)

» Lebih pendek & cepat

* Hanya memproduksi
sedikit thrombin

Extrinsic Pathway

Clotting factor
(Vi)

Tissue factor
complex

2+

Factor X

Prothrombin
activator

Intrinsic Pathway

1 Factor X

Prothrombin

e

Thrombin

(Factor Ill)

Tissue factor

[

Fibrin

Fibrinogen

y

Platelet
factor (PF-3)

activator
complex

\

I Clotting factors

VI, 1X)

Activated
proenzymes

Contracted smooth
muscle cells

Blood clot containing
trapped RBCs

SEM x 1200

1 l



Jalur intrinsik s\

_ / Intrinsic Pathway

Factor X
* Dlawall denga n Tissue factc;r » Proth_rombin e Factor X
aktivasi faktor XlI complex activator activator
1 ‘ complex i
° MemprOd uksi lebih / Prothrombin | s Thrombin vy
ba nya k thrombin Clotting factor |/ . I |- Clotting factors
(VII) = % e . (VI 1X)
Fibrin Fibrinogen
a2
a?% — Platelet
Tissue factor S S IRCIOF {55 &)
(Factor Ill) Activét =
proenzymes
(usually Factor XlI)

Blood clot containing  SEM > 1200
Contracted smooth trapped RBCs
muscle cells o



Jalur umum

« Diawali dengan
aktivasi faktor X

e Thrombin

* mengubah
fibrinogen menjadi
fibrin

* menstimulasi produksi
faktor IlI

* menstimulasi
pelepasan PF-3

» mengaktifkan faktor
X1

Extrinsic Pathway

Tissue factor
complex

Clotting factor

(Vi)

2+

Factor X

Prothrombin
activator

Intrinsic Pathway

1 Factor X

Prothrombin | | Thrombin

Tissue factor
(Factor Ill)

[

Fibrin i

Fibrinogen

y

Platelet
factor (PF-3)

activator

complex

I Clotting factors

VI, 1X)

Contracted smooth
muscle cells

Activated
proenzymes
"% (usually Factor XlI)

Blood clot containing  SEM > 1200

trapped RBCs




Fibrin membentuk jala

» Fibrin membentuk jaringan seperti jala
yang memerangkap sel-sel darah
termasuk agregasi thrombocytus

 Jala fibrin distabilkan faktor XllI

Iy e

Clot

Activated platelet

Fibrin

e

4

s -
e o)

e B e e T e R = M- S |

IFigure 11-12 Erythrocytes trapped in the fibrin meshwork of a clot.

Wartin Oeggerli/Scierce Source



Retraksi bekuan

* Thrombocytus berkontraksi

« Jaringan fibrin mengerut, menarik
tepi endotheliocytus-endotheliocytus
yang cedera saling mendekat

» Cairan diperas keluar dari bekuan:
serum

Clot

Activated platelet

Fibrin

=) 5 - p L]
= a4
i (]

e B e e T e R = M- S |

Wartin Oeggerli/Scierce Source

IFigure 11-12 Erythrocytes trapped in the fibrin meshwork of a clot.



Antikoagulan meregulasi koagulasi darah

Inactivates thrombin and factors Xa and IXa
Extrinsic coagulation A
. Proteolysis of
b \ factors Vi and Villa
i f -
\ | ki 1 P
Theombin | . A
Exposure of i i
Inactivates tissue Inhibit platelet
"'Em"g:"me o “""‘ GolosVilaandXa| | aogregaton |
: A |
Platetet adhesion: gl Antithrombin I : |
Heid WQBH'BT — vWF ‘--,. i i :
by hibrinogen . : :
7

Tissue factor pathway inhibitor




Fibrinolysis

 Perbaikan jaringan: fibroblastus
menginvasi jaringan ikat vasa
yang cedera membentuk jaringan
parut (scar tissue)

 Seiring perbaikan jaringan,
bekuan akan mengalami
disintegrasi oleh plasmin
(fibrinolytic): mencegah
obstruksi vasa & pembentukan
bekuan yang tidak perlu

» Debris bekuan diphagocytosis
oleh macrophagocytus

Factor Xl

Tt (Hageman factor) ERE
(Cascade of (Cascade of
reactions) reactions)

+ +

Plasmin
activation
[ Dissolution }
of clot
Slow

p-Antiplasmin/plasmin complexes
R )

TN S

0p-Antiplasmin P
A

Plasminogen activator Free plasmin

inhibitors (PAI) =~

h "
¢ § /2*\‘
;! Tissue plasminogen

i
Thrombin +  activator (tPA) Fibvin clot %
: and umkinag , "% 0N GO Fibyin degradation products

A
i RSN /.

Endothelium

Plasminogen Platelets Plasmin



Hemofilia: kegagalan
hemostasis karena defisiensi

faktor koagulasi Father Mother
(without (carrier of
hemophilia) hemophilia gene)
+
T I

« Hemofilia A: defisiensi faktor VIII XY XX
 Hemofilia B: defisiensi faktor IX

e Kelainan resesif terkait |

chromosoma X w @ @ @
Affected children Unaffected children
Son Daughter Son Daughter
Without coagulation factors Wound doesn't clot (with jearmier of Wit s {goes hol ety

hemophilia)  hemophilia gene) hemophilia) hemophilia gene)

XY XX XY XX



Vitamin K penting dalam sintesis beberapa faktor koagulasi

e Disintesis oleh
mikrobiota usus

* Obstruksi ductus
biliaris: penurunan
absorpsi lemak

» Defisiensi vit. K
menyebabkan

defisiensi faktor VII, IX,
X, prothrombin




What is Pulmonary

Thromboemboli dapat Embolism (PE)?
me nye Od b ka no bStru kSi A Pulmonary Embolism is caused when:
aliran Carah @ A Deep Vein Thrombosis (blood clot),

or part of it, breaks off from the vein

€) The break away clot travels through
the bloodstream, to the heart and

* Thrombus: bekuan abnormal yang

melekat pada vasa darah migrates towards the lung
* Emboli: bekuan yang bersirkulasi 3 The clot blocks a vessel in the lung,
bebas di dalam aliran darah interupting blood supply
 Faktor risiko: 2 y

Atherosclerosis

Ketidakseimbangan prokoagulan &
antikoagulan

Aliran darah lambat 0 -4
Shock septicemic

break away
clot

Deep
vein clot



Infect Dis Poverty. 2020; 9: 45, @ FAER WERAON W, SOLHE STy

doi: 10.1186/s40249-020-00662-x i 5 $ .

COVID-19 & koagulopati | =>—
 16-49% pasien COVID-19: komplikasi IM;:::
thrombosis (emboli paru, thrombosis vena Pititary
dalam, DIC (disseminated intravascular o
coagulation), mikroangiopati, stroke, infark Corvixutert -
myokard) icd
« Mekanisme?? W
* SARS-CoV-2 menginfeksi Lancet. 2020. 395:1417-1418. Bladder -

endotheliocytus secara langsung

* Inflamasi berlebihan (badai sitokin/
cytokine storm)

» Cedera endotheliocytus menstimulasi
proses koagulasi




Golongan darah




Golongan darah ditentukan antigen permukaan pada membran
plasma erythrocytus

Type A

Type A blood has RBCs with
surface antigen A only.

Surface
antigen A

Y ¥

If you have type A blood, your
plasma contains anti-B
antibodies, which will attack
type B surface antigens.

Type B

Type B blood has RBCs with
surface antigen B only.

+—— Surface
G antigen B

If you have type B blood, your
plasma contains anti-A
antibodies, which will attack
type A surface antigens.

Agglutinogen: antigen permukaan
Agglutinin: antibodi terhadap agglutinogen

Type AB

Type AB blood has RBCs with
both A and B surface antigens.

If you have type AB blood,
your plasma has neither
anti-A nor anti-B antibodies.

Type O

Type O blood has RBCs lacking
both A and B surface antigens.

@
AyY A

If you have type O blood, your
plasma contains both anti-A and
anti-B antibodies.



Tiga alel golongan darah: |4, I8, |

Codominant
enotype Safs Transfusions Blood Blood
[z:md 1t!:m Genatype R oot Gl = === Type A Type B
A IAA or A A A, AB A, O
B PR or [Bj B B, AB B, O L] gy
AB A Aand B AB A, B, AB, O 0 8
Aallel
0 i none  |AB,AB,O| O i
U] Ballele
] Oallete /
Pola pewarisan golongan darah AB: bersifat codominant |
(kedua alel pada individu heterozigot menampakkan
fenotipe masing-masing, tidak ada alel yang lebih dominan A O : 8O 0 0
dibanding alel lainnya)
LR A | 00 00
BoodTypeA BloodType AB  Blood Type B Blood Type O
(Codominant)

U.S. National Library of Medicine



Golongan darah donor dan resipien transfusi darah yang tidak
kompatibel akan menyebabkan aglutinasi darah: reaksi silang (cross

reaction)
Donor with
type B blood Recipient with
type A blood

\;.p

Red blood cells from
“4\\):[‘ Antigen B donor agglutinate
Antibody to X ¥
type A blood Antibody to

Red blood cells usually 2
rupture Clumping blocks bload flow

1 in capillaries
type B blood Antigen A Hemoglobin precipitates in kidney, l
interfering with kidney function Oxygen and nutrient flow
to cells and tissues is
reduced

Tes kompatibilitas sebelum transfusi untuk mencegah aglutinasi (blood typing/matching)



Golongan darah Rh

Antigen/faktor Rh: C, D, E, ¢, d, e
Rh*: memiliki faktor Rh (antigen D)
Rh- : tidak memiliki faktor Rh

Antibodi anti-Rh hanya diproduksi
oleh individu Rh~ yang terpapar
faktor Rh dari individu Rh*

Genes RHD RHCE
Rh positive —Js W
D antigen Cc and Ee antigens
Rh negative A DE.‘_IE’(_&d X “
Protein Clc E/e

Ser103Pro Pro226Ala

No RhD protein

All D epitopes missing RhCE

RHD gene deletion: most common in populations of European ancestry




Erythroblastosis fetalis: terjadi aglutinasi dan hemolysis erythrocytus
anak (ibu Rh- mengandung anak Rh*)

First Pregnancy Second Pregnancy

RH+ Fetal

Mother's RH-
blood, now
with RH
antiodies

The first child is born -
unaffected because the 'a \ Eatal Rl blood
fetal and maternal o i i

: ; = ] : - attacked by maternal
circulation are seperate. Maternal Circulation RH antigens
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Have A Nice Day



