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GIRIS ve AMAC

Perkiitan koroner girisim sirasinda maruz kalinan arteryel zedelenmeye kars1 gelisen iyilesme
yaniti olarak tanimlanan restenoz hemen hemen tamamen neointimal diiz kas hiicre (DKH)

hipeplazisi ve ekstraseliiler matriks (ESM) artigina baglidir.

Yapilan caligmalarda matriks metalloproteinazlarin (MMP) vaskiiler zedelenme sonrasinda
meydana gelen DKH migrasyonunda anahtar rol oynadigi ve boylelikle vaskiiler DKH
migrasyonunu arttirarak vaskiiler yeniden sekillenme ve restenoz ile iliskili olabilecegi 6ne
stiriilmektedir. Yapilan c¢alismalar sonucunda serum MMP-9 diizeyleri ile vaskiiler yeniden
sekillenme ve restenoz arasinda iliski olabilecegi one siiriilmekle beraber daha ileri ¢aligmalara
ihtiya¢ duyulmaktadir. Bizler de ¢alismamizda MMP-9 un 6zellikle balon anjiyoplasti yapilan
olgularda DKH migrasyonu ve vaskiiler yeniden sekillenme tizerinde etkileri sonucunda restenozla
iliskili bulunmasina ve stent implantasyonu yapilan olgularda MMP-9 ile restenoz arasindaki
iliskiyi degerlendiren yeterli sayida bir calisma olmamasindan yola ¢ikarak bazal MMP-9

diizeyleri ile stent restenozu (SR) arasinda bir iliski olup olmadigini arastirmayi amagladik.
1. GENEL BILGILER
1.1 KORONER ATEROSKLEROZ

Tiim diinyada oldugu gibi iilkemizde de ateroskleroz, kardiyovaskiiler hastaliklarin baslica
olim nedeni (1-3) olup kiiresel ¢apta halk sagligi dnceliklerinin basinda gelmektedir. Tiirk
Eriskinlerinde Koroner Arter Hastalig1 Risk Faktorleri (TEKHARF) ¢alismasi verilerine gore
2000 y1l1 itibariyle tilkemizde 2.000.000 koroner arter hastasi vardir ve bu rakam 2010 yilinda
yaklasik 3.400.000’e ulasacaktir. Ulkemizde her yil yaklasik 65.000 kisi koroner arter
hastaligina bagli ani 6liim nedeniyle kaybedilmektedir (4). Etiyolojik, patofizyolojik, klinik

ve epidemiyolojik agilardan karmasik olmasina ragmen ateroskleroz dnlenebilir bir hastaliktir.

Giliniimilizdeki ateroskleroz anlayisi 1976 yilinda Ross ve Glamset tarafindan hasara yanit
hipotezinden dogmustur (5). Yillar i¢inde bu hipotezin bazi yonlerinde degisiklik olsa da
gecerliligini korumaktadir ( 1). Koroner ateroskleroz orta ¢apli muskuler koroner arterlerde
vaskiiler ve endotelyal zedelenmeye karsi olusan immiinoinflamatuar, proliferatif ve
trombotik bir yanittir (6-9). Aterosklerotik siire¢ yavas olup, subintimada lipid birikimi,

monosit ve T hiicre infiltrasyonu , diiz kas hiicre proliferasyonu ve migrasyonu ile kollojen ve
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matriks olusumu ile karakterizedir. Yasamin ilk dekadlar1 i¢inde baslar ve iskemiye yol agcan
anlamli bir darlik veya okliizyona yol acana kadar asemptomatiktir (10). Aterosklerozun

olusumunda {i¢ 6nemli faktor rol oynamaktadir;
1) Endotel disfonksiyonu
2)Lipid akiimiilasyonu ve modifikasyonu

3)Inflamasyon

Endotelyal Disfonksiyon:

Lokal shear stress, artmis modifiye LDL diizeyleri, hipertansiyon, diabetes mellitus,sigara
icimi ve genetik Ozellikler ve C.pneomonia gibi ¢esitli enfeksiydz ajanlara bagli olusan
endotelyal disfonksiyonu, aterosklerotik yanita yol agan vaskiiler zedelenmenin baslangig
noktasidir (Sekil 1).

Kardiyovaskdler Risk Faktérlerinden Endotelyal Disfonksiyon ve Klinik olaylara Gidis

v

Dislipidemi Homosistein Diyabet Hipertansiyon
Hemodinamik
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Sekill: Aterosklerozun gelisminde endotelin rolii (12,66).



Lipid Birikimi ve Modifikasyonu:

Disfonksiyone endotelde, LDL partikiilleri transitoz yolu ile endotelyal bariyeri gecerek
subintimal bolgede glikozaminglikanlara tutunur. Subintimal LDL basta makrofajlar olmak
tizere, endotel hiicreleri ve diiz kashiicreleri tarafindan oksidasyon ve glikolizasyona
ugrayarak modifiye edilir. Modifiye LDL bu siiregte rol alan major immiinojendir. (6,13).
Modifiye LDL partikiilleri, lipoprotein—okside LDL antikor kompleksleri ve lipoprotein
proteoglikan kompleksleri CD36 aracilifi ile ¢Opcii reseptorler tarafindan makrofaj igine
alinarak koptik hiicreler olusur (14). Okside LDL partikiillerinden serbestlenen biyoaktif
fosfolipitler endotel hiicrelerini aktive ederek immiino-inflamatuar hiicrelerin girisine neden

olur.
Inflamasyon:

Aterosklerozun en erken bulgularindan biri l6kositlerin endotele yapismasidir (13,15).
Disfonksiyone endotelde wvaskiiler adezyon molekili 1 (VCAM-1) gibi adezyon
molekiillerinin, selektinlerin ve TNFkf (transkripsyon niikleer faktdr) ekspresyonu artmistir.
Kemoatraktan ( MCP-1; monosit kemotaktik faktor-1, IP-10; interferon-inducible protein 10
gibi) molekiillerin salinimi ile endotele yapisan monositeler ve T hiicrelerinin intimaya
penetrasyonu ile lokal inflamatuar yanit baslar. intimada T hiicrelerinin ve kopiik hiicrelerinin
bulunmas aterosklerozun en erken gostergelerindendir. inflamasyon sadece aterosklerozun
baslamas1 ve progresyonu ile iliskili olmayip, plak instabilitesi ve arteryel trombozla da
iliskilidir. Makrofajlar ve T hiicreleri aterosklerotik plaklarin genellikle erozyone veya riiptiire
olduklar1 omuz boélgelerinde yogun olarak bulunmaktadirlar. Diiz kas hiicrelerinin kollojen
sentezini azaltan interferon y (IFN y) ve kollojen zayiflamasina ve yikilmasima yol agan

matriks metalloproteinazlar kararsiz plaklarda artmistir. (1,22-25).
Histopatolojik Siire¢

Progresif ateroskleroz histolojik olarak ii¢ evreye ayrilmaktadir; 1) Yagh ¢izgilenme 2) Fibroz
plak 3) Komplike lezyon (6,28). Bununla beraber Starry tarafindan yapilan siniflama plak
progresyon siirecini daha iyi karakterize etmektedir (29). Yaglh ¢izgilenme, aterosklerozun en
erken lezyonu olup esterifiye kolesterol iceren kopiik hiicreleri ve T lenfositlerden

olusmaktadir. Lezyonun daha da ilerlemesi ile fibroz plak olusur. Intima tabakas
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kalinlasmistir, lipidler hem makrofaj i¢inde hemde ekstraseliler matriks iginde
bulunmaktadirlar. Bu evrede diiz kas hiicrelerinini ekstraseliiler matriks ve kollojen
sentezlemesi ile beraber fibroz kapsiil olusumu goriilmektedir. Sonugta fibroéz plak; fibroz
kap, kollojen lifleri,retikiiler fibriller,ekstraseliiler lipid ¢ekirdek,kopiik hiicreleri, T hiicreleri
ve diiz kas hiicrelerini icermektedir. Fibroz kap aterosklerotik plakta genis bir hacme sahiptir.
(30). Komplike plaklar ise genis,nekrotik ve yiiksek trombojenik lipid ¢ekirdege sahip,
makrofaj ve lenfosit igerigi artmis, ince fibroz bir kapsiille kapli lezyonlardir. Klinik olarak

akut koroner sendromlarda sorumlu plaklardir (31-35).
Aterosklerozun Risk Faktorleri ve Klinik

Risk faktorleri; endotel disfonksiyonu, aterosklerotik siirecin baglamasi ve progresyonu (plak
yayginligl), olusmus plaklarin kararsiz hale gelmesi (hassasiyet, erozyon ve riiptiir), lokal
(plak trombojenitesi) yada sistemik faktorlerle trombozun uyarilmasi seklinde etkili olabilir.
Bir yandan endotelde inflamatuvar yanit siirerken Gte yandan sistemik bir subklinik
inflamasyon sdzkonusudur. Aterosklerotik siirece bagli arttigi bilinen ve inflamasyonun bir
gostergesi kabul edilen akut faz reaktanlar1 sunlardir: CRP, fibrinojen, faktor 7 (25,37-39),
PAI-1, tpA, lipoprotein (a) . Aterosklerotik plakta aktif inflamasyonun bulgusu makrofaj
birkimi olup artmig CRP (C-reaktif protein) ve fibrinojen diizeyleri ile iligkilendirilmislerdir
( 40-42) ve bu iki belirteg aterosklerorozun erken gostergeleri olarak diisiiniilmiistiir (43,44).
Bunlardan klinikte en fazla kullanlan hs-CRP olarak adlandirilan (45,47) yiiksek duyarlikli
CRP ( hsCRP) dir. Yapilan ¢aligmalarda CRP diizeylerinin diger risk belirleyicilerine ilave
etkisinin oldugu gosterilmis, (22) glinimiizde ateroskleroz i¢in yeni risk faktorii olarak kabul
edilmistir (Tablo 1).

Aterosklerozun klinik yansimasi asemptomatik koroner arter hastaligindan ve stabil angina
veya intermitant kladikasyoyu igeren akimin kisitlanmasiyla iligkili klinik tablodan
diseksiyon veya riiptiirle sonuglanan anevrizmatik dilatasyon ve ani 6liime varan igine genis

bir klinik spektrumu igermektedir (49).

Semptomatik kararli plaklar siklikla anjiyografik olarak liimen ¢apinda meydana getirdikleri
%70-80 kritik darliktan sonra miyokardiyal kan akiminda azalmaya ve tipik anjina
semptomlarina yol agarlar. Akut koroner sendromlar ise daha ¢ok liimen ¢apinin korundugu
%50’nin darlik olusturan plagin yirtilmasiyla ortaya cikmaktadir. Plak riiptiri damar

duvarinin birlesme yeri olan omuz bdlgesindedir (1,6,48,50). Plak riiptiirii sonucunda
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trombojenik plak kollojeni ve doku faktorleri kanla temas ederek trombotik siireci baslatir (1).
Sonug olarak aterom plaklarinin ¢esitli nedenlere bagl olarak yirtilmalari sonucunda; 1. ST
elevasyonlu veya ST elevasyonsuz MI 2. Kararsiz anjina pektoris 3. Akut ani iskemik 6liim

4. Inme 5. Kolesterol emboli sendromu 6. Periferik akut arter tikaniklar1 gériilebilir.

Predispozan Geleneksel risk | Yeni risk Faktorleri | Olasi Risk
Faktorler faktorleri Faktorleri
Obezite Sigara C-Reaktif Protein Lipoprotein iliskili

fosfolipaz A2

Sedanter yasam Hipertansiyon Fibrinojen Gebelikjle iliskili
plazma fosfataz

Erkek Cinsiyet Hiperkolesterolemi Homosistein Asimetrik dimetil
arjinin

Aile Oykiisii Diisiik HDL diizeyi | Lipoprotein (a) BNP

Sosyoekonomik Diabetes Mellitus Kiigiik  yogunluklu | Myeloperoksidaz

Faktorler LDL partikiilii

Yasam Tarzi Oksidatif stresin

Insiilin Direnci Gen polimorfizmi

Tablo 1: Ateroskleroz i¢in risk faktorleri (48).

1.2. PERKUTAN KORONER GiRiSiM VE RESTENOZ

Perkiitan koroner girisim (PKG), koroner arter hastaligimin (KAH) tedavisinde en yaygin
kullanilan revaskiilarizasyon yontemidir. Baglangigta yalmiz balon anjiyoplasti yapilirken,
anjiyoplasti sonrasi restenoz oranlarini yiiksek olmasi ve stentleme ile restenoz oranlarinda %10-
15 azalmanin goriilmesi, islem sonuglarinin daha iy1 ve giivenilir olmasi, islem siiresinin kisalmasi
ile beraber implantasyon tekniklerindeki gelismeler ve ikili antitrombosit tedavinin kullanima
girmesi sonucunda  giiniimiizde olgularin %80’inden fazlasina stent uygulanmaktadir (51-55).
Bununla beraber PKG yapilan olgularda restenoz anlamli ve morbidite ve maliyet nedeniyle
onemli klinik ve ekonomik bir problem olmaya devam etmektedir. Restenoz , anjiyografik olarak

stent icinde yada stent kenarlarindan 5 mm proksimal veya distal segmentte % 50’ den fazla cap
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daralmasi (56) ve klinik olarak; basarili PKG sonrasi islem yapilan lezyondaki restenoza bagl
olarak major kardiyak olaylarin, iskemik semptomlarin veya noninvaziv testlerde iskemi
bulgularinin ortaya ¢ikmasi olarak tanimlanir (55) ve siklikla stent-igi restenoz seklinde olusur .
Se¢ilmis olgularda %10-30 arasinda olan stent restenozu (SR) orani, giinliik uygulamalarda %60-
80’lere kadar ¢ikmaktadir. Restenozu 6nlemek i¢in pek ¢ok farmakolojik ve mekanik girisim
tedavileri denenmis fakat sonuglar yiiz gildiiriicii olmamistir. Yiiksek restenoz orani PKG’nin
yararmm kisitlamaktadir(57-60). Ancak “de novo” darliklarda ilag kapli stentler (IKS) (sirolimus

veya taksolimus) restenoz oranini %8’lere indirmistir (59-60) .

Stent restenozu (SR), stentler elastik biiziilme ve yeniden sekillenmeyi onlediklerinden, hemen
hemen perkiitan koroner girisim sirasinda maruz kalinan arteryel zedelenmeye karsi gelisen
iyilesme yanit1 olup tamamen neointimal DKH proliferasyonu ve ESM artisina baglidir
(55,56,61). Yapilan seri anjiografik ¢alismalarda proliferasyonunun en fazla 1-6. aylarda oldugu 6-
12.aylarda sadece kiiciik bir miktarda daralma oldugu saptanmistir (62-64) (Sekil 2) . Daha sonra
DKH proliferasyonu relatif olarak inaktif fibrozisle yer degistirir ve liimen ¢apinda minimal artis
olur (56). Restenoz stent kenarlarinda balon zedelenmesinin oldugu yerlerde de olur fakat bu
bolgelerdeki stenoz neointimal biiyiimeden ziyade vaskiiler negatif yeniden sekillenme ile

iliskilidir (65).

100 +
80 +
60

" inflamasyon
Pik yanit % >
40
Ekstraselller matriks

20— uretimi

1 7 14 30 S0 180

Stentlemeve baali zedelenmeden sonraki aunler

Sekil 2: Restenoz gelisiminin zamanla iligkisi (71).

1.2.1 RESTENOZ FiZYOPATOLOJI (Sekil 3):

PKG sirasinda damarin gerilmesi endotel hasarina, i¢ elastik membranda yirtilmaya ve medya

tabakasinda dieseksiyona neden olmaktadir.Liimenin genislemesi plagin kompresyonu, aksiyal



redistriblisyonu , distal embolizasyonu ve damarin esnemesi ile elde edilmektedir (55). Restenoz,
travmaya ugrayan arter duvarinda gelisen, karmasik molekiiler ve hiicresel olaylart iceren bir
iyilesme yanit olup kendi kendini sinirlayan, fakat asir1 intimal hiperplazinin oldugu bir siirectir
(Sekil 7). Bu siirecte, birgok vazoaktif madde, trombojenik ve mitojenik faktorler salinir
(52,53,66). Baslica iki temel olay dikkat g¢eker; arteryel yeniden bigimlenme ve neointimal
hiperplazi (52,53) (Sekil 4).

Arteryel yeniden bicimlenme (Remodeling): Aterosklerotik plak olusumu sirasinda dogal
olarak goriilen pozitif yeniden bigimlenme ( outward remodeling) sonucunda aterosklerotik
plak elastik internal laminay1 iceren damar kesit alaninin % 40 11 ge¢medikce liimene
bliyiime gostermez. Negatif yeniden bi¢imlenme (inward remodeling), balon anjiyoplasti
restenozunun baglica nedeni olup dis elastik membran ¢apinda azalma olmaktadir. Balon
anjiyoplasti sonrasi restenoz gelisen olgularin 1/2-3/4 {inii olusturmaktadir ( 51-53,67).

Cogunlukla adventisyal fibrozise baglidir. Stentleme ile bu sorun 6nlenmistir (55).

Neointimal Proliferasyon: Koroner stentlemeden 48 saat sonrasinda intimal hiperplazi
baglamaktadir (66). Balon ve/veya stentleme travmasiyla aterosklerotik plak kirilmasi ile
beraber endotelyal ve medial tabakada zedelenme sonucunda ; trombosit adezyonu ve
aktivasyonu uyarilir. Aktiflesen trombositlerden tromboksan A2, seratonin ve trombosit-
kokenli biiyiime faktorii (PDGF) gibi mitojenler salinir. Bu mitojenler normalde sessiz fazda
olan (GO) diiz kas hiicrelerinin ¢ogalmasini ve intimaya gociinii uyarir (51-53,68). Aktiflesen
diiz kas hiicreleri hem ¢ogalir hem de intimaya gd¢ ederler ve hiicre-dis1 matriks ve kollajen
sentezini artirmak suretiyle neointima gelismesine neden olurlar. Ayrica adventisyadaki
miyofibroblastlar da intimaya go¢ edebilirler (51-53). Endotel disfonksiyonu da diiz kas hiicre
proliferasyonu ve migrasyonuna katkida bulunur; c¢iinkii, saglam endotelden salinan nitroz
oksit diiz kas hiicre biiylimesini onler (51,52).

Diiz kas hiicresi ve matriksten olusan neointimal olusum SR’nin baslica nedenidir (51-53).
Neointima gelisim hiz1 altinc1 aya kadar yiiksektir; sonrasinda ise alt1 ay ile ii¢ y1l arasinda
yavaglar. Stentler neointimal doku olusumunu arttirmalarina ragmen islem sonunda daha
genis liimen saglayarak ve ge¢ donemde yeniden sekillenmeyi angelleyerek anjiyoplastiye
gore restenoz riskini azaltmaktadirlar (55). Anjiyoplasti restenozu ile karsilastirildiginda, SR
lezyon orneklerinde hiicre sayisi ¢ok olmasina karsin genelde hiposelliilerdir (69,70). Stent
sonrast neointimal olusum, medial yirtikla yakindan iligkilidir. Cogalan hiicreler, derinde ve

stent stratlarina yakin yerlesim gosterirler (64). Dolayisiyla, proliferasyonun stente karsi
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gelisen diisiik dereceli kronik bir reaksiyon olmasi da muhtemeldir. Primer plaklara kiyasla,
restenotik lezyonlarin hiicre igerigi daha az, fakat kollajen ve proteoglikan matriks igerigi
daha fazladir (53). Bundan dolayi, SR’nin 6nlenmesinde, hem hiicre ¢ogalmasini hem de
matriks sentezini onleyecek bir yontem daha yararli gibi gériinmektedir. Stentleme sirasinda,

plagin lezyona yakin segmentlere aksiyal hareketi de neointimal olusuma katkida bulunabilir.

Elastik recoil ( biiziilme): Koroner arterlerin i¢ ve dis elastik membranlarinda bol miktarda
elastik lif vardir. Balonun sisirilmesine yanit olarak bu lifer gerilir ve balonun soéndiiriilmesini
izleyen saniyeler veya dakikalar icinde damar biiziilerek limen alaninda %40’a varan kayip
olur. Koroner stentlemede de goriilmekle beraber stentler asir1 gerilmeye bagl gelisen bu

fenomeni 6nemli oranda azaltir (51-53) .

Trombiis organizasyonu: Lokal platelet aktivasyonu ve trombin olusumuna bagli olarak
islemden sonraki ilk 2-3 haftada goriiliir (66). Perkiitan koroner girisim endotelde bozulmaya
ve media tabakasinda diseksiyona yol agar. Kollajen, von Willebrand faktor, fibronektin ve
laminin gibi subintimal igerigin a¢iga cikmasi trombosit adezyonu ve agregasyonu ile
sonuglanir ve fibrin ve trombositler stent stratlari tizerinde birikir (53). Restenotik bolgelerde
neointima ile beraber fibrin ve trombositler ile yaygin neovaskiilarizasyonun bulunmasi mural
trombiis organizasyonunun restenoz patofizyolojisinde rol oynadigimi diistindiirmektedir (55).

Ozellikle diyabetik olgularda trombiis gelisimi daha belirgindir (51).

Inflamasyonun rezoliisyonu: Stentleme ile arter duvarinda &zellikle de medial tabakada
meydane gelen zedelenmeye bagli olarak akut inflamatuvar yanit geliserek liimenden
trombiise dogru mononiikleer hiicre infiltrasyonu olmaktadir. Bu hiicrelerden, trombiis
erimesine veya remodelinge yol agan bircok fibrinolitik enzim salinir. Bazi inflamatuvar
hiicreler (siklikla makrofajlar) SR’nin biitiin evrelerinde bulunurlar ve inflamasyonda yer
alan sitokinlerin ve biiyiime faktorlerinin {iretiminde rol alirlarlar (61,66). Sonug olarak

inflamasyonun rezoliisyonu ve fibrozis restenozda dnemli rol oynadig: diisiiniilmektedir.
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Sekil 3: Restenoz gelisimi (71).
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Sekil 4: Stentlemeye bagli zedelenmeye hiicre duvarinin yaniti (66).

1.2.2. RESTENOZ BELIRTECLERI:

Restenozu 6ngérmek i¢in pek cok faktor ileri stiriilmiistiir. Bu faktorler, hasta, lezyon ve
prosediir ile iligkili olmak {izere ii¢ ana baslikta incelenebilir (Tablo 2). Hastaya ait faktorlerin

en 6nemlisi diyabet varligidir (72-74). Ciinkii, diyabetik hastalarda asir1 neointimal hiperplazi
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gelismektedir (74) . Restenoz igin klinik ve anjiografik olarak saptanan ii¢ degismez risk
faktorii; 1) Kiiglik referans damar ¢ap1 ( <3 mm) 2) Uzun lezyon (veya stent, > 20 mm) 3)
Diabetes Mellitus (56). Diyabetli olgularda SR un olasi ii¢ sebebi; a) Endotel disfonksiyonu b)
Artmis platelet reaktivitesi ¢) Artmis trombojenitedir (66).

Hastayla ilgili Islemle ilgili Lezyaona iliskin
Diyabetes mellitus* Stent uzunlugu* Onceki SIR*
Kararsiz angina Stent overlap' Yiksek derecali restencz
Hipertansiyon Stent sayisi Kicik damar gapr®
DD-genctipi (ACE geni) Son minimal lmen gap Lzun lezyon
Son kesitsel alan Saten ven grefti
Yiiksek balon:arter oran Sel én inen arter lezyonu®
Stant tipi Osteal lezyon®
Kalsifikasyon

*: llag kapll stent restenczu icin bagims e belittegler géstarir,

Tablo 2 : Restenozla ilgili risk faktorleri (51-53, 72,73)

1.2.3.RESTENOZ SINIFLAMASI

Giliniimiizde en ¢ok kullanilan SR smiflamasi, Mehran ve arkadaslar tarafindan onerilen ve
restenotik lezyon uzunluguna ve morfolojisine dayanan anjiyografik siniflamadir. Dort tip SR

tanimlanmaktadir (55,61,66,75) (Sekil 5).
Klas I : Fokal (uzunluk <10 mm) (% 42 si)
Klas IA: stentlerin eklem yerinde veya st entler arasi boslukta yerlesim
KlasIB: Stent kenarinda yerlesim
Klas IC: Stent govdesinde yerlesim
KlasI D: Multifokal yerlesim
Klas II: Diffiz (uzunluk >10 mm) ( %21 )
KlaslII: Proliferatif (stent digina tasmis ve uzunluk >10 mm ( %30 )
Klas IV: Total Tikayic1 (%7)

Ayrica, fokal SR, stentle lezyon iligskisine gore A’dan D’ye dogru dort alt gruba ayrilir. (55,61,66)
( Sekil 5) . Hedef damar revaskiilarizasyonu (HDR), SR’nin tipiyle yakindan iligkili oldugundan,
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bu siniflama prognostik dnem tasir. Ilag kapli stentlerin kullanima girmesiyle diffiiz SR’den ziyade

fokal SR orani artmaktadir (61).

SIR Patern I: Fokal 9% <2 HDR %19.1

Tip LA Angulasyon veya gap Tip IB: Kenarda yerilesim
= —159%j ——
Tip IC: Stent govdesinde yerilesim Tip ID: Multifokal yerlesim

SIR Patern I, I, IV: Difuiz

S ——— —_——
SiR Patern Il Stent ici SiR Patern lil: Proliferatif
% 21, HDR: 9% 34.S %320, HDR: % SO

SiR Patern I'V: Total Oklizyon
% 7, HDR: %83.4

Sekil 5: Stent restenozu siniflamast, siklig1 ve hedef damar revaskiilarizasyon oranlari (61,66).
1.2.4. RESTENOZ ve KLINIiK

Kararsiz angina veya nadiren akut miyokard infarktiisiine ilerleyebilmesine ragmen stent
trombozunun aksine restenoz en siklikla stabil angina olarak karsimiza ¢ikmaktadir. Anjiyografik
olarak restenoz saptanan hastalarin yaridan fazlasinda ¢ap daralmast % 70 in altinda olup
asemptomatik olup SR saptanan her hastanin girisimsel tedavi edilmesi gerekli degildir.
Asemptomatik ve miyokard iskemisi olanlarda girisim endikasyonu yokken hafif semptomlu
ve/veya hafif derecede iskemisi olanlar medikal olarak izlenebilir. Bunun yaninda semptom
varliginda velveya gosterilebilir iskemi varliginda revaskiilarizasyon endikedir (55,56). 6. ay
kontrol anjiyografisinde restenoz saptanan hastalarda sonraki izlemde darlik derecesinin

gerileyebilecegi akilda tutulmalidir (55).
1.2.5 RESTENOZUN ONLENMESI

Restenozu Onlemede farmakolojik ve girisimsel  tedavi metodlart denenmis olup,
farmakolojik yontemlerde sonuglar yiiz giildiiriicii olmamistir. Anjiyotensin II inhibisyonu,
silastazol, trapidilin  ve tromboksan A2 blokaji yararli bulunmamistir (76). Ancak,
silastazolun diyabetiklerde etkili oldugu goriilmiistiir. Yeni olarak, tranilast ve amlodipinde
plasebodan {istiin bulunmamustir (81,82). Primer ve sekonder korunmada etkili olan statinler

restenozu azaltmamistir (83) . Bununla birlikte, yeni bir ultrasonografik calismada, yiiksek
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doz atorvastatinle plak progresyonunun Onlenebildigi gosterilmistir(84). Oksidatif stres de
neointimal hiperplazi gelisiminde rol oynayabilir. Bu mantikla, antioksidan 6zelliklere sahip
karvedilol ve vitamin C, E ile beta karotenin olumlu etkisi gosterilememistir (85,86). Folik
asit, vitamin B12, ve pridoksin kombinasyonu da SR’yi onlememistir (87). Akut koroner
sendrom tablosunda, diisiik molekiil agirlikli heparin ve glikoprotein IIb/IIla inhibitorleri akut
stent trombozu riskini azaltirlar. Ancak, glikoprotein IIb/Illa inhibitorleri ve uzun siireli
heparin kullanimi (3 ay) SR’yi azaltmamigtir (88,89). Benzer olarak, hirudin de restenozu
onlemede yararli bulunmamistir (90). SR' unu tedavi etmek i¢in pek ¢ok perkiitan yontem
bulunmaktadir. Bunlar, balon anjiyoplasti, cutting balon anjiyoplasti, rotasyonel veya
direksiyonel aterektomi (DCA), tekrar diiz stentleme, eksimer lazer kateter ablasyonu,
brakiterapi, ilag kapli balon ve ila¢ kapli stent kullanimidir (61). Bunlar iginde SR unun
tedavisinde en sik kullanilani balon anjiyoplasti yontemidir (55).

Restenoz ile ACE reseptoriinde DD polimorfizmi, glikoprotein I1la PIA1/PIA2, plazminojen
aktivator-inhibitor-1 ,haptoglobulin 2/2, iirokinaz-plaminojen aktivator ve doku faktori gibi
genetik faktorlerin yakin iligkisi cesitli ¢alismalarla ortaya konulmus ve bu g¢aligmalarin
dogrultusunda gen tedavisiyle restenozun onlenebilecegi kavrami 6ne siirilmistir (51,52).
Anjiotensin konverting enzim bugiine kadar iizerinde en fazla calisilan gendir ve 17,
kromozom iizerinde yerlesmistir . Anjiyotensin doniistliricli enzim reseptoriinde DD
polimorfizmi olanlarda stenoz riskinin 4 kat fazla oldugu bulunmustur . Trombosit
aggregasyonunda 6nemli yere sahip glikoprotein Illa PIAL/PIA2 proteinini kodlayan gen de
17. kromozomda bulunmustur ve stent trombozu riskinin normal bireylerden 5 kat artmis
oldugunu bulmuslardir. Bunlarin yaninda kollajen dokunun yeniden sekillenmesi ve yara
iyilesmesi balon anjiyoplasti sonrasi gelisen baslica olaylardir. Bu islemler kismen matrix
metalloproteinazlar, 6zellikle de stromelysin tarafindan diizenlenirler. Stromelysin geninin
promoter bolgesindeki bir degisimin koroner girisimler sonrasi restenoz gelisimi ile iliskili

oldugu REGRESS ¢alismasinin bir alt grubunda bulunmustur (91).

1.3. MATRIKS METALLOPROTEINAZLAR

Ekstraseliiler matrix hiicrelerarasi bosluklarda 6zel bir ortam olusturan dinamik, interaktif bir

yapidir (92,93) (Sekil 6). Dokulardaki hiicrelerin bir arada tutulmasina yardimci olur ve bunun

yani sira hiicre bliylimesi ve farklilasmasini kontrol eden pek ¢cok hormon i¢in rezervuar gorevi

yapar. Bu yap1 hiicrelerin 6zel fonksiyonlar1 gergeklestirmesi icin kendilerini yonlendirecek

15



hiicre i¢i sinyalleme yollar1 ile direkt ya da indirekt olarak etkilesmesini saglar. Matriks ile
hiicreler arasinda meydana gelen bu etkilesmeler organizmanin normal gelisimi ve fonksiyonu
icin kritik rol oynar (94). Vaskiiler ESM molekiilleri damar duvarindaki intimal endotel hiicreleri,
medyal diiz kas hiicreleri ve adventisyal fibroblastlar tarafindan sentez edilirler. Yapilarinda 3
temel protein bulunur. Bunlar proteoglikanlar, kollajen fibrilleri ve multiadhezif matriks
glikoproteinleridir. Olduk¢a viskoz yapida olan proteoglikanlar hiicrelere yastik gorevi yapar.
Kollajen fibrilleri ¢oziiniir yapida degildir; hiicreye esneklik ve giic kazandirir. Multiadhezif
matriks glikoproteinleri ise ¢Oziiniir yapida olup proteoglikanlar ve kollajenin hiicre ylizeyine
baglanmasini saglar (95). ESM molekiilleri hiicrenin anahtar fonksiyonlarin diizenlenmesinde
gorev alirlar. Ustlendigi 6nemli gorevler nedeniyle arteriyel ESM’in sentez ve yikiminda

olusan degisiklikler ¢esitli vaskiiler hastaliklara yol a¢maktadir (93,96).

intima m Endotel
huicreleri

‘"wm” - Diiz kas

| R R RN RN R R RS hucrelerl

Media IRRRRARRRR RN RARRERARRRRRRRRRRRRAL Elastik fibriller

Adventisia m@m
[annnnnn )
o [ T == +— Fibroblastlar

mmm

Sekil 6. Damar duvarinin yapisi

MMP’ler cesitli parankimal hiicreler, konektif doku hiicreleri ve inflamatuar hiicreler tarafindan
sentez edilirler (97,98). Endopeptidaz ailesinin iiyesi olup, aktif bolgelerinde Zn+? igerirler ve
aktivitesi i¢in Ca+? iyonuna ihtiya¢ duyarlar (97,99,100). Natif veya degrade fibrile kollejen, bazal
membran Kkollejeni, proteoglikanlar, elastin, fibronektin gibi ESM bilesenlerine karsi proteolitik

aktivite gostererek bu konnektif doku proteinlerini yikima ugratirlar (98,101).

MMP’ler cesitli ortak yapisal Ozelliklere sahiptirler. Yapisal olarak iic bolgeden ibarettirler
(Sekil 7) ;1) Amino terminal propeptid 2) Katalitik domain 3) Karboksi terminal hemopeksin
benzeri domain (92). MMP’lerin tiimii tipik olarak N terminalinde enzimin Oncii dizilimi olan
pre-domain igerirler ve bu dizilim enzimi salgilanma icin etiketler ve salgilanma sonrasinda
kaybolur (102,103). ikinci bélge olan pro-domain enzimin latent formda kalmasindan
sorumludur ve enzim aktivasyonunu takiben kaybolur. Bir sonraki kisim Zn+? iyonu igeren
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katalitik domaindir (104). Katalitik domain ek olarak yapisal bir Zn+? iyonu ve 2-3 Ca+*yonu
icerir. Bu bolge stabilizasyon ve enzimatik aktivitenin olugmasi i¢in gereklidir . MMP-7 ve
MMP-26 disindaki diger biitin MMP’ler C terminalinde hemopeksin/vitronektin benzeri
domain igerirler. Bu bolge aslinda “hem” baglayan bir peptidtir. Ayrica endojen doku
inhibitorleri olan TIMP’lerin jelatinaz grubu MMP (MMP-2 ve MMP-9)’lere ve MMP-13’¢
baglanmasi ile iliskilidir (105,106). Katalitik domaini hemopeksin benzeri domaine baglayan

peptid pirolinden zengin olup, mentese bdlgesi adini alir ( 102,106,107).

menlese bélgesi
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Sekil 7. MMP enzimlerinin molekiiler yapis1 (102,103)

Klasik MMP2 ler inaktif form olarak sentez edilirler ve bir veya birka¢ basamakla enzimatik
olarak biyolojik aktif forma doniisiirler (97). Membran tip MMP (MT-MMP)’ lar aktif form olarak
sentez edilirler ve klasik MMP’ larin protelitik aktivitelerinin aktivasyonunda 6nemli rol oynarlar
(108). Klasik MMP’lar sentez edildikten sonra extraseliiler araliga proenzim formunda sekrete
edilirler ve aktivasyonlar: i¢in birka¢ kademede aktive edilirler; 1) Diger MMP’ lar ( 6zellikle
MT-MMP) tarafindan ekstraseliiler aktivasyon 2) Non-MMP proteinler ( plazmin,trombin,furin)
tarafindan ekstraseliiler aktivayon 3) Furin ( trans golgi serin proteazi) tarafindan MT-MMP’ larin
intraseliiler aktivasyonu 4)MT-MMP iliskili MMP 2 nin aktivasyonu ve hiicre yiizeyinde kompleks
olaylar dizisi. Ayrica MMP’larin in vitro olarak siilfidril reaktif maddeler tarafindan da aktif
edildigi gosterilmistir (109). Stabilizasyonlar1 i¢in kalsiyuma ihtiya¢ duyarlar ve nétral pH da
etkilidirler (99,100) .

MMP’lerin aktivitesi fizyolojik kosullar altinda onlarin spesifik endojen doku inhibitorleri olan

“Tissue inhibitors of metalloproteinases (TIMPs)’’ tarafindan inaktif forma doniistiiriilerek siki
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bir sekilde kontrol edilir (Sekil 8). Su zamana kadar bilinen 4 TIMP gene ailesi vardir ( TIMP-1,-
2,-3,-4) (110). Esas olarak MMP’lerin aktivitesi {i¢ kademede kontrol edilir;1) Gen ekspresyonu 2)
Proenzim formlarinin aktivasyonu 3) Spesifik TIMP’ lar tarafindan inhibisyon (106,111,112).
Ayrica MMP’larin ekspresyonu biiyiime faktorlerinin, hormonlarin ve sitokinlerin transkripsiyonu
diizeyinde de kontrol edilirler (106). Bunlarin yaninda makrofajlardaki MMP aktivasyonu serbest

oksijen radikalleri, NO ve immiinolojik aktivasyon tarafindan da arttirilir (113).
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Sekil 8. MMP enzim aktivitesinin diizenlenmesi (116).

Stirekli genisleyen bu enzim ailesinin bugiine dek klonlanmis ve sekanslanmis 66’dan fazla
iiyesi bulunmaktadir (114,115). Bunlardan 23’iinlin insanlarda sentez edildigi gosterilmistir
(99,105). Bu iiyeler substrat Ozgiilligiine gore kollajenazlar, jelatinazlar, stromelisinler,
membran tipi MMP’ler (MT-MMP’ler) ve digerleri olmak {lizere 5 alt grupta
simiflandirilmistir (102,114). Digerleri grubunda yeralan MMP-7 (matrilisin 1) ve MMP-26
(matrilisin 2)’nin ‘matrilisinler’ ad1 ile anildig1 6. bir gruptan da s6z edilen smiflandirma da
bazi kaynaklarda yapilmaktadir (105). En yaygin olarak kullanilan siniflandirma sekli “substrat
ozgilligine gore” yapilan siiflandirmadir (Tablo 3). Bununla birlikte “molekiil agirliklarina

gore” veya “yapilarina gore” yapilan siniflandirmalar da kullanilmaktadir (105,116,117).
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Grup adi Tammlayic: isim Numara Temel substrat

Kollajenazlar Interstisyel kollajenaz  MMP-1 Kollajen Tip 1, 2, 3, 7 ve 10, jelatin, PG
Notrotil kollajenaz MMP-8 Kollajen Tip 1, 2, 3, PG
Kollajenaz 3 MMP-13 KollajenTip 1,2, 3
Kollajenaz-4 MMP-18  Kollajen 1
Jelatinazlar Jelatinaz A MMP-2 Jelatin, kollajen IV, ¥V, VII: X, XI, elastin
Jelatinaz B MNMP-9 Jelatin, kollajen IV, ¥V, XIV, elastin, PG
Stromelisinler Stromelisin 1 MMP-3 PG, laminin, FN, jelatin, kollajen III, IV, IX ve X
Stromelisin 2 MMP-10 PG, laminin, FN, jelatin, kollajen III, IV, IX ve X
Stromelisin 3 MMP-11 PG, laminin, elastin, entaktin, tenaskin, versikan, jelatin, kollajen IIL, IV, IX, X
Membran tipi MTI-MMP MMP-14 Kollajen I, I1, III, FN, laminin, ¥ N
MMP'ler MT2-MMP MMP-15 Agrekan, FN, laminin, tenaskin
(MT-MMPler) MT3-MMP MMP-16  Kollajen 111, FN, jelatin
MT4-MMP MMP-17  Jelatin
MTS-MMP MMP-24 PG
MTE-MMP MMP-25  Koellajen IV, fibrin, FN, jelatin
Digerleri Matrilisin | MMP-7 Serin proteaz inhibitdrleri
Metaloelastaz MMP-12 Kollajen I, IV, elastin, FN, jelatin, laminin, VN
RASI-1 MMP-19 Kollajen IV, entaktin, FN, jelatin, laminin, tenaskin
Enamelisin MMP-20 Agrekan, amelogenin
X-MMP MMP-21 Tanimlanmamistir
CA-MMP MMP-23 Tanimlanmamigtir
Matrilisin 2 MMP-26 Koellajen IV, FN, jelatin, VN
CMVMP (Horoz) MMP-27 Tammlanmamigtr
Epilisin MMP-28 Tanimlanmamistir

Tablo 3: Matriks metalloproteinazlarin substrat 6zgiilliigiine gore siniflandirilmasi (104,107,114)

MMP-9, MMP ailesinin en biiyiik {iyesidir. MMP-9 (Jelatinaz B), ilk olarak 1974 yilinda Sapota
ve Dancemicz tarafindan polimorfoniikleer 16kositlerden salgilanan bir jelatinolitik enzim olarak
tanimlanmistir. Daha sonra yapilan ¢alismalarda 92 kDa luk bir molekiil olarak salgilandig1 dnce
87 kDa olan bir inaktif maddeye ve sonra aktif form olan 82 kDa veya 83 kDa luk bir molekiile
doniistiiriildiigl gosterilmistir. Yine in vitro kosullarda, doku metalloproteinaz-1 inhibitor MMP-9'
un isleyisini degistirebilir. MMP-9, aktivasyonunu takiben, denatiire kollajen ve jelatin, tip IV ve
V kollajen ve elastini de igeren pek ¢ok ekstraselller matriks elemanini yikabilir (118). C-terminal
hemopeksin benzeri boliim substrat spesifitesini belirlemede anahtar rol oynar. Fibronektin benzeri

boliim kollajen ve jelatinlere baglanmayi kolaylastirir (119) .
1.3.1 MATRIKS METALLOPROTEINAZLAR VE KARDiYOVASKULER SiSTEM

Matriks metalloproteinazlar organ gelisimi, yara iyilesmesi, inflamasyon ve kanser
patofizyolojisinde rol oynamaktadirlar (49). Saglikli bir dokuda MMP aktivitesi diisiikken,
aterosklerotik hastalik, inflamasyon gibi patolojik durumlarda aktivitesinde artis olmaktadir (120) .
[k olarak MMP’ lar iizerine olan ilgi , dzellikle de basta MMP 2 ve MMP 9 olmak iizere bu
enzimlerin preneoplatik ve neoplastik hiicrelerin bazal membranlarinda {iretilmesi {izerine
toplanmustir (121). Neoplastik hiicrelerin yayilimi ve metastazinda bazal membran kollojenlerinin
lizisinin kritik 6neme sahip oldugu gdosterilmistir (97). MMP’lerin rol oynadig1 patolojik olaylar
arasinda kanser ve ateroskleroz,vaskiiler anevrizma gelisimi, arteryel remodelling ve restenoz

basta olmak iizere artrit, nefrit, gastrointestinal iilser, peridontal hastalik, kornea iilseri, deri
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iilseri, multipl skleroz, norolojik hastalik, Alzheimer hastaligi, karaciger fibrozu, fibrotik akciger

hastaligi, amfizem, kan beyin bariyerinin yikilmasini sayabiliriz (104,122).

MMP’ler vaskiiller ESM’in yikiminda esansiyel rol oynarlar ve vaskiiler hastaliklarda 6zellikle
de aterosklerotik hastaliklar, aortik ve serebral anevrizmalar ve Marfan Sendromu’ndaki onemi
daha iyi anlagilmistir (109) . Normal vaskiiler dokularda MMP’lerin endotel hiicreleri, diiz kas
hiicreleri ve adventisyal konnektif doku hiicreleri MMP’ lerin ana kaynagidir (106). Bunlarin
yaninda makrofajlar ve diger inflamatuar hiicreler ¢esitli inflamatuar durumlarda MMP’lerin

onemli kaynagidirlar (97).

MMP2, MMP3,MMP 9, MMP 12 gibi MMP’ lerin elastini hidrolize edebilmeleri vaskiiler etkileri
acisindan Onemlidir (97). Son birkag yilda  yapilan c¢alismalarda aterosklerotik aortik
anevrizmalarda ¢esitli MMP’larin (6zellikle MMP 3) aktivitesinde artis oldugu gosterilmistir (123-
127). Yoon ve arkadaslari MMP larin farmakolojik inhibisyonu ile aortik anevrizma gelisiminin

onlenebilecegini ileri siiriilmiislerdir (128) .

MMP' ler aterosklerotik plak olusumu ve plak komplikasyonlarmin gelisimi ile iliskili birgok
sliregte onemli rol oynamaktadir.(49,129-132) (Sekil 9). MMP' ler DKH' lerinin intimaya gog¢iinii
ve proliferasyonunu arttirirken (133), ESM 'in degradasyonu yoluyla da plak volumunu
azaltirlar (134). Aterosklerozun erken evrelerinde kompansatuar olarak liimeni korumaya yonelik
pozitif yeniden sekillenme olaymnda ve pozitif yeniden sekillenmenin yetersiz kaldigi ileri
aterosklerotik evrede ESM ve kollojen yikimi nedeniyle fibr6z kapsiilde zayiflamaya ve karasiz
plak olusumunda rol almaktadirlar (6,110,135). Ayrica plak i¢ine damarlanmayi
( neovaskiilarizasyonu) arttirmak suretiyle de kararsiz plak olusumuna katkida bulunmaktadirlar
(110). MMP’ler aterosklerotik plaklarin omuz bolgelerinde ve kopiik hiicrelerin toplanma
bolgelerinde identifiye edilmis ve MMP’lerin karasiz plak olusumunda etkili olabilecekleri ileri
stiriilerek plak destabilizasyonu ve yirtilmasina yol acan olaylarla da iligkilendirilmiglerdir
(130,136). Vaskiiler yeniden sekillenme iizerine major etkilerinden dolay1 ateroskleroz , restenoz
gibi kardiyovaskiiler hastaliklarin patogenezinde 6nemli rol oynadiklari diisiiniilmektedir (49).
Yapilan hayvan calismalarinda anjiyoplasti sonrasinda MMP diizeylerinin ve aktivitesinin arttigi
(137-141) ve oral MMP inhibitorleri batimastat ve marimastatin balon anjiyoplasti yapilan
olgularda arteryel konstriktif yeniden sekillenmeyi azaltarak restenozu azalttig1 gosterilmistir (142-
144). Son yillarda peptid ve non-peptid yapida sentetik MMP inhibitorleri de iretilmistir
(114,145-147). Bu ilaglarin DKH proliferasyonunu ve migrasyonunu azalttiklari, dolayisiyla
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ateroskleroz gelisimini inhibe ettikleri de deneysel ¢alismalarda gosterilmistir ve bu sentetik MMP
inhibitorlerinin ateroskleroz ve iligkili klinik durumlarin tedavisinde yararlt olabilecegini ileri

stirlilmistiir (148).

Bunlarin yaninda MMP' lerin yalnizca vaskiiler yeniden sekillenmeyle degil infarktiis sonrasi
donemde ve kalp yetersizligi ve infarktiis seyrinde ventrikiiler yeniden sekillenmede de rol aldig
deneysel ¢alismalarda gdsterilmistir ( 149-153). Ileri kalp yetersizlikli olgularda MMP zimojenik
aktivitede ve ekspresyonunda artis saptanmustir (104). J. Thomas Peterson ve arkadaslar
hipertansif kalp yetersizlikli siganlarda yaptigi deneysel calismada MMP inhibisyonun sol

ventrikiiler yeniden sekillenmeyi ve disfonksiyonu azalttigini bulmustur (150) .

MMP-9 gelatinaz B veya 92 kDa tip IV kollojen olarak da bilinmekte olup, aterosklerotik plagin
hassas (vulnerabl) bolgelerinde yiiksek miktarda bulunmus, aterogenez ve plak riiptiiriiyle iliskili
vaskiiler yeniden sekillenmeye katkida bulundugu ileri siirilmistir (136,131,154-155).
Destekleyici sekilde MMP-9 ‘un hayvan modellerinde de aterosklerozun progresyonunu
hizlandirdi1 ve plak destabilizasyonuna yol agtig1 gosterilmistir (156). U¢ damar hastaligi olan
olgularda MMP-9 diizeyinin kontrol grubuna veya lveya 2 damar hastaligi olanlara gore daha
fazla oldugu bulunmustur (120). Nikolaj Eldrup ve arkadaslarinin yaptigi bir ¢aligmada, > % 50
karotis darligi olan olgularda artmis MMP-9 diizeyinin ipsilateral stroke veya kardiyovaskiiler
olim riskini 2 kat arttirdigi, ultrasonografik olarak plakta ekolusensi saptanan ve artmis MMP-9
diizeyi olan olgularda ise ipsilateral stroke veya kardiyovaskiiler 6liim riskinin 4 kat, ipsilateral
stroke riskinin 3 kat arttirdigi gosterilmistir(157). Kardiyovaskiiler hastaliklarla MMP-9 arasindaki
nedensellik iligkisi yapilan genetik calismalarla desteklenmis olup, yapilan calismalarda MMP
geninin fonksiyonel promoter varyasyonlari kardiyovaskiiler hastaligin varlig1 ve siddeti ile iliskili
bulunmustur (158,159). Kararsiz angina pektorisli ve akut miyokardiyal infarktiisii ile bagvuran
hastalarda hastalarda da MMP-9 diizeyinin normal veya stabil angina pektorisli olgulara gore
yiiksek olarak bulunmustur(120,160). Yapilan bir ¢aligmada kanitlanmis koroner arter hastaligi
olan hastalarda gelecek kardiyovaskiiler olaylari 6ngormede MMP-9’un genetik varyasyonlari,
transkripsiyonel aktiviteyi etkileyen C-1562-T promoter polimorfizmi ve katalitik domainde
aminoasit degisimine yol acan R279Q polimorfizmi degerlendirilmistir. Her iki polimorfizm
kardiyovaskiiler mortaliteyi dngérmede anlamli bulunmamakla beraber 6zellikle stabil angina
pektorisi olanlarda kardiyovaskiiler 6liim ve nonfatal miyokar infarktiisiinden olusan kombine son
noktay1 6n gérmede R279Q polimorfizmi anlamli bulundu (155). Stent restenozunun primer olarak

proteoglikandan zengin ESM ile beraber neointimal DKH proliferasyonuna (64,162,163) ve
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isleme bagli zedelenme sonucu olusan intimal kalinlasmanin MMP ekspresyonunda artisla bereber
oldugu gosterilmistir (164-168). Stent implantasyonunu igeren perkiitan koroner girisim (PKG)
sonrasinda vaskiiler konnektif dokuda diiz kas hiperplazisi ve ESM proliferasyonun i¢eren yeniden
sekillenme siireci baglamaktadir (169). Yapilan ¢alismalarda mekanik zedelenme sonucunda diiz
kas hiicre kiiltiirlerinde kollejenaz ve stromelizin gen ekspresyonunda ve tavsan karotid arterinde
balon kateterine bagli zedelenme sonrasinda MMP 9 aktivitesinde artis gdzlendi (139,170,171). In
vitro olarak MMP 9’ un asir1 ekspresyonunun DKH migrasyonunu arttirdigi gézlendi (172-175).
Patolojik yeniden sekillenmedeki anlamli azalmanin rapor edildigi MMP inhibisyon ¢alismalarda
da  gosterildigi gibi MMP’ler  vaskiiler zedelenme sonrasinda meydana gelen DKH
migrasyonunda anahtar rol oynuyor gibi goériinmektedir (176,177). Gregory T Jones ve
arkadaslarinin daha onceden ¢iplak stent implantasyonu yapilan hastalarda plazma aktif MMP 9
diizeyleri ile semptomatik SR, 6zellikle de multipl SR, arasinda bagimsiz gii¢lii bir iligki gézlendi.
Ozellikle de MMP-9 diizeylerinin artmis olmasi durumunda SR’unu daha fazla &ngordiigii
saptandi. Ek olarak bu hasta grubunda TIMP-1 diizeyleri de anlamli olarak yiiksek bulundu.
Bunlarla beraber in vivo ve invitro c¢alismalar sonucunda c¢esitli MMP’lerin insan vaskiiler
hiicrelerde, vaskiiler DKH migrasyonunu arttirarak vaskiiler yeniden sekillenme ve restenoz ile
iliskili olabilecegi One siriildii (178). Bununla beraber dolasan MMP-9 diizeylerinin
kardiyovaskiiler hastaliklarda klinik olarak anlami az bilinmektedir(156). Bunlarla beraber MMP-9
diizeylerinin kardiyovaskiiler olaylarin prognozu iizerine etkisi ile ilgili prospektif data yoktur

(120,156).
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Sekil 9: Ateroskleroz patogenezinde MMP aracilikli matriks yikimi. Arteryel duvarda hiicre migrasyonuna ve
vaskiiler dokunun reorganizasyonu ile vaskiiler remodelingde ve aterosklerotik plaklarin destabilizasyonunda rol

oynamaktadirlar (49).

Mevcut verilerde matriks metalloproteinaz-9' un ateroklerotik siirecte, karasiz plak olusumunda ve
ozellikle vaskiiler yeniden sekillenmede ve balon anjiyoplasti sonrasi restenoz gelisiminde rol
aldigi gosterilmistir. Stent restenozu primer olarak ESM ile beraber neointimal DKH
proliferasyonuna ve isleme bagli zedelenme sonucu olusan intimal kalinlasmaya bagli olup bu
patofizyolojik siirec MMP ekspresyonunda artigla beraberdir. Biz de bu verilerden yola ¢ikarak
calismamizda SR ile MMP-9 arasindaki iliskiyi aragtirmay1 amagladik.

2.MATERYAL METOD

Calisma planlandiktan sonra etik kurul onayr alindi. Istanbul Universitesi Kardiyoloji
Enstitiisii’nde (IUKE) daha 6nce bilimsel arastirma projelerinden elde edilen yaymn tesvik ddiiliiyle
serum MMP-9 kitleri ve tiipleri alinmistir. Calisma i¢in 15.10.2006-25.12.2008 tarihleri arasinda
cesitli endikasyonlardan dolayr IUKE'de, elektif sartlarda PKG ile stent implantasyonu planlanan
ve islemden 6 ay sonra enstitiimiizde rutin olarak yapilan koroner anjiografi ile restenozun
degerlendirilmesi ongoriilen 37-84 yas arasinda toplam 292 hastadan onam alindi. Islem oncesi
hastalardan detayli anamnez alinds, fizik muayenesi yapildi. Islem giinii &ncesinde hastalardan kan
ornegi alinarak hastanemiz biyokimya laboratuvarinda rutin yapilan BUN, kreatinin, aglik kan
sekeri, lipid profili, hs-CRP ve hemogram tetkiklerine bakildi. MDRD formiilii kullanilarak

kreatinin degerleri ve GFR hesaplandi. Islemden 6-12 ay sonra kontrol KAG yapilarak restenoz
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degerlendirildi. Anjiyografrik olarak stent i¢inde veya stentin 5 mm distal ve proksimalindeki

segment i¢inde %50 ve tizerinde darlik gelismis olmasi restenoz olarak degerlendirildi.
Calismadan dislanma kriterleri;
1-) Kontrol KAG islemini yapilamamasi
2-) Aktif enfeksiyonun bulunmasi
3-) MMP diizeylerinde artisa sebep olabilecek durumlar ( Malignite, sistemik
inflamatuar hastaliklar, vaskiiler anevrizma varligi, obstrukif ve restriktif akciger
hastaligi, multiple skleroz , karaciger fibrozu ve alzheimer hastaliginin varligi)
4-) GFR<30 ml/dk/ 1.73 m?
5-) Akut koroner sendrom sonrasi erken PKG ihtiyacinin olmasi
6-) Stent trombozu olmasi
7-) Islemin basarisiz olmasi

Calisma yapilmasi planlanan 292 hastadan 52'si kontrol anjiografi yaptirmadigi igin
calisma dis1 birakildi. Akut koroner sendrom tanisi ile invaziv girisim planlanan 32 hastaya,
devam eden semptom ve/veya iskemi nedeniyle erken invaziv girisim ve 30 hastaya sadece
balon anjiyoplasti (POBA) yapildig: i¢in bu hastalar da ¢alismaya alinmadi. Ayrica stent
trombozu ile sonuglanan 2 hasta, islem basarisiz olan 4 hasta ve islem yapilmayip koroner
arter by-pass (KABG) karari verilen 2 hasta da ¢alismaya alinmamistir. Kalan 170 hasta asil
caligsma grubunu olusturdu. Stent implantasyonu yapilan tim hastalara ASA, klopidogrel (12
ay kullanim 6nerilmistir) tedavisi verilmistir. Beraberinde beta-bloker, ACE inhibitori, statin

ve nitrat tedavisi eklenmistir.

Sonuca muhtemel etkisi olabilecek demografik o6zellikler titizlikle incelendi. Tim
hastalar klinik, biyokimyasal ve anjiyografik olarak degerledirildi. Klinik 6zellikler olarak.
yas, cinsiyet, sigara, diabetes mellitus tip-II, iskemik kalp hastaligi Oykdisii, aile Oykiisi,
hipertansiyon, hiperlipidemi; biyokimyasal parametreler aglik kan sekeri, lipid diizeyleri,
kreatinin degerleri, hs-CRPdiizeyleri ve anjiyografik ozellikler olarak, stent implante edilen

damar, refererans damar ¢api, stentin ¢ap ve uzunlugu, islem sonrasi son gap, islem sonrasi
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akim, islem sirasinda ve sonrasinda aggrastat kullanimi ve islem sonrasi1 komplikasyon olarak

belirlendi (Tablo 4). Elde edilen veriler tablo haline getirilip istatistik ¢alismas1 yapilmstir.

Caligsma ile ilgili parametreler restenoz olan ve olmayan grupta ayri ayr1 degerlendirilmis ve

bu parametrelerin restenoza etkisi arastirilmistir. Higbir hastada komplikasyon gelismedigi ve

biitlin hastalarda islem sonrasi TIMI-III akim oldugu i¢in bu siiflamalar istatistikte

kullanilmamigtir. Aggrastat kullanimi da sadece 3 hastada oldugu igin istatistik verilere

katkida bulunmayacagi diisiiniilerek siniflamada kullanilmamistir.
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Tablo 4: Calisma protokolii
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2.1 Biyokimyasal Yontem:

Islem &ncesi matriks metalloproteinaz-9 bakilmak iizere serum veya plazma drnekleri
12 saatlik aglig1 takiben bazal metabolizma ile 8 cc’lik BD marka diiz kuru kan tiiplerine 5 cc
vendz kan alindi, 3500 rpm’de 15 dk santrifiij edildi ve ependorf godelerine berrak serum
ayrildi. Lipemik veya hemolizli serum o6rnegi olmamasina dikkat edildi. Diliisyon faktorii
250 olarak alind1. Ayrilan serum 6rnekleri (-20)—(-30) derecede saklandi. Calisma yapilmadan

once tiim serum Ornekleri oda 1sisina getirildi, daha sonra karistirict ile homojenlik saglandi.

Calismada Bender Med Systems Campus Vienna Biocenter 2 tarafindan tiretilen
MMP-9 ELISA A-1030 marka kitler kullanildi. Giines 1s1gina duyarli olan kitler zarar
gormemesi i¢in ¢aligma sirasina kadar isiktan uzak tutuldu (2-8 derecede, buzdolabinda).
Yarismali ELISA (Enzyme-linked immunosorbent assay) yoéntemiyle MMP-9 diizeylerine
bakildi. Yarigmali ELISA yonteminde; serum oOrnekleri MMP-9 antikorlar1 ile kapli
kuyucuklara eklenir. Bu antikorlara baglananserumdaki MMP-9 enziminin iizerine
biotinlenmis, anti-human MMP-9 antikorlari ilave edilir. Olusan bu komplekse HRP-konjuge
streptavidin eklenir. Bu komplekse tetrametilbenzidin (TMB) substrati ilave edilerek olusan
rengin siddeti 450 nm dalga boyunda okunur ve MMP-9 diizeyi saptanir. MMP-9' un
serum/plazma diizeyleri ng/ml birimiyle kantitatif degerlendirildi. Kitlerin normal MMP-9
degerleri serumda 9.6-87.3 ng/ml ve plazmada 9.5- 80.2 ng/ ml dir.

2.2. istatistiki Yontem:

Calismanin sonunda istatistiksel analiz icin SPSS (Statistical Package for Social
Sciences) 12 (Chicago ,lllinois) bilgisayar programi kullanildi. Calismada kullanilan
degiskenlerin normal dagilima uygunluklar1 kolmogorow smirnov Z testi ile incelendi.
Normal dagilima uyan veriler X+SS (ortalamazstandart sapma) olarak tanimlandi.
Uymayanlar ise ortanca (en kiiclik deger-en biiyiik deger) seklinde ifade edildi. Normal
dagilim gdstermeyenlere non parametrik testler, normal dagilim gdsterenlere parametrik
testler uygulandi. Normallik analizleri yapilan verilerde gruplar arasinda Independent student
t-testi yapildi. Normal dagilim gostermeyen verilerin gruplar arasi karsilastiritlmasinda Mann
whitney U testi uygulandi. Nitel verilerde dagilim yiizde olarak ifade edildi. Uygun verilere
“kikare* (x?) testi kullanilarak istatistiki 6nemlilik belirlendi. Sayisal degiskenler arasindaki
bagintiya Pearson baginti katsayisi ile bakildi. Multivaryant analiz i¢in logistic regresyon

analizi yapildi. Anlamlilik seviyesi p < 0.05 olarak kabul edildi.

26



3. BULGULAR

Calismaya 37-84 yas ( ortalama 58,3 [+ 10] ) araliginda, 133 erkek 37 kadin olmak tizere 170
hasta alinmistir. Hastalarin demografik ozellikleri tablo 5 de, biyokimyasal parametreleri
tablo 6 da, islem sonrasi donemde aldiklar1 medikal tedaviler tablo 7 de ve islem ve

anjiyografik 6zellikleri tablo 8 ve tablo 9 da 6zetlenmistir.

Calismaya katilan hastalarin ortalama MMP-9 diizeyleri 84,1 ng/ml olarak oOl¢iilmiistiir
(£53,2). Calismaya katilan 80 hastada hsCRP diizeyleri bakilmis olup bu hastalarda ortalama
olarak 6,4 mg/L olarak bulunmustur (+ 6,7). 63 hasta SAP, 62 hasta USAP, 30 hasta
asemptomatik ve/veya minimal semptomatik ve/veya noninvaziv testlerde iskemi tespit
edilmis ve yakin zamanda (< 2 ay) gegcirilmis STEMI ve 15 hasta asemptomatik ve/veya
minimal semptomatik ve/veya noninvaziv testlerde iskemi tespit edilmis ve yakin zamanda
gecirilmis NSTEMI (<2 ay) nedeni ile koroner anjiyografi yapilip elektif olarak isleme
alinmistir. Caligmaya katilan hastalarin ortalama takip siiresi 7,17 ( £ 2,01) ay olup bu takip
stiresince 6 hastaya stabil angina pektoris ve 7 hastaya akut koroner sendrom nedeni ile
koroner anjiyografi yapilirken 152 hastaya izlem siiresi sonunda kontrol koroner anjiyografi
yapilmistir. Izlem siiresince 67 (%40) hastada restenoz saptanmig, 103 (%60) hastada restenoz
saptanmamustir. Ayrica 6-12 aylik takip periyodu sonunda hastalarin fonksiyonel kapasiteleri
161 hastada NYHA siif I (% 95) ve 9 hastada NYHA smif II (%5) olarak bulundu ve izlem

sonrasi degerlendirmede goz ardi edildi.
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Demografik Ozellikler

Say1 (n); (%)

Yas 58,3 (£10)
Cinsiyet Erkek 133 (78)
Kadin 37 (22)
Hipertansiyon Var 98 (58)
Yok 72 (42)
Diabetes Mellitus Var 47 (28)
Yok 123 (72)
Dislipidemi Var 76 (45)
Yok 94 (55)
Sigara Var 101 (60)
Yok 69 (40)
Aile Oykiisii Var 66 (39)
Yok 104 (61)

Tablo 5: Calisma populasyonunun demografik ¢zellikleri
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Parametre Say1 | Ortalama Deger

SS (#)
AKS (mg/dl) 157 | 122,89 57,94
LDL (mg/dl) 156 | 110,09 36,14
HDL (mg/dl) 156 | 42,68 9,26
TG (mg/dl) 155 | 179,50 156,13
hsCRP ( mg/L) 80 | 647 6,68
GFR (ml/1.73 m?/dk) | 160 | 84,74 21,02
MMP-9 (ng/ml) 170 | 83,54 53,53

Tablo 6: Biyokimyasal parametreler

Medikal Tedavi

Say1 (n) ; yiizde (%)

ASA 161 (95)
Klopidogrel 152 (90)
ACEI/ARB 144 (85)
Beta Bloker 146 (86)
Nitrat 114 (67)
Statin 128 (75)

Tablo 7.

Medikal Tedavi
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Say1 (n) ; yiizde (%)

USAP 62 ( 36)
NSTEMI 15 (9)
Islem Endikasyonu STEMI 30 (18)
SAP 63 (37)
LAD ve yan dallar1 | 63 (37)
Cx ve yan dallar1 36 (21)
islem Yapilan Damar | RCA ve yan dallar1 | 63( 37)
Safen ven grefti 8 (5)
Stent tipi Ciplak stent 136 (80)
[lag kapli stent 34 (20)
Islem sonrasi Kontrol 157 (92)
KAG endikasyonu SAP 6 (4)
AKS 7(4)
Restenoz Var 67 (40)
Yok 103 (60)

Tablo 8: Hastalarn islem ve anjiyografik 6zellikleri

Minimum (mm) Maksimum (mm) Ortalama (mm) SS ()
ilk Cap 2 4 3,05 0,357
Son Cap 3 4 3,41 0,415
Uzunluk 8 33 20,42 5,94

Tablo 9: Islem &ncesi ve sonrasi lezyon ¢aplar1 ve uzunlugu
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Restenoz olan ve olmayan gruplar karsilastirildiginda gruplar arasinda demografik 6zellikler,
biyokimyasal parametreler ve aldiklart medikal tedavi agisindan fark yoktu ve bu parametreler
restenoz ile iligkili bulunmadi ( Tablo 10, Tablol11, Tablo 12). Restenozu olan hastalarin %
75’ inde diyabet yok iken %25’inde diyabet mevcut olup restenoz ile diyabet arasinda anlaml
iliski bulunmadi (p: 0.59). Hastalarin restenoz olan ve olmayan hastalarda islem oncesi
bakilan bazal MMP-9 diizeyleri sirasiyla 83+54,33 ve 83,89+53,27 olarak bulundu. MMP-9
diizeyleri ile restenoz arasinda anlamli bir iligki gozlenmedi (p: 0,91). Hastalarin bakilan
hsCRP diizeyleri sirasiyla 8,444+8,93 ve 5,67+5,42 olarak bulundu. MMP-9 diizeyleri ile
restenoz arasinda anlamli bir iliski gdzlenmedi (p:0.17). Ayrica hastanin yapilan spersman’s
bagint1 analizinde MMP-9 diizeyleri ile hsCRP diizeyleri arasinda zayif pozitif korelasyon
saptanmustir (r: 0.285) . Hastalarin islem ve anjiyografik 6zelliklerinin restenoz ile iliskisi
degerlendirildi. Stent tipi, ilk ¢ap ve son ¢ap ile restenoz iliskili bulunmustur ( Tablo13).
Ciplak stent takilan 59 olguda (% 43) restenoz goriiliirken, ila¢ kapli stent takilan 8 hastada
(% 23) restenoz gorilmistiir (p: 0.03). Restenoz ilag kapl stentli olgularda anlamli olarak
daha az goriilmiistiir. Restenozu olan hastalarda ortalama islem Oncesi lezyon g¢ap1 2,99
(£0,33) olup, restenozu olmayan hastalarda ortalama islem Oncesi lezyon ¢ap1 3,09 (£0,36)
olarak bulunmus olup islem Oncesi ¢ap ile restenoz arasinda anlamli iliski bulunmustur ( p:
0.04) . Restenozu olan hastalarda islem sonrasi ortalama son ¢ap 3,32 (+0.38) ve restenozu
olmayan hastalarda islem sonras1 ortalama son ¢ap 3,47 (£0,42) olarak bulunmus olup son ¢ap
ile restenoz arasinda anlamli iliski bulunmustur ( p:0.02). Restenozu olan hastalarda ortalama
lezyon uzunlugu 20,99 (+5,83) ve restenozu olmayan hastalarda ise ortalama lezyon uzunlugu
20,06 (£6,01) olarak bulunmus olup lezyon uzunlugu ile restenoz arasinda bir iliski

bulunamamastir (p:0.32).
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Demografik Ozellikler Restenoz (+); n (%) | Restenoz (-); n(%o) p degeri
Yas 59,27 (£ 9,54) 57,67 (+10,92) 0,31

E 55 (82) 78 (76) 0,32
Cinsiyet K 12 (18) 25 (24)
Hipertansiyon 35 (52) 63 (61) 0,25
Diabetes Mellitus 17 (25) 30 (29) 0,59
Dislipidemi 26 (39) 50 (49) 0,21
Sigara 41 (61) 60 (58) 0,70
Aile Oykiisii 21 (31) 45 (44) 0,10

Tablo 10: Demografik 6zelliklere gore restenoz sayilar ile demografik 6zellikler ve restenoz iliskisi

Medikasyon Restenoz(+); n (%) | Restenoz(-); n (%) | p Degeri

ASA Var 65 (97) 96 (93) 0,27
Yok 2(3) 7(7)

ACEi/ARB Var 57 (85) 87 (85) 0,91
Yok 10 (15) 16 (15)

B-Bloker Var 56 (84) 90 (87) 0,48
Yok 11 (16) 13 (13)

Nitrat Var 49 (73) 65 (63) 0,17
Yok 18 (27) 38 (37)

Statin Var 49 (73) 79 (77) 0,59
Yok 18 (27) 24 (23)

Klopidogrel Var 61 (91) 91 (90) 0,83
Yok 6 (9) 10 (10)

Tablo 11: Medikal tedavi ile rstenoz arasindaki iligki



Parametre Restenoz(+) Restenoz (-) p Degeri
SS (%) SS (%)
Aclik kan glukozu (mg/dl) | 125,91 59,53 121,12 57,22 0,61
HDL (mg/dl) 43,47 9,08 42,21 9,37 0,41
LDL (mg/dl) 112,00 38,50 108,82 34,78 0,57
Trigliserid (mg/dl) 167,46 115,48 186,50 175,70 0,46
GFR (ml/1.73m?/dk) 82,13 20,31 86,35 21,39 0,21
hsCRP (mg/L) 8,44 8,93 5,67 5,42 0,17
MMP-9 (ng/ml) 83,00 54,33 83,89 53,27 0,91

Tablo 12: Biyokimyasal parametreler ve restenoz arasindaki iligki

Parametreler Restenoz (+) Restenoz (-) p Degeri
Ilgili Damar; n (%) | LAD ve yan dallari 25 (37) 38 (37) 0,98

Cx ve yan dallar1 15 (22) 21 (20)

RCA ve yan dallan 24 (36) 39 (38)

Greft 3(5) 5(5)
Stent Tipi; n (%) Ciplak Stent 59 (88) 77 (75) 0,03

Ilag Kapli Stent 8(12) 26 (25)
ik cap 2,99 (£ 0,33) 3,09 (£0,36) 0,04
Lezyon Uzunlugu (mm) 20,99 (+ 5,83) 20,06 (+ 6,01) 0,32
Son ¢ap (mm) 3,32 (0,38) 3,47 (£0,42) 0,02

Tablo 13: Islem ve anjiyografik 6zellikler ile restenoz arasindaki iligki
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4. TARTISMA

Calismamizin amaci stent implantasyonu yapilan elektif olgularda bazal MMP-9
diizeyi ile stent restenozu arasinda iligkiyi saptamakti. Caligmamiza stent implantasyonu
yapilan ve kontrol koroner anjiyografisi yapilmis olan 170 hasta alindi. Restenozla iliskili
durumlar agisindan da hastalar detayli olarak degerlendirildi ve ¢alismamizda bu faktorler de

g6z o6niinde bulundurulup MMP-9 diizeyleriyle beraber degerlendirildi.

SR' u esas olarak isleme bagl zedelenme sonrasinda neointimal DKH proliferasyonu
ile iligkili olup, bu patofizyolojik siliregte MMP-9 ekspresyonunun anlamh sekilde arttig
gosterilmistir (167,168,178). Gregory T. Jones ve arkadaslar1 1 yillik takipte bare metal stent
implantasyonu yapilip SR' u gelisen olgularda SR' gelismeyenlere gore aktif MMP-9
diizeylerini anlamli olarak yiiksek bulmuslar ve ¢iplak stent implantasyonu yapilan olgularda
stent restenozu i¢in bagimsiz risk faktorii olabilecegi 6ne siirtilmiistiir (178). Ancak Gregory
T. Jones ve arkadaslar1 1 yillik takip sonrast SR varligi ortaya konduktan sonra olgulardan
kan orneklerini alarak MMP-9 diizeylerini degerlendirmislerdir. Bizim g¢alismamizda ise
ornekler islemden hemen oOnce alinip bazal MMP-9 diizeylerine gore degerlendirme
yapilmistir. Biz, ¢alismamizda bazal MMP-9 diizeyleri ile SR u arasinda herhangi bir iligki
saptayamadik ( p: 0.91).

Ayrica MMP-9 igin kontrol markeri olarak hs-CRP kullanilmistir. Gregory T Jones
ve arkadaslarinin yaptig1 ¢alismada MMP-9 diizeyleri ile restenoz arasinda anlaml bir iligki
bulunurken, hsCRP diizeyleri ile MMP-9 diizeyleri arasinda herhangi bir iligki
bulunamamistir (178). Calismamizda 80 hastada hsCRP diizeyleri saptanmis olup bu hasta
populasyonunda yapilan spearman’s baginti analizinde hsCRP ile MMP-9 arasinda pozitif
korelasyon gozlenmekle birlikte yapilan lojistik regresyon analizinde her iki marker ile

restenoz arasinda bir iligki saptayamadik ( p:0.17, p:0,91 sirasiyla).

PKG yapilan olgularda diyabet stent restenozu i¢in en énemli klinik prediktér olup,
diyabetik hastalarda metal stentler balon anjiyoplastiye oranla restenoz ve tekrar
revaskiilarizasyon ihtiyacini azaltmis olsa da bu oranlar halen diyabetik olmayanlara goére
yiiksektir (179-182) ve diyabet varliginin restenoz riskini % 50 oraninda arttirdigi
gosterilmistir (183-186). NHBLI PTCA ( National Heart Lung, and Blood Instute-
Percutaneous Transluminal Coronary Angioplasty) kayitlarina gore sadece anjiyoplasti

yapilan ve diyabeti olan olgularda restenoz orani %52-62 ile stent implantasyonu yapilan ve
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diyabeti olan olgularda bu oran %25-30 olarak bildirilmistir (187). Stent Registry analizinde
90. giin major kardiyak olay siklig1 ve hedef damar revaskiilarizasyonu tiim diyabetik hastalar
icin % 3.8 ve %1.0, insiilin bagimli olanlar i¢in %4.9 ve %0.8, insiilin bagimli olmayanlar
icin %3.3 ve %]1.1 olarak buslunmustur (188). TAXUS II,IV ve VI' nin sonuglarini izleyen bir
metaanalizde diyabetik hastalarda damar ¢apinin anlamli olarak daha kiiciik, lezyonlarin daha
uzun ve stent uzunlugunun daha fazla oldugu goriilmiistiir. Yine bu metaanalizde ¢iplak stent
takilan ve diyabeti olan hastalarda SR' u %32.9 iken diyabeti olmayanlarda %22.9 ve IKS
takilan ve diyabeti olan olgularda % 4.4 iken olmayanlarda % 4.9 olarak bulunmustur (189).
Bizim ¢alismamizda ise 47 hastada diyabet oykiisii olup 17 diyabetik olguda stent igi restenoz
saptanmistir ve yapilan Ki-kare testinde her iki grup arasinda anlamli fark bulunmad (p:0.59).

Biz bu durumu hasta sayisinin yeterli diizeyde olmamasi ile iliskilendirdik.

Koroner morfoloji de PKG sonrasi klinik ve anjiyografik restenoz gelisiminde 6nemli
risk faktoriidiir. Restenozla iliskili en 6nemli lezyon 6zellikleri referans damar capi, islem
oncesi minimal limen ¢ap1, lezyon uzunlugu ve islem sonrasi minimal liimen ¢apidir (189)
Stentleme sorasi veya anjiyoplasti sonrasi anjiyografik restenoz oran1 damar ¢apu ile ters iligki
gosterecek sekilde % 50' lere varan oranda goriilebilir (191-193). 2.8 mm den kiigiik referans
damar cap1 olan ve islem Oncesi minimal liimen ¢ap1 kii¢iik olan lezyonlar artmis restenoz 6n
goriiciisii olarak bulunmustur (193-195). SIRIUS c¢alismasinda ¢iplak stent veya IKS takilan
olgularda damar capi ile restenoz arasinda anlamli iligki saptanmistir (196). Dort koroner stent
caligmasini igeren bir metaanalizde restenoz i¢in en onemli ongoriicii olarak bulunmustur
(197). Degertekin ve ark. lari, > 36 mm lezyon uzunlugu olan damara stent implantasyonu
sonrasinda 6 aylik takipte restenoz oranimni %11.9 olarak bildirmislerdir (198). Bizim
calismamizda referans damar gapi, son gap ve stent tipi agisindan gruplar arasinda anlamli
fark saptanirken (p:0.04, p:0.02, p:0.03 sirasiyla), lezyon uzunlugu agisindan istatistiksel
anlamli bir fark saptanmadi (p:0,32). Yapilan multivaryant analizde restenozun

ongordiiriictileri stent tipi ve son ¢ap olarak saptadik (p:0,21 ,p:0,21 sirasiyla).

IKS' lerle yapilan hayvan g¢aligmalarinda neointimal hiperplazinin anlamli olarak azaldig
gosterilmistir (199-200). Sirolimus kapl stentlerle yapilan ilk kez insan da yapilan First in
Man calismasinda IVUS ve anjiyografi ile neointimal hiperplazinin minimal diizeyde kaldig1
goriilmiistiir (201). Benzer sekilde SIRIUS c¢alismasinda konvansiyonel stentlerle restenoz
orant %36.3 iken sirolimus kapli stent implante edilen olgularda restenoz oran1 % 8.9 olarak

bulunmus ve SKS ler restenoz oranini anlamli olarak azaltmistir (202-203). Daha uzun ve
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kii¢iik lezyonlara girisim yapilan E-SIRIUS ¢alismasinda 8 aylik stent restenoz oran1 SKS de
ciplak stente gore anlamli olarak daha az bulundu (%3.9, %41.7 ; sirasiyla) (204). Yine
RAVEL c¢alisgmasinda diyabetik hastalarda SKS ile metal stentlere gore anlamli olarak
restenozda azalma bildirilmistir (205). Benzer sekilde paklitaksel stentlerle de neointimal
proliferasyon ve restenoz oranlarinda anlamli azalmalar saptanmistir (200). Yapilan
caligmalar gostermistir ki ilag kapli stentler c¢iplak stentlere gore restenoz riskini
azaltmistirlardir (206). Daha Onceki g¢alismalara benzer sekilde bizim g¢alismamizda da
restenoz ile stent tipi arasinda anlamli iliski bulunmus ve IKS implantasyonu yapilan

hastalarda restenoz daha az gériilmiistiir (p: 0.03).
5. SONUC

Calismamizda, hem ¢iplak stent implantasyonu hem de ilag kapli stent implantasyonu
yapilan olgularda islem oncesi bakilan bazal serum MMP-9 diizeyleri ile restenoz arasinda bir
iligki saptanmamuistir. Caligmamizda ilk ¢ap, son ¢ap ve stent tipi ile restenoz arasinda anlaml
iliski bulunmusken, lezyon uzunlugu ile restenoz arasinda amlamli bir ilski bulunmamustir.
Yapilan logistik regresyon analizine gore stent tipi ve son g¢ap restenozun Ongordiiriiciileri

olarak bulunmustur.

36



6. KAYNAKLAR

1) Kayikcioglu M, Saygi S. Koroner ve Koroner Digt Damarlarin Vaskiiler Biyolojisi ve Ateroskleroz. Editor
Kumral E. Yiiksek Kardiyovaskiiler Risk .Giines Kitabevi 2007; Boliim 2.

2) Gaziano J M. Global Burden of Cardiovascular Disease.Braunwald E, Zipes D P, Libby P. Editors. Heart Disease,
6th edition. W.B. Saunders Company:2001; Béliim 1.

3) American Heart Association 2001Heart and Stroke Statistical Update ,American Heart Association Dallas, Texas (
2000).

4) TEKHARF. Tiirk Eriskinlerinde Kalp Sagligi, Risk Profili ve Kalp Hastal. Onat A (Editor).

5) Ross R, Glomset JA. The pathogenesis of Atherosclerosis. N Eng J Med 1976 ;295: 420-25.

6) Robert A. Vogel, Miller M. Epidemiology, primary prevention, and management of coronary heart disease.

Richard P Lewis Editor. Adult Clinical Cardiology Self Assessment Program 6 Version. Book 3. 2007
Edition.American College of Cardiology Foundation 2005.Chapter 1.

7) Ross R. Atherosclerosis-An Inflamatory Disease 1999; 340: 115-126
8) Vogel RA.Cholesterol Lowering and endotelial function. Am J Med 1999;107:479-487.
9) Alexander RW, Dzau VJ. Vascular biology: the past 50 years.Circulation 2000;102:1VV112-6

10) Ignasi Carrio *, Atherosclerosis and thrombus , International Congress Series 1228 (2002) 183— 188

11) Cai H, Harrison DG. Endotelial Dysfunction In Cardiovascular Disease : The Role Of Oxidant Stres. Circ Res
2000;87 840-844.

12) Namrata Chhabra, Endothelial dysfunction — A predictor of atherosclerosis internet Journal of Medical Update,
Vol. 4, No. 1, January 2009,

13) Quang T. Bui, et al. Atherosclerotic plagque development, The International Journal of Biochemistry & Cell
Biology 41 (2009) 2109-2113.

14) Radjesh J. Bisoendial, John J.P. Kastelein, Erik S.G. Stroes, C-reactive protein and atherogenesis: From fatty
streak to clinical event. Atherosclerosis 195 (2007) e10—e18

15) Navab M, Berliner JA, Watson AD,et al. The Yin and Yang of oxidation of the fatty streak. A review based on the
1994 George Lyman Duff Memorial Lecture . Atherosclerosis Trombosis Vasc Biol 1996;16: 831-42.

16) Mach F, Schonbeck U, Sukhova GK, et al. Reduction of atherosclerosis in mice by inhibition of CD40 signalling.
Nature 1998; 394:200-3

17) Libby P, Ridker PM, Maseri A. Inflamation and atherosclerosis. Circulation 2002;105:1135-43.

37



18) Pearson TA, Mensah GA, Alexander RW, et al. Markers of inflamation and cardiovascular disease: Application
to clinical and public health practice: A statement for heathcare professionals from the Centers for Disease Control and
Prevention and the American Heart Association. Circulation 2003 ;107:499-511.

19) Hackam DG, Anand SS. Emerging risk factor for atherosclerotic vasciular disease: a critical review of the

evidence. JAMA 2003;290:932-40.

20) Taylor AJ, Merz CN,Udelson JE. 34th Bethesda Conference: Executive summary-Can athjerosclerosis imging

techniquesimprovethe detection of patients at risk for ischemic heart disease? J Am Coll Cardiol2003;41:1860-2.

21) Kondos GT, Hoff JA, Sevkurov A.et al. Electron-beam tomography coronary artery calcium and cardiac events: a

37- months follw -up of 5635 initially asymptamatic low- to intermediate- risk adults.Circulation 2003;107: 2571-6.

22) Lale Tokg6zoglu, Ateroskleroz ve inflamasyonun rolii, Tiirk Kardiyol Dern Ars - Arch Turk Soc Cardiol 2009;37
Suppl 4:1-6.

23) Falk E, Shah PK, Fuster V. Coronary plaque disruption. Circulation 1995;92:657-71.
24) Libby P. Molecular bases of the acute coronary syndromes. Circulation 1995;91:2844-50.

25) Sima AV, Stancu CS, Simionescu M. Vascular endothelium in atherosclerosis. Cell Tissue Res 2009;335:191-
203.

26) Luis AJ. Atherosclerosis. Nature 2000. Sep 14;407( 6801): 233-41
27) Alain Tedgui and Ziad Mallat. Physiol Rev. 86:515-581, 2006.

28) Hansson GK, Nilsson J.The pathogenesis of atherosclerosis. Crawford M H, Dimarco J P, editors. Cardiology.
Mosby 2003: p1.1-1.12.

29) Stary, H. C. ve ark.Circulation 1995;92:1355-1374
30) Berenson GS.et al. Bogalusa Heart Study. N Engl J Med 1998; 338: 1650-1656.

31) Gotto AM Jr, Witney E, Stein EA, et al.relation between baseline and on treatment lipid parameters and first
acute coronary events in the Air Dorce/Texas Coronary Athjerosclerosis Prevention Study (AFCAPS/TexCAPS).
Circulation 2000;101:477-84

32) Heart Protection Study Collaborative Group.MRC/BHF Heart Protection Study of cholesterol lowering with
simvastatin in 20,536 high risk individuals:a randomised controlled trial. Lancet 2002;360:7-22.

33) Shepherd J, Blauw GJ, Murphy MB, et al. Pravastatin in elderly individuals at risk of vascular disease
(PROSPER): a randomised controlled trial. Lancet 2002;360:1623-30.

34) Sever S,Dahlof B,Poulter NR,et al. Prevention of coronary and stroke events with atorvastatin in hypertensive

patients who have average or lower than average cholesterol concentrations, in the Anglo-Scandinavian Cardiac

38



Outcomes  Trial-Lipid Lowering Arm (ASCOT-LLA): a multicentre randomised controlled trial.
Lancet2003;361:1149-58.

35) Colhoun HM, Thomason MJ, Mackness MI, et al. Design of the Collaborative AtoRvastatin Diabetes Study
(CARDS) in patients with type 2 diabetes. Diabet Med 2002;19: 201-11.

36) Ursula Rauch, Juliol Osende, Valentin Fuster , Juan J. Badimon, Zahi Fayad, and James H.Chesebro, Thrombus
Formation on Atherosclerotic Plaques. Ann Intern Med. 2001;134:224-238.

37) Virani SS, Polsani VR, Nambi V. Novel markers of inflammation in atherosclerosis. Curr Atheroscler Rep
2008;10:164-70.

38) Zhang C. The role of inflammatory cytokines in endothelial dysfunction. Basic Res Cardiol 2008;103:398-406.

39) Rizzo M, Corrado E, Coppola G, Muratori I, Novo G, Novo S. Markers of inflammation are strong predictors of

subclinical and clinical atherosclerosis in women with hypertension. Coron Artery Dis 2009;20:15-20.

40) Kol A, Sukhova G ,Litcman A, et al: Clamydial heart shock protein 60 localize in human atheroma and regulates

macrophage TNF-alpha and matrix metalloproteinase expression. Circulation1998;98:300-307.

41) Kol A, Bourcier T,Litcman AH, et al: Clamydial heart shock protein 60s activate human vascular endotelium,

smooth muscle cells, and macrophages. J Clin Invest 1999;103:571-577.

42) Kalayoglu MV, Byrne GI: Introduction of macrophage foam cell formation by chlamydia pneumoniae. J Infect
Dis 1998;177:725-729.

43) Kalayoglu MV, Bryne Gl. Fibrinojen ateroskleroz i¢in risk faktoriidiir. Chlamydia pneumoniae component that

induces macrophage foam cell formation is chlamidial lipopolysaccharide. Infect immun 1998: 66;5067-5072.
44) Homma Y. Predictors of atherosclerosis. CJ Atheroscler Thromb.2004; 11:265-270.

45) Alizadeh Dehnavi R, de Roos A, Rabelink TJ, van Pelt J, Wensink MJ, Romijn JA, et al. Elevated CRP levels are

associated with increased carotid atherosclerosis independent of visceral obesity. Atherosclerosis 2008;200:417-23.

46) Halvorsen B, Otterdal K, Dahl TB, Skjelland M, Gullestad L, @ie E, et al. Atherosclerotic plaque stability--what
determines the fate of a plaque? Prog Cardiovasc Dis 2008;51:183-94.

47) Ridker PM, Silvertown JD. Inflammation, C-reactive protein, and atherothrombosis. J Periodontol 2008;79(8
Suppl):1544-51.

48) Fransisco Lopez-Jimenez, Justo Sierra Johnson, et al. Dyslipidemia and classical factors for
atherosclerosis.Joseph G. Murphy, Margaret A. Lloyd, editors. Mayo Clinic Cardiology. Third edition. Mayo
Foundation for Medical Education and Rsearch 2007. Chapter 58.

49) Zorina S. Galis, Jaikirshan J. Khatri. Matrix Metalloproteinases in Vascular Remodeling and Atherogenesis. The
good, the bad, and the ugly. 2002;90;251-262 Circ. Res..
39



50) Peter Libby . Current Concepts of the Pathogenesis of the Acute Coronary Syndromes. Circulation 2001;104:365-
372.

51) Lowe HC, Oesterle SN, Khacgian LM. Coronary in-stent restenosis: current status and future strategies. J Am
Coll Cardiol 2002;39:183-93.

52) Rajagopal V, Rockson SG. Coronary restenosis: a review of mechanism and mangement. Am J Med 2003;
115:547-553.
53) Bennet MR . In-stent restenosis: pathologyand implications for the development of drug eluting stents. Heart

2003;89:218-24.

54) Ong AT, Aoki J, Mc Fadden EP, Serruys PW. Classification and current treatment options of in-stent restenosis.

Present status and future perspectives. Herz 2004;29:187-94.

55) Giirmen T, Ozkan AA. Stent I¢i Restenoz ve Tedavi Yaklasimlari. Editérler Oto A, Ergene O, Kozan 0, Hkay E,
Kursaklioglu H, Degertekin M, Aytemir K . Girisimsel Kardiyoloji Birinci Baski. Erkem Tibbi Yayincilik 2007. S
213-224.

56) Gregg W. Stone. Coronary Stenting. Donald S. Baim editor. Grossman's Cardiac Catheherization, Angiography,
and Intervention. 7th edition. Lippincott Williams 2006. Chapter 24.

57) Serruys PW, de Kiemeneji F, et al. A comparison of balloon-expandable-stent implantation with balloon

angioplasty in patients with coronary artery diseas. Benestent Study Group. N Eng J Med. 1994;331:489-95.

58) David L Fischman, Martin B Leon, Donald S Baim, et al. A randomised comparison of coronary-stent placement
and ballon angioplasty in the treatment of coronary artery diseas. Stent restenosis Study Investigators. N Eng J Med
1994; 331:496-501.

59) Stone GW, Ellis SG, Cox DA, Hermiller J, O’Shaughnessy C, Mann JT, et al. A polymer-based, paclitaxel-eluting
stent in patients with coronary artery disease. N Engl J Med 2004;350:221-31.

60) Moses JW, Leon MB, Popma JJ, Fitzgerald PJ, Holmes DR, O’Shaughnessy C, et al. Sirolimus-eluting stents

versus standard stents in patients with stenosis in a native coronary artery. N Engl J Med 2003; 349:1315-23.

61) Dogan A, Kozan O, Tiiziin N. Stent-ici Restenozun Fizyopatolojisi ve Tedavisi. Tiirk Kardiyol Dern Ars 2005;
33:115-125

62) Asakura M, Ueda Y, Nanto S ,et al. Remodeling of in-stent neointima which became thinner and transparent over

3 years: Serial angiographic and angioscopic follow up. Circulation 1998;97:2003-2006.

63) Kimura T, Nosoka H, Yokoi H, lwabuchi M, Nobuyoshi M. Serial angiography follow up after Palmaz Schatz

stent implantation: comparison with conventional balloon angioplasty. J Am Coll Cardiol 1993;21:1557-1563.

40



64) Farb A, Sangiorgi G, Carter AJ, et al. Pathology of acute and chronic coronary stenting in humans. Circulation
1999;99:44-52.

65) Hoffmann R, Mintz CS, Dussaillant GR, et al. Patterns and mechanisms of in-stent restenosis.A serial
intravascular ultrasound study. Circulation 1996;94:1247-1254.

66) AKibos, A.Campeanu, LTintoru. Pathophysiology of coronary artery in-Stent  restenosis.
AcuteCardiacCare.2007;9:111-119

67) Mintz GS, Popma JJ, Pichard AD, et al. Arterial remodeling after coronary angioplasty. A serial intravascular
ultrasound study. Circulation.1996;94:35-43.

68) Pakala R, Willerson JT, Benedict CR. Effect of serotonin, thromboxane A2, and specific receptor antagonists on

vascular smooth muscle cell proliferation. Circulation 1997;96:2280-6.

69) Moreno PR, Palacios IF, Leon MN, Rhodes J, Fuster V, Fallon JT. Histopathologic comparison of human

coronary in-stent and post-balloon angioplasty restenotic tissue. Am J Cardiol 1999;84:462-6.

70) Chung I-M, Gold HK, Schwartz SM, Ikari Y, Reidy MA, Wight TN. Enhanced extracellular matrix accumulation

in restenosis of coronary arteries after stent deployment. J Am Coll Cardiol 2002; 40: 2072-81.
71) WilliamS.Weintraub. ThePathophysiology and Burden of Restenosis Am J Cardiol 2007;100:3-9.

72) El-Omar MM, Dangas G, lakovou I, Mehran R. Update on in-stent restenosis. Curr Interv Cardiol Rep 2001;3:
296-305.

73) Cutlip DE, Chauhan MS, Baim DS, Ho KK, Popma JJ, Carrozza JP, et al. Clinical restenosis after coronary
stenting: perspectives from multicenter clinical trials. J Am Coll Cardiol 2002;40:2082-9.

74) Abizaid A, Kornowski R, Mintz GS, Hong MK, Abizaid AS, Mehran R, et al. The influence of diabetes mellitus

on acute and late clinical outcomes following coronary stent implantation. J Am Coll Cardiol 1998; 32:584-9.

75) Roxana Mehran, George Dangas, Andrea S. Abizaid, Gary S. Mintz, Alexandra J. Lansky, Lowell F. Satler,
Augusto D. Pichard, Kenneth M. Kent, Gregg W. Stone and Martin B. Leon. Angiographic Patterns of In-Stent

Restenosis : Classification and Implications for Long-Term Outcome. Circulation 1999;100;1872-1878.

76) Thibaud Meurice, Christophe Bauters, Xavier Hermant, Valérie Codron, Eric VanBelle, Eugéne P Mc Fadden,
Jean-Marc Lablanche, Michel E Bertrand, Philippe Amouyel. Effect of ACE inhibitors on angiographic restenosis
after coronary stenting (PARIS): a randomised, double-blind, placebo-controlled trial. The Lancet, Volume 357, 1321
- 1324

77) Seong-Wook Park, Cheol Whan Lee , Hyun-Sook Kim, Nae-Hee Lee, Deuk Young Nah, Myeong-Ki Hong, Jae-
Joong Kim, Seung-Jung Park. Effects of cilostazol on angiographic restenosis after coronary stent placement. Am j
cardiol, Volume 86, Issue 5, Pages 499-503.

41


http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=Thibaud+Meurice
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=Christophe+Bauters
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=Xavier+Hermant
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=Val%C3%A9rie+Codron
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=Eric+VanBelle
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=Eug%C3%A8ne%20P%20Mc+Fadden
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=Michel%20E+Bertrand
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=Philippe+Amouyel
http://www.thelancet.com/journals/lancet/issue/vol357no9265/PIIS0140-6736%2800%29X0239-5
http://www.ajconline.org/article/S0002-9149%2800%2901001-8/abstract
http://www.ajconline.org/article/S0002-9149%2800%2901001-8/abstract
http://www.ajconline.org/article/S0002-9149%2800%2901001-8/abstract
http://www.ajconline.org/article/S0002-9149%2800%2901001-8/abstract
http://www.ajconline.org/article/S0002-9149%2800%2901001-8/abstract
http://www.ajconline.org/article/S0002-9149%2800%2901001-8/abstract
http://www.ajconline.org/article/S0002-9149%2800%2901001-8/abstract
http://www.ajconline.org/article/S0002-9149%2800%2901001-8/abstract
http://www.ajconline.org/article/S0002-9149%2800%2901001-8/abstract
http://www.ajconline.org/issues?Vol=86
http://www.ajconline.org/issues/contents?issue_key=S0002-9149%2800%29X0178-6

78) Weintraub WS, Foster J, Culler SD, Becker ER, Parker K, Zhang Z, Kolm P, Douglas JS Jr. Methods for the
economic and quality of life supplement to the cilostazol for RESTenosis (CREST) trial. J Invasive Cardiol. 2004
May;16(5):257-9.

79) Serruys PW, Foley DP, Pieper M, Kleijne JA, de Feyter PJ. The TRAPIST Study. A multicentre randomized
placebo controlled clinical trial of trapidil for prevention of restenosis after coronary stenting, measured by 3-D
intravascular ultrasound. Eur Heart J. 2001 Oct;22(20):1938-47.

80) Serruys PW, Rutsch W, Heyndrickx GR, Danchin N, Mast EG, Wijns W, Rensing BJ, Vos J, Stibbe J. Prevention
of restenosis after percutaneous transluminal coronary angioplasty with thromboxane A2-receptor blockade. A
randomized, double-blind, placebo-controlled trial. Coronary Artery Restenosis Prevention on Repeated
Thromboxane-Antagonism Study (CARPORT). Circulation. 1991 Oct;84(4):1568-80.

81) Holmes D, Fitzgerald P, Goldberg S, LaBlanche J, Lincoff AM, Savage M, Serruys PW, Willerson J, Granett JR,
Chan R, Shusterman NH, Poland M. The PRESTO (Prevention of restenosis with tranilast and its outcomes) protocol:
a double-blind, placebo-controlled trial. Am Heart J. 2000 Jan;139(1 Pt 1):23-31.

82) Jargensen B, Simonsen S, Endresen K, Forfang K, Vatne K, Hansen J, Webb J, Buller C, Goulet G, Erikssen J,
Thaulow E. Restenosis and clinical outcome in patients treated with amlodipine after angioplasty: results from the
Coronary AngioPlasty Amlodipine REStenosis Study (CAPARES). J Am Coll Cardiol. 2000 Mar 1;35(3):592-9.

83) Serruys PW, Foley DP, Jackson G, Bonnier H, Macaya C, Vrolix M, Branzi A, Shepherd J, Suryapranata H,
de Feyter PJ, Melkert R, van Es GA, Pfister PJ. A randomized placebo-controlled trial of fluvastatin for
prevention of restenosis after successful coronary balloon angioplasty; final results of the fluvastatin
angiographic restenosis (FLARE) trial. Eur Heart J. 1999 Jan;20(1):58-69.

84) Nissen SE, Tuzcu EM, Schoenhagen P, Brown BG, Ganz P, Vogel RA, Crowe T, Howard G, Cooper CJ, Brodie
B, Grines CL, DeMaria AN. Effect of intensive compared with moderate lipid-lowering therapy on progression of
coronary atherosclerosis: a randomized controlled trial. JAMA. 2004 Mar 3;291(9):1071-80.

85) Serruys PW, Foley DP, Hofling B, Puel J, Glogar HD, Seabra-Gomes R, Goicolea J, Coste P, Rutsch W, Katus
H, Bonnier H, Wijns W, Betriu A, Hauf-Zachariou U, van Swijndregt EM, Melkert R, Simon R. Carvedilol for
prevention of restenosis after directional coronary atherectomy : final results of the European carvedilol atherectomy
restenosis (EUROCARE) trial. Circulation. 2000 Apr 4;101(13):1512-8.

86) Tardif JC, Coté G, Lespérance J, Bourassa M, Lambert J, Doucet S, Bilodeau L, Nattel S, de Guise P. Probucol
and multivitamins in the prevention of restenosis after coronary angioplasty. Multivitamins and Probucol Study Group.
N Engl J Med. 1997 Aug 7;337(6):365-72.

87) Schnyder G, Roffi M, Pin R, Flammer Y, Lange H, Eberli FR, Meier B, Turi ZG, Hess OM. Decreased rate of
coronary restenosis after lowering of plasma homocysteine levels. N Engl J Med. 2001 Nov 29;345(22):1593-600.

42


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Weintraub%20WS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Foster%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Culler%20SD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Becker%20ER%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Parker%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhang%20Z%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kolm%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Douglas%20JS%20Jr%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'J%20Invasive%20Cardiol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Serruys%20PW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Foley%20DP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pieper%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kleijne%20JA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22de%20Feyter%20PJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'Eur%20Heart%20J.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Serruys%20PW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rutsch%20W%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Heyndrickx%20GR%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Danchin%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mast%20EG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wijns%20W%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rensing%20BJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vos%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stibbe%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'Circulation.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Holmes%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fitzgerald%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Goldberg%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22LaBlanche%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lincoff%20AM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Savage%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Serruys%20PW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Willerson%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Granett%20JR%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chan%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shusterman%20NH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Poland%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'Am%20Heart%20J.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22J%C3%B8rgensen%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Simonsen%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Endresen%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Forfang%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vatne%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hansen%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Webb%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Buller%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Goulet%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Erikssen%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Thaulow%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'J%20Am%20Coll%20Cardiol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Serruys%20PW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Foley%20DP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jackson%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bonnier%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Macaya%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vrolix%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Branzi%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shepherd%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Suryapranata%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22de%20Feyter%20PJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Melkert%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20Es%20GA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pfister%20PJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'Eur%20Heart%20J.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nissen%20SE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tuzcu%20EM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schoenhagen%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brown%20BG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ganz%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vogel%20RA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Crowe%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Howard%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cooper%20CJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brodie%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brodie%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Grines%20CL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22DeMaria%20AN%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'JAMA.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Serruys%20PW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Foley%20DP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22H%C3%B6fling%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Puel%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Glogar%20HD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Seabra-Gomes%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Goicolea%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Coste%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rutsch%20W%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Katus%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Katus%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bonnier%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wijns%20W%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Betriu%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hauf-Zachariou%20U%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20Swijndregt%20EM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Melkert%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Simon%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'Circulation.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tardif%20JC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22C%C3%B6t%C3%A9%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lesp%C3%A9rance%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bourassa%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lambert%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Doucet%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bilodeau%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nattel%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22de%20Guise%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'N%20Engl%20J%20Med.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schnyder%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Roffi%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pin%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Flammer%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lange%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Eberli%20FR%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Meier%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Turi%20ZG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hess%20OM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'N%20Engl%20J%20Med.');

88) Stone GW, Grines CL, Cox DA, Garcia E, Tcheng JE, Griffin JJ, Guagliumi G, Stuckey T, Turco M, Carroll JD,
Rutherford BD, Lansky AJ. Comparison of angioplasty with stenting, with or without abciximab, in acute myocardial
infarction. N Engl J Med. 2002 Mar 28;346(13):957-66.

89) Gimple LW, Herrmann HC, Winniford M, Mammen E. Usefulness of subcutaneous low molecular weight heparin
(ardeparin) for reduction of restenosis after percutaneous transluminal coronary angioplasty. Am J Cardiol. 1999 Jun
1;83(11):1524-9.

90) Serruys PW, Herrman JP, Simon R, Rutsch W, Bode C, Laarman GJ, van Dijk R, van den Bos AA, Umans VA,
Fox KA, et al. A comparison of hirudin with heparin in the prevention of restenosis after coronary angioplasty. N Engl
J Med. 1995 Sep 21;333(12):757-63.

91) Ozcan Ozdemir ve ark.,Perkiitan Koroner Anjiyoplasti Sonrasi Gelisen Restenozun ve Restenoza Etki Eden
Faktorlerin Tedavisi, Tiirk Kardiyol. Dern. Ars. 2002;30: 710-719.

92) Buket Reel, Matriks Metalloproteinaz Enzimleri ve Ateroskleroz. Turkiye Klinikleri J Med Sci 2006, 26:527-537
93) Libby P, Lee RT. Matrix matters. Circulation 2000;102: 1874-6. BR2

94) Massova I, Kotra LP, Fridman R, Mobashery S. Matrix metalloproteinases: Structures, evolution, and
diversification. FASEB J 1998;12:1075-95.

95) Lodish H, Berk A, Zipursky SL, Matsudaira P, Baltimore D, Darnell J. Molecular Cell Biology. 4th ed. New
York: W.H. Freeman and Company; 1999p.968-93.

96) Jacob MP, Badier-Commander C, Fontaine V, Benazzoug Y, Feldman L, Michel, JB. Extracellular matrix
remodeling in the vascular wall. Pathol Biol 2001;49:326-32.

97) Victor J. Ferrans. New Insights Into the World of Matrix Metalloproteinases. Circulation 2002;105;405-407.

98) McDonnellS,MorganM,LynchC.Role of matrixmetalloproteinases in normal and disease processes.
BiochemSocTrans.1999;27:734-740.

99) Noboru Watanabe and Uichi lkeda. Matrix Metalloproteinases and Atherosclerosis. Current Atherosclerosis
Reports 2004, 6:112—-120.

100)  Arturo Garcia-Touchard , Timothy D. Henry, Guiseppe Sangiorgi, et all. Extracellular proteses in atherosclerosis
and restenosis. Arterioscler Tromb Vasc Biol. 2005;25:1119-1127.

101) Opdenakker G, VandenSteen PE, Dubois B,et al.Gelatinase B functions as regulator and effector in leukocyte
biology. J Leukoc Biol.2001;69:851-859.

102) Kuzuya M, Iguchi A. Role of matrix metalloproteinases in vascular remodeling. J Atheroscler Thromb
2003;10:275-82.

43


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stone%20GW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Grines%20CL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cox%20DA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Garcia%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tcheng%20JE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Griffin%20JJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Guagliumi%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stuckey%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Turco%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Carroll%20JD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rutherford%20BD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lansky%20AJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'N%20Engl%20J%20Med.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gimple%20LW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Herrmann%20HC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Winniford%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mammen%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'Am%20J%20Cardiol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Serruys%20PW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Herrman%20JP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Simon%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rutsch%20W%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bode%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Laarman%20GJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20Dijk%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22van%20den%20Bos%20AA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Umans%20VA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fox%20KA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'N%20Engl%20J%20Med.');
javascript:AL_get(this,%20'jour',%20'N%20Engl%20J%20Med.');

103) Vihinen P, Kahari VM. Matrix metalloproteinases in cancer: Prognostic markers and therapeutic targets. Int J
Cancer 2002;99:157-66.

104) Nagase H, Woessner JFJr. Matrix metalloproteinases. J Biol Chem 1999; 274:21491-21494.

105) Visse R, Nagase H. Matrix metalloproteinases and tissue inhibitors of metalloproteinases: Structure, function, and
biochemistry. Circ Res 2003;92:827-39.

106) Nagase H. Activation mechanisms of matrix metalloproteinases. Biol Chem 1997;378:151-60.

107) Sternlicht MD, Werb Z. How matrix metalloproteinases regulate cell behavior. Annu Rev Cell Dev Biol
2001;17:463-516.

108)  Murphy G, Stanton H, Cowell S, et al. Mechanisms for promatrixmetalloproteinase activation.
APMIS.1999;107:38-44.

109) Gonzalez A, Segura A,Horiba K, et al. Matrixmetalloproteinases and their tissue inhibitors in the lesions of

cardiac and pulmonary sarcoidosis: an immunohistochemical study. Hum Pathol. Inpress.

110) José A. Paramo, Josune Orbe, José A. Rodriguez, Role of matrix metalloproteinases in atherosclerosis:
Pathophysiologic and terapeutic implications. Atherosclerosis Research, Division of Cardiovascular Pathophysiology,

School of Medicine, University of Navarra, Pamplona, Spain.

111) Garcia-Touchard A, Henry TD, Sangiorgi G, et al. Extracellular proteases in atherosclerosis and restenosis.
Arterioscler Thromb Vasc Biol 2005;25:1119-27.

112) Brew K, Dinakarpandian D, Nagase HU. Tissue inhibitors of metalloproteinases : evolution, structure and
function. Biochim Biophys Acta. 2000;1477:267—283.

113) Maeda H, OkamotoT, AkaikeT. Human matrix metalloprotease activation by insults of bacterial infection
involving proteases and free radicals. BiolChem.1998;379:193-200.

114) Hoekstra R, Eskens FA, Verweij J. Matrix metalloproteinase inhibitors: Current developments and future
perspectives. Oncologist 2001;6:415-27.

115) Jones CB, Sane DC, Herrington DM. Matrix metalloproteinases: A review of their structure and role in acute

coronary syndrome. Cardiovasc Res 2003;59:812-23.

116)  Dollery CM, McEwan JR, Henney AM. Matrix metalloproteinases and cardiovascular disease. Circ Res
1995;77:863-8.

117) Mook OR, Frederiks WM, Van Noorden CJ. The role of gelatinases in colorectal cancer progression and
metastasis. Biochim Biophys Acta 2004;1705: 69-89.

118)  Gomez D.E. Alonso D.F. Yoshiji H. and Thorgeirsson U.P.: Tissue inhibitors of metalloproteinases: structure,
regulation and biological functions. Eur. J. Cell Biol. 74(2):111-22; 1997.)
44



119) Lijnen H.R.: Extracellular proteolysis in the development and progression of atherosclerosis. Biochem. Soc.
Trans. 30(2);163-7; 2002.

120)  Stefan Agewall Matrix metalloproteinases and cardiovascular disease. European Heart Journal (2006) 27,121-122.

121)  Galateau-Salle FB, Luna RE, Horiba K, et al. Matrix metalloproteinases and tissue inhibitors of

metalloproteinases in bronchial squamous preinvasive lesions. Human Pathol.2000;31:296-305.

122)  Creemers EE, Cleutjens JP, Smits JF, et al. Matrix metalloproteinase inhibition after myocardial infarction: a new
approach to prevent heart failure? Circ Res. 2001;89:201-210.

123)  Vine N, Powell J . Metalloproteinases in degenerative aortic disease. Clin Sci.1991;81:233-239.

124) Newman K, Malon A, Shin R, et al. Matrix metalloproteinases in abdominal aortic aneurysm: characterization,

purification, and their possible sources. Connect Tissue Res.1994;30:265-276.

125) Newman K, Ogata Y, Malon A et al. Identification of matrix metalloproteinases 3 (stromelysin-1) and 9

(gelatinaseB) in abdominal aortic aneurysm. Arterioscler Thromb.1994;14:1315-1320.

126)  Knox J, Sukhova G, Whittemore A, et al. Evidence for altered balance between matrixmetalloproteinases and

their inhibitors in human aortic diseases. Circulation.1997;95:205-212.

127)  Carrell TW, Burnand KG, Wells GM, Clements JM, Smith A. Stromelysin-1 (matrix metalloproteinase-3) and
tissue inhibitor of metalloproteinase-3 are overexpressed in the wall of abdominal aortic aneurysms. Circulation 2002;
105:477-82.

128) Yoon S, Tromp G, Vongpunsawad S,et al. Genetic analysis of MMP 3, MMP 9, and PAI-1 in Finnish patients

with abdominal aortic or intracranial aneurysms. Biochem Biophys Res Commun.1999;265:563-568.

129)  Loftus IM, Naylor AR, Bell PR, Thompson MM. Matrixmetalloproteinases and atherosclerotic plaque instability.
Br J Surg 2002;89:680-94.

130) 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;94:2493-2503.

131) Loftus IM, Naylor AR, Goodall S,et al. Increased matrix metalloproteinase-9 activity in unstable carotid plagues.

A potentialrole in acute plaque disruption. Stroke 2000;31:40-7.

132)  Sukhova GK, Schonbeck U, Rabkin E, et al. Evidence for increased collagenolysis by interstitia lcollagenases-1

and -3 in vulnerable atheromatous plaques.
133) Ravn HB, Falk E.Histopathology of plaque rupture. CardiolClin 1999; 17:263270.

134) Ardans JA, Blum A, Mangan PR, Wientroub S, Cannon ROIIl, Wahl LM. Raloxifene-mediated increase in matrix
metalloproteinase-1production by activated monocytes. Arterioscler Thromb Vasc Biol 2001; 21:1265-1268.

45



135)  Abbruzzese TA, Guzman RJ, MartinRL, et al. Matrix metalloproteinase inhibition limits arterial enlargements in a
rodent arteriovenous fistula model. Surgery. 1998;124:328,334[discussion1998;124:334/335]

136) Brown DL, Hibbs MS,Kearney M, et al.ldentification of 92-kD gelatinase in human coronary atherosclerotic

lesions: association of active enzyme synthesis with unstable angina. Circulation. 1995;91:2125-2131.

137)  Strauss BH, Robinson R, Batchelor WB,et al. Invivo collagen turnover following experimental balloon

angioplasty injury and the role of matrix metalloproteinases. CircRes. 1996;79:541/550.

138) Bendeck MP,IrvinC, Reidy MA. Inhibition of matrix metalloproteinase activity inhibits smooth muscle cell

migration but not neointimal thickening after arterialinjury. CircRes.1996;78:3843.

139) Bendeck MP, Zempo N,Clowes AW, et al. Smooth muscle cell migration and matrix metalloproteinase expression
after arteria linjury in the rat. CircRes.1994;75:539,545.

140) Zempo N,Kenagy RD,Au Y P.et al. Matrix metallo proteinases of vascular wall cells are increased in balloon-

injured rat carotid artery. J Vasc Surg.1994;20:209217.

141)  Southgate KM,Fisher M,Banning AP.et al.Upregulation of basement membrane-degrading metalloproteinase

secretion after balloon injury of pig carotid arteries. CircRes.1996;79:1177,1187.

142) Marion J. Sierevogel, Gerard Pasterkamp, Evelyn Velema, Peter P.T. de Jaegere, Bart J. G. L. de Smet, Jan H.
Verheijen, Dominique P. V. de Kleijn and Cornelius Borst. Oral Matrix Metalloproteinase Inhibition and Arterial
Remodeling After Balloon Dilation : An Intravascular Ultrasound Study in the Pig. Circulation 2001;103;302-307

143)  Visse R,Nagase H. Matrix metalloproteinases and tissue inhibitors of metalloproteinases: structure, function,and
biochemistry.CircRes.2003;92:827-839.

144)  Skiles JW, Gonnella NC, Jeng AY. The design,structure,and therapeutic application of matrix metalloproteinase
inhibitors. Curr Med Chem.2001;8:425-474.

145) Beaudeux JL, Giral P, Bruckert E, Foglietti MJ, Chapman MJ. Matrix metalloproteinases, inflammation and
atherosclerosis: Therapeutic perspectives. Clin Chem Lab Med 2004;42:121-31.

146) Borkakoti N. Matrix metalloprotease inhibitors: Design from structure. Biochem Soc Trans 2004;32(Pt 1): 17-20.

147) Peterson JT. Matrix metalloproteinase inhibitor development and the remodeling of drug discovery. Heart Fail
Rev 2004;9:63-79.

148)  Zempo N, Koyama N, Kenagy RD, Lea HJ, Clowes AW. Regulation of vascular smooth muscle cell migration
and proliferation in vitro and in injured rat arteries by a synthetic matrix metalloproteinase inhibitor. Arterioscler
Thromb Vasc Biol 1996;16:2833.

149) Johan Sundstrém, Jane C. Evans, Emelia J. Benjamin, Daniel Levy, Martin G. Larson,Douglas B. Sawyer,

Deborah A. Siwik, Wilson S. Colucci, Patrice Sutherland, Peter W.F. Wilson and Ramachandran S. Vasan. Relations

46



of Plasma Matrix Metalloproteinase-9 to Clinical Cardiovascular RiskFactors and Echocardiographic Left Ventricular
Measures: The Framingham Heart Study. Circulation 2004;109;2850-2856.

150) J. Thomas Peterson, Hussein Hallak, Linda Johnson, Hua Li, Patrick M. O’Brien, Drago R. Sliskovic, Thomas M.
A. Bocan, Mytsi L. Coker, Takuma Etoh and Francis G. Spinale. Matrix Metalloproteinase Inhibition Attenuates Left
Ventricular Remodeling and Dysfunction in a Rat Model of Progressive Heart Failure. Circulation 2001;103;2303-
2309

151) Ducharme A, Frantz S, Aikawa M et al. Targeted deletion of matrixmetalloproteinase-9 attenuated left ventricular

enlargement and collagen accumulation after experimental myocardial infarction. J Clin Invest.2000;106:55!62.

152)  Carson S. Webb, David D. Bonnema, S. Hinan Ahmed, Amy H. Leonardi, Catherine D. McClure, Leslie L. Clark,
Robert E. Stroud, William C. Corn, Laura Finklea, Michael R. Zile and Francis G. Spinale. Specific Temporal Profile
of Matrix Metalloproteinase Release Occurs in Patients After Myocardial Infarction: Relation to Left Ventricular
Remodeling. Circulation 2006;114;1020-1027

153)  Yarbrough WM, Mukherjee R, Escobar GP, Mingoia JT, Sample JA, Hendrick JW, Dowdy KB, McLean JE,
Spinale FG. Selective targetingand timing of matrix metalloproteinase inhibition in post-myocardialinfarction
remodeling. Circulation. 2003;108:1753-1759.

154)  Xiao-Ping Xu, Simcha R. Meisel, John M. Ong, Sanjay Kaul, Bojan Cercek, Tripathi B. Rajavashisth, Behrooz
Sharifi and Prediman K. Shah. Oxidized Low-Density Lipoprotein Regulates Matrix Metalloproteinase-9 and Its
Tissue Inhibitor in Human Monocyte-Derived Macrophages. Circulation1999;99;993-998

155) Brown DL, Hibbs MS, Kearney M,Loushin C, Isner JM. Identification of 92-kD gelatinase in human coronary

atherosclerotic lesions: association of activeenzyme synthesis with unstable angina. Circulation 1995;91:212522131.

156) Stefan Blankenberg, Hans J. Rupprecht, Odette Poirier, Christoph Bickel, MarekSmieja, Gerd Hafner, Jiirgen
Meyer, Frangois Cambien, Laurence Tiret and for the AtheroGene Investigators. Plasma Concentrations and Genetic
Variation of Matrix Metalloproteinase 9 and Prognosis of Patients With Cardiovascular Disease. Circulation
2003;107;1579-1585.

157) Nikolaj Eldrup, Marie-Louise Moes Grenholdt, Henrik Sillesen and Berge G. Nordestgaard Elevated Matrix
Metalloproteinase-9 Associated With Stroke or Cardiovascular Death in Patients With Carotid Stenosis. Circulation
2006;114;1847-1854.

158)  Zhang B, Ye S,Herrmann SM,et al.Functional polymorphism in the regulatory region of gelatinase B gene in

relation to severity of coronary atherosclerosis. Circulation. 1999;99:1788-1794.

159) Pollanen PJ, Karhunen PJ, Mikkelsson J.et al. Coronary artery complicated lesion area is related to functiona
Ipolymorphism of matrix metalloproteinase 9 gene: an autopsy study. Arterioscler Thromb Vasc Biol. 2001;21:1446—
1450.

47



160) Kai H, lIkeda H, Yasukawa H, et al.Peripheral blood levels of matrix metalloproteases-2 and -9 are elevated in

patients with acute coronary syndromes. JAmCollCardiol.1998;32:368-372.

161) Inokubo Y,Hanada H, Ishizaka H,Fukushi T,Kamada T,Okumura K.Plasma levels of matrix metalloproteinase-9
and tissue inhibitor of metalloproteinase-lare increased in the coronary circulation in patients with acute coronary
syndrome. AmHeartJ 2001;141:211-217.

162) Nakatani M, Takeyama Y, Shibata M, Yorozuya M, Suzuki H, Koba S, Katagiri T. Mechanisms of restenosis after

coronary intervention: diference between plain old balloon angioplasty and stenting. CardiovascPathol.2003;12:40—48.

163)  Skowasch D,Jabs A, Andrie R, Dinkelbach S, Schiele TM, Wernert N, Luderitz B, Bauriede 1G. Pathogen burden,
inflammation, proliferation and apoptosis in human in-stent restenosis.Tissue characteristic compared to primary
atherosclerosis. J Vasc Res. 2004;41:525-534.

164) Liu MW, Roubin GS, King SB 3rd. Restenosis afte rcoronary angioplasty: potential biological determinants and
role of intimal hyperplasia. Circulation. 1989; 79:1374-1387.

165) Tanaka H, Skhova GK, Swanson SJ, Clinton SK, Ganz P, Cybulsky MlI, Libby P. Sustained activation of vascular
cells and leukocytes in the rabbit aorta afte rballoon injury. Circulation.1993;88(pt 1):1788-1803.

166)  Welt FG, Rogers C. Inflammation and restenosis in the stent era. Arterioscler Thromb Vasc Biol. 2002;22:1769—
1776.

167) Li C, Cantor WJ, Nili N, Robinson R, Fenkell L, Tran YL, Whittingham HA, Tsui W, Cheema AN, Sparkes JD,
Pritzker K, Levy DE, Strauss BH. Arterial repair after stenting and the effects of GM6001, a matrixmetalloproteinase
inhibitor. J Am Coll Cardiol.2002;39:1852-1858.

168) Feldman LJ, Mazighi M, Scheuble A, Deux JF, De Benedetti E, Badier Commander C, Brambilla E, Henin D,
Steg PG,J acob MP. Differential expression of matrix metalloproteinases after stent implantation and balloon

angioplasty in the hypercholesterolemic rabbit. Circulation.2001;103:3117-3122.
169) Ikeda U, Shimada K. Matrix metalloproteinases and coronary artery diseases. Clin Cardiol.2003;26:55-59.

170) James TW, Wagner R, WhiteL A, Zwolak RM, Brinckerhoff CE. Induction of collagenase and stromelysin gene

expression by mechanicalinjury in a vascular smooth muscle-derivedcell line. J Cell Physiol.1993;157:426-437.

171) Mason DP, Kenagy RD, Hasenstab D, Bowen-Pope DF, Seifert RA, CoatsS, Hawkins SM, Clowes AW. Matrix
metalloproteinase-9 over expression enhances vascular smooth muscle cell migration and alters remodeling in the
injured rat carotid artery. Circ Res.1999;85:1179-1185.

172) Brown DL, Hibbs MS, Kearney M, Isner JM. Differential expression of 92-kDa gelatinase in primary

atherosclerotic versus restenotic coronary lesions. Am JCardiol. 1997;79:878-882.

173)  George SJ, Zaltsman AB, Newby AC. Surgica Ipreparative injury and neointima formation increase MMP-9

expression and MMP-2 activation in human saphenous vein. Cardiovasc Res.1997;33:447-459.

48



174)  Cedro K, Radomski A, Radomski MW, Ruzyllo W, Herbaczynska-Cedro K. Release of matrix metalloproteinase-
9 during balloon angioplasty in patients with stable angina. A preliminary study. Int J Cardiol.2003;92:177-180.

175) Hojo Y, Ikeda U, Katsuki T, Mizuno O, Fujikawa H, Shimada K. Matrix metalloproteinase expression in the

coronary circulation induced by coronary angioplasty. Atherosclerosis. 2002;161:185-192.

176)  Galis ZS, Johnson C, Godin D, Magid R, Shipley JM, Senior RM, lvan E. Targeted disruption of the matrix
metalloproteinase-9 gene impairs smooth muscle cell migration and geometrical arteria Iremodeling. Circ Res
.2002;91:852-859.

177) Dollery CM, Humphries SE, Mc Clelland A, Latchman DS, Mc Ewan JR. Expression of tissue inhibitor of matrix
metalloproteinases 1 by use of an adenoviral vector inhibits smooth muscle cell migration and reduces neointimal

hyperplasia in the rat model of vascular balloon injury. Circulation.1999;99:3199-3205.

178) Gregory T. Jones, |. Patrick Kay, JW. S. Chu, G.T. Wilkins, L.V. Phillips, M.McCormick, A.M. van Rij and
M.J.A. Williams. Elevated Plasma Active Matrix Metalloproteinase-9 Level Is Associated With Coronary Artery In-
Stent Restenosis. Arterioscler. Thromb. Vasc. Biol. sablon 2006;26;e121- 125

179)  Ergene OA, Agca FV, Ilgezdi DE, Nazlhi C,Kimay AO, et al. Kimlere flag Salimmli Stent?. Tiirk Kardiyoloji
Seminerleri 2006; cilt 6 say1 3:302-318.

180)  Van Belle E, Bauters C, Hubert E, et al. Restenosis rates in diabetic patients: a comparison of coronary stenting

and balloon angioplasty in native coronary vessels. Circulation 1997;96:1454-60.

181)  Van Belle E, Perie M, Braune D, et al. Effects of coronary stenting onvessel patency and long term clinical

outcome after percutaneous coronary revascularization in diabetic patients.J Am Coll Cardiol 2002;40:410-7.

182) Savage MP, Fischman DL, Schatz RA, et al. Coronary intervention in tje diabtic patient: improved outcome

following stent implantation compared with balloon angioplasty. Clin Cardiol 2002;25:213-7.
183) Schiele T.M.. Current understanding of coronary in-stent restenosis. Z Kardiol 94:772-790 (2005).

184)  Abizaid A, Kornowski R, Mintz GS et al (1998) The influence of diabetes mellitus on acute and late

clinicaloutcomes following coronary stent implantation. J Am Coll Cardiol .32:584-589.

185) Elezi S, Kastrati A, Pache J et al. Diabetes mellitus and the clinical and angiographic outcome aftercoronary stent
placement. J Am Coll. Cardiol 32:1866-1873

186) Kastrati A, Schomig A, Elezi S et al. Prognostic value of the modified american college of Cardiology/American
heart association stenosismorphology classification for longterm angiographic and clinical out-come after coronary
stent placement.Circulation 1999;100:1285-1290.

187)  Stone GW. The results of a meta-analysis of the TAXUS II, IV,V and VI trials. In: The American College of
Cardiology 2005. 54th Annual Scientific Session; March 6-9 2005; Orlando , USA.

49



188)  Cheek B, Rohrbeck S,Kalil D, et al. Drug-eluting stents in diabetic patients: clinical outcomes from the strategic
transcatheter evaluation of new therapies (STENT) group. J Am Coll Cardiol 2005;45:73A.

189) Dawkins KD, Grbe E, Guagliumi G, et al. Clinical efficacy of polymer-based paclitaxel-eluting stents in the
treatment of complex, long coronary lessins from a multicenter, randomized trial: support for the use of drug —eluting
stents in contemporary clinical practice (TAXUS VI): Circulation.2005;112:3306-13.

190) Karthikeyan G, Bhargava B. Prevention of restenosis after coronary angioplasty. Curr Opin Cardiol 2004;19:500-
5009.

191) Elezi S, Kastrati A, Neumann FJet al. Vessel size and long term outcome after coronary stent
placement.Circulation 1998;98:1875-1880.

192)  Akiyama T, Mousaa I, Reimers B,et al. Angiographic and clinical outcome following coronary stenting of small

vessels: a comparison with coronary stenting in large vessels. J Am Coll Cardiol.1998;32:1610-8.

193) Hishfeld JW, Schwartz JS, Jugo R,et al. Restenosis after coronary angioplasty:a multivariate statistical model to
relatelession and procedures variables to restenosis. The M-HEART Investigators. J Am Coll Cardiol 1991;18:647-
656.

194)  Foley DP, Melkert R, Serrys PW: Influence of coronary vessel size on renarrowing process and late angiographic

outcome after sucessful balloon angioplasty. Circulation 1994;90:1239-1251.

195) Rensing BJ, Hermans WR, Deckers JW,et al. Which angiographic variable best describes functional status 6

months after succesful single-vessel coronary balon angioplasty? J Am Coll Cardiol.1993;21;317-324.

196) Moses JW, Leon MB, Popma JJ, et al. Sirolimus eluting stents versus standart stents in patient with stenosis in a
native coronary artery. N Eng J Med. 2003;349:1315-23.

197) Kereiakes D, Linnemeier TJ, Baim DS, et al. Usefulness of stent length in predictingin-stent restenosis (
MULTI-LINK stent trials). Am J Cardiol.2000;86:336-341.

198)  Degertekin M, Arampatzis CA, Lemos PA, et al.Very long sirolimus-eluting stent implantation for de novo
coronary lessios. Am J Cardiol 2004;93:826-9.

199)  Gallo R, Padurean A, Jayareman T, et al. Inhibition of intimal thickening after balloon angioplasty in porcine

coronary arteries by targeting regulators of the cell cycle. Circulation 1999;99:2164-2170

200)  Suzuki T, Kopia G, Hyashi S, et al. Stent based delivery of sirolimus reduces neointimal formationin a porcine
coronary model. Circulation 2001;104:1188-1193.

201) Durna K, Sahin M. Stent Restenozu ve Klinik Onemi. Tiirk Kardiyoloji Seminerleri 2006; cilt 6: say1 3:272-274.

50



202) Pedro A. Lemos, MD; Angela Hoye, MB ChB, MRCP; Dick Goedhart et al. Clinical, Angiographic, and
Procedural Predictors of Angiographic Restenosis After Sirolimus-Eluting Stent Implantation in Complex Patients.
Circulation 2004;109;1366-1370

203)  Moses JW, Leon MB, Popma JJ, et al. Sirolimus-eluting stents versusstandard stents in patients with stenosis in a
native coronary artery.N Engl J Med. 2003;349:1315-1323.

204)  Schofer J, Schluter M,Gershlick AH, et al. Sirolimus eluting stents for teratment of patients with long
atherosclerotic lessions in small coronary arteries:doubleblind,randomized controlled trial (E-SIRIUS).Lancet
2003;362:1093-9.

205) Regar E,Serruys PW, Bode C, et al.Angiographic findings of the multicenter randomized study with the sirolimus
Eluting BX velocity balon-expandedable stent ( RAVEL). Sirolimus-eluting stents inhibit restenosis irrespective of the
vessel size.Circulation 2002;106:1949-56.

206)  Sousa JE, Costa MA, Abizaid AC, et al. Sustained suppression of neointimal proliferation by sirolimus-eluting

stents: one-year angiographicand intravascular ultrasound follow-up. Circulation. 2001;104:2007-2011

51



