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Restenosis: POBA to Stent

Mechanisms of POBA Restenosis

Acute Recoll
Dissection
Constrictive Remodeling

BMS: 20-50% ISR




Clinical Patterns of ISR:

R Mehran et al.

ISR Pattern I: Focal

Type IA: Articulation or gap

Type IC: Focal body Type ID: Multifocal

ISR Patterns Il, I, IV, Diffuse

IS

ISR Pattern IV: Total Occlusion
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Mechanisms and Pathology of ISR

N echanism

Biological

Pathology

Vascular Injury
Non-uniform drug delivery

In-stent

Clinical 4
restenosis

Early —————— Late

BMS = DES

Nakamura et al. Intervent Cardiol Clin 5 (2016) 391-403



Four Components of Arterial
Injury After Stenting

Platelet Rich
Thrombosis

Thrombaosis

Surface adherent
Monocytes

Tissue infiltrating
monocytes

Inflammation

Smooth muscle
cell

Prolferation

Extracellular matrix
Deposition in
adventitia, media
and neointima

Remodeling

2
Time after stenting {(weeks)

Edelman et al. AJC 1998:81(7A)



Polymer Coating Suppresses
Neointimal Hyperplasia

NO coating Polymer coating

Rogers, C et al. Circulation 1995;91(12):2996 and 2999



Drug Patterns of Neointimal
Suppression
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Histology of Neointima:
EES vs ZES

28 Days 60 Days

Rabbit lliacsModel

Figure 3. Representative cross-sectional images of 28-day and 60-day second-generation everolimus-eluting stents and slow-release zotarolimus-eluting stents in
the atherosclerotic rabbit ilio-femoral arteries. (A, B) Low-power (2x, Movat Pentachrome stain) and high-power (20x, H&E stain) magnifications illustrating
similar neomtimal growth and strut coverage between the two stent groups. (C) Immunostaining for lesional macrophages by RAMI1 1 (magnification 20x).




Timing of Drug Release:
EES vs ZES

Rabbit lliacs
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Mechanisms and Pathology of ISR

Mechanism

Mechanical

Pathology

Vessel size and length
Hemodynamics

In-stent

Clinical 4
restenosis

Nakamura et al. Intervent Cardiol Clin 5 (2016) 391-403



Interventional Cardiovascular Medicine

Transformation of Endothelial Cell Morphology
by Fluid Shear Stress

Bovine aortic endothelial cells.

Physiologic Arterial Hemodynamic Low Arterial Hemodynamic
Shear Stress (>15 dynes/cm?) Shear Stress (0-4 dynes/cm?)
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Molecular Association of low WSS with
Plaque Progression

®* ApoE-knockout mice
®Partial carotid ligation model

®Intimal RNA in zones of low WSS Ligated | CA/RCA

developed: | B sham _CA/RCA
Upregulation of
proatherogenic genes { p=0.03

eg. VCAM-1 and ICAM-1 expression)
Downregulation of
antiatherogenic genes
(e.g., those governing
eNOS and KLF-2 expression
°Low WSS regions exhibited
endothelial dysfunction KLF2 eNOS  BMP4 ICAM-1 VCAM-1
and developed rapidly
progressive Nam D, Am. J. Physiol. Heart Circ. Physiol.
atherosclerosis to 2009; 297, H1535-H1543.
advanced lesions within
4weeks
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High WSS and Plaque Progression

Change in Plaque Composition in

Low, Intermediate, and High WSS Segments
Patients with Moderate/Non-Obstructive CAD

B Total Plaque Area (mm?)
N=20

[l Necrotic Core Area (mm?)
[] Dense Calcium Area (mm?)

6 months flu | 1 Fibro-Fetty Area ()
High Dose Statin Tx
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< 10 Dynes/cm? 10-25 Dynes/cm? >25 Dynes/cm?

*

Low WSS Intermediate WSS High WSS

Circulation. 2011 Aug 16;124(7):779-88.



Interventional Cardiovascular Medicine

In-Stent Neoatherosclerosis

A Final Common Pathway of Late Stent Failure

Seung-Jung Park, MD, PHD,* Soo-Jin Kang, MD, PHD,* Renu Virmani, MD,t
Masataka Nakano, MD,} Yasunori Ueda, MD#
Seoul, South Korea; Gaithersburg, Maryland; and Osaka, Japan

In-stent neoatherosclerosis is an important substrate for both ISR and LST,
especially in the extended phase.

Histological findings of neoatherosclerosis The atherosclerotic change in SES is seen in
RN 40% of cases by 9-m; in the BMS, the

atherosclerotic change does not begin to appear
until 2-y
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J Am Coll Cardiol. 2012 Jun 5;59(23):2051-7




Strut Thickness and NIH

Driver stent




Strut Thickness Getting Thinner
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e Hemodynamically Driven Stent Strut Design

1,2,3

JuaN M. JimiNez!' and PeTeErR F. DAVIES

Non streamlined struts Streamlined struts
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Streamlines at the vicinity of rectangular (nor':s‘{reamlined) struts and circular arc (stremlined) struts for 2:1, 4:1, 8:1 length-to-height ratios.
Recirculation zones occur in rectangular struts of all aspect ratios but only in thick circular-shaped struts with a 2:1 length-to-height ratio




Shear-Stent Platform Profiles

« XIENCE Xpedition® Everolimus-
eluting stent (X-EES) - Abbott
Vascular

* Resolute Integrity® Zotarolimus-
eluting stent (R-ZES) - Medtronic
Inc.

— continuous wire that is molded
into a sinusoidal wave and
wrapped in a helical pattern and




Shear Stent Status Update
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Shear Stent study Design

Patients w/ ACS undergoing PCI
(n=126)

Bi-plane Angio

Resolute ZES Xience Xpedition EES

120

*+*Projected enroliment ==Total Enrollment ==Monthly Enrollment

OCT & IVUS 100
OCT & IVUS
derived 80

Follow-up Bi-plane AR
Angio, OCT, IVUS 60

40

Assessment of Angulation,
Re-endothelialization, 20
Neointimal Hyperplasia,
Edge restenosis 0




ID: 281-26: 42 year-old male presented with unstable angina.
History of CCS Illl angina w/ infero-apical ischemia in non-invasive imaging

Pre-stenting

Post-stenting




Resolute Integrity®

Zotarolimus-eluting stent (R-ZES)

WSS (dynes/cmA2)
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Shear Stent Optical Coherence Tomographic -derived
Computational Fluid Dynamics

Baseline Procedure after BA Post-stent Deployment 1Y follow-up

Baseline Procedure after BA




Mechanisms and Pathology of ISR

Mechanism

Technical
Pathology

Under-expansion
Stent Fracture

In-stent

Barotrauma Clinical  restenosis nbos
Stent gap and overlap Eatly —— = Late
Geographic miss BMS " OES

Nakamura et al. Intervent Cardiol Clin 5 (2016) 391-403



Under-expansion and Restenosis

Dangas et al. JACC 2010; 56:1897-1907



Stent Fracture and Restenosis

Dangas et al. JACC 2010; 56:1897-1907



Mechanisms and Pathology of ISR

Mechanism

Pathology

Patient-
specific

In-stent

Co-morbidities Clinlcal osterl
Drug reS|st_a_nc_:e Caly —— = Late
Hypersensitivity e " DES

Nakamura et al. Intervent Cardiol Clin 5 (2016) 391-403



Mechanisms and Pathology of ISR

Vascular Injury
Non-uniform drug delivery

Vessel size and length Biological

Hemodynamics/WSS

Mechanical Technical
Patient- _
specific Under-expansion
Stent Fracture
Barotrauma
Stent gap and overlap
Co-morbidities Geographic miss

Drug resistance
Hypersensitivity

Nakamura et al. Intervent Cardiol Clin 5 (2016) 391-403



