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Restenosis and Remodeling
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Abstract

Percutaneous Transluminal Coronary Angioplasty (PTCA) remains limited by restenosis that occurs in 30 to
50% of patients with coronary artery disease. During the last decade, numerous agents have been used to
prevent restenosis. Despite positive results in animal models, no pharmacological therapy has been found to
significantly decrease the risk of restenosis in humans. These discrepancies between animal models and
clinical situation were probably related to an incomplete understanding of the mechanism of restenosis.
Neointimal thickening occurs in response to experimental arterial injury with a balloon catheter. Neointimal
formation involves different steps: smooth muscle cell activation, proliferation and migration, and the production
of extracellular matrix. The factors that control neointimal hyperplasia include growth factors, humoral
factors and mechanical factors. Arterial remodeling also plays a major role in the restenosis process. Studies
performed in animal and human subjects have established the potentials for “constrictive remodeling” to
reduce the post-angioplasty vessel area, thereby indirectly narrowing the vessel lumen and thus contributing
to restenosis. The reduction of restenosis rate in patients with intracoronary stent implantation has been
attributed to the preventive effect of stent itself for this negative remodeling. In addition to these mecha-
nisms for restenosis, intraluminal or intra-plaque thrombus formation, reendothelialization and apoptosis
theories have been introduced and confirmed at least in part. (Korean J Nucl Med 1999;33:205-8)
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PTCA 3 wbgsle Agste] A &4 F &
I Fulo] P2 AlF(medial smoth muscle cell,
o3} SMC)9) F4]ol] ojdlehe A Mgl &
ALt e FEanEe] Al AN AFHRE F
oJebAl PA F3 uh ol2jd Ane olul® A
garel 7)Ao it g olalizt FUUolet o
ARt

P =4 & 2E AEE B Sole ¥R <&
A Bolol T4 @AY A(mural thrombus), Fk
A& A (vascular remodeling), 3t LA E ] £4
Holz o] £ql(influx of adventitial cell), A== Al
¥o] ZL{(apoptosis), HIWuMEe] A}AV(endo-
thelial regeneration)d 2+ 2L AdEol MY

2o WellAeR 4MEn A

AlA§LHEE Z=A]S(Neointimal hyperplasia)
1. NEE S &4 R0 AL SAS

FATAE o 29 A Fu &4 AF vh
g Q9l5o| SMC2] HAIstoll Fofslm 30% ol
o] SMCojlA] nuclear oncogenes (c-fos, c-jun, c-
myc, and c-myb) o] w&sm? oo it ant-
sense oligonucleotidest= A1 et w]FE Aot
3 &)Y SMCse] 43 contractile ol A]
synthetic ez 23K phenotype change)7}
ol 2AAHA FA olF 22l AEe] 71 F(ex-
tracellular matrix, |3} ECM) §4-& A= F
o} SMCs9] 30% RE7} BA4# =™ internal elastic
membrane (IEL)Y] Z<& HE Felo] Wintoz
o] Z3l} o] & AukS DNA g4 814 ghevha
ek SMCs9 0|53 F41-E 2-450l|4] A 92
E| 3 o]% 9] Rr1EQl AA=e] HF synthetic
SMCse] ECM 430l 71214k ALadulere) o
Bo ECMo| AAsl ATAAEY FAUES 11%
o) Balslod® 3749 o] ¥ el SMCsoj contractile
phenotype2 & Eol7}aL ¥} ol4e] A= Bl &
E gz @ek”

2. MAliLet gldo| =OIKE

FAEE B9lolA ZulEle 43UAE SMCs

2] Breo) Fg 93-S g3k}l Platelet-Derived
Growth Factor (PDGF):= 84 glol|A] F8 Hu]¥
U} NI AE, AT, 8T AE SollAx A4
gt} PDGFE SMC9| Ftoll4] aho 9] o] Foll
Zod o¥e Puhht ole] Ao 2L SMCs
2412 dAlstA s E4cl” Basic Fibroblast Growth
Factor (BFGF), Insulin Growth Factor Type 1
(IGF-1), Transforming Growth Factor (TGF-g) %
E Aol Bofsle Fo AAUAER Hussn
9)t}. Angiotensin-aldosterone axis =¥ A3 %ol
Wodsle] angiotensin 117} SMCs Z41-& o}y| &}
Powell 5-& QR Lul4 AFALAAAZE AN
ol o] SMCs Z41¢ HAlghta sk 13
U} Farthy 5-2 o]&] ##}7} angiotensin 11 Aol
)&t g 3te}lr] Kl bradykinin®} nitric oxide (NO)
7} Bojglekm FA4eIe'? o] Yl serotonin,
catecholamine, vasopressin “L&|3 endothelin =
9] Fo] ZAZL AN E Bdet EelHY 24
23 Hehake] B47E 2 F9F SMCsoll digh
A A2 So] A BAE AN
3 gHPE, EAEY TSR] RFge] T
e R 12 A

82 &M (Vacular remodeling)

AN FAZato] €3t AYE F dBNE
BAEAFE FUE 71Ae] opH i APl F
2% FReleka F4En 9o B AL
de novo 733} W41 2] “compenstory enlar-
gement”ol] Hbslel'” FEiA¥<E ¥ “constrictive
remodeling” el Vet ol2 QI " W7k
&7}y AF Aoz APA-E obleA Al

Post £-& o]&}3} “constriction”, “shrinking” &
Aol 7] WALAY 52-89%F ARk 3
oh'9 A AR o)t A4 R i Az
SIE(IVUS)E E3to] & d#ix Ut Mintz &
2 BE9 APE ¥ dxFel IVUS G848 E31o
Aol iyt AAFAH @2 external
elastic lamina, EEL) ®¥i3}9] 7|65 & Hkw 7]
W7 749 73% 7} EELS] ZH4ellA] vl ZHchx &




Aok oliat WakaaAde] 7]He Keix] okout
A F ol W wall shear stress 7'V Wt
&4 AT Selde THFTALE A3 A
S8t AR Aol Fojgirta o ARG
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7] recoile] glow A AP BAY
-’F’%—a‘“l dojuhA] gkeck d A
14 F448€ ¥ AR FerHolg=
Aoz vFo] olF —:1"—‘-"1-?_1’ T de 2HETL FA
AgEel vl I APHEEL 2+ olfE S
Ack. S Al (atherectomy) 2 & 53 A%l
0 AR zHe] 54 SMce ZAZold
Hoffmann % A% ] 2832 & ojLst 04:17-011
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A 2ol] Fofsh QAHE - vhaksieh, Ha
AEe] 24, BCMe| ¥4, "ol 27 ¥4
&, 23 Y ARA Sol BE RSl AFHel
ol Flofskn Qlek. Al ola) 2aE9) 7]
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