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Introduction to Coagulation System

Chuhl Joo Lyu, M.D., Ph.D.
Department of Pediatrics, Yonsei University College of Medicine, Seoul, Korea

Coagulation involves the regulated sequence of proteolytic activation of a series of proteins to achieve appropriate and timely he-
mostasis in an injured vessel. In the non-pathological state, the inciting event involves exposure of circulating factor Vlla to extra-
vascularly expressed tissue factor, which brings into motion the series of steps which results in cell based model of coagulation.
In the new concepts of coagulation system, initiation, amplification and propagation steps are involved to converse of fibrinogen to
fibrin. The precisely synchronized cascade of events is counter-balanced by a system of anticoagulant mechanisms. Developmen-
tal hemostasis refers to the age-related changes in the coagulation system that are most marked during neonate and childhood.
An understanding of these changes in crucial to the accurate diagnosis of hemostatic abnormalities in neonate and children. This
review aims to elucidate the main events within the coagulation cascade as it is currently understood to operate in vivo, and also a
short review of the anticoagulants as they relate to this model. Also this paper describes the common pitfalls observed in the clini-

cal data related to the coagulation system in neonate to children.
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Fame] <
g, :[Lﬁé(spherlcal shape) O g M3l HA %iﬁﬂrﬂ GPIb/IX
B ok ud o] vWEZ| 2 8tsted] Eﬁ_ﬁ\:ﬂro] g ofwd
(collagen)ol] F-2F3ic}, Aol H-2H5k d43i-2 Shid3lu] o)A
ADP(adenosine diphosphate), /\ﬂi (serotonm), 4,
VWF, 2d--2%A(fibrinonectin) 22 28 H1]3ic}, HH|E
ADP7} 1 0] d A5t ﬁﬁlo}tﬂ davho] &Asteo] &
23] GPIIb/Iag] 734 W37} A7 Ad-f-2<(fibrinogen)
< 7R E4-8-H(aggregation)o] Aojut a7t ¢
Lzl=s

3. 2x} X[&atH

ol Salxe] EAJstol oJal] At = Ao s

Q14 A Z(intrinsic pathway)} £]91474 & (extrinsic
pathway)”} 1t} ©]213} cascade system- 1964139] *]2-©.
2 1y 7dg Yol A2 FHEAAHcontact factor)ol] 2]
3 XMQIALe] A3} o] FojxA] a4 S 2 XIQIAL, IXRIAE
VIIISIA}, XQIA7} A3 3}=]o] thrombing A4d$Ht}HFig. 1). £
QA A== 3 J3) A== &l (subendothelial cell
membrane protein)$] tissue factor (TF)$} VIIRIXZ | A%ts})
of IXQIAL XIAHE BAJsRRIT): ViRl d =t o)1= &

&}o] thrombing AJA4J8}e] thrombin®] 4d5-A4$1e 2185
A2 A (polymenE AA3IAL o37]9] XIIIAP L 2185}
o] @ekgt A FAst] BH-8arrt dojdth XA
oA FH-ga19} =0} 71HEA 0 2 AP}l )= activated
partial thromboplastin time (aPTT) ZAA= WAAH = 2] o]
A} FF-E dolri= Aol 1L, prothrombin time (PT) 7AAN=
RINA R ol FH-5 FRI3H= ALY,

o] Rele A flol|A dofu= §aL IS & dHgsto]

I dek e A A 0 2 AA] ol A ZAF Aol whet U]
SHA] e o] glof o] RElE A FHAS ehdaiA| AHs)
7] o). dlE B0 IR 7] @A Fiol| 283l
prekallikrein, XIIQIA} A{E 749, aPTT AN o] 9%
H AE Bo|A|nh HEAEFL gl &S Bk 53X
27t 28¥ $% E--#B(hemophilia B) $k41¢] 7-9- 4175t

A Q—E ﬂ Flg 1«] U%‘)ﬂ’ﬂ i o=

Sdo| Ao e T
A 3174] k.
TAI} WA RE 1 o] A
‘Jﬂoﬂj‘ﬂ %_101‘/}‘” A o] 2 < =2 A
HJTE TE/VIRIAF 534A= 218 =E Alabehe= Txrt 3
}FAl U R JH XIS &/3tA71A] et &=
SR Fohek AL thrombine] XIQIALE A5t} = 7
ot} XIIRIA}e} prekallikreinS 9&to] gl Ao 2 AU
=R

olelgh A5l 7]1&8te] FHTE A Aol gt A2 =
do] AAE QoM AHAZ o = 1) initiation, 2) amplification,
3) propagation 2] 3}4o] =3FEItH(Fig, 2).
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Intrinsic pathway Extrinsic pathway
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Factor Xl — Factor Xlla
Factor VI

Factor XI — Factor Xla
Ca**, TF

Cu"l r—— Factor Vila

Factor IX — Factor IXa

Factor VIl — Factor Vllla<
E Ca** PL
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};ibrinogen

Thrombomodulir

Fig. 1. The older cascade model of coagulation.



CELL - BASED MODEL OF HEMOSTASIS
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Fig. 2. A model of tissue factor-initiated cell-based hemostasis.

1) Initiation

& WA ZAA TEZF EE=H FA9] VIRIRER) F<5
8] Agtsto] TF/VIa EHAI7F A7]42, o)Ale] X1k} XA}
£ PSARITE XaQlAbe= VRIALS A43ARIT VRIAb= 4
2 9] prothrombing thrombin© 2 W3}A|7]31, o]
thrombino| t}-& ©A19] amplificationol] %83+ -8 G

s =k

2) Amplification

TFE Tds AZol|A AL ] thrombin & 2 Ql5le] &
Ao EAshE 31, DAt F-2to] T WokA|Al E™, V, VI XI
AR DA sk A k.

3) Propagation

VIlla/IXa B3 XRIAHS @ASIA17)A] =3l Xa/Va B3
AE B ko] prothrombing thrombin & & W3}A 7)1,
thrombin2- fibrinogen<- fibrin © & W3}A|Z1t}. Fibrin
stabilizing factor¢l XIISIA} 2-&3hH 4 © 7 fibrin clot
< F/dspl Hck
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SARIAR= IRIARFE] XA 12717) 9 eH (VIQIAR=
ATh), 19549 AP N-3-112 7 9] 3] (International
Committee for the Nomenclature of Blood Clotting Factors)
oA ZrhsAkE BAIBE |2 AQEelsint XA A AmkAs
Q1Z}HChristmas factor), X¢1Z}7} Stuart-Prower 12}, XI$1A}
7} HagemanRIA}2hal B 21 A5 e SaIxbEy
gkrte] o] Fo & A= ARGSIA| gt Aol SAlsh=
E 2R Zg} A8 (thromboplastin, TF)S 4|23+ 2E 331217}
= g Yol k. giF-2e] SaRIR = Thell A A= o] T
el 1184 &4 (zymogen) &2 EA5hH =312 0 2 84
3l=lo] Al S Es) & 2 (serine protease) 24 TS ©HA|<]
SIS ASARITE St SaRIA R ZabseAt FHol

£ FAFTHE: Vajlal, XaQlAp), & Sarflabe= v 8L
IAe] Bz Hcofacton) = 2482 ROl Vajl k= Xa’l
ALe] B 217}, VIMTaAR= IXaQlAFe] B Q1AL TR Viagl
Zte] B 21D, 117}, VIIRIAY, IXQIRE XA} 7154 slah=
ol HIEF K& B o = 3pH, o] 3aIQIAHE IR K oJ&
¢1x}H(vitamin K dependent factor)2}1l g}, HlE}H] K 3= 9}
il 5§, g Foll o8l SFFEA] 7HEAS} o] Foi%]
A @2 HIERI K o2R1A1E, 5 PIVKAZ} @At PIVKAE
Ca213} AgalA] oo A=} AP 5ol Flof
Sare]] FoehA] Eghrk

0lo

o], A3 o] 7= A& AAlste] ae] /A

< vk ARagsiAle] 7Y Fagk A
plasminogeno| ™, ZE}A0| = A& 212} (plasminogen
activator, PA)ol| £J3f] plasmin.©. 2 H3}E]|o] fibrin Yo -8-3]|

AlA A2 @) B34 (fibrin/fibrinogen degradation

rr o Jf

&

product)-& TH=TE plasming fibrin ¥ o}U2} fibrinogen®=
S3IA1Z 5= 9ot T wkg-& AHo|t), PACll= -PASt u-PA
F 77} =4l +-PAE 2 S Yl|A dfagalel
Al3F= WhA u-PAE 484 (u-PA receptor)ol] Agtsto] A2
A%} plasminogen?] 4L S7IA7)= oJ3ke 3P,
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6. X|& =H7|M™ 2 xtHS2 112 El(regulation of co-
agulation and natural anticoagulants)

1) Tissue factor pathway inhibitor

A7 E ] AAQIA oIt} XadlAte} BRIAIE P35t
XaQlAt FAEZ oJA)8kaL, XaQlA}/ Tissuefactor pathway
inhibitor(TFPI) H3tAl= Al Zz2tte] 2480 2 =424 TFPL &
8 Z7WA Aol o] gl VLAY TE H gl oA
£ /PRI

2) Cita

CeHl-& thrombin-thrombomodulin 2ol 23} &4]
shev) 24 Cabil2 Sehila} Agtato] Vaglakel Vllad A
E-3-4J3} 3t} 53 plasminogen activatorol] 2]} plasmin &
A3tE ZAA Aiasdl FEES SN 2HEE T

24 Crhale Crbl o1l ols) oA

3) Sei

Cerue] nzelxjole), The Hleh K ojEeixjsl 2] Alw
SR E ] 4§ A gtk B ol At
Cab-AREh7} A% AR 2 s Cehale) 2%

Az 2§31 e AHfgelr)

4) Antithrombin Ill (Heparin cofactor )

SaL71Re oA 71 Fadk el oA A=A HA)
JA12H8- 71742 70-80% ol - AFAlStaL ik A a7
oA F= AAEg-2] %2 thrombino] |9k 71 €] Xagl#}, Xa
Q1AL XTMaQlAL, Xia?lA} & kallikrein 1A}l = 2H-g-5}o] 2J#]
g8 9,

AT 1= 3}t 24 0 2 2 o thrombind} 111 H] &2
thrombin 54 serine -1l Agse] 28-S AARX71A|
g} o} F Ask L r|d o 2 FAE A% thrombin ©Uf
THE Q171] 8298k AT I AH8-0 2 2 AAYA] d/do] o
ojuf viAElA] g2 Sant Exl S oS = glont 2
daEA oL} DIC7F X1380] Hof thrombin A/do] BobA|aL
Alg: QAT S| EAskE wie AEA A7 2E AT
I S Eok AT 119] A 2H8-2 heparin &4 3ol A B<;
8 R,

7. AMdopr| 811

SAA| A1AYote] Za17 %5 (coagulation) V&3 53] 1]
Zolol| QoME EEFAY s ol S FFo = FA7)
= 7357} k. watelel gl Sar7)so)] ALEEE A
o= AT 6714 o] Fol| o]}, ofg] -§uIAH(procoa

gulants), 3} 27181 Hanticoagulants) 2 A-6-24-8-3fjol| #oda}

A=Y
AL QI Aol 40 28 L o sadiol Sk 4
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Table 1. Neonatal Versus Adult Hemostasis

Component Neonatal vs. adult level
Primary hemostasis © platelet count

T VWF

1AL AV, fIX, £X
11X, Xl

| to e 1V, Xl

< fibrinogen

T fvill, vWF

| TFPI, AT, PC, PS
T a2M

| plasminogen
<to! PA

Coagulation factors

Anticoagulant factors

Fibrinolysis

Abbreviations: vVWf, von Willebrand factor; TFPI, tissue factor pathway
inhibitor; AT, antithrombin; PC, protein C; PS, protein S; a2M, alpha-2-
macroglobulin, PAI, plasminogen activator inhibitor.
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