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Resolute DESResolute DES
System ComponentsSystem Components

Established ComponentsEstablished Components
•• Driver cobalt alloy stentDriver cobalt alloy stent

Unique Polymer TechnologyUnique Polymer Technology
•• BioLinx polymer is a unique blend of three BioLinx polymer is a unique blend of three 

System ComponentsSystem Components
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polymers to control drug release, support polymers to control drug release, support 
biocompatibility and enhance elution ratebiocompatibility and enhance elution rate

•• Sprint delivery systemSprint delivery system

•• DrugDrug--release kinetics: complete elution release kinetics: complete elution 
by 180 days by 180 days 
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•• Zotarolimus antiproliferative drug Zotarolimus antiproliferative drug 
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Meredith IT, et al. EuroIntervention. 2007; 3:50-53



Resolute PolymerResolute Polymer
BioLinx: a Polymer Specifically Designed for DESBioLinx: a Polymer Specifically Designed for DES

Components of a safe polymer:Components of a safe polymer:

BioLinx: a Polymer Specifically Designed for DESBioLinx: a Polymer Specifically Designed for DES

Components of a safe polymer:Components of a safe polymer:
•• Mimics the body’s chemistryMimics the body’s chemistry
•• Complete drug elutionComplete drug elution
•• Compatible with stent deliveryCompatible with stent delivery

BioLinxBioLinx polymer system design:polymer system design:
•• Extended drug elutionExtended drug elution
•• Low Low inflammationinflammation
•• MinimalMinimal thromboticthrombotic riskrisk•• Minimal Minimal thrombotic thrombotic riskrisk
•• Rapid and functional Rapid and functional 

endothelial endothelial healinghealing

A biostable polymer that applies the basics of membraneA biostable polymer that applies the basics of membrane
structure will provide extended drug elution over timestructure will provide extended drug elution over time

while maintaining biocompatibilitywhile maintaining biocompatibility



Continuous Sinusoid Technology (CST)Continuous Sinusoid Technology (CST)

Wire form enables multitude of new options

Bare Metal
Stents

Bare Metal
Stents

Drug Eluting 
Stents

Drug Eluting 
Stents

Drug Filled 
Stent

Drug Filled 
Stent

Integrity

Core Wire

New AlloysNew Alloys



Drug Filled Stent (DFS) TechnologyDrug Filled Stent (DFS) Technology

Innovative DES design
• Controlled hole dimension and number 

enables tailored elution profiles
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• Designed to address drug carrier concerns 
such as:

Polymer biocompatibility
Inflammation upon polymer degradation
Surface coating durability
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RESOLUTE Global Clinical Program
5 130 patients enrolled with ≥1 year FU

Enrollment Complete - In Follow Up
RESOLUTERESOLUTE11 NonNon--RCT FirstRCT First--inin--Human (R=139)Human (R=139)NonNon--RCT FirstRCT First--inin--Human (R=139)Human (R=139) 5 yr

5,130 patients enrolled with ≥1 year FU

RESOLUTE ACRESOLUTE AC2,32,3 1:1 RCT vs. Xience V® (R=1,140; X=1,152)1:1 RCT vs. Xience V® (R=1,140; X=1,152)1:1 RCT vs. Xience V® (R=1,140; X=1,152)1:1 RCT vs. Xience V® (R=1,140; X=1,152) 2 yr

RESOLUTE IntRESOLUTE Int NonNon--RCT Observational (R=2349)RCT Observational (R=2349)NonNon--RCT Observational (R=2349)RCT Observational (R=2349) 2 yr

2.25 2.25 –– 3.5mm Non3.5mm Non--RCT vs. Hx Control (R=1,242)RCT vs. Hx Control (R=1,242)2.25 2.25 –– 3.5mm Non3.5mm Non--RCT vs. Hx Control (R=1,242)RCT vs. Hx Control (R=1,242) 1 yr

RESOLUTE USRESOLUTE US44 2.25 2.25 –– 3.5mm Angio/IVUS Non3.5mm Angio/IVUS Non--RCT vs. Hx Control (R=100)RCT vs. Hx Control (R=100)2.25 2.25 –– 3.5mm Angio/IVUS Non3.5mm Angio/IVUS Non--RCT vs. Hx Control (R=100)RCT vs. Hx Control (R=100) 1 yr

4.0mm Angio Non4.0mm Angio Non--RCT vs. Hx Control (RRCT vs. Hx Control (R=60=60))4.0mm Angio Non4.0mm Angio Non--RCT vs. Hx Control (RRCT vs. Hx Control (R=60=60)) 1 yr

2.5 2.5 –– 3.5mm Non3.5mm Non--RCT (RRCT (R=100=100) vs. Hx Control) vs. Hx Control2.5 2.5 –– 3.5mm Non3.5mm Non--RCT (RRCT (R=100=100) vs. Hx Control) vs. Hx ControlRESOLUTE JapanRESOLUTE Japan 1 yr

R Japan SVSR Japan SVS 2.25 Non2.25 Non--RCT vs. PG (R=RCT vs. PG (R=6363))2.25 Non2.25 Non--RCT vs. PG (R=RCT vs. PG (R=6363)) <1 yr

38 mm sub38 mm sub--study  Nonstudy  Non--RCT vs. PG (R=110RCT vs. PG (R=110--175)175)38 mm sub38 mm sub--study  Nonstudy  Non--RCT vs. PG (R=110RCT vs. PG (R=110--175)175) <1 yrRESOLUTE USRESOLUTE US
E lli / Pl i

RESOLUTE AsiaRESOLUTE Asia NonNon--RCT (R≈RCT (R≈300300))NonNon--RCT (R≈RCT (R≈300300)) enroll

RR--China RegistryChina Registry Registry (R=1500 max)Registry (R=1500 max)Registry (R=1500 max)Registry (R=1500 max) enroll

Enrolling / Planning

g yg y
3:1 vs. Cypher (R=742; C=248)3:1 vs. Cypher (R=742; C=248)3:1 vs. Cypher (R=742; C=248)3:1 vs. Cypher (R=742; C=248)RR--China RCTChina RCT plan

1 Meredith IT, et al. EuroIntervention. 2010;5:692-7. 2 Serruys PW, et al. N Engl J Med. 2010;363:136-46.
3 Silber S, et al. Lancet. 2011;377:1241-47. 4 Yeung AC, et al. JACC. 2011;57:1778-83.
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1 Meredith IT, et al. EuroIntervention. 2010;5:692-7. 2 Serruys PW, et al. N Engl J Med. 2010;363:136-46.
3 Silber S, et al. Lancet. 2011;377:1241-47. 4 Yeung AC, et al. JACC. 2011;57:1778-83.



RESOLUTE TrialRESOLUTE Trial
Angiographic Results in 9 Month CohortAngiographic Results in 9 Month CohortAngiographic Results in 9 Month CohortAngiographic Results in 9 Month Cohort

In-stent Late Loss: 0 22 ± 0 27In stent Late Loss: 0.22 ± 0.27

In-segment Late Loss: 0.12 ± 0.27
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n = 96n = 96 InIn--stentstent InIn--segmentsegment
% Diameter stenosis% Diameter stenosis 10 1310 13 ±± 12 6312 63 21 0821 08 ±± 10 6210 62

In-Stent Late Loss (mm)

% Diameter stenosis% Diameter stenosis 10.13 10.13 ±± 12.6312.63 21.08 21.08 ±± 10.62 10.62 
ABR n (%)ABR n (%) 1 (1%)1 (1%) 2 (2.1%)2 (2.1%)

Meredith IT, et al. J Am Coll Cardiol Intv. 2009; 2:977-85



RESOLUTE TrialRESOLUTE Trial
Clinical Events to 5 YearsClinical Events to 5 Years

1 Year1 Year
n = 130 ptsn = 130 pts

2 Year2 Year
n = 130 ptsn = 130 pts

3 Year3 Year
n = 129 ptsn = 129 pts

4 Year4 Year
n = 129 ptsn = 129 pts

Clinical Events to 5 YearsClinical Events to 5 Years

5 Year5 Year
n = 129 ptsn = 129 pts

% (n)% (n)
n  130 pts n  130 pts 
131 lesions131 lesions

n  130 ptsn  130 pts
131 lesions131 lesions

n  129 ptsn  129 pts
130 lesions130 lesions

n  129 ptsn  129 pts
130 lesions130 lesions

Death (all)Death (all) 2.3 (3)2.3 (3) 3.1 (4)3.1 (4) 4.7 (6)4.7 (6) 6.2 (8)6.2 (8)
CardiacCardiac 0.8 (1)0.8 (1) 0.8 (1)0.8 (1) 0.8 (1)0.8 (1) 0.8 (1)0.8 (1)

n  129 ptsn  129 pts
130 lesions130 lesions

7.1 (9)7.1 (9)
1.6 (2)1.6 (2)( )( ) ( )( ) ( )( ) ( )( )

MI (all)MI (all) 5.4 (7)5.4 (7) 5.4 (7)5.4 (7) 5.4 (7)5.4 (7) 5.4 (7)5.4 (7)
Q WaveQ Wave 00 00 00 00
Non Q waveNon Q wave 5.4 (7)5.4 (7) 5.4 (7)5.4 (7) 5.4 (7)5.4 (7) 5.4 (7)5.4 (7)

( )( )
6.3 (8)6.3 (8)

00
6.3 (8)6.3 (8)Non Q waveNon Q wave 5.4 (7)5.4 (7) 5.4 (7)5.4 (7) 5.4 (7)5.4 (7) 5.4 (7)5.4 (7)

Cardiac Death + MICardiac Death + MI 6.2 (8)6.2 (8) 6.2 (8)6.2 (8) 6.2 (8)6.2 (8) 6.2 (8)6.2 (8)
ST Def/ProbST Def/Prob 0 0 0 0 00 00

Early (0Early (0 –– 30d)30d) 00 00 00 00

6.3 (8)6.3 (8)
7.1(9)7.1(9)

00
00Early (0 Early (0 –– 30d)30d) 00 0 0 00 00

LST (>30d LST (>30d –– 1yr)1yr) 00 00 00 00
VLST (>1 yr)VLST (>1 yr) –– 00 00 00

TLRTLR 0 8 (1)0 8 (1) 1 5 (2)1 5 (2) 1 6 (2)1 6 (2) 2 3 (3)2 3 (3)

00
00
00

3 1 (4)3 1 (4)TLRTLR 0.8 (1)0.8 (1) 1.5 (2)1.5 (2) 1.6 (2)1.6 (2) 2.3 (3)2.3 (3)
TVR (nonTVR (non--TL)TL) 00 0 0 0.8 (1)0.8 (1) 1.6 (2)1.6 (2)
TVRTVR 0.8 (1)0.8 (1) 1.5 (2)1.5 (2) 2.3 (3)2.3 (3) 3.9 (5)3.9 (5)
MACEMACE 8 5 (11)8 5 (11) 10 (13)10 (13) 11 6 (15)11 6 (15) 14 0 (18)14 0 (18)

3.1 (4)3.1 (4)
2.4 (3)2.4 (3)
5.5 (7)5.5 (7)

16 5 (21)16 5 (21)MACEMACE 8.5 (11)8.5 (11) 10 (13)10 (13) 11.6 (15)11.6 (15) 14.0 (18)14.0 (18)
TVFTVF 6.9 (9)6.9 (9) 7.7 (10)7.7 (10) 8.5 (11)8.5 (11) 10.1 (13)10.1 (13)

16.5 (21)16.5 (21)
13.4 (17)13.4 (17)
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1 Meredith IT, et al. EuroIntervention. 2010;5:692-7. 2 Serruys PW, et al. N Engl J Med. 2010;363:136-46.
3 Silber S, et al. Lancet. 2011;377:1241-47. 4 Yeung AC, et al. JACC. 2011;57:1778-83.



RESOLUTE All Comers RESOLUTE All Comers 

NEJM 2010;363:136NEJM 2010;363:136--4646
L t 2011 377 1241 47Lancet 2011;377:1241-47



RESOLUTE All ComersRESOLUTE All Comers
Clinical Trial DesignClinical Trial Design
Co-PIs: Profs. Serruys, Silber, WindeckerCo-PIs: Profs. Serruys, Silber, Windecker

Clinical Trial DesignClinical Trial Design

Open label, nonOpen label, non--inferiority trialinferiority trial
Any patient with symptomatic coronary arteryAny patient with symptomatic coronary artery

disease eligible for DES implantationdisease eligible for DES implantation
(no lesion/vessel limitations)(no lesion/vessel limitations)

17 European sites17 European sites
2300 patients randomized 1:12300 patients randomized 1:1

Subsets: QCA 460 pts (20%); OCT 50 pts (2%)Subsets: QCA 460 pts (20%); OCT 50 pts (2%)

Resolute StentResolute Stent
n = 1,150n = 1,150

Xience V StentXience V Stent
n = 1,150n = 1,150

100% monitoring100% monitoring

30d30d 6mo6mo 4yr4yr3yr3yr2yr2yr12mo12mo 13mo13mo 5yr5yr

Clinical endpointsClinical endpoints

30d30d 6mo6mo 4yr4yr3yr3yr2yr2yr12mo12mo 13mo13mo 5yr5yr

Angio/OCT endpointsAngio/OCT endpoints

Primary Endpoint: Primary Endpoint: 
1212 th t t l i f il (TLF) it f di d th t t l MI & li i ll d i TLRth t t l i f il (TLF) it f di d th t t l MI & li i ll d i TLR•• 1212--month target lesion failure (TLF), composite of cardiac death, target vessel MI & clinically driven TLRmonth target lesion failure (TLF), composite of cardiac death, target vessel MI & clinically driven TLR

Secondary Endpoints:Secondary Endpoints:
•• Clinical: Patient composite of any death, any MI, & any repeat revascularisationClinical: Patient composite of any death, any MI, & any repeat revascularisation
•• QCA (powered): 13QCA (powered): 13--month inmonth in--stent % diameter stent % diameter stenosisstenosis
•• QCA: % diameterQCA: % diameter stenosisstenosis late loss and binarylate loss and binary restenosisrestenosis•• QCA: % diameter QCA: % diameter stenosisstenosis, late loss, and binary , late loss, and binary restenosisrestenosis
Drug Therapy:Drug Therapy: ASA and ASA and clopidogrelclopidogrel//ticlopidineticlopidine > 6mo (per guidelines)> 6mo (per guidelines)

Serruys PW, et al., N Engl J Med. 2010;363(2):136-46



RESOLUTE All ComersRESOLUTE All Comers
Baseline CharacteristicsBaseline Characteristics

Resolute ZESResolute ZES
(N = 1140)(N = 1140)

Xience V EESXience V EES
(N = 1152)(N = 1152) P valueP value

Baseline CharacteristicsBaseline Characteristics

(N  1140)(N  1140) (N  1152)(N  1152) P valueP value
Age (yr)Age (yr) 64.4 64.4 ±± 10.910.9 64.2 64.2 ±± 10.810.8 0.700.70
Men (%)Men (%) 76.776.7 77.277.2 0.800.80
Diabetes mellitus (%)Diabetes mellitus (%) 23.523.5 23.423.4 1.001.00Diabetes mellitus (%)Diabetes mellitus (%) 23.523.5 23.423.4 1.001.00

IDDMIDDM 8.48.4 7.17.1 0.280.28
ACS (%)ACS (%) 48.348.3 47.747.7 0.800.80
AMI (AMI (within 1within 12 hr) (%)2 hr) (%) 15.415.4 17.817.8 0.130.13(( tt ) (%)) (%) 55 88 0 30 3
AMI (within AMI (within 7272 hr) (%)hr) (%) 28.928.9 28.828.8 0.960.96
Multivessel disease (%)Multivessel disease (%) 58.458.4 59.259.2 0.730.73
Small vessel (RVD Small vessel (RVD ≤≤2.75 mm)2.75 mm) 67.867.8 67.467.4 0.880.88(( ))
Long lesion (length >18 mm)Long lesion (length >18 mm) 18.218.2 21.221.2 0.110.11
Bifurcation/trifurcation (%)Bifurcation/trifurcation (%) 16.916.9 17.717.7 0.620.62
Total occlusion (%)Total occlusion (%) 16.316.3 17.217.2 0.610.61( )( )
InIn--stent restenosis (%) stent restenosis (%) 8.18.1 8.08.0 0.940.94
Complex PatientsComplex Patients11 (%)(%) 67.067.0 65.665.6 0.510.51

1Complex patient definition: bifurcation, bypass grafts, ISR, AMI <72 hr, LVEF <30%, unprotected LM, >2 vessels stented, renalp p yp g p
insufficiency or failure (creatinine >140 µmol/L), lesion length >27 mm, >1 lesion per vessel, lesion with thrombus or TO (preprocedure 
TIMI = 0). With the exception of long lesions (treatable with a single 38-mm length stent), Resolute DES currently is not specifically 
approved or the patient subsets noted in this complex patient definition.

Serruys PW, et al., N Engl J Med. 2010;363(2):136-46



RESOLUTE All RESOLUTE All ComersComers
Target Lesion Failure to 2 Years (Cardiac Death, TVTarget Lesion Failure to 2 Years (Cardiac Death, TV--MI, CDMI, CD--TLR)TLR)
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Resolute ZES (N = 1140)
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Error bars indicate a point-wise two-sided 95% confidence interval (±1.96*SE). Standard Error based on the Greenwood Formula.



RESOLUTE All ComersRESOLUTE All Comers
Components of TLF at 2 YearsComponents of TLF at 2 Years

Cardiac Death (%) TV MI (%) CD TLR (%)

Components of TLF at 2 YearsComponents of TLF at 2 Years

Cardiac Death (%)

P = 0.58
0.4% [-0.9%, 1.6%]

TV-MI (%)

P = 0.84
0.2% [-1.5, 1.9%]

CD-TLR (%)

P = 0.58
0.6% [-1.3%, 2.4%]

4 7
5.7

5.1

0.4% [ 0.9%, 1.6%] 0.2% [ 1.5, 1.9%] 0.6% [ 1.3%, 2.4%]

2.6 2 2

4.7 4.5
5.1

2.2

R-ZES EES R-ZES EES R-ZES EES
n = 1121 n = 1128n = 1121 n = 1128 n = 1121 n = 1128

Silber S, et al. Lancet. 2011;377:1241-47
P-values are based on Fisher's Exact Test and unadjusted for multiple comparisons.
RESOLUTE All Comers was not specifically designed or powered to individually compare endpoints shown above.



RESOLUTE All ComersRESOLUTE All Comers
Cardiac Death and Target Vessel MI at 2 YearsCardiac Death and Target Vessel MI at 2 Years
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15%
L k P 0 57

Resolute ZES (N = 1140)

Clinically Driven TLR at 2 YearsClinically Driven TLR at 2 Years
Ev

en
ts

Log rank P = 0.57 
Xience V EES (N = 1152)

10%

de
nc

e 
of

 E

5%tiv
e 

In
ci

d

5.7%
5.2%

C
um

ul
a

Time after Initial Procedure (Months)

0%
0 6 12 18 24

Time after Initial Procedure (Months)
Error bars indicate a point-wise two-sided 95% confidence interval (±1.96*SE). Standard Error based on the Greenwood Formula.
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Definite or Probable Stent Thrombosis at 2 YearsDefinite or Probable Stent Thrombosis at 2 Years
RESOLUTE All ComersRESOLUTE All Comers

% ( )% ( ) Resolute ZESResolute ZES Xience V EESXience V EES 95% CI95% CI PP

Definite or Probable Stent Thrombosis at 2 YearsDefinite or Probable Stent Thrombosis at 2 Years

% (n)% (n) Resolute ZESResolute ZES
n = 1121n = 1121

Xience V EESXience V EES
n = 1128n = 1128 95% CI95% CI PP

Early (Early (<< 30 days)30 days) 1.1 (12)1.1 (12)** 0.5 (6)0.5 (6) 0.5% [0.5% [--0.2%, 1.3%]0.2%, 1.3%] 0.160.16

Late (31 Late (31 –– 360 days)360 days) 0.6 (7)0.6 (7)** 0.2 (2)0.2 (2) 0.4% [0.4% [--0.1%, 1.0%]0.1%, 1.0%] 0.110.11

Def/Prob ST at 1 yearDef/Prob ST at 1 year 1.6 (18)1.6 (18) 0.7 (8)0.7 (8) 0.9% [0.0%, 1.8%]0.9% [0.0%, 1.8%] 0.050.05

Very Late (> 360 days)Very Late (> 360 days) 0 3 (3)0 3 (3) 0 3 (3)0 3 (3) 0 0% [0 0% [--0 4% 0 4%]0 4% 0 4%] 1 001 00Very Late (> 360 days)Very Late (> 360 days) 0.3 (3)0.3 (3) 0.3 (3)0.3 (3) 0.0% [0.0% [--0.4%, 0.4%]0.4%, 0.4%] 1.001.00

Def/Prob ST at 2 yearsDef/Prob ST at 2 years 1.9 (21)1.9 (21) 1.0 (11)1.0 (11) 0.9% [0.9% [--0.1%, 1.9%]0.1%, 1.9%] 0.080.08

Silber S, et al. Lancet. 2011;377:1241-47

*One patient had a definite ST at day 4 and 31.   
P-values are based on Fisher's Exact Test and are unadjusted for multiple comparisons. RESOLUTE All Comers was not 
specifically designed or powered to individually compare stent thrombosis.
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RESOLUTE Global Clinical Program
5 130 patients enrolled with ≥1 year FU

Enrollment Complete - In Follow Up
RESOLUTERESOLUTE11 NonNon--RCT FirstRCT First--inin--Human (R=139)Human (R=139)NonNon--RCT FirstRCT First--inin--Human (R=139)Human (R=139) 5 yr

5,130 patients enrolled with ≥1 year FU

RESOLUTE ACRESOLUTE AC2,32,3 1:1 RCT vs. Xience V® (R=1,140; X=1,152)1:1 RCT vs. Xience V® (R=1,140; X=1,152)1:1 RCT vs. Xience V® (R=1,140; X=1,152)1:1 RCT vs. Xience V® (R=1,140; X=1,152) 2 yr

RESOLUTE IntRESOLUTE Int NonNon--RCT Observational (R=2349)RCT Observational (R=2349)NonNon--RCT Observational (R=2349)RCT Observational (R=2349) 2 yr

2.25 2.25 –– 3.5mm Non3.5mm Non--RCT vs. Hx Control (R=1,242)RCT vs. Hx Control (R=1,242)2.25 2.25 –– 3.5mm Non3.5mm Non--RCT vs. Hx Control (R=1,242)RCT vs. Hx Control (R=1,242) 1 yr

RESOLUTE USRESOLUTE US44 2.25 2.25 –– 3.5mm Angio/IVUS Non3.5mm Angio/IVUS Non--RCT vs. Hx Control (R=100)RCT vs. Hx Control (R=100)2.25 2.25 –– 3.5mm Angio/IVUS Non3.5mm Angio/IVUS Non--RCT vs. Hx Control (R=100)RCT vs. Hx Control (R=100) 1 yr

4.0mm Angio Non4.0mm Angio Non--RCT vs. Hx Control (RRCT vs. Hx Control (R=60=60))4.0mm Angio Non4.0mm Angio Non--RCT vs. Hx Control (RRCT vs. Hx Control (R=60=60)) 1 yr

2.5 2.5 –– 3.5mm Non3.5mm Non--RCT (RRCT (R=100=100) vs. Hx Control) vs. Hx Control2.5 2.5 –– 3.5mm Non3.5mm Non--RCT (RRCT (R=100=100) vs. Hx Control) vs. Hx ControlRESOLUTE JapanRESOLUTE Japan 1 yr

R Japan SVSR Japan SVS 2.25 Non2.25 Non--RCT vs. PG (R=RCT vs. PG (R=6363))2.25 Non2.25 Non--RCT vs. PG (R=RCT vs. PG (R=6363)) <1 yr

38 mm sub38 mm sub--study  Nonstudy  Non--RCT vs. PG (R=110RCT vs. PG (R=110--175)175)38 mm sub38 mm sub--study  Nonstudy  Non--RCT vs. PG (R=110RCT vs. PG (R=110--175)175) <1 yrRESOLUTE USRESOLUTE US
E lli / Pl i

RESOLUTE AsiaRESOLUTE Asia NonNon--RCT (R≈RCT (R≈300300))NonNon--RCT (R≈RCT (R≈300300)) enroll

RR--China RegistryChina Registry Registry (R=1500 max)Registry (R=1500 max)Registry (R=1500 max)Registry (R=1500 max) enroll

Enrolling / Planning

g yg y
3:1 vs. Cypher (R=742; C=248)3:1 vs. Cypher (R=742; C=248)3:1 vs. Cypher (R=742; C=248)3:1 vs. Cypher (R=742; C=248)RR--China RCTChina RCT plan

1 Meredith IT, et al. EuroIntervention. 2010;5:692-7. 2 Serruys PW, et al. N Engl J Med. 2010;363:136-46.
3 Silber S, et al. Lancet. 2011;377:1241-47. 4 Yeung AC, et al. JACC. 2011;57:1778-83.



RESOLUTE InternationalRESOLUTE International
Prospective Multicenter Real World StudyProspective Multicenter Real World Study

PI: J. Belardi, FPI: J. Belardi, F––J. Neumann, P. Widimský J. Neumann, P. Widimský 

Prospective, Multicenter, Real World StudyProspective, Multicenter, Real World Study

All patients with symptomatic coronary arteryAll patients with symptomatic coronary artery
disease eligible for DES implantationdisease eligible for DES implantation

(no lesion/vessel limitations)(no lesion/vessel limitations)

Resolute StentResolute Stent
N = 2200N = 2200

~100 sites International~100 sites International
No angiographic followNo angiographic follow--upup

Clinical endpointsClinical endpoints

N = 2200N = 2200 No angiographic followNo angiographic follow upup
25% randomly assigned to 100% monitoring25% randomly assigned to 100% monitoring

6mo6mo 3yr3yr2yr2yr12mo12mo
pp

30d30d

Primary Endpoint: Composite of Cardiac Death & Target Vessel MI at 12moPrimary Endpoint: Composite of Cardiac Death & Target Vessel MI at 12mo
Key Secondary Endpoint: ARC Definite and Probable Stent Thrombosis at 12moKey Secondary Endpoint: ARC Definite and Probable Stent Thrombosis at 12moKey Secondary Endpoint: ARC Definite and Probable Stent Thrombosis at 12moKey Secondary Endpoint: ARC Definite and Probable Stent Thrombosis at 12mo

Drug Therapy: ASA and clopidogrel/ticlopidine ≥ 6mo (per guidelines)Drug Therapy: ASA and clopidogrel/ticlopidine ≥ 6mo (per guidelines)



RESOLUTE InternationalRESOLUTE International
Primary Endpoint: Cardiac Death & Target Vessel MIPrimary Endpoint: Cardiac Death & Target Vessel MI
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RR--International vs. RInternational vs. R--All ComersAll Comers
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RESOLUTE Global Clinical Program
5 130 patients enrolled with ≥1 year FU

Enrollment Complete - In Follow Up
RESOLUTERESOLUTE11 NonNon--RCT FirstRCT First--inin--Human (R=139)Human (R=139)NonNon--RCT FirstRCT First--inin--Human (R=139)Human (R=139) 5 yr

5,130 patients enrolled with ≥1 year FU

RESOLUTE ACRESOLUTE AC2,32,3 1:1 RCT vs. Xience V® (R=1,140; X=1,152)1:1 RCT vs. Xience V® (R=1,140; X=1,152)1:1 RCT vs. Xience V® (R=1,140; X=1,152)1:1 RCT vs. Xience V® (R=1,140; X=1,152) 2 yr

RESOLUTE IntRESOLUTE Int NonNon--RCT Observational (R=2349)RCT Observational (R=2349)NonNon--RCT Observational (R=2349)RCT Observational (R=2349) 2 yr

2.25 2.25 –– 3.5mm Non3.5mm Non--RCT vs. Hx Control (R=1,242)RCT vs. Hx Control (R=1,242)2.25 2.25 –– 3.5mm Non3.5mm Non--RCT vs. Hx Control (R=1,242)RCT vs. Hx Control (R=1,242) 1 yr

RESOLUTE USRESOLUTE US44 2.25 2.25 –– 3.5mm Angio/IVUS Non3.5mm Angio/IVUS Non--RCT vs. Hx Control (R=100)RCT vs. Hx Control (R=100)2.25 2.25 –– 3.5mm Angio/IVUS Non3.5mm Angio/IVUS Non--RCT vs. Hx Control (R=100)RCT vs. Hx Control (R=100) 1 yr

4.0mm Angio Non4.0mm Angio Non--RCT vs. Hx Control (RRCT vs. Hx Control (R=60=60))4.0mm Angio Non4.0mm Angio Non--RCT vs. Hx Control (RRCT vs. Hx Control (R=60=60)) 1 yr

2.5 2.5 –– 3.5mm Non3.5mm Non--RCT (RRCT (R=100=100) vs. Hx Control) vs. Hx Control2.5 2.5 –– 3.5mm Non3.5mm Non--RCT (RRCT (R=100=100) vs. Hx Control) vs. Hx ControlRESOLUTE JapanRESOLUTE Japan 1 yr

R Japan SVSR Japan SVS 2.25 Non2.25 Non--RCT vs. PG (R=RCT vs. PG (R=6363))2.25 Non2.25 Non--RCT vs. PG (R=RCT vs. PG (R=6363)) <1 yr

38 mm sub38 mm sub--study  Nonstudy  Non--RCT vs. PG (R=110RCT vs. PG (R=110--175)175)38 mm sub38 mm sub--study  Nonstudy  Non--RCT vs. PG (R=110RCT vs. PG (R=110--175)175) <1 yrRESOLUTE USRESOLUTE US
E lli / Pl i

RESOLUTE AsiaRESOLUTE Asia NonNon--RCT (R≈RCT (R≈300300))NonNon--RCT (R≈RCT (R≈300300)) enroll

RR--China RegistryChina Registry Registry (R=1500 max)Registry (R=1500 max)Registry (R=1500 max)Registry (R=1500 max) enroll

Enrolling / Planning

g yg y
3:1 vs. Cypher (R=742; C=248)3:1 vs. Cypher (R=742; C=248)3:1 vs. Cypher (R=742; C=248)3:1 vs. Cypher (R=742; C=248)RR--China RCTChina RCT plan

1 Meredith IT, et al. EuroIntervention. 2010;5:692-7. 2 Serruys PW, et al. N Engl J Med. 2010;363:136-46.
3 Silber S, et al. Lancet. 2011;377:1241-47. 4 Yeung AC, et al. JACC. 2011;57:1778-83.



RESOLUTE USRESOLUTE US
Clinical Study DesignClinical Study Design

PI: M. Leon, L. Mauri, A. YeungPI: M. Leon, L. Mauri, A. Yeung

D N N ti C L iD N N ti C L i

Clinical Study DesignClinical Study Design

De Novo Native Coronary LesionDe Novo Native Coronary Lesion
Vessel Diameter: 2.25 Vessel Diameter: 2.25 –– 4.2 mm4.2 mm

Lesion Length: ≤ 27 mmLesion Length: ≤ 27 mm
(≤ 35 mm(≤ 35 mm lesions tx w/ 38 mm stent)lesions tx w/ 38 mm stent)

Hx ControlsHx Controls
Performance GoalsPerformance Goals

Resolute stentResolute stent
2.252.25––3.5 Clinical (n=1242)3.5 Clinical (n=1242)

2.252.25––3.5 Angio/IVUS (n=100)3.5 Angio/IVUS (n=100)
N = max 1577 patientsN = max 1577 patients

Up to 135 US sites Up to 135 US sites g ( )g ( )
4.0 Angio (n=60)4.0 Angio (n=60)

38mm Clinical (n=11038mm Clinical (n=110––175)175)

Clinical endpointsClinical endpoints

pp

P i E d i tP i E d i t

pp

Angio/IVUS endpointsAngio/IVUS endpoints
6mo6mo 4yr4yr3yr3yr2yr2yr12mo12mo 18mo18mo8mo8mo 5yr5yr9mo9mo30d30d

Primary Endpoints: Primary Endpoints: 
•• 2.252.25––3.5 Clinical → Target Lesion Failure at 12mo3.5 Clinical → Target Lesion Failure at 12mo
•• 2.252.25––3.5 3.5 AngioAngio/IVUS → In/IVUS → In--Stent LLL at 8moStent LLL at 8mo
•• 4.0 4.0 AngioAngio → In→ In--Segment LLL at 8mo Segment LLL at 8mo 
•• 38 mm Clinical Target Lesion Failure at 12mo38 mm Clinical Target Lesion Failure at 12mo•• 38 mm Clinical → Target Lesion Failure at 12mo 38 mm Clinical → Target Lesion Failure at 12mo 

Drug Therapy: ASA and Drug Therapy: ASA and clopidogrelclopidogrel//ticlopidineticlopidine ≥ 6mo (per guidelines)≥ 6mo (per guidelines)



RESOLUTE USRESOLUTE US
Patient Flow ChartPatient Flow Chart

Patients Enrolled
N = 1402

Patient Flow ChartPatient Flow Chart

N = 1402

Angiographic CohortCli i l C h t

Main Cohort

Angiographic Cohort
N = 160

Clinical Cohort
N = 1242

Main Cohort
2.5-3.5 mm, single lesion

N = 1001 8 mo Angio Follow-up
n = 140

1 Yr Clinical Follow-up
n = 982
98 1%

n = 140 
87.5%

(2.25-3.5mm: n = 90)
(4 0 50)98.1%

1 Yr Clinical Follow-up

(4.0mm: n = 50)

n = 1376
98.1%

Leon M. ACC 2011



RESOLUTE US RESOLUTE US –– All PatientsAll Patients
TLF and Components at 12 MonthsTLF and Components at 12 MonthsTLF and Components at 12 MonthsTLF and Components at 12 Months

Leon M. ACC 2011



RESOLUTE US RESOLUTE US –– All PatientsAll Patients
Target Lesion Failure to 12 MonthsTarget Lesion Failure to 12 Months ((Cardiac Death TVCardiac Death TV--MI CDMI CD--TLRTLR))
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Yeung A, et al. J Am Coll Cardiol. 2011;57:1778-83.
Error bars indicate a point-wise two-sided 95% confidence interval (±1.96*SE). Standard Error based on the Greenwood Formula.



Target Lesion Failure to 12 MonthsTarget Lesion Failure to 12 Months
RESOLUTE US RESOLUTE AC RESOLUTE INTRESOLUTE US RESOLUTE AC RESOLUTE INT
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Standard Error based on the Greenwood Formula. Leon M. ACC 2011



Publication of RPublication of R--US study designUS study design



Publication of RPublication of R--US OutcomesUS Outcomes



ARC Def/ARC Def/ProbProb ST to 12 MonthsST to 12 Months
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RESOLUTE US RESOLUTE US –– All DiabeticsAll Diabetics
Clinical Endpoints at 12 MonthsClinical Endpoints at 12 MonthsClinical Endpoints at 12 MonthsClinical Endpoints at 12 Months

Leon M. ACC 2011



RESOLUTE Global Clinical Program
5 130 patients enrolled with ≥1 year FU

Enrollment Complete - In Follow Up
RESOLUTERESOLUTE11 NonNon--RCT FirstRCT First--inin--Human (R=139)Human (R=139)NonNon--RCT FirstRCT First--inin--Human (R=139)Human (R=139) 5 yr

5,130 patients enrolled with ≥1 year FU

RESOLUTE ACRESOLUTE AC2,32,3 1:1 RCT vs. Xience V® (R=1,140; X=1,152)1:1 RCT vs. Xience V® (R=1,140; X=1,152)1:1 RCT vs. Xience V® (R=1,140; X=1,152)1:1 RCT vs. Xience V® (R=1,140; X=1,152) 2 yr

RESOLUTE IntRESOLUTE Int NonNon--RCT Observational (R=2349)RCT Observational (R=2349)NonNon--RCT Observational (R=2349)RCT Observational (R=2349) 2 yr

2.25 2.25 –– 3.5mm Non3.5mm Non--RCT vs. Hx Control (R=1,242)RCT vs. Hx Control (R=1,242)2.25 2.25 –– 3.5mm Non3.5mm Non--RCT vs. Hx Control (R=1,242)RCT vs. Hx Control (R=1,242) 1 yr

RESOLUTE USRESOLUTE US44 2.25 2.25 –– 3.5mm Angio/IVUS Non3.5mm Angio/IVUS Non--RCT vs. Hx Control (R=100)RCT vs. Hx Control (R=100)2.25 2.25 –– 3.5mm Angio/IVUS Non3.5mm Angio/IVUS Non--RCT vs. Hx Control (R=100)RCT vs. Hx Control (R=100) 1 yr

4.0mm Angio Non4.0mm Angio Non--RCT vs. Hx Control (RRCT vs. Hx Control (R=60=60))4.0mm Angio Non4.0mm Angio Non--RCT vs. Hx Control (RRCT vs. Hx Control (R=60=60)) 1 yr

2.5 2.5 –– 3.5mm Non3.5mm Non--RCT (RRCT (R=100=100) vs. Hx Control) vs. Hx Control2.5 2.5 –– 3.5mm Non3.5mm Non--RCT (RRCT (R=100=100) vs. Hx Control) vs. Hx ControlRESOLUTE JapanRESOLUTE Japan 1 yr

R Japan SVSR Japan SVS 2.25 Non2.25 Non--RCT vs. PG (R=RCT vs. PG (R=6363))2.25 Non2.25 Non--RCT vs. PG (R=RCT vs. PG (R=6363)) <1 yr

38 mm sub38 mm sub--study  Nonstudy  Non--RCT vs. PG (R=110RCT vs. PG (R=110--175)175)38 mm sub38 mm sub--study  Nonstudy  Non--RCT vs. PG (R=110RCT vs. PG (R=110--175)175) <1 yrRESOLUTE USRESOLUTE US
E lli / Pl i

RESOLUTE AsiaRESOLUTE Asia NonNon--RCT (R≈RCT (R≈300300))NonNon--RCT (R≈RCT (R≈300300)) enroll

RR--China RegistryChina Registry Registry (R=1500 max)Registry (R=1500 max)Registry (R=1500 max)Registry (R=1500 max) enroll

Enrolling / Planning

g yg y
3:1 vs. Cypher (R=742; C=248)3:1 vs. Cypher (R=742; C=248)3:1 vs. Cypher (R=742; C=248)3:1 vs. Cypher (R=742; C=248)RR--China RCTChina RCT plan

1 Meredith IT, et al. EuroIntervention. 2010;5:692-7. 2 Serruys PW, et al. N Engl J Med. 2010;363:136-46.
3 Silber S, et al. Lancet. 2011;377:1241-47. 4 Yeung AC, et al. JACC. 2011;57:1778-83.



Target Lesion Failure (TLF)Target Lesion Failure (TLF)‡‡ to 2 Yearsto 2 Years
RESOLUTE Pooled RESOLUTE Pooled 
Target Lesion Failure (TLF)Target Lesion Failure (TLF) to 2 Yearsto 2 Years
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No at riskNo at riskNo. at riskNo. at risk
RR--ZESZES 51305130 50575057 48394839 43014301 31853185
% CI% CI 1.41.4 4.54.5 6.66.6 8.38.3 9.49.4
EESEES 11521152 11211121 10611061 10261026 998998
% CI% CI 2.62.6 6.76.7 8.58.5 9.89.8 10.710.7

‡Cardiac Death, TVMI, or TLR
*Pooled patient level data from RESOLUTE, R-AC, R-Int, R-US, R-Japan



TLF and Components at 2 YearsTLF and Components at 2 Years
RESOLUTE Pooled RESOLUTE Pooled 
TLF and Components at 2 YearsTLF and Components at 2 Years
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Cardiac Death & Target Vessel MI to 2 YearsCardiac Death & Target Vessel MI to 2 Years
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Time After Initial Procedure (months)

No at riskNo at riskNo. at riskNo. at risk
RR--ZESZES 51305130 50625062 48994899 44254425 33073307
% CI% CI 1.31.3 3.33.3 3.93.9 4.94.9 5.55.5
EESEES 11521152 11211121 10821082 10601060 10371037
% CI% CI 2.62.6 4.94.9 5.55.5 6.16.1 6.26.2

*Pooled patient level data from RESOLUTE, R-AC, R-Int, R-US, R-Japan



Target Lesion Revascularization to 2 YearsTarget Lesion Revascularization to 2 Years
RESOLUTE Pooled RESOLUTE Pooled 
Target Lesion Revascularization to 2 YearsTarget Lesion Revascularization to 2 Years
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No at riskNo at riskNo. at riskNo. at risk
RR--ZESZES 51305130 51215121 49474947 44094409 32793279
% CI% CI 0.10.1 1.71.7 3.33.3 4.34.3 4.84.8
EESEES 11521152 11481148 11001100 10641064 10351035
% CI% CI 0.10.1 2.12.1 3.53.5 4.34.3 5.25.2

TLR is clinically driven
*Pooled patient level data from RESOLUTE, R-AC, R-Int, R-US, R-Japan



Stent Thrombosis ARC Definite/Probable to 2 YearsStent Thrombosis ARC Definite/Probable to 2 Years
RESOLUTE Pooled RESOLUTE Pooled 
Stent Thrombosis ARC Definite/Probable to 2 YearsStent Thrombosis ARC Definite/Probable to 2 Years
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Time After Initial Procedure (months)

No at riskNo at riskNo. at riskNo. at risk
RR--ZESZES 51305130 51225122 50075007 45334533 34063406
% CI% CI 0.120.12 0.720.72 0.780.78 0.870.87 0.960.96
EESEES 11521152 11491149 11211121 10991099 10751075
% CI% CI 0.000.00 0.610.61 0.700.70 0.890.89 0.980.98

Outcomes remain consistent when adjusted for duration of DAPT.
*Pooled patient level data from RESOLUTE, R-AC, R-Int, R-US, R-Japan
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ISARISAR--TEST 5:TEST 5:ISARISAR TEST 5:TEST 5:
Randomized, NonRandomized, Non--inferiority inferiority 
Trial of Rapamycin/ProbucolTrial of Rapamycin/ProbucolTrial of Rapamycin/ProbucolTrial of Rapamycin/Probucol--

and Zotarolimusand Zotarolimus--Eluting StentsEluting Stents
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ISARISAR--TESTTEST--55
IIntracoronary ntracoronary SStenting and tenting and AAngiographic ngiographic RResults:esults:
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3002 patients with 3002 patients with de novode novo lesionslesions
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(Dual(Dual--DES)DES)
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(ZES)(ZES)

n=1000n=1000

6 to 86 to 8--month repeat angiogrammonth repeat angiogram6 to 86 to 8--month repeat angiogrammonth repeat angiogram

1212--month clinical followmonth clinical follow--upup1212 month clinical followmonth clinical follow upup
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Target Lesion RevascularizationTarget Lesion Revascularization
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Angiographic RestenosisAngiographic Restenosis
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Cardiac Death/TVCardiac Death/TV--related MI/TLRrelated MI/TLR
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Primary Endpoint in Different Primary Endpoint in Different 
SubgroupsSubgroups

PPinteractioninteraction

SubgroupsSubgroups

>67 8 yrs>67 8 yrs

AgeAge
0 91 (0 69 1 20)0 91 (0 69 1 20)

0.510.51

1.03 (0.80, 1.31)1.03 (0.80, 1.31)All

>67.8 yrs>67.8 yrs

WomenWomen

≤≤67.8 yrs67.8 yrs

SexSex

0.91 (0.69, 1.20)0.91 (0.69, 1.20)

1 40 (0 87 2 26)1 40 (0 87 2 26)

1.12 (0.81, 1.55)1.12 (0.81, 1.55)

0.100.10
WomenWomen
MenMen

YesYes
DiabetesDiabetes

1.40 (0.87, 2.26)1.40 (0.87, 2.26)
0.90 (0.71, 1.14)0.90 (0.71, 1.14)

0 97 (0 69 1 36)0 97 (0 69 1 36)

0.820.82

<2 79 mm<2 79 mm

Vessel sizeVessel size

YesYes
NoNo

0 95 (0 71 1 27)0 95 (0 71 1 27)

0.380.38

0.97 (0.69, 1.36)0.97 (0.69, 1.36)
1.02 (0.77, 1.34)1.02 (0.77, 1.34)

0.50.5 11 1.51.5 22 2.52.5

<2.79 mm<2.79 mm
≥≥2.79 mm2.79 mm

0.95 (0.71, 1.27)0.95 (0.71, 1.27)
1.07 (0.78, 1.47)1.07 (0.78, 1.47)

Relative RiskRelative Risk
(95% CI)(95% CI)

DualDual--DESDES
betterbetter

ZESZES
betterbetter



TWENTE
A Prospective, Randomized Trial of 
Z li El i S d

TWENTE

Zotarolimus‐Eluting Stents and 
Everolimus‐Eluting Stents in Patients

With Coronary Artery Disease

Clemens von Birgelen, MD PhD
Thoraxcentrum Twente, MST, and MIRA Institute, 
University of Twente, Enschede, the NetherlandsUniversity of Twente, Enschede, the Netherlands



TWENTE  Study Design
Patients with stable angina or non‐ST‐elevation ACS requiring DES

No limit of number of lesions or vessels treatedNo limit of number of lesions or vessels treated  

No limit of lesion length

No limit of reference vessel size

Zotarolimus‐eluting
Resolute
n = 690

Everolimus‐eluting
Xience V
n = 690

1:1  Randomization

Clinical follow up

n   690

30 d 1 yr 2 yrs
Clinical follow-up

Control angiography only if clinically indicated

Primary endpoint Target vessel failure at one yearPrimary endpoint Target vessel failure at one year

Secondary endpoints Components of primary endpoint; stent thrombosis;  patient oriented composite endpoint



Primary Endpoint 
T t V l F il t 1Target Vessel Failure at 1 year
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Secondary:  Components of TVF 
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Xience V    2.7 %
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No significant difference in the components 
of the primary endpoint TVF at 1 year

between Resolute and Xience V. 
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Secondary: Stent Thrombosis (ARC Definition)

2

%
)

Cardiac Death
Myocardial Infarction

Definite stent thrombosisRelatively low definite plus probable stent 
thrombosis rates for Resolute and Xience V 

stents without significant difference between
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Target Vessel Revascularization

Cardiac Death

Myocardial Infarction

Definite Stent Thrombosis Probable Stent Thrombosis
Myocardial Infarction

Target‐Vessel Revascularization

Probable stent thrombosis

stents without significant difference between
groups (0.86 % vs. 1.16 %, p = 0.59).
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*  Cardiac death. Patient enrolled for 
stenting of LAD + RCA (7 days after 
NSTEMI, treated with BMS in CX)

† TVR P ti t t DAPT (ASA
*

† 
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0                       10                       30                      20                       120                      240                       360                      

Days since index procedure

Cu †  TVR. Patient not on DAPT (ASA 
intolerance; clopidogrel + OAC)

‡  Cardiac death. Patient not on DAPT 
( l )(ASA only)

§ Non‐Q‐wave MI. Patient not on 
DAPT (clopidogrel + OAC)

Low definite stent thrombosis rates for Resolute 
and Xience V stents without significant difference

between groups (0.58 % vs. 0 %, p = 0.12).



Favorable Neointimal Coverage in Resolute Favorable Neointimal Coverage in Resolute 
at 9 Months after Stent Implantation: at 9 Months after Stent Implantation: 
Comparison with Cypher Stent using Optical Comparison with Cypher Stent using Optical 

Coherence TomographyCoherence Tomography

Jin-sun Kim, MD, Jung-Sun Kim, MD, Ph D, Young-Guk Ko, MD, 

Donghoon Choi MD Ph D Myeong Ki Hong MD Ph D Yangsoo JangDonghoon Choi, MD, Ph D, Myeong-Ki Hong, MD, Ph D, Yangsoo Jang, 

MD, Ph D, Namsik Chung, MD, Ph D, Won-Heum Shim, MD, Ph D, 

S Y Ch MD Ph DSeung-Yun Cho, MD, Ph D
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Yonsei University College of Medicine, Seoul, Korea 



OCT findings at 9-month after stent 
implantationp

123 stents (43 ZES-R and 80 SES)

P < 0 001P < 0.001

P < 0.001 P = 0.002



OCT findings at 9-month after stent 
implantationimplantation

123 stents (43 ZES-R and 80 SES)

P = 0.03

P < 0.001
P < 0.001



RESOLUTE StudiesRESOLUTE Studies
ConclusionsConclusions

•• The RESOLUTE ZES has favorable designThe RESOLUTE ZES has favorable designThe RESOLUTE ZES has favorable design The RESOLUTE ZES has favorable design 
features including a highly deliverable stent and features including a highly deliverable stent and 
prolonged drug elution from a new hydrophilic, prolonged drug elution from a new hydrophilic, p g g y p ,p g g y p ,
biocompatible durable polymer.biocompatible durable polymer.

•• A comprehensive global study programA comprehensive global study programA comprehensive global study program A comprehensive global study program 
(> 5,000 patients) indicates…(> 5,000 patients) indicates…

a favorable safety profilea favorable safety profilea favorable safety profilea favorable safety profile
low TLR and angiographic low TLR and angiographic restenosisrestenosis

•• Direct RCT comparisons with the marketDirect RCT comparisons with the market•• Direct RCT comparisons with the marketDirect RCT comparisons with the market--
leading EES showed comparable safety and leading EES showed comparable safety and 
effectivenesseffectivenesseffectivenesseffectiveness


