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Abstract

Pathogenesis of acute coronary syndrome (ACS)
Pitha Promlikitchai

Saraburi Hospital, Saraburi

Acute coronary syndrome is the common cause of death in western countries and developing countries
including Thailand. More delay in diagnasis and management will lead to higher mortality rate. The understanding of
pathogenesis of acute coronary syndrome is very vital for effective short and long term management of the patients and

for primary prevention of the general population.

Key words: Acute coronary syndrome (ACS), Pathogenesis

N o

Tsawenna 5215 W30 3215



¢ A o A o A A
104 FITNAT AINY 13 '1]'“ ®0 AUUN b ‘IJ‘ixmmaumﬂmu—m!umu b&&m

NN
Tsaviaeaenria 1A UMeUNEY (acute coronary
I 1 Ao A AAa
syndrome, ACS) Jungulsaniuensimst sada alu
U @ o.lo d' o w w =2
nquilszmaaz Tuan®® tazidszmanmaaianniauda
9 . o 1 v A [} <3 9
Uszmalnedie® anzdasnaninnasgiasiasy naw
‘dil C% = = a ' Y
o lvazimsnaaeataziiamMInens1an1Is e lag
a k) g @ ~ A = 1 @
Usinandutie linnaeatazaeornivuanen i
Y v
VuPUMrIviasaeainlINAuAY 1Ay Hanons
s o H aa o
nensal lsanaluszer “uuazsezend  mMsItIngLay
o A1 Y oq Ys (a ) L o o
SnunariimInilsnandiealevesdilrsane
Y v
VIV WaneuwIAe mMImauvesrinleanas na
Y v . o a o
Az 19duman (heart failure) MIzANNAUTATIAA
. . @ Y a o a
(cardiogenic shock) naznz luauiadizyia
g . . ' Y Y @
9UA318 (ventricular arrhythmia) M@ lH#R1)I8l8AI
A Aa P = Ao a =2 & A
M3~ eI 3 Mt ladanersiuiavedlsa duilu
A o ] A A I o [ @ Y
AN agedngs wetlumsihll 'mssnuidihe

1 =1 =Y a
0819U1U5e "N

oA a = £% = = %
fn!‘HﬂWEl1ﬁéll9\115ﬂﬂa@ﬂ!aﬂﬂﬂ’ﬂﬁ]ﬂﬂ!ﬂﬂﬂﬂﬁu
(Pathogenesis of acute coronary syndrome)
@ = = @ [
Tsanaoa@anain lIAUREUNGY (ACS) 1Ty
J A a Y dy @ Yo A 1A o
ngulsafnaanndmniionlalasuden luiisaneiy
ANNABINI 91M5L A9l Ay Ae eIMsHUUWen
(angina pectoris) WONTANHADINNAINKAIY WG 1Ay
] 3| 1 1
wsontseen 1Al b nqulng Ao
o a a A A Y a a A
. MillaneFognvasaaeanialainsAunse
I k4 1]
gadudoundu  Fanuldisnnmsiiiany “wiusdsy
awdealurasaasaiinly (thrombus related) tag 13dl
v o o A Y
AN “uiwusnuauaea lunasaaeaialy (non-thrombus
A I Ao o Jdou A
related)  Iag wigiwulungui “uiusiuaudena
gaaulunasadoariilafe manadudongaduly
munisniimsannavesns luduimisvasadeariale
(atherosclerosis plaque rupture) «dﬁawuiuﬁ%wumﬂiw
Yy A ' 9 ' A 1Y 1 =
Arailusegiesni &o 1 uateguinnn &o 1
wuNgiams liuanaiu nSemsinaauaoagaduly
munisitinifdnnammeszduFusadioyiviaen
1] v I
oandnaguasuluiumniy (plaque erosion) a3l
Y a Y 1 = d'é A a
nuludnauergiesni &o uay VYHI® wemana
audeagaaulumunisiidouiuuimisnasaiion
(calcified nodule) @aignamsieenin dnnuludile
4 1 1l
Joguazvaeaoainlanameanin®  ungauainy

A v o

laualsition e MmaMaaudoaNINNdUgAINIAR
= @ ] Y d'de @ =
lunaeadeanale wu dihentauialamen (prosthetic
£
heart valve) Iiﬂﬁuﬁlﬂﬂgnmﬂ (rheumatic heart disease)
Qy @ [ . . = Yo
Tagmnzaninla lunsady (mitral stenosis) 41931
@ 9 3 o A (=t o 1
sEAUedIUMsuIIdIveuana luiieane  msulu
oA = v o du A A @ A @
ngui lufinnm “wiusnuaudengadu luvasadoarale
wanuAe MIinaiadvesnasaeaialunndaling
(Prinzmetal’s angina) NSINANIIZAITON VUOINIIY
WaoAlapA 1% Takayasu's arteritis %30 PIIAANIIA
o . . 'Y
viaendea1198nu1A (coronary dissection) Tungud
' iq ¥ a <
Tenlden waalammelany wse uewilaniiu
o a a " vy VA @
. Audaneslilaegnuasmaeaiiale fe
A v a A A 1 ] a
naoaentiiladsnd wieAuua luun luaizdsad
A dy Y dy @ Y 2 Al
wiso wdea lU@esnduniierialy laiisawe uadihe
pglunzialsnfiry AIEiABE1aTUITY (severe
9
anemia) NMzAATEIUNTZL 1ADATULTI (severe sepsis)
v F
o Y T [ Y @ 4
mldsemely wise ‘wdealdidesnduiienila1d
[ Y .
NBINOAUANNADING (secondary unstable angina)
(Hioaannersnuiiaveslsa ACS AWuNIN
a A a A A v A o o T Aa
i _afe  maneauaeagaduRsunaulumuniang
M3Rnuavedns1u lviiuiniisvasadeniinle (athero-
4 '
sclerosis plaque rupture) AITUNNTI LAY ACS N
4 <a 4y - v A o
nuni _avedigaisuduninmanans iy luiuningg

vasadenial (atherosclerosis plaque) TGN

utanensvesnuluiiuiinilaviaeaaentiale
(Pathogenesis of atherosclerosis plaque)

ANHAUTNINTINGVeINITavianaaonialy
ﬂizﬂauﬁ’aﬂ %) "i?u ﬁ@ Gf?u Tunica intima , Tunica media
18 Tunica adventitia 3691751111 A .uen amuaiay
Tud1 Tunica intima 89 WnsouUee0’ldsn o Fu
ﬁﬁ] °§u endothelium, subendothelium 1@ internal
elastic laminar™™® Gl,u"f;:u endothelium ﬂlﬂﬁﬁ’c’l@ﬂlﬁ’t’]ﬂnﬂ
ialusumonaasaEoaunuazaeaEonadt izneu
ﬁ’aawaﬁ;%uﬁmaamﬁaﬂ (endothelial cells) 158947
ﬁuagizﬁwi?mﬁmﬂszmm 60 1Had ATOUAQUAII
vasadoad uuianyaTaod gap junction LAY tight
junction ﬁjufgﬂﬁ;a11ﬁ'aszﬁdnwaﬁz%uﬁmaamﬁm

1 o)
uaazyan > °

Y

Thmiinsawnuilszana o nlansy ua
v v v

TNUNAIT N MUATZI €000 - 3,000 AT IUNAT

A a @ A A &
wienalunun lagsivalssna & wwin tevea® lu



Thammasat Medical Journal, Vol. 10 No. 2, April-June 2010 105

a s A a A Ay Ao o A

ﬂ1]$ﬂ§ﬂﬂl°ﬁﬂﬂlﬂﬂuw’J‘Iriﬁ’i]ﬂlﬂ@ﬂll‘ﬂuﬁ/] MnNYND
3 o
®) m‘u'fguﬂigmumimmmmmm;ﬁaﬂ (hemostatic
balance) lo) muqumswﬂ%ﬂuammﬂﬁwawaamﬁaﬂ
(vascular tone) o) AIUANMIADY UBIDNIIZNIONL 1
. @ 9 Y A A '
(inflammatory response) &) HJoadulilideanse
1 Y o

’]JiSﬁﬂﬂ‘U"’UENLafJﬂLL‘VIiﬂW'I‘L!Lalﬂiﬂbluwuﬂﬂﬂ@ma@ﬂ (vascular

ey Y ]
permeability) &) AIUANNIT 319naoAIRDA 11

5,d.8,00,0 2 sl a
FINOINUMT AYVDAUFAAYDYW

(angiogenesis)
Gluﬂimﬂﬁﬂﬂﬂla@ﬂl N NN (apoptosis) ll‘Vl'Ll'WILLﬁu
ﬂuWﬂﬂlﬂﬁL“ﬁﬁﬂlUﬂUW')WﬁﬂﬂlﬁﬂﬂuﬂﬂWNlLﬂﬂ@1ﬂﬂuﬂluﬂﬂ
ﬂ“UGnLLW‘LN L!ﬂgéﬁjﬁlﬂaWﬁi'ﬂ ﬂ1u$ﬂ1wmﬂ\11’iﬁﬂﬂmﬂﬂ
F
Huqed 1urana1la® MInIuAY vascular tone LAY
. o ya [
hemostatic balance dnalnlunsmaulndFasuuin
s A a Y o .
TagiradidoyAIMaoAann 319 nitric oxide (NO) 910
NO synthases, prostacyclin 1@1¢ prostaglandin IZM‘M ¥q

2.

Q Y o
‘L!'f]ﬂi]']ﬂf]E]ﬂi]‘Vl‘ﬁGl,uﬂ']isUﬂ'lﬂﬂﬁf]ﬂLaﬂﬂllﬂ?ﬂﬂ 117D
o & o 3 A 9 s
YUYINIMNUUDUNTALADAAIY (platelet inhibitors) Glu
vauzh platelet activator factor, endothelin-1 Ua¥

Y Y v o
thomboxane A2 ‘L!'f]ﬂ“l]']ﬂﬂigﬁ]uiﬁuﬂWS‘ﬂﬂiﬂﬂjﬂl@Q
Y o Y o <3
’ﬁaamﬁaﬂumm 'liJ'liﬂﬂﬁg@!uﬂ']ﬁﬂWQ']uGU'ﬂ\‘]Lﬂﬁﬂlaﬂﬂ

0d,0& ° g y_a
’ TMIUVHUINAIUAY

#e (platelet activators)
vascular permeability mmaﬂ% tight junction, gap
junction Lmzﬁwmmaﬁg%uﬁmaamﬁaﬂﬁﬁﬁﬂymz
Eﬂu"lajﬁ adhesion molecules ‘ﬂ%mi}‘wu intercellular
adhesion molecule-1 (ICAM-1) 1&1alu1/Sua luann®
Faluidoamaiiey WMSuadiiaaeav1nunzaa
uazumsnddsn lunifaraeaden  miunthiily
MO UBIADNNIZNTONL U (inflammatory response)
waznih@ Yravaeaidealnyl (angiogenesis) 1u
anzlsnadunalnmsdeuusy wie WuuNANFINN
Ranusmederisaoaidoamii

1A

yamuiaveansiuluduiFednligaisuduain

a

'
a

o v Y @ 1 I A A
vawilvdeareiu 1wy anzwadigeydIvasalion
MaUAALTNA (endothelial dysfunction) 15ATusiulu
A .. . Yy HAa o o
1@ea 3 (dyslipidemia) Tnommizdtleniszau luiiu LDL
Aol 1ps0a I TINNUTZAY HDL Aola wosoaly
1@eam ™ N5 UYHI (smoking) N1ITNITONL 1
. . e 3 Ay o A a
(inflammation)*® HAZMIMNUVBITZUUYUANAUAAY TR
. . wo v o o Ad A o
(immunologic factors)®® Tuilagifuilvdsniluneensy

{ o 7 A a
1N _Afe N1IZMINNUTBITAAEIYRIVaDAIADN

wawidaling Taoliszay lviiuluden aflugaisudu

o v g <
Vl?clﬁmﬁﬂ’mﬂil vascular permeability UDIWNUIWADA
A A a A A
laearalsn@  LDL Ao mamamg“luﬂizu laona
o 1 1 s A a
MWTDUNTNAINIY gap junction fwmnwaan%um
A

NaoAapA~ s

Y @ .
W ¢ WU subendothelium 1131/
U949 cholesterol, saturated fat, small lipoprotein particle's"g’
& A v a o 9 9
Fatlugasuauveanananzmson ulaenszqul
¢ A a v .
IFAAEDYAINADANDA 319 oxygen free radicals WM
Fl
VU UANAYU 519 NO anad INDINTADY UDIV04
@ = 1 I a Y @
misrasaeans NO 1l lunaneassuiuaiig
a ' a o 9y A
Usnd nanfe luanzilsnd NO mwmﬁmmﬂﬂaamﬁa@
(flow mediated vasodilator) aumﬂmnﬂamaaﬂum
SudimaAanzmssa 1 mel,um';ummaaw@um
naoal@oamuAalsnd No adumldinanisva
i"ﬂﬁwmﬁaamﬁaﬂ (vascular tone abnormality) LQ
L‘Wllif]ﬂ? msmﬂamaaﬂ (hemostatlc imbalance)
uaﬂmﬂu oxygen free radicals VILﬂWUuEN wmsmﬂaﬂu
LDL Ao mosoaifiu oxidized LDL 3 LDL i
¢ A a
oxidized LDL 1w13onszqulvisadivoyiivana
a o a a 1 = . ~
woamaudadsnaun¥ulaei oxidized LDL ¥
' e [ A a d? o 9 o
UNVIMUINNIET  A1EMsent uatnayumldea
WoyAIaoAaeAl o118 (endothelial cell injury) &
A5ADL UPIAD angiotensin II NWIIIHADAIADANINAA
aa A v 4 [ o
Usnamnaneraoa@eanasafNINTL Un15ras
cytokines ¥Ua interleukin-1 (IL-1), tumor necrosis factor-
% wa 4 a 7 A
OUTNF-0)****  delina wiandounlasdnsadioe
a A Y . a 42, A
umwaamaaﬂiwu adhesion molecules INAYY AD
ICAM-1 1ag vascular cell adhesion molecule-1 (VCAM-
D Tﬂam‘ww VCAM-1 cdﬁawuﬂ?mmnmﬂimazwuﬁ
wam&aumwaamaaﬂunammmfmm "uL‘l/n‘uu‘“"w
AT adhesion molecules 13 o wiarvify
Foanaiies I ivadiiadeavinumaauazunsnéd
Y 9
. . ' 9 % . 2
(diapedesis) WU IUFY subendothelium 144184
g A A a /s ¥ A o
UBNINNIUYAAIHDIYNIYIaBAIADAIAZIFAANA M DITYL
§9%a9 13 chemo-attractive cytokines Ao monocyte
chemoattractant protein-1 (MCP-1), lymphocyte-selective
= s
chemokines™ 9ONONT IAUNITANYAIFAT monocytes LA
lymphocytes ‘naﬂiuﬂi“u maﬂiwmummmma“mi
§01 UINABUMUEEY WAL monocytes ‘maﬂiuw
subendothelium fuszaﬂuulu macrophages Hazims
o oA o g v i a
UL NNLIUIMT UM TANTAILANYN cytokines HTiA

macrophage colony stimulating factor (M-CSF),



¢ A o A o A A
106 FITNAT AINY 13 '1]'“ ®0 AUUN b ‘IJ‘ixmmaumﬂmu—m!umu b&&m

interleukin-3 (IL-3), granulocyte-macrophage colony
stimulating factor (GM-CSF)®® 1enenenuman oxidized
LDL luasuluiulvndsunaniesaslae macrophages
UMD oxidized LDL WIUN scavenger receptor-B L)
mo kY . 34 Y 4
CD 36" 1dInau oxidized LDL 19111/ luiyad
) .
(phagocytosis) (%A@ macrophages 1 oxidized LDL
EJ‘g"ijtlcluGElﬂ’ji foam cell 1150 lipid-laden macrophages™
4 1 1 4
worniunalnvessameione1e1mann 1N ULTIVDY
o olo AN Y o o q 9 o
AMEMIONL U uanaf ldnaumianzmssn u
Y v
EHLLNNW%HIWJ foam cell Wad growth factor LAY
chemo-attractive cytokine U platelet-derived growth
factor (PDGF) uag endothehn 1""’"“‘ ﬂﬁ“@uiwumi
ARV UBARNAINITIDE NG Tunica media
unsndutnn ¢ wludu subendothelium Iaoisad
Y ; = 1 dyd "W A o 4? 1 9
AUV ATHINMTULNAUNUIIUIUIUDEIIH
1arlim3 314 extracellular matrix TMUTNUNTMISNL U
. v o q Ya v o
1ag endothelin-1 §amlvinamsnasadivesranaidon
v
WNAAYINAAIY UONIAT oxidized LDL U foam cell
o o v 3 . X sa
gamMI¥NITMIUUDS mitochondria melulyadra
a o 1 4 {
Usnarih 1) 'ms aneveswad (apoptosis) wafiauuae
o o q ¥ 7 A A
1mMsnas lysosomal enzymes " ldgadidoyniviaon
180AINAAINL W18 (endothelial injury) LAWY
Fl '
AnUsnanInIL Tnmsvas prothrombotic molecules (1
v Fl
. . o~ 9 Y
inflammatory cytokines LNATUNT zsﬁuclw monocytes
9 P
unInd I ¢ unYuua luvazideliundududa
q ¥ o Y A a A
1351%  monocytes naud ‘nzu @oansuning
o olo 2 A g o <
onL U™ szeziineyasuauuesnuludy  wnsomu
o a a a @ I
anvazAadinaniameInavesniisvasadeaiu u
AINLUIBNIVOINADALABAITENI fatty streak™  McGill
Y o =< 2 A Y A aa
vazauz laAmmsanynisiasadealud  sFia0n
Ad' Ad' L} L} Y A = Q/ d.
wnqoun lilyTsailauazvaoaden ualiflade oq
voelsananalaean119@y 1WITANUNEIT AN
@ 1 F% Y q’;’ 1 @ ;e
aananlaludihoeigiaug o& N o< U™ Fuilu
nangu ngu asnawersnuidavesasiu T Tl
HAINNIIZNITL BN NINUDINADALADANINDIYTY
(degenerative change) HANAINAIZMIONL 1 (inflam-
Y o £
matory process) Tuzcu UAZAMEIAMNITANYINIIG
A @ Y Y Ao (=)
naoadeanilvludileergiosnds liliormsu asves
A @ P Yy
naoaaeana19Aulneld intravascular ultrasound Wl
4 ] Y
MET mwaInaniigliams svuilesguiniu®

WA9ININA fatty streak NHITIMADARDAT 1D

udy anzmsent udsasaniivae 1 laelins ¢ wves
oxidized LDL, extracellular matrix (/¥ macrophages, foam
cell, dendritic cell, endothelial injury BIEE ﬁaurﬂu
antigens Q¢ antigen-presenting cells @1Nﬁ1ﬁUﬂi$é}u
SEUVYUANAUYDITNNMOTIA adaptive immune system
cf@ﬁu‘wumiumimm]ummsquuswmmazmié”m 1
Tagadniiumnm Yo T lymphocytes 15znouAI0
T helper cells-1 (Th-1), T helper cell-2 (Th-2) tiag
regulatory T cell (T reg cell) W1TDNTY muimmaawa
YAIMADAADA, macrophages memaaﬂmmumwuwm
cytokines Ua& growth factors GING] mwammumaz
MIBA U W Thl T cell  mnsanssduliiimands
pro-inflammatory cytokines U interferon-Y (IFN-Y),
lymphotoxin, TNF-Ol, CD 40 ligand (CD40L) Gd]ﬁﬁ
UNUIM °1ﬁig°l,uﬂmﬁuﬂ31u§ugsswa@ﬂ1agﬂws§ﬂz 1
(amplification of inflammation) Tag TNF-OL ﬂs:é’umi
1A adhesion molecules fisadidoyimanaifion, IEN Y
Sudams s1aﬂaaamuﬂlmwaaﬂmmummumiw
fibrous cap 1NHA413a TN Tom m@amaaﬂ wu "
Th-2 T cell uag Treg cell mwumﬂummmquma
YoIn1gmMion U™ Tag Th-2 T cell nszguliims
ﬁgﬂ cytokines ¥1IA interleukin-10 (IL-10) ttag interleukin-
4 (IL-4)™ &4 wnsadudsmadansin i luszezusn
W30 fatty streak 18°° "I Treg cell 1M150AAANY
m3sn ulnsdufimsianues Thl T cell Ty “ad

co,do

EGER ymnnuazhiddlinswmida 1¥e
MOURIY IL-10 1ag transforming growth factor-B
(TGE-y*< atalsimulugihedfimsvnesvinaves
A510 TuTunuNUNVINYY Th-1 T cell TNINAIN
Th-2 T cell™ “m5U B cells nazms $1giduiu
(antibody) &473 13150 ﬁ;ﬂu%ﬂiﬂﬁ%mﬂu@iﬁ]ﬂﬁ!ﬁﬂ
a7 lvuld TaguramsfAnuInuIINTATIINY

2% 459 heat shock protein

9iAuAUAD oxidized LDL
S A 4 o
65 (HSP65)*® Fuiluldsauyiiaviialunsivludu o
v o Jdo @ 1
AN “uRUSHUMsveevIaveans U vy uaw1ems
ANEINAUTIBNURAATITINAD MINUYRANAUAS oxidized
[ a o Y KX A
LDL wisatlesdumsiiaasiuluiuld Selianu
o 9 =} = A a A 1
vudludoalimsfnyunu@uie  UUNUIMY04 B cells AD
T "5y cytolytic T cell (CDS) NUVIUWVIﬂi”G]uchN
M3 @18 (apoptosis) vousadnd ooy, wadise
e, dd

a § s o
yivaeaidealas macrophages ™“? Fuwadhn awi



Thammasat Medical Journal, Vol. 10 No. 2, April-June 2010 107

A A A 9 v <
Aty Jou 1INNIONNTLTAUNTZUIUNITNITUU
o A o 9 . &&
fvaudeanmelunsulviudie (tissue factor)

naannnans 1 lviunmilavasadeauazil
2 4 <
MIVIVUANNUVY  ANVUTILITINTONITAL MINUBA
o @ A o & <
a1 lvddu “aonily Tasanuudansaveansiu

@ 421 [ a s Y j’ = & o~ 1
lududvegnvilsunanasadndiuieFoudatinisuig

s A o [ 9 1 v I
FAANNNIUIUBENTY ualuvnReINUNLMS ae
@ o 1o @ q’;’ a 4
A1voraa (apoptosis) AIUgAu T AuiulFuanrad

Y j‘ =~ o =2 421 "o
nawieenluasinludu RFuegiy ugavesns

Y @ o ] [

Fanazms agdrveusad uasu luiue egrals
<3 IS Y j) ~ ~ ] v A Y [
naaaandwiieouiegluasiuluduiiTase $19li
wummwmuwaaﬂmmumiauﬂiﬂwaﬂcluw Tunca
media® AW mmﬂlmwaaﬂmmumiﬂummuﬂ@ 4
extracellular matrix (U collagen type I, III Qg
proteoglycans U versican, biglycan, aggrecan QY

L we A v < Yo o
decorin® 1#1e $1aanuuvansaldduasiu lviiulae
VoA e o q Y A )

g undumuewanu luldide i luas
o . £ Y a
T (fibrous cap) #9UseROUAITADAAUIUTUA o
(collagen type I) ﬂjﬁjiﬂﬂ Tay cytokines Nikano
Y . 2
M3 319 extracellular matrix A0 PDGF, TGF-[3 1511
extracellular matrix unAu llazgnatuguniedos
a10ay matrix metalloproteinase enzymes (MMPs)
“dﬁﬁﬁﬁﬁﬂﬂﬂllﬁnﬂ macrophages&'@ Tuszezisusnuog
msneasu iyl MMPs irnasensisunlasy
9 @ Y . .

Tnse avesriaoadentinledie (arterial remodeling) Tag

] . o Y Y
MMPs 8§08 @18 extracellular matrix YW IATY 319
Y [ a o o
voaa3510 i lunvausananisveedivesnsu lviv
Y ' .. . .
29NAUUDN (T8N positive remodeling ‘H%"E] eccentric
A 3 v A A
plaque t¥o3udunalnmsdSudivesvasadoatiie
WY1 INAIVUIAL umﬁuﬂnmﬂﬂwnmw mwa'lu“lmJ
Wanons Ianeuveuaon® luszey ﬁmuﬂmmua

@ = Yo = S @ U =3 (=)
lasaldsuiReaiisanaiunudons Qgﬂaﬂm"luu

Y E v v
213 1a991 "1 e Rvinans v lviiueniilsuaun

< 1 ] < A A a
Aoy uaedialsneanluszezenn WellSuavesn

@ g 1 g y Y o
TusiumnnvuTasmmzannin €o% vosnunnIda
VOINADAADAILITUTMTVIIUUIAVDIAT 1Y Tus Ui
WduluvearasaaAaziinITHATAGIUDY  external
elastic membrane 5 negative remodeling ana

Y FJ ] 4 '
Tdvua “urguinatsvesraoadenanadly w150
Y g y A o Y~ o v

wdea li@eanduiiondla ldmsanenuanudeoans

=2 a X . Yug
39NADINT angina pectoris 1@

E4

doasinlviuivinalugTunieiinizms
ont umeluun (advanced atherosclerosis plaque) 1139
wurasadeadng meluasnluiiuds (micro-vessels)
Lﬁﬂi]mﬂmﬂéaue?hsuaqwaﬁz?}auﬁmaamﬁam%ﬁm
Tuasrulvduuazinis $ravaeataealny
(neovascularization) Iﬂﬂﬂ?iﬂﬁ:ﬁé}uﬂlm fibroblast growth
factors, vascular endothelial growth factor (VEGF),

placental growth factor (PIGF) 18 oncostatin M

a

44 g . 2 o4 A oA
Fa00u IUNIIVRUFAAITOYHIMADAIIANINTUAA
a I ] o
U3AA UNVIMYDY micro-vessels A9 (HUFDIN1E AL

a o o g &
osuazeendny miasy luiuveevinaivy
csyw I [l o A S o w 1
NN NTUTUFDINAUATUTFAANVUNLIN 1ATYAO
o . Y o
NILNITDNL U (inflammatory cells) (U1 m'ﬂﬁ‘ﬂllﬁlmu
9 i
1NTude TaelivdngIumIninany VCAM-1 1Ad
s A a a
1¥AAII0YAINAOAIADAYDI micro-vessels UTuIUUIN
wnsoasnvamaeanieluas 1w luiy (thrombosis in
site) FUFDINUNAINNTANVIAVOY micro-vessels WA
v LA A A Y 9 S Y &
14 thrombin Negnieluauasanszquliradnainiie
= d' % 9 L% = 1 g a'
Feunaeududu luasiu lvsiuuasinsuyadun
muausamﬂﬁuuﬂﬂmim"lmuumumimm Wy
adhesion  molecules °nw’maawaumwaamaaﬂumﬁuu
fio E-selectin t10g P-selectin %QLﬂ“LJ"])’@WINWLﬁHGI,W neu-
. Aa o Y
trophils 1182 platelets NUMZAALAZLUNTNAINIULDINN
9
o J . Y
Tuasulviiu18uniu® T neutrophils  1M150 314
reactive oxygen species (ROS) WA proteolytic
enzymes LU collagenases, gelatinases, elastases 9
o L2 <
palinnzmIont UFUUTUNLAY LagANULTTIVEY
@ o o o 3 A Ay
a5 lviuanas msunIa@eamdu luasiu
Y
@ @ 3 o
lusu wnsanszduianszuIummsuisdiveuaoauay
AMemsont U Taemsnas procoagulant microparticles
1ag inflammatory factors U PDGF, platelet factor 4
(PF4), regulated on activation T-cell expressed and
secreted (RANTES) 11ag CD40L  lagiawiz CD40L
Feluivgiununiunuim MAgyaen1igmsont U
' ° P kA
11199970 MWNFDNILANAMTNNUVDIFAANI DI L,
sA A A 9, 9
HAABOYHINADAIOA 1A macrophages 18NTEAN 1N
v 9 & o ) i £
FAANAINIUDITYY 319 extracellular matrix NINVU
s A a A o
nszdqulriraatoydivasadoaiuiuIL  adhesion
9
molecules 114 ICAM-1, VCAM-1 1lag E-selectin sauﬁa
1 Y ' . .
Junumaems $avasadealyil (neovascularization)

Y < A F
1Ay WIT0NIEAU macrophages Had MMPs A



108 533U @305 13 U oo VN b UszouAeummBU-GigNen beew

=

v
@ o 9 Y1
ONINHUEINY mast cells Tuns1ulviiude wfinezl
a 9 1 . v
Usuatiesnin macrophages 0¥ neutophils Hadl
o o o . . ' Y
VNN 1Ay IAeNI1IHAT histamine  IWal¥ vascular
permeability 118¢ vascular tone VodIWanARoARAYINA
HAZHAY proteinases U chymases LY tryptases ¥4
= 1 < &% [ A
nanonnuudassvesns v lvsunazmsysunlasy
Y . .
Tasa $19vesvaealden (arterial remodeling) 53WD4
mMsnnunaveeni 1 lusiudoe®
wennnlsalviuyiia LDL nowa weosealu
A P s A a A 3 a a
1@pA a7 MIzadigoHIiasaaenmMIuHalling

=

Fafissnunuludihelviusia lasndiae lsaluidon
e dlhedt uyns Tsadn dihelsannna
ﬁwunﬁuﬁuqauimﬁaﬂmma:éwiaﬁucgau
(hyperinsulinemia and insulin resmtant states)” "%
ausnanilszSanseuasaduumnuisiia o ype

I diabetes)bb'w

ozl o (type 1I diabetes)™®
aa 1Ay @ { 1 wvAa v
ﬂﬁﬂ@]ﬁ"luﬁﬂi]i]mdﬂumﬁﬂswmmauﬂsmﬂuiswaaﬂ
maﬂm%mumgmmﬂmuaﬂ mmwmﬂﬂaﬂwm EN‘VI
wutesvoamsiAalsn ACS Wiied uenIINhEeR
smamWuiug«,ﬂaﬂﬁﬁmmmﬂuwman (angina pectoris)
1 o a Y 9

uaraeaaenid191snd (syndrome X)* Ailweorgiion
d'cs =) d! = 1 o Y o’d’ a
NUANUATEAFINT WU wsom Iiadieyn )

A ° a a o Y000
Wﬂ'ﬁ]ﬂlﬁE]ﬂ‘ﬂ'N']uWﬂﬂﬁﬂ@LLlIlI"]f'JﬂﬁTJllﬂ :

Fuiu
migra aglumsesuiemsimalin ACS ludilehi]

52U LDL Aot 1aesealudensglunasilsnd1d

o a a = U
ﬂ]!uﬂWﬂ]ﬁﬂlﬂQﬂ’liﬂﬂﬂnﬂﬂ]ﬂﬂﬂi]‘ﬂulellll‘H!lﬁlg
v d .
M3nNAaNaeAgAAY (Pathogenesis of ather-
osclerosis plaque rupture and thrombosis)
Thieme tazame ldMmsAnIdnYULNIINY
a &% Y1 A &% =
Amavesns i lviuludihe TsnnasaaeaialednTae
M35 '9andeq (coronary angioscopic study) WUN é}ﬂjﬂ
A o A o A Y A A .
aiasw lviunmisnasaaeaialali“imaes (yellowish
=) a 1Y d’d
plaques) Hlom talsn ACS wnnIRYrenTasIY
lygiu12 (whitish plaques) Fasinaznulungudile
a waa 4o , e
1ADAIADAN 2 19ALITOS (chronic stable angina)” Q89NN
Ueda HazAsizmmMsany coronary angioscopic study Tu
ﬂéuéjﬂiﬂ ACS %@ ST elevation myocardial infarction
' o A P o 1 A a
(STEMI) wunas ' lviundnnauazilugiumianma
A A o . . Ao A A o
aNaoAYAAY (culprit lesion) Hanvazlu " maes viaq
9
v A U I U o
nnuaamudihoilung o2 Woununasiuluiu

o ' ' = & A = a A
aanavzaee asuilu"vsiwdaden mInaau
A v A Y v Y e Y@ ER
1A0AYAAUIRBUNTUAANBIAIAIE™” ATUITIUIN
@ @ Pl 1 PR
anvaza lviuludihe Acs Tanuuananaindile
chronic stable angina o819 FALIU

@

A Yy ¥ Y <
AINNAIMAITNAUINANWUTIUTIVOIATIY
9
o 1o 1 a 4
lodu  Juegiunnu wgaszrilsaveuyad
Y j’ ~ a . a4 g
At sz T MUUN extracellular matrix 1 319
s 9 A? = o
Taoaanarutiosouluasulviulaomme collagen
type I Faily ’Juﬂiuﬂ@ll 1AQYVBA fibrous cap N ms
asveamadndNITIo G0l (apoptosis) 119 msduds
M3 PunaeanuTeaEaAnd ey TIWRmIden
A19U04 extracellular matrix 18 MMPs 11a proteolytic
enzymes NMA9INUINN macrophages I1i¥ neutrophils
o w Y 4 1 [ 1
awady Tudihe Acs i ugadanary vl Tag
9
iims anenTedudams $19Ue4 extracellular matrix 410
1 ) 42, =2 a s 9 &j ~
ANMT SNTUNAUNY SIDTInawadndmileF L
7 Y . @
Tuasw'lviiuanasdie wafe fibrous cap NANBAULL
T g 1
aanaz lundanse Sean thin-cap fibroatheroma (TCFA)
%30 vulnerable plaque NMIANBINNNGITING 1V
4
TCFA WUNNANHWLAIH A0 o) fibrous cap HANW
v ' . .
nudesnd b& TulATwAs (thin fibrous cap)™ o) WU
Usialudy ¢ wmeluann (ipid-rich necrotic core)
) WU macrophages, T lymphocytes afimﬂ“luﬂ?mmmﬂ
T%mwumammmm%uu (shoulder of plaque)
&) wuadndwioBsufisudnios Fuand1a9in
ﬂsm"lwumwu“luﬁ_jﬂawaamaaﬂwﬂﬂmmimwu
FA
anvazHianusrrIraoadeaiuAs 1L Tud Ui (thick
. A a £ a <
fibrous cap), HUTwaludu ¢ wamelunazdSunauia
A 9 1 s Y j) ~ a ~
enuMesuanUsaanaNdoseulsan 5en
anvazAs Iy 1uiuAIng1II stable plaque NFZUIUMNT
A o q Y v o VoA
amldlase Hevesnnulviutanaieiu As A1gms
onL U felinangui U Yyu A® o) inflammatory
markers 1UNTZL 180A 1102 ) ANHULNNNOFTING
Y94 TCFA 115U inflammatory markers NN5189U
Y . .
asanuludilie ACS Ao C-reactive protein (CRP),
interleukin-6 (IL-6) I8¢ serum amyloid A% Tagmme
CRP &1 wsoasdawulunszu 1dea andluvaen

doain1e? Tasszau CRP Tungudihe ACs wudim

s A
HagNoAAAIN

ﬂﬂﬂ’jﬂﬂ@:m{jﬂ’m chronic stable anginaﬁ
Atheluszezermui nqudihe acs afia crp Tu

= = a v d’l @ Zj '
NIcil 1ava M\HJT’EJFH nand e lanes L3N



Thammasat Medical Journal, Vol. 10 No. 2, April-June 2010 109

1 Y d'd 1 A > o<
nauAte ACS NlA1 CRP lunszit @ead1™ uenan
dyw T @ &% A Y '
Hgawunmsinelsalviuluwdea Tagldelungu
HMG CoA reductase (Hydroxymethylglutaryl CoA
reductase) inhibitors W30 statins  1313DANTTAVADLA

a A wq a3 Y v
woseauazanlen avasaeniiiladuaaslduds
@ 1 @ Rl v o 1 @
Fanunszay CRP v03lieananie™ msunangIv

aa £ P a S

NNNFINe1Wee TCFA F9ilsenoudledTunausaan

VUNUIM AYRen1ImMIont NN stable plaque

(U macrophages, lymphocytes, neutrophils, mast cells,

A

Y .

platelets, [¥AaNAWILBITEY 390D extracellular matrix,

lipids, acellular lipid rich debris™ uag pro-inflammatory

cytokines #1199 15U TFN-Y, TNF-OL, IL-1, M-CSF &4

AR WATUNUIMANANNTULTIVOINIZMITONL U

9

Y 9y ) 0.0

Taommznszquli foam cells 319 MMPs 1n3u~

o = 1

1azlin15ATIINY neutral proteases (oW i alinane

' 4
1 . a v Y
N1T8DY A1y extracellular matrix WYY awald
< 7
ANuudasaveni 1y lviianasdae

MUKUIYRY TCFA WnNUNMmuMue udu

HAZUSNAUNANNE VOIHARAADA IAgNUUTIIA proximal

left anterior descending artery, proximal left circumflex

artery 110¥ mid to proximal right coronary arteryd"" 9

aandeanumuniaveamnanu lviudgadinanun
' v . ' kg

JUAUYDINADALADA (proximal segment) SITEN] (bend

. A o 1 . . olo,@m.ed I
point) UIDAULNUULYN 1T (bifurcation) RI3N]

b4 ' . .
wutleslu darevesvianaiiien (distal segment)™ <<
NAAUNUINATIINDAINE D IMNT IHaieuveden
(hemodynamic factors) WWasem3tnans 1 ludu ay

@ o 9 J

azmson uaelunsiuluiudie Taswuin mslva
= A Aao o A .
Aeuveadeanianvazvuiuldiuvasa@den (laminar
flow) FuinnuNMLKUa uilaevedviasaiden 1iodan
1 wwenuaz uldales 13INTEMOUIRAIAMT
Tnafeuveionnoniisrianaanadalsnd (normal shear

Jd‘ a A o ] c!’ld 1 a
stress) [aaoYAIMaRAIDA TUMUNLINTgIe1lIna

® v {
P9 wUINAIUAY  vascular

(elongated shape)
Y
permeability 15n0@ 1NN laminar flow 639 W50
o a o WYY Ly v s A
dostumamansiuluinldde® Taonszduirvadive
A ' . 2.
umwaamﬁaﬂmumq Krupple-like factor 2 (KLF-2) 3N
9 1

NO 118 thrombomodulin (TM) ¥1AUY FIUONIINN
P

A wialumsvoeviasadoauds delinu wiAduds

v
MIAANIZMION VA UBNIATL KLF-2 §3 1150

4 1 H
dUE9 nuclear factor Kappa B (NFkB) Farhnihnlums

AIUANIY (genes) AN NUUNUINADMIAANIIZNT
o A YA a Aa s A a
ont U wanldAe Usum VCAM-1 Midusadiioydd
9
YY) <Y

naoAldaonanal INMIFudimsulIdlveaaonlagns
AAMIINA tissue factor HATINNMT ABAIVDIANIADA
Tavan plasminogen activator inhibitor-1 (PAIL-1)%%%¢
Tuvazins lvaeuveudeaninmsasuuiag

N 4 ' Y o ]
(disturbed flow) (H0491An5ENY U IAIHTOMLNUS

é @ d' ] Y A 1 Y

HEN 1VIBINANUN IUAUUDIHADAIADA WA IHITI
ATLMOWNANMST IHadsuYIADARBNITIYaDAIADA
a a y s
AR1INA (abnormal shear stress) WANAINNIABIFAA
woyAIMaoaon luAILNUIAINETNMTHAAD (retract)
(SRR TN

nlasugisradlunuy polygonal shape mhins

AIUAN vascular permeability Aalina®e e

LDL Ao
A s 3 A o D]
I1050a1IDIFADNAADAVIY 1WITOUNTNAINIUAIN
H . vt & Ly a
ludu  subendothelium laguilugaisuduvesnising
a5 lusy saudednuazlnse $vedraoaaen U
Y
FUNANUNUIVOIFY Tunica media WA IUAMU
v a J Y J =~ & =\ o w
yuate  UsuanwadnamiioFeudaiunuIm 1Ay
Tumstnaasiulyiudaivinninlent a1stnaasy
£ 1 Y { ] ~ °
Tvsulunasa@en ududannnnly ulaigtec=e
2
UBNINLANVUTIVOINT IHadsuvoudoaluriana
o udulin e waldinausinszinemisiaon
] 9 1 Y . .
@oa UAUNIM LAY (high flow/high shear stress)
FIANAIIIINANVUITIVDINT IMadesuveudonly
vaeaden IMYaenuAIMInI (low flow/low shear
stress) 1AgNUNAWHUIAT1L TvsiuAT high flow/high shear
stress  1W1TDATIVWY macrophages “lumm'léuﬁu
Ysmann deuenielinnugunsavesnzmsont vl
10 Tuvaznaunians ' lviung low flow/low shear
9
J Y @
stress  WN3aaTINUradnaiiaseuluas vy
a ] =® o q’z’ =\ I
Usuann® Yavendens v luiuiiuiaNunvasa
A
v @ I @ 1 1
FaiuaNnuudansveans 1 lviuly ududalesni
Ton mstnansiulviudnvialumuniisviasaaen
[ 9 =® A 1
AU JWUNAAN
A ] =3 = Y
ieasiulydudnviavgiinisnszdu
3 o
ATLUIUMITMILVIAIVUADA (coagulation system)
;g ad
Fauduna lANFITNMANIIIMENSIIN VIUTDIUHA
A 3
TABI5191n primary coagulation system ABIATAABAN
INIEAANUADAANIUVTNIUNNNITRNVIALIAY  von
Willebrand factor 158021 platelet adhesion®® HAIIN

3 ~ = a 7 < A =
Huimslasundasiugaaveuniaaoa laganiz i



¢ A o A o A A
110 FITNAT AINY 13 '1]'“ ®0 AUUN b ‘IJ‘ixmmaumﬂmu—m!umu b&&m

v 4 v
M5 glycoprotein ITb/IIa receptor NIAYU FINDIMTHAS
adhesive proteins 15U fribinogen, von Williban factor, P
selectin, thrombospondin IMINag coagulation factors (U
factor V, factor XI, PAI-1 IMsvag inflammatory
factors 1% PF4, PDGF, CD40L 310 O granules wagl
MIYa platelet agonist 1% adenosine diphosphate (ADP),
adenosine triphosphate (ATP) magnesium calcium
serotonin 91 ’Y granules G]N ﬁ@lN‘] ‘nﬁm’aﬂﬂmu
nae @l‘L!Glfl’iﬂTJ fﬂi@ﬂl v Tﬂﬂ'] Lﬂﬂﬁilm@ﬂ \1"’111!
Lsaﬂmumumw platelet activation "’U‘L!@]E]‘H qﬂ‘VHEJﬂ’E]

< a & o o
platelet aggregation Taansadeameandanuaziulae
fibrin 1¥ouAON glycoprotein IIb/IIla receptors®” 115U

. 29 .
secondary coagulation system LINAUIIN extrinsic
A A ' o Ao v o o
pathway TﬂﬂlﬁE]ﬂVIL“]ﬂ%W]HﬂSWUVl"’UNHVIﬂﬂ"’UWﬂ UN NU
tissue factor (TF)* fiogmoluasivluiu TF vy
a g
factor VII/VIa lunseil oy TF-VIIa complex
o & 4 v o !
Wﬁﬂﬂ?ﬂuu%ﬂﬁﬂﬂﬁ%ﬁ]u intrinsic pathway ‘1/11\1114%’]@19]81
HIU factor [Xa, Xa MNAIAU _AMGINA thrombin ¥4
= o & L. A & ¥y A A
1wnsalagu fibrinogen 134 fibrin tNatlunouduaon
(thrombus) Tunaeadeaiiale °lumhﬂmswﬂauau
Lﬁﬂﬂ‘l/llﬂﬂﬂluﬂ'ﬁ]uﬂlu?ﬂlﬁﬂﬂ?iﬁﬂlu?ﬂl ‘HNWﬁ‘Hﬂﬂﬁ'N
suamaamaamlﬂmﬂaﬂuuﬂauwmmﬂuaa"lmwam
~ A FA (=) q’/’ ay
ﬂﬁ]lﬁm’)ﬂu"’ll’t']\imﬂﬂ ﬁﬂ’)ﬂ@ﬁ]wlllllfﬂfﬂiu ﬂ\ﬂﬂ‘] MW U
' A A L] o A A
LANQANATNNIAD  YUIAL uWWﬁuﬂﬂﬁNﬂJﬂﬂﬁﬁﬂﬂmﬂﬂN

I [l 1 I 1 A A A Y
ﬂlu1ﬂlaﬂﬁﬁﬁ]ﬂ%ﬁﬂﬂmﬂuﬂﬂﬂqﬂ LHBDIVINULADALBIZIVU
luasiuluiy vazdvuiums uuuwa (healing

o q Yt v v A a
process) ‘VHGlﬁiJﬂWi TWNADADUIULASNATNNIUBDLIYY

9
lﬂﬂsﬁu ﬂ?iﬂlﬂ1ﬂﬂlu1@ﬂl@\1ﬂi1ﬂll"llﬁu HJ']ﬁﬂsllEJ']EJL"’lgljnﬂ
EY A [l Y s& Y di/ @ =K A
muiumawaamaaﬂamwm ﬂﬁnJ!u’f]‘ﬂ’)Gli]iNilﬂWi

v o & & o v R o
YSudmninmsnadealiides Tuvaziinnduiionily
o Yo A a =} Y = [P=Y
ENﬂ\illﬂiﬂlﬁﬂﬂﬁluﬂﬁﬂ']mLWENWﬂ ﬁﬂﬂﬂi]ﬁvlllllfﬂfﬂi

K
uuu‘nﬁ’mﬂ LmﬁluﬂlmzﬂﬂﬂﬂWﬁlﬁﬂTU ﬂéﬁulﬁﬂﬁl’ﬂi}
¥ a A & £ ' A @ =
G]E]Qﬂ'liﬂilﬂmmE]ﬂVlﬂ!ﬁﬂﬂll?ﬂﬂlull@lﬁﬁﬂﬂm@ﬂﬁ'f]ﬁlﬂﬂ
=) ] 1 A csy FU=} Y1 =2 A
auly wnse ‘wdealiUidedldiieane dilevaliens

' 9 . . % o '
UUUNUION (chest discomfort on exertion) deﬂuﬂqu

. . o 2 FA
81N17UDN chronic stable angina 1W5UQ’1J’JEJ ACS Nu
Nmsannavednsu lvivinnalurasadeaniiving
2 o oy Y ' &y Yy A A da
NMIAUAUNIAUUDYINIT Xo% HagnNauayasaning
4 A o = 2 A A
yulunaeardoaialadvuialvgdaimsnlasuuilas
Y T o 1 <
Iﬂﬁ]ﬂ'ﬁﬁﬂﬂ]u'}m ‘LlWTf‘f‘HElﬂﬁ?\iﬂ]ﬂ\iﬁﬁ’i)ﬂlaﬂﬂﬂﬂﬁi’f]ﬂﬁ?

' Yy 9 &I @ [ J o ] Z,‘ Yo
analnduiierils udarededmuruaiulasy

A d’l (=} @ 9 9 Ai’ L =
o liides lumsaneduanudesams nduiiieileda
A d’l 1 = 1 d'sl 9 A A d'
vadea lideaeduneundy  lagnaideuauiasan
Y Y
navuiivinaluguazgadunaoadoaNInug 6oo% 1g
3 Ao a a o a
Wunersnuilavealsn ACS wHa STEMI anvazaw
A v A . Y a
1@0ANnY 1AL (reddish thrombus) Uszneudde Inusy
WusuaunIn (fibrin-rich thrombus)™ uadiAeuaw
naaﬂ1/1mWuua@1Gluwaamaawﬂmﬂaumwmiﬂwm
Hiaea lvaruldhaa lisanedenudeanisves
Y dy o [ I Ao a
nawiieinle uate szitlunensautavedlsa ACS
¥ Non STEMI #38 Unstable angina (UA) anyuy
AuaeAINi “¥121 TN (grayish-white thrombus) %4
9 < ° .
152nNouMBINTARDAIIUIUINN (platelet-rich thrombus)™®
W50 INLEN 15A TABNITATIV cardiac biomarkers 11
A ' . A . 4 g
NI 1aoalY¥U Troponin T ¥3® Troponin I ) u
v =R A v Ai/ @ a dgl v
nangue asdelinauten lvaenayu lagnmuna
Laﬂﬂ cardiac biomarkers Gl,ﬁlfh‘U’Jﬂ mi%ﬁi]ﬁ%lﬁﬂ Non

9 Y aa o A
STEMI 1 l¥inaay msItane s UA

51

Q

o a a A % = =) v
Audanesved lsavaoadoanilanaueunau
(ACS) NNUUDYN mﬁmmmsﬁﬂﬂnﬂmmﬂsm"lmﬁu
(atherosclerosis plaque rupture) Tagil nwm 1ﬂﬂJﬂfJ
NIEMIDNL U (inflammatory process) G]NlliJ‘Vl“lJWIGN
Lmi;mimmjmmim@ﬂim‘lwu (atherosclerosis plaque)
a s A a 3 a a
Tagisuninwaaideyiivasatdeamaiuialing
(endothelial dysfunction) FINDIRUNUIN ARy
a v A o X
msasundaclase $Srvesrasaaeaniale (arterial
< @
remodeling) 1aZANNLTILTIVEIATIL lvdy Taens1y
o A 9 Ao Y Y
luguinnuludihe Acs Tanyuzuiamdoninaldie
(vulnerable plaque %30 thin cap fibroatheroma) A0DA
~ o Y Yya a A o
awdunum gy lumsnszdulninaauaeagaduly
@ ] <Y
nasatdeailalagr1unIzUIUMIMILVIAIVOUADA
. Y o T a
(coagulation system) Tdmauunnnnidsng anw
2 1 FA 1
JunsIveInezmson vlusrmediheuaazaunan
annuyelunanniladonaisg o619 1wu syau iy
Tudona 9 M3 uyns iy anwaulata 9 Loz
Y4 [ <3 a FR
nssuug o1 lsnawlonm manalsa Acs Tudihe
J 4?‘ "o v Y A
ueazAUIUBYNY NAaVeeilIty « 1o Ao
. VAvenT1u luiiu (atherosclerosis plaque
burden)

lo. ﬂ’NﬂJ‘j‘uLLi\‘l‘UﬂﬂﬂTJgﬂﬁﬂwﬂL U (severity of



Thammasat Medical Journal, Vol. 10 No. 2, April-June 2010 111

inflammatory process)
y A a4 da 2 A
o. VRvINdUANAeaTNAIU lunaoAdon
Wl (thrombus size)
PR A A A
Aig ACS Ap nquAeNTANNTUNTIVeY
@ a’z’ Y @ z Y = Ao a
1938113 o 0 3 asiumnsudiladanesnutiavedlsa
= v ¥ 1 e Yy yy <
509 wsaauauiatedinanne o dold nay
o l [ Y1 QEI’ = [
wism ) ‘mssnedihe acs neluszeziReunau
v
nagileanumsinalsnghlusyezend (secondary preven-
tion) sawdImINumuilesiumainalin Acs Tunqu
Uszansisnandalsifienmst A (primary prevention)

ldod1atilse “nFnm 9 @

1PN 13591999

®. Thom T, Haase N, Rosamond W, Howard V],
Rumsfeld J, Manolio T, et al. Heart Disease and
Stroke Statistics 2006 Update: A Report From the
American Heart Association Statistics Committee and
Stroke Statistics Subcommittee. Circulation 2006;
113:e85-151.

lo. Philippe Gabriel S, Robert JG, Joel MG, Keith AAF,
Kim AE, Marcus DF, et al. Baseline characteristics,
management practices, and in-hospital outcomes of
patients hospitalized with acute coronary syndromes
in the Global Registry of Acute Coronary Events
(GRACE). Am J Cardiol 2002;90:358-63.

. Srimahachota S, Kanjanavanit R, Boonyaratavej S,
Boonsom W, Veerakul G, Tresukosol D. Demo-
graphic, management practices and in-hospital
outcomes of Thai Acute Coronary Syndrome
Registry (TACSR): the difference from the Western
world. J Med Assoc Thai 2007;90:Suppl 1:-11.

<. Virmani R, Burke AP, Farb A, Kolodgie FD.
Pathology of the Vulnerable Plaque. J Am Coll
Cardiol 2006; 47(8_Suppl_C): C13-8.

&. Burke AP, Weber DK, Kolodgie FD, Farb A,
Taylor AJ, Virmani R. Pathophysiology of Calcium
Deposition in Coronary Arteries. Herz 2001;26:
239-44.

. Ross R, Glomset JA. The pathogenesis of
atherosclerosis (second of two parts). N Engl J

Med 1976;295:420-5.

¢). Gravanis M. Histopathology of atherosclerosis. In:
Wilson PWF, ed. Atlas of atherosclerosis: Risk
factors and treatment. 2" ed. Philadelphia. Current
Medicine Group, 2000:1-19.

<. Libby P. Molecular Bases of the Acute Coronary
Syndromes. Circulation 1995;91:2844-50.

&§. Cines DB, Pollak ES, Buck CA, Loscalzo J,
Zimmerman GA, McEver RP, et al. Endothelial Cells
in Physiology and in the Pathophysiology of
Vascular Disorders. Blood 1998;91:3527-61.

®o. Wolinsky H. A proposal linking clearance of
circulating lipoproteins to tissue metabolic activity
as a basis for understanding atherogenesis. Circ Res
1980;47:301-11.

6. Davies MJ. Stability and Instability: Two Faces of
Coronary Atherosclerosis: The Paul Dudley White
Lecture 1995. Circulation 1996;94:2013-20.

olo. Ross R. Atherosclerosis. An Inflammatory Disease.
N Engl J Med 1999;340:115-26.

om. Yano K, Gale D, Massberg S, Cheruvu PK,
Monahan-Earley R, Morgan ES, et al. Phenotypic
heterogeneity is an evolutionarily conserved feature
of the endothelium. Blood 2007;109:613-5.

oc&. Cooke JP. Flow, NO, and atherogenesis. Proc Natl
Acad Sci U S A 2003;100:768-70.

o&. Davidge ST. Prostaglandin H Synthase and
Vascular Function. Circ Res 2001;89:650-60.

ob. liyama K, Hajra L, liyama M, Li H, DiChiara M,
Medoff BD, et al. Patterns of Vascular Cell
Adhesion Molecule-1 and Intercellular Adhesion
Molecule-1 Expression in Rabbit and Mouse
Atherosclerotic Lesions and at Sites Predisposed
to Lesion Formation. Circ Res 1999;85:199-207.

oc). The Expert Panel, Goodman DS, Hulley SB, Clark
LT, Davis CE, Fuster V, et al. Report of the
National Cholesterol Education Program Expert
Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults. Arch Intern Med
1988;148:36-69.

oc. Tavia G, William PC, Marthana CH, William BK,

Thomas RD. High density lipoprotein as a



112

68.

lwo.

blo.

lom.

be.

bo&.

ob.

.

bs.

bs.

protective factor against coronary heart disease:
The Framingham study. Am J Med 1977;62:
707-14.

Paoletti R, Gotto AM, Jr, Hajjar DP. Inflammation
in Atherosclerosis and Implications for Therapy.
Circulation 2004;109:111-20-6.

Hansson GK, Libby P, Schonbeck U, Yan Z-Q.
Innate and Adaptive Immunity in the Pathogenesis

of Atherosclerosis. Circ Res 2002;91:281-91.

. Ross R, Glomset JA. The pathogenesis of

atherosclerosis (second of two parts). N Engl J] Med

1976;295:420-5.

Kruth HS. Sequestration of aggregated low-density

lipoproteins by macrophages. Curr Opin Lipidol 2002;

13:483-8.

Vink H, Constantinescu AA, Spaan JAE. Oxidized

Lipoproteins Degrade the Endothelial Surface Layer
Implications for Platelet-Endothelial Cell

Adhesion. Circulation 2000;101:1500-2.

Potter DD, Sobey CG, Tompkins PK, Rossen JD,

Heistad DD. Evidence That Macrophages in

Atherosclerotic Lesions Contain Angiotensin II.

Circulation 1998;98:800-7.

Szmitko PE, Wang C-H, Weisel RD, de Almeida

JR, Anderson TJ, Verma S. New Markers of

Inflammation and Endothelial Cell Activation:

Part I. Circulation 2003;108:1917-23.

Young JL, Libby P, Schonbeck U. Cytokines in the

pathogenesis of atherosclerosis. Thromb Haemost

2002;88:554-67.

Cybulsky MI, liyama K, Li H, Zhu S, Chen M,

liyama M, et al. A major role for VCAM-1, but not

ICAM-1, in early atherosclerosis. J Clin Invest 2001;

107:1255-62.

Libby P. Inflammation in atherosclerosis. Nature

2002;420:868-74.

Podrez EA, Febbraio M, Sheibani N, Schmitt D,

Silverstein RL, Hajjar DP, et al. Macrophage

scavenger receptor CD36 is the major receptor for

LDL modified by monocyte-generated reactive

nitrogen species. J Clin Invest 2000;105:1095-108.

mo.

nlo.

nE.

n&.

mo.

meD.

nd.

¢ A o A o A A
FITNAT AINY 13 '1]'“ ®0 AUUN b ‘IJ‘ixmmaumﬂmu—m!umu b&&m

Febbraio M, Hajjar DP, Silverstein RL. CD36: a
class B scavenger receptor involved in angiogenesis,
atherosclerosis, inflammation, and lipid metabolism.

J Clin Invest 2001;108:785-91.

. Iuliano L, Mauriello A, Sbarigia E, Spagnoli

LG, Violi F. Radiolabeled Native Low-Density
Lipoprotein Injected Into Patients With Carotid
Stenosis Accumulates in Macrophages of
Atherosclerotic Plaque : Effect of Vitamin E
Supplementation. Circulation 2000;101:1249-54.

Tabas I. Consequences of cellular cholesterol

accumulation: basic concepts and physiological

implications. J Clin Invest 2002;110:905-11.

. Ihling C, Szombathy T, Bohrmann B, Brockhaus M,

Schaefer HE, Loeffler BM. Coexpression of
Endothelin-Converting Enzyme-1 and Endothelin-1
in Different Stages of Human Atherosclerosis.
Circulation 2001;104:864-9.

Zeiher AM, Goebel H, Schachinger V, Ihling C.
Tissue Endothelin-1 Immunoreactivity in the Active
Coronary Atherosclerotic Plaque: A Clue to the
Mechanism of Increased Vasoreactivity of the
Culprit Lesion in Unstable Angina. Circulation 1995;
91:941-7.

Davies MJ, Woolf N, Rowles PM, Pepper J.
Morphology of the endothelium over atherosclerotic
plaques in human coronary arteries. Br Heart J 1988;
60:459-64.

McGill HC Jr, McMahan CA, Zieske AW, Tracy
RE, Malcom GT, Herderick EE, et al. Association
of Coronary Heart Disease Risk Factors With
Microscopic Qualities of Coronary Atherosclerosis
in Youth. Circulation 2000;102:374-9.

Tuzcu EM, Kapadia SR, Tutar E, Ziada KM, Hobbs
RE, McCarthy PM, et al. High Prevalence of
Coronary Atherosclerosis in Asymptomatic
Teenagers and Young Adults : Evidence From
Intravascular Ultrasound. Circulation 2001;
103:2705-10.

Hansson GK, Libby P. The immune response in

atherosclerosis: a double-edged sword. Nat Rev



Thammasat Medical Journal,

”§&.

Elo.

G&.

G&.

Go.

Vol. 10 No. 2,

Immunol 2006;6:508-19.

Pinderski LJ, Fischbein MP, Subbanagounder G,
Fishbein MC, Kubo N, Cheroutre H, et al.
Overexpression of Interleukin-10 by Activated T
Lymphocytes Inhibits Atherosclerosis in LDL
Receptor-Deficient Mice by Altering Lymphocyte
and Macrophage Phenotypes. Circ Res 2002;
90:1064-71.

. Ait-Oufella H, Salomon BL, Potteaux S, Robertson

A-KL, Gourdy P, Zoll J, et al. Natural regulatory T
cells control the development of atherosclerosis in

mice. Nat Med 2006;12:178-80.

. Mor A, Planer D, Luboshits G, Afek A, Metzger S,

Chajek-Shaul T, et al. Role of Naturally Occurring
CD4+CD25+ Regulatory T Cells in Experimental
Atherosclerosis. Arterioscler Thromb Vasc Biol 2007;
27:893-900.

Hansson GK, Robertson A-KL, Grainger DJ. TGF-
{beta} in Atherosclerosis. Arterioscler Thromb Vasc

Biol 2004;24:e137-8.

. Salonen JT, Korpela H, Salonen R, Nyyssonen K,

Yla-Herttuala S, Yamamoto R, et al. Autoantibody
against oxidised LDL and progression of carotid
atherosclerosis. Lancet 1992;339:883-7.

Fredrikson GN, Hedblad B, Berglund G, Alm R,
Ares M, Cercek B, et al. Identification of Immune
Responses Against Aldehyde-Modified Peptide Se
quences in ApoB Associated With Cardiovascular
Disease. Arterioscler Thromb Vasc Biol 2003;
23:872-8.

Binder CJ, Shaw PX, Chang M-K, Boullier A,
Hartvigsen K, Horkko S, et al. Thematic review
series: The Immune System and Atherogenesis. The
role of natural antibodies in atherogenesis. J Lipid
Res 2005;46:1353-63.

Xu Q, Kiechl S, Mayr M, Metzler B, Egger G,
Oberhollenzer F, et al. Association of Serum
Antibodies to Heat-Shock Protein 65 With Carotid
Atherosclerosis : Clinical Significance Determined
in a Follow-Up Study. Circulation 1999;
100:1169-74.

April-June 2010

Eo.

cd.

E§.

&lo.

&

EX.

&P,

&o).

113

Littlewood TD, Bennett MR. Apoptotic cell death in
atherosclerosis. Curr Opin Lipidol 2003;14:469-75.
Geng Y-J, Libby P. Progression of Atheroma: A
Struggle Between Death and Procreation. Arterioscler
Thromb Vasc Biol 2002;22:1370-80.

Mallat Z, Hugel B, Ohan J, Leseche G, Freyssinet
J-M, Tedgui A. Shed Membrane Microparticles With
Procoagulant Potential in Human Atherosclerotic
Plaques
Thrombogenicity. Circulation 1999;99:348-53.

A Role for Apoptosis in Plaque

. Mulvihill ER, Jaeger J, Sengupta R, Ruzzo WL,

Reimer C, Lukito S, et al. Atherosclerotic Plaque
Smooth Muscle Cells Have a Distinct Phenotype.
Arterioscler Thromb Vasc Biol 2004;24:1283-9.

. Wight TN, Merrilees MJ. Proteoglycans in

Atherosclerosis and Restenosis: Key Roles for
Versican. Circ Res 2004;94:1158-67.

Galis ZS, Sukhova GK, Lark MW, Libby P.
Increased expression of matrix metalloproteinases
and matrix degrading activity in vulnerable regions
of human atherosclerotic plaques. J Clin Invest 1994;

94:2493-503.

. Schoenhagen P, Ziada KM, Vince DG, Nissen SE,

Tuzcu EM. Arterial remodeling and coronary
artery disease: the concept of "dilated" versus
"obstructive" coronary atherosclerosis. J Am Coll
Cardiol 2001;38:297-306.

Schoenhagen P, Ziada KM, Kapadia SR, Crowe
TD, Nissen SE, Tuzcu EM. Extent and Direction of
Arterial Remodeling in Stable Versus Unstable
Coronary Syndromes : An Intravascular Ultrasound
Study. Circulation 2000;101:598-603.

Pipp F, Heil M, Issbrucker K, Ziegelhoeffer T,
Martin S, van den Heuvel J, et al. VEGFR-1-
Selective VEGF Homologue PIGF Is Arteriogenic:
Evidence for a Monocyte-Mediated Mechanism. Circ
Res 2003;92:378-85.

Moulton KS. Angiogenesis in atherosclerosis:
gathering evidence beyond speculation. Curr Opin
Lipidol 2006;17:548-55

Feletou M, Vanhoutte PM. Endothelial dysfunction:



114

&l

&8.

blo.

bam.

bE.

b&.

ob.

a multifaceted disorder (The Wiggers Award
Lecture). Am J Physiol Heart Circ Physiol 2006;
291:H985-1002.
. Naruko T, Ueda M, Haze K, van der Wal AC, van
der Loos CM, Itoh A, et al. Neutrophil Infiltration
of Culprit Lesions in Acute Coronary Syndromes.
Circulation 2002;106:2894-900.
Gawaz M, Langer H, May AE. Platelets in
inflammation and atherogenesis. J Clin Invest
2005;115:3378-84.
. Schonbeck U, Lippy P. The CD40/CD154 receptor/
ligand dyad. Cell Mol Life Sci 2001;58:4-43.

. Johnson JL, Jackson CL, Angelini GD, George SJ.

Activation of Matrix-Degrading Metalloproteinases
by Mast Cell Proteases in Atherosclerotic Plaques.
Arterioscler Thromb Vasc Biol 1998;18:1707-15.
Lundman P, Eriksson MJ, Stuhlinger M, Cooke JP,
Hamsten A, Tornvall P. Mild-to-moderate
hypertriglyceridemia in young men is associated with
endothelial dysfunction and increased plasma
concentrations of asymmetric dimethylarginine. J
Am Coll Cardiol 2001;38:111-6.

Al Suwaidi J, Higano ST, Holmes DR, Jr., Lennon
R, Lerman A. Obesity is independently associated
with coronary endothelial dysfunction in patients
with normal or mildly diseased coronary arteries. J
Am Coll Cardiol 2001;37:1523-8.

Arcaro G, Cretti A, Balzano S, Lechi A, Muggeo
M, Bonora E, et al. Insulin Causes Endothelial
Dysfunction in Humans: Sites and Mechanisms.
Circulation 2002;105:576-82.

Shinozaki K, Hirayama A, Nishio Y, Yoshida Y,
Ohtani T, Okamura T, et al. Coronary endothelial
dysfunction in the insulin-resistant state is linked to
abnormal pteridine metabolism and vascular
oxidative stress. J Am Coll Cardiol 2001;38:1821-8.
Clarkson P, Celermajer D, Donald A, Sampson M,
Sorensen K, Adams M, et al. Impaired vascular
reactivity in insulin-dependent diabetes mellitus is
related to disease duration and low density

lipoprotein cholesterol levels. J Am Coll Cardiol

oa).

od.

oE.

Olo.

OCE.

¢ A o A o A A
FITNAT AINY 13 '1]'“ ®0 AUUN b ‘IJ‘ixmmaumﬂmu—m!umu b&&m

1996;28:573-9.

Makimattila S, Virkamaki A, Groop P-H, Cockcroft
J, Utriainen T, Fagerudd J, et al. Chronic
Hyperglycemia Impairs Endothelial Function and
Insulin Sensitivity Via Different Mechanisms in
Insulin-Dependent Diabetes Mellitus. Circulation 1996;
94:1276-82.

Balletshofer BM, Rittig K, Enderle MD, Volk A,
Maerker E, Jacob S, et al. Endothelial Dysfunction
Is Detectable in Young Normotensive First-Degree
Relatives of Subjects With Type 2 Diabetes in
Association With Insulin Resistance. Circulation 2000;
101:1780-4.

Piatti P, Fragasso G, Monti LD, Setola E, Lucotti P,
Fermo I, et al. Acute Intravenous I-Arginine
Infusion Decreases Endothelin-1 Levels and Improves
Endothelial Function in Patients With Angina
Pectoris and Normal Coronary Arteriograms:
Correlation With Asymmetric Dimethylarginine

Levels. Circulation 2003;107:429-36.

. Ghiadoni L, Donald AE, Cropley M, Mullen MJ,

Oakley G, Taylor M, et al. Mental Stress Induces
Transient Endothelial Dysfunction in Humans.

Circulation 2000;102:2473-8.

. Spieker LE, Hurlimann D, Ruschitzka F, Corti R,

Enseleit F, Shaw S, et al. Mental Stress Induces
Prolonged Endothelial Dysfunction via Endothelin-
A Receptors. Circulation 2002;105:2817-20.

Thieme T, Wernecke K, Meyer R, Brandenstein E,
Habedank D, Hinz A, et al. Angioscopic evaluation
of atherosclerotic plaques: validation by
histomorphologic analysis and association with stable

and unstable coronary syndromes. J Am Coll Cardiol

1996;28:1-6.

. Ueda Y, Asakura M, Yamaguchi O, Hirayama A,

Hori M, Kodama K. The healing process of infarct-
related plaques: Insights from 18 months of serial
angioscopic follow-up. J Am Coll Cardiol 2001;
38:1916-22.

Kolodgie FD, Virmani R, Burke AP, Farb A, Weber

DK, Kutys R, et al. Pathologic assessment of the



Thammasat Medical Journal,

DE.

d.

.

0.

0E.

.

Vol. 10 No. 2,

vulnerable human coronary plaque. Heart 2004;
90:1385-91.

Liuzzo G, Biasucci LM, Gallimore JR, Caligiuri
G, Buffon A, Rebuzzi AG, et al. Enhanced
inflammatory response in patients with preinfarction
unstable angina. J Am Coll Cardiol 1999;34:1696-
703.

Maier W, Altwegg LA, Corti R, Gay S, Hersberger
M, Maly FE, et al. Inflammatory Markers at the
Site of Ruptured Plaque in Acute Myocardial
Infarction: Locally Increased Interleukin-6 and
Serum Amyloid A but Decreased C-Reactive
Protein. Circulation 2005;111:1355-61.
Arroyo-Espliguero R, Avanzas P, Cosin-Sales J,
Aldama G, Pizzi C, Kaski JC. C-reactive protein
elevation and disease activity in patients with
coronary artery disease. Eur Heart J 2004;25:401-8.
Biasucci LM, Liuzzo G, Grillo RL, Caligiuri G,
Rebuzzi AG, Buffon A, et al. Elevated Levels of
C-Reactive Protein at Discharge in Patients With
Unstable Angina Predict Recurrent Instability.
Circulation 1999;99:855-60.

Ridker PM, Cannon CP, Morrow D, Rifai N, Rose
LM, McCabe CH, et al. C-Reactive Protein Levels
and Outcomes after Statin Therapy. N Engl J Med
2005;352:20-8.

. Galis ZS, Sukhova GK, Kranzhofer R, Clark S,

Libby P. Macrophage foam cells from experimental
atheroma constitutively produce matrix-degrading
proteinases. Proc Natl Acad Sci U S A 1995;
92:402-6.

. Uzui H, Harpf A, Liu M, Doherty TM, Shukla

A, Chai N-N, et al. Increased Expression of
Membrane Type 3-Matrix Metalloproteinase in
Human Atherosclerotic Plaque: Role of Activated
Macrophages and Inflammatory Cytokines.
Circulation 2002;106:3024-30.

Kolodgie FD, Burke AP, Farb A, Gold HK, Yuan J,
Narula J, et al. The thin-cap fibroatheroma: a type
of vulnerable plaque: The major precursor lesion to

acute coronary syndromes. Curr Opin Cardiol 2001;

April-June 2010

]E.

I&.

<o.

Jdod.

<.

J8.

§o.

§o.

Elo.

115

16:285-92.

. Gotsman M, Rosenheck S, Nassar H, Welber S,

Sapoznikov D, Mosseri M, et al. Angiographic
findings in the coronary arteries after thrombolysis
in acute myocardial infarction. Am J Cardiol 1992;
70:715-23.

Fuster V, Badimon L, Badimon JJ, Chesebro JH.
The pathogenesis of coronary artery disease and the
acute coronary syndromes (2). N Engl J] Med 1992;
326:310-8.

Ross R, Glomset JA. The pathogenesis of
atherosclerosis (first of two parts). N Engl J Med
1976;295:369-77.

Chatzizisis YS, Coskun AU, Jonas M, Edelman ER,
Feldman CL, Stone PH. Role of Endothelial
Shear Stress in the Natural History of Coronary
Atherosclerosis and Vascular Remodeling:
Molecular, Cellular, and Vascular Behavior. ] Am
Coll Cardiol 2007;49:2379-93.

Parmar KM, Larman HB, Dai G, Zhang Y, Wang
ET, Moorthy SN, et al. Integration of flow-
dependent endothelial phenotypes by Kruppel-like
factor 2. J Clin Invest 2006;116:49-58.

Libby P, Aikawa M, Jain MK. Vascular
endothelium and atherosclerosis. Handb Exp
Pharmacol 2006;285-306.

SenBanerjee S, Lin Z, Atkins GB. KLF2 is a novel
transcriptional regulator of endothelial
proinflammatory activation. J Exp Med 2004;
199:1305-15.

Gimbrone MA, Nagel T, Topper JN. Biomechanical
activation: an emerging paradigm in endothelial
adhesion biology. J Clin Invest 1997;99:1809-13.
Dirksen MT, van der Wal AC, van den Berg FM,
van der Loos CM, Becker AE. Distribution of
Inflammatory Cells in Atherosclerotic Plaques
Relates to the Direction of Flow. Circulation 1998;
98:2000-3.

Savage B, Almus-Jacobs F, Ruggeri ZM. Specific
Synergy of Multiple Substrate Receptor Interactions

in Platelet Thrombus Formation under Flow. Cell



116

§c.

E&.

1998;94:657-66.

. Mehta SR, Yusuf S. Short- and long-term oral

antiplatelet therapy in acute coronary syndromes and
percutaneous coronary intervention. J Am Coll Cardiol
2003;41:79S-88S.

Hasenstab D, Lea H, Hart CE, Lok S, Clowes AW.
Tissue Factor Overexpression in Rat Arterial
Neointima Models Thrombosis and Progression of
Advanced Atherosclerosis. Circulation 2000;
101:2651-7.

Mann J, Davies MJ. Mechanisms of progression in

native coronary artery disease: role of healed plaque

8b.

&a).

¢ A o A o A A
FITNAT AINY 13 '1]'“ ®0 AUUN b ‘IJ‘ixmmaumﬂmu—m!umu b&&m

disruption. Heart 1999;82:265-8.

Little W, Constantinescu M, Applegate R, Kutcher
M, Burrows M, Kahl F, et al. Can coronary
angiography predict the site of a subsequent
myocardial infarction in patients with mild-to-
moderate coronary artery disease? Circulation
1988;78:1157-66.

Mizuno K, Satomura K, Miyamoto A. Angioscopic
evaluation of coronary-artery thrombi in
acute coronary syndromes. N Engl J Med 1992;
326:287-91.





