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RADIAL ARTERY: CARDIOLOGISTS TO THE RIGHT and SURGEONS TO THE LEFT !!

5 years: SVG Failure Similar to Historic Studies





✓EARLY

✓shear induced remodeling →
luminal enlargement

✓LATE

wall tension induced remodeling →
wall thickening and stiffening

intimal hyperplasia

atherosclerosis   

Vein Graft Remodeling: 
2 Distinct Phases

80% of  CABG Grafts are SVG: ¾  occluded or diseased by 10 yrs



EXTERNAL STENTING OF SVG PROPOSED >50 
YEARS AGO
• Extensive animal (femoral/carotid) testing 

successful 
• BUT NO CABG model

New Stent for Support of Veins in Arterial Grafts

VICTOR PARSONNET MD,  A.ATTAI LARI MD,  I.H. SHAH 
MD

[ARCH SURG 1963]

Zilla et al JTCVS 2008



JTCVS 2007

o 20 SVG knitted polyester stents: patency 0% at 6 months

IJCTVS 2011

o 25 SVG KIPSBAY (nitinol mesh+glue): patency 28% at 9 months

IJCTVS 2014

o 25 SVG KIPSBAY (nitinol mesh+glue): patency 34% at 1 yr

Early Stent RCTs in CABG: Very Poor Patency (0-30% @ 1 year) 



2007
Knitted Polyester Stent
6 month patency 0% 

2008
Kipsbay: nitinol mesh + glue
1 year patency 30% 

2017
VEST: cobalt chromium alloy
6 month patency 90% 



The VEST External Stent for SVG

Mechanical Properties:

✓Cobalt Chromium Alloy

✓Radial Elasticity (Kink and Crush resistant)

✓Axial Plasticity (adjust from 3-6 cm to 10-22 cm)

✓Maintains its in situ configuration without fixation

Effects of VEST Stent on Vein:

✓REDUCES diameter by around 10%

✓REDUCES lumen irregularities and flow discrepancies

✓REDUCES wall tension

✓REDUCES size mismatch vs native coronary artery

✓Prevents vein dilatation post implantation

One minute to implant and no other change in 
technique needed

(Successful Testing in Sheep CABG Model 2011-13)



o RCT of 30 patients undergoing CABG x 3 (IMA + SVG x2)
oOne SVG randomized to Stent, one SVG  as Control
o All grafts had excellent flow (TTFM) prior to chest closure

[ATS 2015]

o 1 year angio: IMA 100% patent
o SVG Angio Failure (occlusion or stenoses >50%)
o Control SVG: 28% (7% RCA and 25% Cx)
o Stented SVG: 30%  (46% RCA and 18% Cx)

oHighest failure rate for Stented grafts (i) metallic clips used inside 
stent (ii) fixation of proximal/distal anastomoses (especially on right)

o SVG Perfect Patency: 81% STENTS vs 48% CONTROL
o INTIMAL HYPERPLASIA: significant reduction in Stents

VEST I



1 Year OM: NO STENT1 Year RCA: NO STENT

1 Year RCA: STENT 1 Year OM: STENT

VEST I



VEST I: Intimal Hyperplasia (IVUS): Primary Endpoint 

o STENTS Overall reduction in SVG plaque area (15%) and thickness (12%) 
o BUT much greater reduction in SVG plaque area (27%) and thickness 

(24%) when SB ligated rather than occluded with metallic clips



Evolocumab costs $14,000/year vs $1000 for  VEST stent 

[JAMA 2016]



[JTCVS 2015]

o Stent results in less turbulent flow (significantly lower oscillatory shear index (OSI)) 
o OSI (and not wall shear stress) is the major determinant of development of intimal 

hyperplasia (first description of this in SVG)

Control

Stent

VEST I



VEST I Control  (23) Stent (20) p

Cross Sectional Area (mm) 8.4 (3) 7.6 (2.7) 0.005

Homogeneity (max-min lumen) mm 0.33 (0.23) 0.28 (0.19) 0.06

Eccentricity (loss of ‘circularity’) 0.10 (0.06) 0.08(0.06) 0.019

Thrombus present 3 (13%) 0

OCT Imaging of Aorto-Coronary Vein Graft Pathology Modified By 
External Stenting One year Post  Surgery [EHJ Cardiovasc Imaging 2015]
Carolyn Webb, Eyal Orion, David P Taggart, Keith M Channon, Carlo di Mario

SENTS Significantly better SVG lumen regularity,  smaller smoother intima and 
media
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Figure 2.  Vein grafts with and without a VEST 
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Figure 2.  Vein grafts with and without a VEST 
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E.  Lumen irregularity 

 

   

  

 

  

STENT CONTROLCONTROL



[EJCTS 2017]

30 patients with SVG to RCA 
No anastomotic fixation or metallic clips: 
6 month patency 86% (previously 54% in VEST I)

VEST II





Fitzgibbon Perfect Patency at 5 years 
VEST IV (VEST I patients who returned at 5 years)



SAME PATIENT @ 1 and 5 YEARS

STENT SVG OM: 1yr STENT SVG OM: 5 yr

CONTROL SVG RCA: 1 
yr

CONTROL SVG RCA: 5 
yr

VEST IV (VEST I @ 5 Years)



Same Patient at 5 years

CONTROL CONTROL STENT

VEST IV



STENT: red arrow
INTIMA: blue  
WALL THICKNESS: yellow
NEOADVENTITIA: green 

Effect of (A) constrictive versus (B) lose fitting external stent 

CONSRICTIVE STENT LOOSE FITTING STENT



IH and WALL THICKNESS INCREASE WITH LOOSE FITTING STENTS  VEST IV



THE OXFORD VEST STUDIES

N STUDY Primary 

Outcome

Status

VEST I 30 First in man RCT IH, OCT, flow dynamic and 

patency @ 1 year

Published

ATS 2015

VEST II 30 Stent patency to 

SVG to RCA

Patency @ 6 months Published

EJCTS 2017

VEST III 180 2nd RCT (multicentre

European RCT)

Perfect patency + IVUS @ 6 

months and 2 yrs

Interimanalyses

AATS 2018;

Final results 2020

VEST IV 21 5 year outcome of 

VEST I 

Perfect patency on angio at 

5 yrs and IH

Published

JCTS 2018

o Currently VEST stent is CE marked and has been implanted in >2300 
patients in Europe

o FDA Approved RCT in North America by CTS network: started Jan 2018  
224/224 patients recruited Jan 2019 (same design as VEST I )



✓ 80% of all CABG grafts are SVG; failure is still a major limitation 

✓ VEST I:  Overall VEST had much superior patency to previous external stents 

but unexpectedly  high failure rate to RCA 

✓ At one year External Stenting reduces intimal hyperplasia,  and improves 

perfect SVG patency, flow haemodynamics and OCT findings

✓ VEST II: Superior patency of SVG to RCA when NO metal clips and NO fixation 

of the proximal or distal anastomoses

✓ VEST III: 180 patient RCT – enrolment completed Jan 2017: interim analysis of 

first 90 patients showed 90% patency at 6 months

✓ VEST IV: External stent preserves perfect patency @ 5years

✓ Can External Stenting improve SVG patency @ 10-15 years ? 

Summary and Conclusions



NO
STENT

STENT

VEST IV



Mistake 1: Metal Clips Inside the STENT
VEST I



Mistake 2
Fixating VEST to the anastomoses

Failure of stented SVG was higher on the right than left side 
despite excellent intraoperative flows with TTFM

Kinking of the anastomoses after chest closure ?

VEST I



• 180 patient RCT: Enrolment Complete January 2017
• Same method as VEST I (IMA + SVG x2 (one with stent)
• Primary end point: Perfect angiographic patency at 2 years
• Secondary end point: CT angio at 6 months and IVUS at 2 yrs

Universitätsklinikum Essen AöR DE

Krankenhaus der Barmherzigen Brüder Trier DE

Universitätsklinikum Schleswig-Holstein - Campus Lübeck
DE

German Heart Centre Berlin DE

Immanuel Klinikum Bernau Herzzentrum DE

University Magdeburg DE

John Radcliffe hospital UK

Blackpool Victoria hospital UK

Papworth hospital UK

Bristol Heart Institute UK

Southhampton General hospital UK

Sheba MC IL

Rambam MC IL

Assuta MC IL

Medical University of Vienna, AS

• Interim analysis of Angiographic Patency: 
• first 90 patients @ 6 months (AATS 2017)
• Patency: 90% both stented and nonstented groups

VEST III (Interim Analysis)



VEST III patient, returned with chest pain 7 months after CABG

Unsupported 
SVG to RCA

VEST supported 
SVG to OM

VEST III



WELCOME

CD0131 VEST STUDY

DESIGNED TO SUPPORT FDA PRE MARKET APPROVAL  APPLICATION

PIVOTAL TRIAL: 
PIs Drs Puskas and Goldstein
224 patients
Enrolment now completed



[JACC 1996]

While some contemporary studies show much superior vein graft patency the 
largest angiographic studies (PREVENT IV, RADIAL) shows similar inferior patency

In current practice of > 1 million CABG per year > 80% of all grafts are SVG



Occluded:
5 yrs 25%

Occluded
10 yrs 50%



Perfect patency



4 Promising Interventions to Improve SVG Patency

1) ‘No touch’ harvest technique

2) Buffered storage solutions for SVG after harvest

3) Composite SVG from ITA

4) SVG External Stents





• 14 sheep implants: at 12 weeks control angiography + autopsy

✓ Diameter: Control SVG increased 200%,  
Stented SVG  decreased 40% ( p<0.002)

✓ Neointimal Area: 23 mm2 control graft v 11 
mm2 supported grafts (p<0.02)

✓ Occlusion: 4 control grafts  (3 with thrombus)

[JCTS 2013]







ATS [Apr 1968]

51 YEARS AGO:First SYSTEMATIC report of SVG for CABG

CURRENT CABG 

o @ 1 million CABG performed worldwide each year

o 150,000 CABG in USA (69 % of operations in STS database)

o 80% of all bypass grafts are vein grafts (despite much 
superior angiographic patency of arterial grafts)


