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Resténose & Thrombose de stent
Pourquoi I'imagerie est indispensable?

Géraud SOUTEYRAND
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Conflits d’intéréts

Consultant Terumo, Medtronic, Abbott, B Braun, Schockwave
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Coronary In-Stent Restenosis

JACC State-of-the-Art Review
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Données France PCI

(2014-2018)
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Données France PCI
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PSR




Mr JH 55 ans
ATCD stenting
Avril 2023

Stenting IVA




Revient 6 mois + tard
Reprise angor effort




Revient 6 mois + tard

Reprise angor effo




In-stent restenosis

In-stent restenosis (ISR) identified

Perform intravascular imaging (IVI)
5 [

Mechanical issue* on IVI?

v

|
/ Yes No
l_l_| v A 4
\ mechanical issues If no mechanical
issues are present
Safistact (or if IV unavailable),
} \ 7 perform routine
Identify the Mechanism r . X . predilatati()ﬂf* of the
| o
‘ I’'imagerie YT‘ o |
Underegpasion ‘ endocoronaire IVI-guided treatment as per underlying stent type

L] i
...... ] I I

1 l [ I BMS-ISR Unknown stent type DES-ISR
0 [ | |

DCB or DES DES or DCB DES or DCB

(Comparable efficacy) (DES moderately more effective)
e

or ELCA plus
DCB +/- IVBT

« High-pressure BA

+/- RA plus repeat

DES at nominal
vessel size

« Consider IVL in
underexpanded

stents in
calcified lesions

(DES moderately more effective)

Consider CABG Directly if:

« Left main ISR

i GIUSTINO G. JACC 2022
ey () -

Waksman R. Circ Interv 2019
< Good sigal crekiats Alfonso F. Eurointervention 2022
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307 patient with stent restenosis
297 OCT analysées

Dec 2019- June 2021 : n= 450 patients screened for inclusion

=104 patients did not meet inclusion criteria

=39 patients did not consent

—~

/ Critéres non-

n= 307 patients consented

inclusion

=2 patients with lesion crossing failure by O(

- STEMI

n= 305 patients with initial pre-PCI OCT analysis

- Choc
cardiogénique

- Impossibilité
technique faire
OCT,

Pré-dilatation avec
ballon > 2mm

=25 patients with no post PCI OCT run
N= 19 patients with inadequate post PCI OCT

l—b =8 patients with inadequate OCT quality

- Femme enceinte
__
quaTTty

|

j On bealf RESTO TEAM. JAHA 2024 |




‘ Caracteristiques Population
Age, année
Genre masculin, n(%)
Diabete, n(%)
Tabac actif, n(%)
Dyslipidemie, n(%)
LDL-Chol <0.7 g/I1, n(%)

Délai entre ATL initiale et RIS, mois

SCA, n (%)
Stent actif
Localisation stent : IVA, Cx, Cdte

Population

70.0 (62.5-75.7)
239 (81%)
129 (43%)
55 (19%)
248 (84%)
92 (31%)

64.8 (17.4-142.2)

110 (37%)
221 (74%)
145 (48%), 52 (18%) , 94 (31%)






Imagerie endocoronaire & RIS

Combien de couches de stents
Existe-t-il un facteur
meécanique?




Imagerie endocoronaire & RIS

Recherche causes meécaniques

<

Stent factors

Underexpansion
Undersizing

Fracture/Gap
Stent type
Edge restenosis

Intra-stent factors Extra-stent factors

Neointimal hyperplasia
Neoatherosclerosis
Calcification/Thrombus

Multiple stent layers
Vessel calcification
Calcified nodules
Vessel size
Residual plaque burden

Hetero/Homogenous tissue
Focal/Diffuse pattern
Obstruction severity

SA = 1.87 mm?
SD=1.54 mm

-

SA =5.07 mm?
SD =2.54 mm




Analyse OCT(n=297) n=297 (%)

Thrombus, n(%) 43 (14)
Aspect focal, n(%) 103 (34)
Aspect diffus, n(%) 194 (66)

Stents multicouches, n(%) 90 (30)
Longueur lésion, mm 16.4 (10-23.5)

Surface minimale lumiére, mm? 1.5 (1.1-2.2)

Epaisseur maximale néointimale, ym 870 (612-1150)
Surface Reférence, mm? 6.4 (5.1-8.2)
Min. stent diamétre, mm 2.6 (2.3-2.9)
Min. stent surface, mm? 4.8 (3.7-6.1)
Stent expansion (%) 75 (62-89)
Sous Expansion (MSA), n(%) 129 (43)




prqximal g A

p= 10% ¢
MSA = 1 mm?

-Exp = 51%
MSA = 5.2 mm?




MLA
MLD

S,A
S,D

S,A
S,D

2.52 mm?
1.78 mm

4.28 mm?
2.33 mm

10.2 mm?
3.61 mm




Imagerie endocoronaire & RIS

Est-ce que ¢ca change quelque
chose?




304 patients entre 2014 et
2015 avec resténose
intrastent

Nombre de couches

A Aire : 1.51Tmm?
Diamétre moyen : 1.39 mm
Min: 1.35mm Max: 1.41 mm
B Aire : 8.91mm?
Diamétre moyen : 3.36 mm
Min: 3.12mm Max: 3.51 mm
C Aire : 4.66mm?
Diamétre moyen: 2.43 mm
Min: 233 mm Max: 2.55 mm

o
(=]

at 1year
16.9%, 16.1%, and 43.1%

Log rank P < 0.01

at 1 year
14.5%, 14.9%, and 41.2%
Log rank P < 0.01

Freedom from TLR (%)

1 stent layer ] stent layer
2 stent layers m—— 2 stent layers
>3 stent layers m—— >3 stent layers

Freedom from MACE (%)

30%
multicouches

100 200 300 100 200 300

Time after PCI (days) Time after PCI (days)

Evolution
taille stents

Yabushita H. CCI 2018



Predictors and outcomes of neoatherosclerosis in patients
with in-stent restenosis

é A

313 Iésions avec resténose intrastent

2009-2017 avec OCT
64 BMS (20%) 241 DES (77%)

47% néoathérosclérose en OCT
Ins rénale/DES & délai resténose en faveur

\_ /

Nakamura.D. Eurointervention 2021
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2009-2017 avec OCT
64 BMS (20%) 241 DES (77%)
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Predictors and outcomes of neoatherosclerosis in patients

with in-stent restenosis

1004

80

38 vs 23 % a 2 ans
Si néoathérosclérose

J

o\°_ NA (-)
(0
':l' 60
. Sl =
e NA (+) 4
E p=0.024 \
0 : . .
0 360 720 1,080
) Time (days)
No. at risk
NA (+) 141 95 52 21
NA (-) 166 129 15 32

Nakamura.D. Eurointervention 2021



TRAITEMENT | | n=207(%)

Stent actif, n(%) 159 (53)
Ballon actif, n(%) 112 (38)
Ballon seul, n(%) 8 (3)
DEB+ DES, n(%) 16 (5)
Chirurgie, n(%) 2 (1)

_ Diametre stent actif (mm) 3.0 (2.75-3.5)

Longueur stent actif (mm) 24 (16-36)

Diameétre ballon actif (mm) 3.0 (3.0-3.5)

Longueur ballon actif(mm) 20 (20-30)
Intravascular lithotripsie, n(%) 7 (2)

Rotational atherectomie n(%) 2(1)

Post treatment QCA analysis Sténose résiduelle (%) 17.6 (13.3-22.1)
_ Diameétre résiduel minimum, mm 2.68 (2.35-2.98)




Analyse OCT post-

angioplastie (n=254)

Surface minimale de lumiere finale (mm2)

Gain en surface(mmz2)
Dissection finale significative, n(%)
Surface de stent finale(mm2)
Gain en surface de stent(mm2)
Expansion stent finale (%)
MSA<4.5 mm2, n(%)

Expansion<80%, n(%)

4.9 (3.8-6.5)

3.2 (2.3-4.4)
42 (16)
5.6 (4.3-7.0)
0.74 (0-2.0)
84 (75-94)
73 (29)

87 (35)



14.5% MACE a 1 an

100
s
E 90
@
w 80—
5]
;E’ 70— P=0.15 (log rank analysis)
<]
_§ i - NA
a ~~ NIH
50 T T T T
0 90 180 270 360
Days elapsed
Number at risk
NIH 127 125 121 115 110
NA 161 155 154 o -

1 e & . AP

90—

©
=
1

Probability of Survival
3 3
1 1

| 8

\

P=0.01 (log rank analysis)
== MSA24.5 mm2

- MSA<4.5 mm2

oy
o
o

Number at risk
MSA<4.5mm2 73

MSA24.5mm2 175

T T T
90 180 270 360
Days elapsed

68 65
169 165

/ Suivi a 1 an \

289 patients

42 MACES : 14.5%
27 TVR : 9.3%
non TVR infarction 3.5%
5 décés : 1.7%

\_ /




Imagerie endocoronaire & RIS

Stratégie théerapeutique




Imagerie endocoronaire & RIS

Recommandations ESC 2024 L

Recommendation Table 30 — Recommendations for

treatment of revascularization failure (see also
Evidence Table 30)

Recommendations Class? Level®

11861188

DES is recommended over drug-coated balloons for
treatment of in-DES restenosis.

LIMA is indicated as the conduit of choice for redo

CABG in patients in whom the LIMA was not used | B
previously.''?>
Redo CABG should be considered for patients

: 842,1192,1196 lla B
without a patent LIMA graft to the LAD. ="~ 7~
PCI of the bypassed native artery should be la B

considered over PCl of the bypass graft.' >’



IRIS & traitement

[Une lésion pas comme les autres]

ISAR-DESIRE 3

Drug-eluting stent restenosis

Coronary artery restenosis treatment with
plain balloon, drug-coated balloon, or
drug-eluting stent: 10-year outcomes of
the ISAR-DESIRE 3 trial

Randomlzatlon

*&:5* {3—

Plain balloon (PB)

134

Paclitaxel-coated balloon (PCB)

137

10-year clinical follow-up

"&'&\’ﬁd@iﬂo i
eSS

Paclltaxel-elutmg stent (PES)

131

Giacoppo D. Eur Heart J . 2023




Coronary artery restenosis treatment with

RIS & traitement

] ISARE DESIRE 3

plain balloon, drug-coated balloon, or

drug-eluting stent: 10-year outcomes of

—

Cumulative Incidence (%)

Plain Balloon

Paclitaxel-Coated Balloon

Paclitaxel-Eluting Stent

the ISAR-DESIRE 3 trial

100
HRpcgvsps 95% Cl HRpesvsps 95% Cl HRpesvspcs 99% Cl
75 0.57 [0.40-0.81] 0.46 [0.32-0.68] 0.81 [0.54-1.21]
P <0.0001
TLR 58.0%
50
43.9%
38.6%
25 Prcavsps = 0.003
Presysps < 0.001
Poesvspcs = 0.282
0 -
T | T | T T T | | | T
0 360 720 1080 1440 1800 2160 2520 2880 3240 3600
Time (Days)
== 134 71 58 53 50 48 45 43 41 35 27
== 137 104 88 77 72 70 67 65 60 50 44
131 106 93 75 70 65 59 55 53 47 39

Giacoppo D. Eur Heart J

. 2023




Coronary artery restenosis treatment with

|RIS & traitement

plain balloon, drug-coated balloon, or
drug-eluting stent: 10-year outcomes of
the ISAR-DESIRE 3 trial

ISARE DESIRE 3

Number of repeat target lesion revascularizations (R-TLR)

No. R-TLR

n=373

2 I 76 ~

subsequent
R-TLR=169

multiple stent layers bifurcational lesions first treatment with plain-balloon angioplasty
Risk Factors for a \
Recurrent Restenosis: \
P=0.016 P=0.028 P=0003
Recurrent Events —
at 10-Y: -1y First R-TLR 110y First R-TLR
ISR Lesions (N = 500) With None, o B A —
Single, or Multiple R-TLR DCB vs DES —_— _
005 & 1S 2 25 3 O 05 1 15 2 25 3
4504 DCBvs PB -— ———
DES vs PB - et
200 4 DCB vs DES S il
0O 05 1 15 2 25 3 Q6 © 153 2 25 3
150 4 Hazard Ratio (95% C1) Hazard Ratio (95% C1)

Multiple R-TLR

s 100 -

50 4

Overall PB DCB DES

Total Events = 373 Total Events = 162 Total Events = 124 Total Events = 87

* The rate of repeat revascularization following treatment for DES-ISR is high over 10 years

+» DCB, and particularly DES, reduced the rate of repeat revascularization versus PB

1 15t R-TLR=204
No EE 296
0 50 100 150 200 250 300
ENo W1 m2 m3 N4 N5 N6 m7 W8

350

Giacoppo D. Eur Heart J . 2023




RIS & traitement

In-stent restenosis characteristics and repeat stenting
underexpansion: insights from optical coherence tomography

[ Résultat post angioplastie ]

143 lésions avec resténose intrastent
Guidage OCT systéematique pré et post
Rétrospective, 2 centres

Sous expansion post angioplastie =
stent expansion < 70% ou MSA < 4.5mm?

Yin D. Eurointervention 2020




RIS & traitement

[ Résultat post angioplastie ]

In-stent restenosis characteristics and repeat stenting
underexpansion: insights from optical coherence tomography

Restenotic stent type

Bare metal stent

New stent underexpansion

Yes (n=33)
5.(15.2)

No (n=110)
13(11.8)

First-generation drug-eluting stent

10 (30.3)

34 (30.9)

Second-generation drug-eluting stent

18 (54.5)

63 (57.3)

Predilatation

28 (84.8)

87(79.1)

Non-compliant balloon

8 (24.2)

17(15.5)

Scoring balloon

14 (42.4)

45 (40.9)

Maximum predilatation pressure, atm

Mean new stent diameter, mm

15 (12-19)

2.75 (2.50-3.00)

14 (12-18)

3.00 (2.75-3.50)

Total new stent length, mm 23.0 (16.5-38.0) 22.0 (15.0-33.0) 0.64

Maximum post-dilation balloon diameter, mm 3.00 (2.75-3.38) 3.25 (3.00-3.50) 0.009

Maximum post-dilation pressure, atm 18 (14-20) 20 (16-20) 0.34
1.18 (1.04-1.42) 1.30 (1.09-1.44) 0.22

Balloon-to-artery ratio*

Yin D. Eurointervention 2020




RIS & traitement

In-stent restenosis characteristics and repeat stenting
underexpansion: insights from optical coherence tomography
Pre e —

Résultat post angioplastie

Yin D. Eurointervention 2020




‘ RIS & traitement ’>

40
I 35.5%
Log-rank p=0.009

[ Résultat post angioplastie ] 30

20 -

B

10 - _I_I_

~ New stent underexpansion (+)
: New stent underexpansion (-)
| |

0 1 2
Time (years)

Major adverse cardiac events (%)

Number at risk
New stent underexpansion (+) 110 98 89
New stent underexpansion (-) 33 21 19

Yin D. Eurointervention 2020




ISR on angio

i |

Pre PCI OCT analysis

'3

1- Underlying stent underexpansion ?

v |
{

Dedicated device re expansion:
NCB > OPN > IVL > Rot Ath > Laser

¥

Residual under expansion Correct expansion
2- Stent Multilayers ?
N

DES +++
DCB +

|

DCB

— v H

3- Neoatheroma ?

DCB +++
DES ++

JAHA 2024



|dentify Assess lesion Use IVI
the culprit length & severity to define
ISR lesion using orthogonal ISR
. projections ‘
‘: S
<
Routine Use Address
predilatation high pressure, all
of all cutting or scoring mechanical
2. Prepare lesions balloons factors
J
<
DES ISR: BMS ISR: Assess
DES or DCB DCB or DES PCI result
using VI

3. Treat

N

a

Alfonso Eurointervention 2022




Imagerie endocoronaire

Thrombose de stent




[ Thrombose de stent ] & a0
L 54 576 angioplasties J | U r

© alan(enbaisse)
@ Hospitalieres (stable)

071 %

2015

‘ Courtesy G.RANGE |

088 %
2014




{ Thrombose de stent ]

Patiente de 69 ans

ATCD ATL IVA et Cdte en 2021
Sous Kardegic® 75mg

ACR avec SCA ST+ antérieur
No flow 3min




<

Thrombo-aspiration
Contréle a J4

§ arboss da & \\




Controle a J5 <

= ¥
o ¥
¥, oo R
;?f‘ \.' ._?11_
o

F:132

| ' W)\
24,38... 21517.. [ S % 1 Post-dilatation



PESTO

ACS with ST+ coronarography in acute phase (<12h) due to

stent thrombosis
(all types of stents, acute;subacute;late and very late)

‘ TIMI 3 flow obtained

(mechani_cal _andlor médics : thrombo- Consent patient
aspiration, anti Gpllb-llla...)

% OCT faisable

YES

Optimal thrombectomie

Note diagnose hypothesis and management before OCT

Immediate OCT or defered (MIMI, D1-D7) decided by the operator
Treatmed guided by OCT




Analyse 120 patients

80% -

70% -
ﬁ Type de thrombose
60% -

50% -
40% -
30% -
i 15%

20% - ——

4% 0/
- ,
0% | |

acute subacute late very late

1 Délai moyen thrombose 4.3 ans I




Mecanismes de thrombose (n=120)

» Malapposition 34%
 Neoatherosclerosis 22%

» Sous-expansion 11%

e Dilatation au ballon 37%
e Traitement médical32%
e Stenting 31%

OCT influence le

" < 5 traitement dans
) = 55% des cas
|\ LA=6.8mm* * ¢ A

W

= S =

; Eur HJ 2016




Thrombose de stent 1

* Intracoronary imaging for the assessment of stent failure

(o ) ¥ wr a

underlying, stent-related, predisposing mechanical problems.****"’

Liberal use of

recommended (Figure 7) (see section 16.2).

intracoronary imaging in order to detect and modify underlying mechanical factors is

Recommendations

Class® | Level®

treatment of unprotected left main

B (esions.®®
Assessment .
Stent Late Acquired
Crush of stent Malapposition
failure

Evaginations Underexpansion

MNeointimal IVUS or OCT should be considered in
Hyperplasia selected patients to optimize stent {FY
implantation'é}l)ﬁ.(ﬂ 2,651-653
Mepatherosclerosis IVUS should be considered to optimize

la

Reco ESC 2018



[ Imagerie & complication stenting ]
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