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History of Percutaneous Coronary Intervention
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Biodegradable Scaffold

| Acute vessel closure g
] Subacute thrombosi
Raised In-stent restenosis ate catch-ug
Issues

Balloon Angioplasty
Success rate 70-85% >95%
Restenosis 40-45% 20-30%
Early Thrombosis (30 days) 3-5% 1-2%
Late Thrombosis (>30 days, <1y) NA <0.5%
Very Late Thrombosis (>1y) NA ~0%




CVPath Stent Registry

BMS and 1%t and 2"d Gen DES Lesions in CVPath Autopsy Registry

firom 1998 to 2015 768 lesions (535 patients); Bypass graft
stents implanted in native coronary arteries lesions were
/ l \excluded.
BMS 1t Gen DES 2nd Gen DES
315 lesions 362 lesions 91 lesions
Early Late Very Late
(<30 days) (30 days to 365 days) (>365 days)
142 lesions 288 lesions 338 lesions
BMS=42 BMS=87 BMS=186
1st Gen DES=72 1st Gen DES=157 1st Gen DES=133
2nd Gen DES=28 2nd Gen DES=44 2nd Gen DES=19




Stent Thrombosis
[Lesion—based Analysis

mEarly (<30 days) n=141 ®mLate (30 days—1y) n=263 mVery late (>1y) n=348

p=0.27

p<0.0001

= ..

BMS n=298 1st gen DES n=362




Restenosis
[Lesion—based Analysis

mEarly (<30 days) n=141 ®mate (30 days-1y) n=263 mVery late (>1y) n=348

p<0.0001

p<0.007

e —

BMS n=298 1st gen DES n=362 2nd gen DES n=92




Stent Fracture
[Lesion—based Analysis

Fracture
n=143

P=0.0001

BMS n=298

1st gen DES n=362

2nd gen DES n=92




Xience V™ Restenosis Associated with Stent Fracture
70-year-old woman, CoCr-EES implanted in RCA for 6 months

Right Coronary Artery

ractured stent struls
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LAy S Clinical Xience V™ Stent
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Calcium
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Histology Cuts

/ 20 Total Fracture Sites in 6
Lesions (8 Xience V Stents)

Foerst JR, et al. J Am Coll Cardiol
Intv 2012;5:239-42.
Otsuka F, et al. Circulation.
2014,129:211-2235.
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Hypersensitivity Reaction in 2" Generation DES

A bb-year old male who presented with unstable angina secondary to

9] RI-1
diffuse disease in the LAD; four stents implanted (3 R-ZES and a single g HJ: 4;"';‘
CoCr-EES. At 238-days following implantation of the 4 stents the patien@%
died suddenly. 55
o}
Coronary angiograph Radiograph &
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CoCr-EES




In-Stent Neoatherosclerosis: A New Disease
Manifestation with Impact on Stent Failure?




Neoath

R-ZES
12M

erosclerosis in the 2nd—generation DES

COCFEEsf
24M :

" = _4 Foamy macrophage
_ | clusters g
st S Ry
£ o EINEIT T
13 : » /.l: e R
e pe
Foamy macrophage %7~
clusters -
— :E"’. .‘{ 'l
AL 2
. T ". , ;

B

CoCr-EES

\Y/




Prevalence of Neoatherosclerosis:
Overall, with Stent Thrombosis, and with Restenosis

¥ Neoatherosclerosis (overall)
=®= Neoatherosclerosis with stent thrombosis
=®= Neoatherosclerosis with in-stent restenosis

80
) 65%
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o 60
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CIC) 48%
8 4 38%
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20
6%
0% NA
0% 0% 0.9%
Duration >30d,  >ly, .5, >30d, >1ly, a3y >30d,  >ly, gy
of implant <1y <3y <ly <3y <ly <3y -

(n=64) (n=85) (n=117) (n=111) (n=112) (n=62)

— 1st-gen DES
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Putative Failure Modes of BRS

The two clinical manifestations of stent failure are:
In-stent restenosis (resulting in angina, ACS) and stent thrombosis (sudden cardiac
death or ACS)

® Increased thrombogenicity in the acute phase of
implantation

® Delayed endothelialization of stent struts

® [.oss of radial strength and recoil resulting in
collapse and luminal compromise

® [ate acquired malapposition and/or evaginations
secondary to dismantling/fracture

Inflammatory responses (acute and chronic
1al for aneurysm '




Synerg Absorb BioMatrix Omega

Platelet Deposition in one
half of stent following
iImmuno-fluoroscent
staining (CD61/CD42b)
viewed by Confocal
Microscopy in Porcine
ex-vivo Arterio-Venous
Shunt Model.

@ Endothelialization

Coagulatio
n
Cascade
inhibition

Nonstreamlme strut Atherosclerotic lesion I Streamlme StrutHealed” atherosclerotic les




Endothelialization Among Contemporary DES
and BRS in Rabbits at 28 Days by SEM

p<0.0001
p<0.005
p<0.05

Omega | Synergy IB.ioMatrix :




Iicro—CT and OCT: Detect Strut Fractures and Signs of Dismantling
in Preclinical and Clinical Application of BRS Technology

Preclinical Clinical

-

Gargiulo et al., Am Coll Cardiol Intv. 2015;8(6):€95-e97. doi:10.1016/j.jcin.2014.12.236

Beginning dismantling of stent struts at 180 days Focal strut fracture after |mplar_1tat|on resulting in
focal restenosis @



OCT Findings of BRS Thrombosis L S
Qualitative OCT Findings in 15 Clinical Cases:
Acute: 8 cases (3 acute, 5 subacute) v = e
»Procedural factors (underexpansion, undersizing, i
geographical miss) in 27% s
=|nsufficient anti-platelet treatment in 13% et ‘
=No obvious cause in 13% “

Late/Very Late: 7 cases (5 late, 2 very late) i
=Neovascularization/PSLIA in 33% - mn
=Scaffold fracture in 13% i
=Scaffold collapse in 7% e Sy
=Extensive malapposition in 7% - -
=No obvious cause in 7% = - :
' Decrease in peristrut light intensity over time .
Implantation Time (weeks)
l 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Wl | L | | | |

f

Key» Intensity  7.525.2%
T T

8.824.1% 24.12£12.6%

Strut discontinuity

23.1216.4%

Strut discontinuity

40.6+18.8%




Presence of Residual Absorb Scaffold Fragments
after 44 months of Implantation

Spectroscopic analysis confirms
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Peri-strut Evaginations —

Differential Diagnosis of Evaginations

a Potential Failure Mechanism of BRS ?
Or
Artificial Dilatation of the Arterial Wall During Image Acquisition

I
uonisodderew
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Insufficienmt Insufficient
healing 7 v  — = o healing
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Protruding struts Evagination-like contour Malapposed struts Protruding struts and
evaginations
E:‘ X - )
Positive - Thrombus
| - remodeling u '-"”U“-"'U" m
Apposed protruding struts Protruding struts and Stent implantation on top Protruding struts and
Intra-stent dissection evaginations of thrombus evaginations

M ﬁgig,ion may.be substantially overrated secondary to
= artificial arterial wall dilatation

Maria D. Radu, and Thomas Engstram Eur Heart J 2015;eurheartj.ehv623 Gori et al., Eur Heart J. 2015 Nov 4. pii: ehv581 @
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Association Between Inflammation and Lumen Area in BVS

3 Mo 6 Mo 12 Mo 18 Mo 24 Mo 30 Mo 36 Mo 42 Mo




lgaki-Tamali Stent in Proximal LAD after 12 Years

Coronary angiography of the left anterior Cross-sectional histology of the left anterior
descending coronary artery (LAD) descending coronary artery (LAD) at the site
where an Igaki-Tamai stent had been implanted
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Summary

Stent failure modes of first generation DES are:

Early (acute/subacute): incomplete apposition, medial tear and penetration of struts
into necrotic core

Late/very late: delayed arterial healing resulting in thrombosis, strut fracture,
inflammation and hypersensitivity

Second generation DES substantially improved this balance with more
biocompatible polymers and reduced drug load; however, inflammation remains a
concern in second generation DES

Neoatherosclerosis is a new disease manifestation of atherosclerosis and plays an
important role in late stent failure

Bioresorbable scaffolds represent a disruptive technology with great potential for
vascular restoration

Scaffold failure modes have been identified:

Early: underexpansion, undersizing, geographical miss

eovascularization/inflammation (P_SLIA),,,,fractur




