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> |Introduction

* Anqgiografik tarif: Stent implanta edilmis
segmentda va ya onun 5 mme-lik kenarlarinda
liUmen daralmasinin 250%-i.

*Yayilma tezliyi:

ABS-da butun PCl-larin taxminan 10%-i,
Avropada isa ~5%-i ISR mualicasidir.

*Klinik vo sassiz gedisli ola bilar



Klassifikasiya
Mehran (1999 BMS)

Type 1 — Fokal ISR (<10 mm)

Qusa daralma, stent daxilindas va/va ya ona bitisik
hissada.

Alt tiplar:

1A (Gap): iki stent arasindaki boslugda daralma

1B (Edge): Stentin kanarinda daralma

1C (Body): Stentin asas badaninda daralma

1D (Multifokal): Bir neca gisa (fokal) daralma sahasi
Klinik ahamiyyat: Adatan texniki sabablarla
(underexpansion, edge injury) baglh olur. Mialicada DCB
va ya yenidan DES implantasiyasi distnla bilar.

Type 2 — Diffuz ISR (>10 mm, stent daxilinda)
Stent daxilinda uzun segment boyunca daralma
(>10 mm).

Type 3 — Proliferativ ISR (>10 mm, stentdan kanara ¢ixir)
Lezyon stentin kanarlarindan kanara dogru 10 mm-dan
cox uzanir.

Klinik ahamiyyat: Damarin daha genis hissasini ahata
edir. Cox vaxt DES implantasiyasi va ya kompleks
yanasma talab edir.

Klinik shamiyyat: Adatan bioloji sabablar (hiperplazi,
iltihabi cavab) ila bagli olur. Mialicada DCB Ustunlik
taskil edir.

Type 4 — Okltziv ISR (TIMI O axin)

Damarin tam tixanmasi ila xarakteriza olunur.

Klinik shamiyyat: 9n agir forma. Restenozla tam
damar okllziyasi bas verir. MUalicada rekanalizasiya
va ardinca DES va ya DCB strategiyasi tatbig olunur.

ISR Pattern I: Focal

Type IC: Focal Body Type ID: Multifocal

ISR Patterns 11, 111, IV: Diffuse

ISR Pattern 11: Intra-stent ISR Pattern 11: Proliferative

ISR Pattern 1V: Total Occlusion



¢ Waksman tasnifati

Tip

Tip | — Mechanical (Mexaniki)

Tip Il - Biological (Bioloji)

Tip Il - Mixed (Qarisiq)

Tip IV — Chronic total occlusion (CTO)

Tip V — Multiple DES-ISR

Kateqoriya

IA - Stent underexpansion

IB — Stent fracture

1A — Neointimal hiperplazi

11B — Non-calcific neoatherosclerosis

11C — Calcific neoatherosclerosis

Mexaniki va bioloji sabablarin birlikds oldugu

hallar

Tam damar tixanmasi (TIMI 0)

iki vo ya daha ¢ox metal gat (stent iista stent)

(DES-ISR diciin)

Osas xiisusiyyatlar / Mexanizm
Stent tam agilmayib; mexaniki daralma

Stentin qirilmasi va ya deformasiyasi

Dizgiin endotelizasiyadan sonra hiiceyra artimi

Yumsagq lipid va proteoglikan tarkibli yeni
aterosklerotik dayisiklik

Kalsifik neointima va ya sart zadslanmis saha

Kombina olunmus mualica: yiiksak tazyiqgli balon +
DCB va ya DES

Xisusi invaziv strategiyalar va ya koronar bypass
(CABG)

dlava stentloamadan gagmag; yalniz DCB + kdmakgi
Gsullar va ya CABG

2023

Tovsiya olunan miialice

Yiksak tazyiqli balon (non-compliant), £
intravascular lithotripsy (VL)

Yeni stent implantasiyasi (DES) talab olunur

DCB va ya DES (antiproliferativ terapiya)

DCB va ya DES

Daha aqgressiv yanasma: cutting/scoring balloon,
rotational atherectomy (RA), intravascular
lithotripsy (IVL) va ya excimer laser (ELCA)



> Mexanizm
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Figure 1. Clinical, procedural, and anatomical factors associated with ISR

Abbreviations: CABG, coronary artery bypass graft; CKD, chronic kidney disease; CTO, chronic total occlusion; DM, diabetes mellitus;
ISR, in-stent restenosis; MLA, minimum lumen area; PCl, percutaneous coronary intervention; SVG, saphenous vein graft

+ Mexaniki / Texniki faktorlar:
*Stentin kigik olgiida se¢ilmasi (undersizing)
*Yetarsiz genislonma (underexpansion)
*Damarin kalsifikasiyasi
*Stent sinigi (fracture)
*Geographical miss (lezyonun tam ortiilmamasi)

+ Bioloji faktorlar:
*Neointimal hiperplaziya: Daxili gatda diiz azala
hiiceyralarinin va ekstrasellulyar matrisin
toplanmasi.
*Neoateroskleroz: Lipid yukli képlik hiiceyralarinin
yigilmasi, bazan nekrotik niive va/va ya
kalsifikasiyanin inkisafi ila.
— Kalsifik neoateroskleroz xiisusila ¢atin mualica
olunan formadrr.



MUasir yanasmanin asas hissasi imaging-guided

mualicadir
IVUS va OCT ham mexanizmi anlamag, ham da intervensiyani yonlandirmak tcin
istifada olunur.
OCT —yUksak rezolyusiyali, stent strut appozisiyasini, trombusu,
neoatherosklerozu daha yaxsi gostarir.
IVUS — daha darin penetrasiyalidir va coxgatli stent segmentlarinda daha
faydalidir.
OCTIVUS(2023) sub-analizi gostarib ki, ISR-da OCT ila yonlandirilan PCI, IVUS-a
nisbatan 2 illik klinik naticalari daha yaxsilasdirir.
PCI G¢Un uygun strategiyanin secilmasina komak edir

+ Guideline Recommendation
ESC (2024) va EAPCI sanadlarina asasan:
» IVUS va OCT istifadasi — Class lla tovsiya

FFR-Orta daracali ISR lezyonlarinda revaskulyasiyaya ehtiyaci miayyanlasdirmak
Ucln istifada olunur

Simptomsuz va ya geyri-mUayyan hallarda obyektiv isemiya dayarlandirmasi
ISR U¢lin randomiza tadqigatlar azdir, naticalar ehtiyatla sarh edilmalidir



Xususiyyat
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Figure 3. IVUS and OCT images demonstrating stent-related factors
associated with in-stent restenosis




OCT asasli ISR Tasnifati (4 toxuma tipi):(Habara
et al., 2013)

Homogen:
Yuksak signal intensivliyi, az geri sapilma

Diiz azala hiiceyralarinin ¢oxlugu ilo xarakteriza
olunur

Adatan erkan BMS-ISR Uc¢un tipik

Heterogen:
Muxtalif signal intensivliyi
Proteoqlikanla zangin neointima va ya erkan
neoaterosklerotik l6vha gostaricisi ola bilar
Attenued:
Sathi yuksak signal, glicli geri sapilma
Lipid niivali Iovha (lipid-core plaque) liclin
gostarici
Layered:
Sathi ylksak signal, darin az signal

Tez-tez stent strutlari atrafinda (peri-strut
zonalarda) muisahida olunur

Figure 2. OCT images demonstrating distinct tissue patterns in patients with ISR. A - B)

Demonstrate relatively homogeneous severe neointimal proliferation with some confined darker
areas close to the underlying stent struts that are readily visualised (bright dots casting a dorsal
shadow). C - F) Typical images of neoatherosclerosis. In C and D, a bright superficial intima and
a large lipid plaque (dark area with diffuse borders) is demonstrated obscuring the underlying
stent struts. A potential diagnosis of an intimal layer infiltrated by macrophages should be
considered. In E and F, neoatherosclerosis with intracoronary thrombus is demonstrated. In E,
the bright localised image with dorsal shadow (6-7 o'clock) is suggestive of clusters of
macrophages. (* denotes wire artefact). ISR: in-stent restenosis; OCT: optical coherence
tomography



MUALICO
1.Drug-Eluting Stent (DES) for ISR

+ Overview
Repeat DES implantation - ISR mualicasinda an ¢ox istifada olunan va tasirli strategiyalardan biridir

Mexaniki Gstlinldk: lezyonun yenidan “scaffolding” edilmasi - damar sabitliyini artirir
+ DES Gg¢lin Uygun Hallar

.| Tatbiq oluna bilar:
Fokal ISR (xUsusila stentin kanar hissalarinde — marginal ISR)

Gecikmis ISR - diffuz neoatherosclerosis sababli
Stent fracture hallarinda
Damar genis diametrli oldugda
+ DES Uglin oks gostarislar
& Qacinilmalidir:
Underexpansion asas sabab oldugda
Takrarlanan ISR va goxqat metal tabagalari (multiple metallic layers) oldugda



HETERO DES-
HOMO DES

Sabablar va elmi asaslar:
1. & RIBSIII (2012)
v DES-ISR xastiaringa fargli darmanki DES implantasiyas:
-+ daha boyitk minimal kimen diametri (155 mm vs 1.40 mm)
~ daha az restenoz {22% vs 40%)
— daha az MACE (23% vs 35%)
v Yani “switch strategy” dinik va angiografik cahatdan stiin idi
2. ¢ ISAR-DESIRE 2 {2007)
» Eyni DES (SES) v farqli DES {PES) milgaysa edidi —
effektivik va tahlikasizlik baximindan oxsar natica odstardi
v Amma bu tadqigat erkan nasil DES-farla aparimigd sirolimus v2 packtasel)
3. & Miasir interpretasiya (ESC 2024 va son meta-analizlar):
+ Eyni damank DES istifada etmak takrar bioloji cavabe {necinfimal hiperplaziya, rezistent hiceyrs
peoliferasiyas) giclandirs bilar.
v Buna gdra “switch strategy” {massian, aval sirolimus — sonra everolimus)

mekanistik baximdan daha rasional va effeldiidir.

Hipotez: ilk DES-ISR-in yaranmasinda “derman miigavimati” rol
oynayibsa, basqa sinif antiproliferativ dermanla (hetero-DES)
stentlemak daha yaxsi ola bilar.

*‘Randomiza subut: ISAR-DESIRE-2 (sirolimus-DES ISR-ds) —
hetero-DES ustunluyu gostarmadi; homo vs hetero eyni natics.
*Observasional signallar: RIBS-IIl hetero-DES xeyrina
gorundurdu, amma randomiza deyildi va secim operatorun
gararina bagl idi.

*Meta-analiz: Hetero-DES lehina ola bilar kimi ¢ixdi, lakin ¢oxu
observasional olduguna goras natice mahduddur.

Bugunku praktik mahdudiyyeat: Paxlitaksel-DES artiq
istifadada deyil; “limus-to-limus” (sirolimus <
everolimus/zotarolimus) boyuk, yuksak keyfiyyatli mugayisalar
hale apariimayib.



RESTENT-ISR Trial (Eur Heart J Interv, 2024)

Tam adi: Everolimus-Eluting Stent vs. Zotarolimus-Eluting Stent for DES-ISR
Dizayn:

372 DES-ISR xastasi

Everolimus-DES vs Zotarolimus-DES

3illik izloama

o9sas naticalor:

MACE: 15.8% (EES) vs 22.6% (ZES) - forq statistik olaraq geyri-shamiyyatli
Binary restenosis: oxsar

Tromboz hadisalari asagi (har iki qrupda <1%)

Take-home mesa;j:
.. Yeni nasil DES-lar arasinda klinik naticalar oxsardir; forqg darman néviindan cox
mexaniki optimizasiyadan asilidir.



2. DCB

Klinik vaziyyat Niya DCB secilir

Coxgath stent (22 metal lay) Yeni stent gatindan gagmagq Gcln

Stent maldeployment (underexpansion,

.. Darman hopur, alava scaffold lazim deyil
malapposition)

Yan budagi olan ISR Budaqg agzini baglamir

Yiiksok ganaxma riski (HBR) Qusa DAPT kifayatdir



Yaxsi lesion preparation kriteriyalari

| Qaliqstenoz < 30%
L TIMIaxini 3
. Flow-limiting diseksiya ¥oxdur (yalniz A—B tipi icazalidir)
L. Axin stabil va distal perfuziya barpa olunub

. agkar bu §)artlar odanmirsa — DCB tatbiq edilmamalidir (¢clinki darman barabar yayillmayacaq - restenoz
riski artar

« () Zoif preparation naticasinda

* Darman endotells tamas etmir

* “Watermelon seeding effect” yaranir

* Diseksiya = axin itkisi - bailout stenting lazim olur
* TLR riski yuksalir

* DCB-nin tasiri yalniz darmanin damar divarina effektiv ke¢masi vo orada qalma miiddatindan asilidir.
LI ogar damar divarinda fibrotik va ya kalsifik toxuma varsa, darman hopmur va naticada restenoz riski
galir.



Xususiyyat

Darman xususiyyati

Klinik stibut

Tahllikasizlik

Texnologiya

Galacak potensial

Paclitaxel DCB

Lipofilik, stratli hopur

Genis, RCT va meta-analizlarla
tasdiglanmis

Koronarda stibutlu tahlikasiz

Kohna, stabil

Yuksak klinik stibut

Sirolimus DCB

Hidrofilik, uzunmiddatli buraxilis
cotindir

Mahdud, erkan registr va kicik RCT-
lar

Tohlikasizlik malumati mahduddur

Yeni nasil nanocarrier sistemlar

Yuksak texnoloji potensial



REFORM Trial (JACC Cardiovasc Interv, 2025)

'lligfgn adi: Randomized Evaluation of Sirolimus-Coated vs. Paclitaxel-Coated Balloons for DES-
Dizayn:

Randomiza, 480 DES-ISR xastasi

Sirolimus-DCB (MagicTouch) vs Paclitaxel-DCB

9 vo 12 ayliq angiografik va klinik izlama

osas naticalor:

Minimal Lumen Diameter (MLD): +0.38 mm iistiinliik Sirolimus DCB qrupunda
Binary restenosis: 7.8% vs 13.5% (p < 0.05)

MACE (6lim, MlI, TLR): farq yoxdur

Sirolimus DCB-da tromboz hadisasi sifir

Take-home mesa;:
.. Sirolimus értiklii DCB-lar uzunmiiddatli effektivlikda Paclitaxel DCB-larla miigayisada
barabar, bazan Listiin natica gostarir.

Yeni nasil “metal-free” yanasmanin asasini taskil edir.
2022,2023 Han, Scheller calismalari- eyni natica



DCB vs POBA

*HABARA et al., Trials (2011 & 2013)

Mévzu: DCB vs Plain Balloon for ISR

eLate lumen loss: 0.18 £ 0.45 mm vs 0.72 + 0.55 mm (p < 0.001)

*Target vessel failure: 6.6% vs 31.0% (p < 0.001)

Natica:

— DCB, ham angiografik, ham da klinik baximdan plain balloon-dan istiin olub.

— ISR mualicasinda DCB standart strategiya kimi yerini méhkamlandirib.

Istinad: Habara M et al., Circ Cardiovasc Interv 2011; 4:479-489 & 2013; 6:682—689.

*PACCOCATH ISR | va Il (2012)

— DCB, plain balloon ilo migayisada stent i¢i restenozu shamiyyatli daracada
azaldib.

— TLR: DCB grupunda = 0%, POBA qrupunda = 23%.

- MACE: 4% vs 31%.

Yekun: DCB stent daxilindaki daralmis sahani daha effektiv va uzunmiiddatli sakilda
alava metal gat yaratmadan aciq saxlayir.



AGENT-IDE Trial (JAMA 2024)

'qu adi: Paclitaxel-Coated Balloon vs. Uncoated Balloon for Coronary In-Stent Restenosis
izayn:

Randomiza, coxmarkazli, 600+ ISR xastasi (DES va BMS-ISR)

DCB (AGENT) vs POBA miiqayisasi

12 ayhqizlama

osas naticalor:

TLF: 17.9% (DCB) vs 28.6% (POBA) - HR 0.59 (95% Cl 0.39-0.89), P = 0.003
Angiographic restenosis vo MACE hadisalari do DCB qrupunda shamiyyatli daracads az
Darman transferi homogen, tahlikasizlik profili yiksak

Take-home mesaj:
Paclitaxel-DCB, sada balonla miigayisada ISR li¢ciin daha effektiv va tahliikasizdir.
- BL; Jiatica/ar asasinda AGENT DCB 2024-cii ilda FDA tarafindan tasdiglanmis ilk koronar
DCB oldu.



Daedalus 2020

CENTRAL ILLUSTRATION: Efficacy and Safety of Drug-Coated Balloon An-

gioplasty and Drug-Eluting Stent Implantation According to In-Stent Reste-
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» DAEDALUS Study (2020)

* Tam adi: Individual Patient Data Meta-analysis of Drug-Coated
Balloon versus Drug-Eluting Stent for Treatment of Coronary In-
Stent Restenosis
Istinad: Kufner S, et al. Circulation 2020;141:1075-1085.

* Tadgiqatin magsadi:

* in-stent restenozun (ISR) miialicasinds DCB va DES arasinda
uzunmuddatli naticalari miigayisa etmak va hansi metodun daha
effektiv va tahlikasiz oldugunu miayyanlasdirmak.

* Meta-analiz (individual patient-level): 10 randomiza edilmis
klinik tadqiqatin birlasdirilmis tahlili

* lstirak¢i sayi: 1,976 pasiyent
* izloma miiddati: 3 il

* Lesion tiplari: hoam BMS-ISR, ham da DES-ISR

Qrup Mdalica Usulu istifada edilan darman
DCB Drug—coated balloon Paclitaxel

angioplasty
DES Repeat stenting Everolimus va ya

zotarolimus
¢ 10 RCT-nin meta-analizi

¢ DCB va DES — an yuksak effektivlik, oxsar
tahlikasizlik.

¢ BMS-ISR - DCB = DES.

® DES-ISR = DES azca Ustiin (TLR J).



Tadgiqat (il) Osas Natica (DCB vs DES)

ISAR-DESIRE 3 (2013) DCB va DES eyni effektivlik gostarib; har ikisi POBA-dan Ustlin.

RIBS V (2014) DCB va DES-ISR mualicasinda eyni klinik naticalar; restenoz
daracasi oxsar.

DES angiografik cahatdan Ustiin (daha boéylik MLD), lakin klinik

RIBS IV (2015) natica (MACE) eynidir.

DCB va DES klinik naticalarda fargsiz; DCB-da tromboz va uzun

Meta-analysis (Zeng et al., 2025) DAPT riski azdir



Xususiyyat

Mexanizm

Ustiinliiklar

Zoif cohatlor

on yaxsi natica

ESC 2024

BVS

DES

Yeni stentle damar scaffoldu

Yuksak radial dayanigliq Elastik
recoil azalir Mexaniki defektlari
duzaldir

Hipersensitivlik, iltihab riski

Ultrathin-strut DES — daha az
TLR/TVR

Class I-A (DES Usttin)

Hala stibutlanmamis, zaif natica

DCB

Darmani birbasa lezyona catdirir

Metal gat yoxdur Iltihab va
restenoz riski az Qanaxma riski
yuksak xastalarda uygundur

Kaskin damar baglanmasi, recoil
Yuksak TLR uzunmuddatda

Sirolimus-DCB — takrarlanan ISR-da
alternativ

Class lla-B (alternativ)



Adjunctive & Alternative ISR Therapies

Metod / Tadgigat

Cutting Balloon (/SAR-DESIRE 4)

Scoring Balloon (/SAR-DESIRE 4)
ELCA — Excimer Laser Coronary
Atherectomy

RA - Rotational Atherectomy
(ROSTER, ARTIST)

Bioresorbable Vascular Scaffold
(BVS)

Mexanizm / Tasir prinsipi

Metal bicaglar I6vhani kasir -
toxuma ekstruziyasi artir

Spiral nitinol tellar plagi mexaniki
cizir

UV isigi il toxuma ablyasiyasi, istilik
vo sok dalgasi tasiri

Firlanan burr plagi “debulking” edir

Zamanla sorulan stent - metal qat
galmaz

istifada sahasi / Qeyd

DCB va DES 6ncasi lezyon hazirhgi;
“watermelon seeding” riskini
azaldir

DCB tasirini artinir, restenoz azalir
Kalsifik va dilatasiyaya galmayan

ISR; bailout strategiyasi kimi

Kalsifik va underexpanded ISR;
yuksak riskli prosedur

Hazirda mahdud siibut;
eksperimental istigamat, galacak
potensial



Bioresorbable Vascular Scaffold (BVS)
Mexanizm: Mivaqgati mexaniki dastak + darman buraxilisi > zamanla tam sorulur.
Ustiinliik: Metal gat yoxdur - neoatheroskleroz va gec tromboz riski azalir.

RIBS VI: (2016-2017)
MLD: DES > BVS = DCB
1 il TLR: DES (3.2%) < BVS (11.3%) = DCB (10.4%)

Mahdudiyyat: Qalin strut, implantasiya ¢atinliyi, erkan tromboz riski.

Galacak: 2-ci nasil, daha inca va biokompatibil BVS-lar imidvericidir.



Terapiya Sahasi

Antitrombotik terapiya
(DAPT)

LDL azaldilmasi
(Evolocumab, PCSK9i)

Antiinflamatuar /
antiproliferativ
darmanlar (Sirolimus,
veni molekullar)

Risk faktorlarinin nazarati
(DM, HTN, CKD)

9sas Maqgsad

Restenoz vo trombozun
garsisi

Neoateroskleroz riskini vo
takrar revaskularizasiyani
azaltmag

Neointimal hiperplaziyani
azaltmag

ISR takrarlanmasinin
garsisi

Malumatin Saviyyasi

ISR Uglin xususi subut
azdir; de novo CAD
protokollari tatbig olunur

Gucli stibut (FOURIER
sub-analizi)

Erkan naticalar
umidverici, lakin
uzunmuddatli fayda geyri-
sabit

Guclu klinik asas

9sas Tadgiqgat / Natica

Revaskiilarizasiya 7.2% vs
9.3% (HR 0.76)

OSIRIS: erkan fayda,
sonradan azalma

ESC 2024 tovsiya prinsipi



Klinik naticalar

BMS-ISR: DCB = DES (banzar naticalar, tahlikasiz)

DES-ISR: DCB < Everolimus-DES (TLR va TVR baximindan daha az effektiv)

10 illik izleama: DCB va DES arasinda 6lim va MACE baximindan farqg yoxdur

Recommendation Table 30 — Recommendations for
treatment of revascularization failure (see also
Evidence Table 30)

Recommendations Class Level®

DES is recommended over drug-coated balloons for

) : % i ¢
treatment of in-DES restenosis.' '8¢~ 1158 il -

LIMA is indicated as the conduit of choice for redo

CABG in patients in whom the LIMA was not used " s B
previously.''?*
Redo CABG should be considered for patients 3
s 84211921196 "a B
without a patent LIMA graft to the LAD. % °~
PCI of the bypassed native artery should b
of the bypassed nativ ry uld be a B

considered over PCl of the bypass graft.’ 124

CABG, coronary artery bypass grafting; DES, drug-eluting stent; LAD, left anterior
descending; LIMA, left internal mammary artery; PCIl, percutaneous coronary intervention.

*Class of recommendation.
b .
Level of evidence.

© ESC 2024

Mualico sec¢imi Effektivlik

DES

. . Yuksak
implantasiyasi
Drug-Coated

Balloon (DCB) Orta
Plain balloon y

(POBA) Asagl

Tovsiya

doaracosi

Class| A

Classlla A

Tovsiya edilmir

Qeyd

DES-ISR lc¢iln
ustun

BMS-ISR va 1-
ci dofa DES-ISR
Uclin effektiv

Yiksak
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Take Home Message
ISR treatment is no longer device-driven — it’s
mechanism-driven.”

Movzu osas Mesaj

ISR tg¢lin yeni DES va DCB texnologiyalari sinagdan

Yeni nasil tadgiqatlar kecirilir

Ugurlu mualica = duzgin lezyon hazirligi +

osas amil . e
intravaskulyar gorintilams.

Yeni metal gatin qarsisini alir, iltihab va restenoz riskini

DCB iistiinliivi
ustuniuydu azaldir.

Lesion preparation - imaging-guided randomization

Goalacak isti t ' imi
Istigams — device secimi.

ISR mualicasinda garar yalniz stentin optimal

Yekun natica . . : . .
“ I genislandirilmasindan sonra verilmalidir (DES vs DCB).
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