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• The results of trials comparing BMS to 
PTCA were discordant compared to the 
other coronary lesions.

• Clinical and angiographic restenosis rates 
remain relatively high with either strategy.

Small Vessel Disease in the BMS eraSmall Vessel Disease in the BMS era
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PCI for Small Vessels 
in the DES Era

PCI for Small Vessels 
in the DES Era

• For complete lesion coverage in the 
DES era, the number of PCI for small 
coronary lesions has been increased 
despite of small perfusion territory and 
unfavorable long-term outcomes.
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Evidences
DES in Small Vessels

Evidences
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• Subgroups of randomized studies
• RAVEL, SIRIUS, New-SIRIUS (SES vs. BMS)
• TAXUS (PES vs. BMS)

• Randomized studies
• E-SIRIUS (SES vs. BMS)
• SES-SMART (SES vs. BMS)

• Registries
• SVELTE (SES vs. BMS)
• REVOLUTION (thin strut SES)
• RESEARCH & T-SEARCH (SES vs. PES)
• ISAR-SMART 3 (SES vs. PES)
• Asan Medical Center (SES vs. PES)

SES=sirolimus-eluting stent, PES=paclitaxel-eluting stent, BMS=bare metal stent
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Paclitaxel-Eluting Stent
Taxus IV vs. V vs. VI

Paclitaxel-Eluting Stent
Taxus IV vs. V vs. VI

31.7

NA

29.1

18.7

36.8

28.7

17.3

1,156

TAXUS V

4461,314No of patients

20.023.4Diabetes mellitus (%)

23.520.8Non-target vessel intervention (%)

27.8Not permitOverlapping stent (%)

27.832.1Small vessels (<2.5mm) (%)

55.620.3AHA/ACC type C lesions (%)

33.421.9Stent length (mm)

20.614.4Lesion length (mm)

TAXUS VITAXUS IV



CardioVascular Research Foundation Asan Medical Center

0.39
0.49

0.39

0.92 0.9
0.99

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

TAXUS IV TAXUS V TAXUS VI

PES BMS

In
-s

te
nt

 la
te

 lo
ss

 (m
m

)

In-Stent Late Loss at 9 Mo
PES vs. BMS

In-Stent Late Loss at 9 Mo
PES vs. BMS

All p<0.001

<2.5mm                  <2.25mm                <2.5mm



CardioVascular Research Foundation Asan Medical Center

10.2

31.2

7.3

38.5

49.4

40.4

0

10

20

30

40

50

TAXUS IV TAXUS V TAXUS VI

PES BMS

R
es

te
no

si
s

ra
te

 (%
)

Restenosis at 9 Mo
PES vs. BMS

Restenosis at 9 Mo
PES vs. BMS

All p<0.001

In-Segment                           In-Segment In-Stent

<2.5mm                  <2.25mm                <2.5mm



CardioVascular Research Foundation Asan Medical Center

3.4

10.4

5

15.5

21.5

29.7

0

10

20

30

40

TAXUS IV TAXUS V TAXUS VI

PES BMS

TL
R

 ra
te

 (%
)

TLR Rates at 9 Mo
PES vs. BMS

TLR Rates at 9 Mo
PES vs. BMS

p<0.0001

P=0.004
P=0.0003

<2.5mm                  <2.25mm                <2.5mm



CardioVascular Research Foundation Asan Medical Center

Evidences
DES in Small Vessels

Evidences
DES in Small Vessels

• Subgroups of randomized studies
• RAVEL, SIRIUS, New-SIRIUS (SES vs. BMS)
• TAXUS (PES vs. BMS)

• Randomized studies
• E-SIRIUS (SES vs. BMS)
• SES-SMART (SES vs. BMS)

• Registries
• SVELTE (SES vs. BMS)
• REVOLUTION (thin strut SES)
• RESEARCH & T-SEARCH (SES vs. PES)
• ISAR-SMART 3 (SES vs. PES)
• Asan Medical Center (SES vs. PES)



CardioVascular Research Foundation Asan Medical Center

352 Lesions
RVD: 2.5~3.0mm

175 lesions

177 lesions 156 lesions
(88%)

152 lesions
(87%)

SES
8Mo Angiographic

Follow-up

BMS

E-SIRIUS Study
2.5~3.0mm

E-SIRIUS Study
2.5~3.0mm

Randomization

Schofer J et al. Lancet 2003;362:1093

RVD=2.55mm
Lesion length=15mm
Stented length=23mm



CardioVascular Research Foundation Asan Medical Center

E-SIRIUS

Angiographic Outcomes at 8 MoAngiographic Outcomes at 8 Mo

Schofer J et al. Lancet 2003;362:1093

<0.000166/156 (42.3%)9/152 (5.9%)In-segment restenosis

<0.000165/156 (41.7%)6/152 (3.9%)In-stent restenosis

<0.00010.80±0.570.19±0.38In-segment late loss, mm

<0.00011.05±0.610.20±0.38In-stent late loss, mm

<0.00011.29±0.611.97±0.48In-segment MLD, mm

<0.00011.33±0.632.22±0.48In-stent MLD, mm

0.00062.48±0.322.61±0.34Reference size, mm

pBMSSES
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Clinical Outcomes at 9 MoClinical Outcomes at 9 Mo

Schofer J et al. Lancet 2003;362:1093

0.000240 (22.6)14 (8.0)Total

<0.000137 (20.9)7 (4.0)TLR

0.253 (1.7)0 (0)CABG

0.544 (2.3)6 (3.4)Non Q-MI

0.250 (0)2 (1.1)Q-MI

0.264 (2.3)8 (4.6)MI

0.621 (0.6)2 (1.1)Death

PBMS
(n=177)

SES
(n=175)

Data are shown as the number (%)

E-SIRIUS
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257 Lesions
RVD ≤ 2.75mm

129 lesions

128 lesions 113 lesions
(88%)

123 lesions
(95%)

SES
8Mo Angiographic

Follow-up

BMS

SES-SMART Study
≤ 2.75 mm

SES-SMART Study
≤ 2.75 mm

Randomization

Ardissino D et al. JAMA 2004;292:2727

RVD=2.20mm
Lesion length=11.8mm
Stented length=16mm
Diabetes=24.9%
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SES-SMART

Angiographic Outcomes at 8 MoAngiographic Outcomes at 8 Mo

<0.00160/113 (53.1)12/123 (9.8)In-segment restenosis

<0.00155/113 (49.1)6/123 (4.9)In-stent restenosis

<0.0010.69±0.610.16±0.46In-segment late loss, mm

<0.0010.90±0.620.16±0.38In-stent late loss, mm

<0.0011.09±0.601.70±0.48In-segment MLD, mm

<0.0011.20±0.642.01±0.43In-stent MLD, mm

pBMSSES

Ardissino D et al. JAMA 2004;292:2727
Data are shown as the number (%)



CardioVascular Research Foundation Asan Medical Center

Clinical Outcomes at 8 MoClinical Outcomes at 8 Mo

<0.00140 (31.3)12 (9.3)Total

0.00227 (21.1)9 (7)TLR

>0.991 (0.8)1 (0.8)CVA

0.068 (6.3)2 (1.6)Non Q-MI

0.242 91.6)0Q-MI

0.0410 (7.8)2 (1.6)MI

0.242 (1.6)0Death

PBMS
(n=128)

SES
(n=129)

Data are shown as the number (%) Ardissino D et al. JAMA 2004;292:2727

SES-SMART
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• TAXUS (PES vs. BMS)

• Randomized studies
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• SES-SMART (SES vs. BMS)

• Registries
• SVELTE (SES vs. BMS)
• REVOLUTION (thin strut SES)
• RESEARCH & T-SEARCH (SES vs. PES)
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101 Lesions
RVD = 2.25~2.75mm 101 lesions

101 lesions 91%

94.1%

SES-SVELTE
8Mo Angiographic

Follow-up

SES from SIRIUS

SVELTE StudySVELTE Study

Non-randomized historical comparison

101 Lesions
RVD=Lowest tertile

from SIRIUS

Guagliumi G. TCT 2004

Full-lesion coverage
No edge injury
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Multicenter registry
52 patients

EVOLUTION Study
2.0-2.5mm

EVOLUTION Study
2.0-2.5mm

Abizaid. TCT 2004

RVD= 2.0 ~ 2.5 mm
Lesion length < 18mm
SES heparin coated cobalt-Cr stent

In-stent restenosis 4 (8.0%)
In-segment restenosis 5 (10.0%)
In-stent late loss                    0.30 ± 0.44 mm
In-segment late loss              0.28 ± 0.45 mm



CardioVascular Research Foundation Asan Medical Center

Integrate Analysis of SES studiesIntegrate Analysis of SES studies

Abizaid. TCT 2004

<0.000139.8%6.9%In-segment restenosis, %

<0.000138.5%3.2%In-stent restenosis, %

<0.00010.810.21In-segment late loss, mm

<0.00011.020.18In-stent late loss, mm

pBMS
(n=631)

SES
(n=909)

Angiographic Results 
Small Vessels in Ravel, Sirius, New-Sirius, Direct and Svelte
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Integrate Analysis of SES studiesIntegrate Analysis of SES studies

Abizaid. TCT 2004

<0.000119.4%6.4%MACE

<0.000117.1%3.5%TLR

0.4423.4%2.8%TVR

0.1832.9%1.9%Non-Q MI

0.2590.3%0.8%Q-MI

0.6330.7%1.0%Death

pBMS
(n=631)

SES
(n=909)

Clinical Results 
in Small Vessels of Ravel, Sirius, New-Sirius, Direct and Svelte
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DES in Small Coronary LesionsDES in Small Coronary Lesions

Impact of Small Diameter
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DES vs. BMS in Small VesselsDES vs. BMS in Small Vessels

• In patients with small coronary lesions, the 
treatment with DES (either Cypher or Taxus), 
compared to the BMS, is associated with a 
dramatic reduction of angiographic and clinical 
events as the other coronary lesion subsets.

• However, the small coronary vessel remains an 
independent predictor of angiographic 
restenosis even in the DES era.
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Small Vessel DiseaseSmall Vessel Disease

DES vs. BMSDES vs. BMS
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IVUS Comparison of IH

BMS (Multi-Link) vs. PES (ACHIEVE) vs. SES

Hoffmann R. et al. Am J Cardiol 2004

LL: 11.7mm, RVD: 2.6mm, DS:68.3%

0.1

BMS

0.2

0.3

0.4

PES SES

●

●

●

(n=50) (n=18) (n=35)

P=0.048
P<0.001

6Mo Intimal Hyperplasia Thickness
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Comparison of Very Small Vessels in 
RESEARCH vs. T-SEARCH Registries
Comparison of Very Small Vessels in 
RESEARCH vs. T-SEARCH Registries

2.25mm SES and PES stents

Rodriguez-Granillo GA. et al. J Invasive Cardiol 2005

RVD: 1.90mm, MLD: 0.52mm, DS:72.4%, Stent length: 17.8mm
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Small Vessel < 2.8 mm 
(n=360)

SES vs PES for Small Vessels
ISAR-SMART 3 study

Randomization (1:1)

SES
(n=180)

1-Yr F/U (100%)
CAG F/U (88%) 

PES
(n=180)

1-Yr F/U (100%)
CAG F/U (86%) 

Primary end point: in-stent late loss
Secondary end points: Restenosis and TLR                      

Mehilli J. et al Eur Heart J 2006;27:260
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0.1559.4±15.357.2±14.4DS (%)

0.60142 (72)151 (74)Type B2/C lesions, n (%)

0.330.99±0.4010.3±0.39MLD (mm)

0.1212.9±8.011.7±6.7Lesion length (mm)

0.342.44±0.382.40±0.38Vessel size (mm)

PCYPHER
(n=198)

TAXUS
(n=204)

Angiogrpahy before Procedure
ISARISAR--SMART 3SMART 3

Mehilli J. et al Eur Heart J 2006;27:260
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0.0516.7±7.718.5±7.2in-segment (%)

0.365.6±7.56.3±7.7in-stent (%)

DS

0.412.04±0.472.00±0.47in-segment (mm)

0.802.44±0.362.44±0.37in-stent (mm)

MLD

0.6521.4±9.821.0±7.8Length of stent (mm)

PCYPHER

(n=198)

TAXUS

(n=204)

Angiogrpahy after Procedure
ISARISAR--SMART 3SMART 3

Mehilli J. et al Eur Heart J 2006;27:260
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Late lumen loss
<0.0010.25±0.550.56±0.59in-stent (mm)
<0.0010.13±0.560.34±0.57in-segment (mm)

0.04720 (11.4)33 (19.0)in-segment, n (%)
0.0414 (8.0)26 (14.9)in-stent, n (%)

Binary restenosis

<0.0011.91±0.611.67±0.63in-segment (mm)
<0.0012.21±0.661.88±0.67in-stent (mm)

MLD

PCYPHER
(n=198)

TAXUS
(n=204)

ISARISAR--SMART 3SMART 3

Angiogrpahy at Follow-up

Mehilli J. et al Eur Heart J 2006;27:260
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AMC Experience in
Small Vessel Disease

AMC Experience in
Small Vessel Disease
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• Between June 2003 and July 2004

• Inclusion criteria
• Reference diameter ≤ 2.75mm
• Diameter stenosis ≥ 70%

• Exclusion criteria
• AMI within 48 hrs
• LVEF ≤ 40%
• LM, Bifurcation, CTO and ISR lesions
• History. of  PCI or CABG

SubjectsSubjects

KH Park. Catheter Cardiovasc Interv 2006;67:589

AMCAMC
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197 Patients
(245 Lesions)

121(156)
61.4%

76(89)
38.6%

65(76)
85.4%

105(135)
86.5%

SES
6Mo Angiographic

Follow-up

PES

Subjects
≤ 2.75 mm
Subjects
≤ 2.75 mm

KH Park. Catheter Cardiovasc Interv 2006;67:589

AMCAMC



CardioVascular Research Foundation Asan Medical Center

0.7958.8±7.659.1±8.5LVEF, %

0.2854 (71.0)76 (62.8)Male, n (%)

0.3834 (44.7)62 (51.2)Hypertension, n (%)

0.2033 (43.3)61 (50.4)ACS

0.3630 (39.5)39 (32.2)Hypercholesterolemia, n (%)

0.2128 (36.8)35 (28.9)Current smoker, n (%)

0.5321 (24.5)39 (32.2)Diabetes mellitus, n (%)

0.2259.210.661.0±8.6Age, yrs

P- ValuePES
(n=76)

SES
(n=121)

Baseline CharacteristicsBaseline Characteristics

KH Park. Catheter Cardiovasc Interv 2006;67:589

AMCAMC
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0.5163 (82.8)62 (76.0)Multivessel, n (%)

20 (22.4)50 (32.0)LCX, n (%)

53 (59.6)52 (52.6)LAD, n (%)

16 (18.0)24 (15.3)RCA, n (%)

0.6932.8±14.431.4±17.5Total stent length (mm)

0.233.0±0.222.91±0.2Maximal device diameter (mm)

0.0915.1±2.915.9±3.0Maximal pressure (atm)

0.21Lesion location

P- ValuePES
(n=89)

SES
(n=156)

Angiographic and Procedural ResultsAngiographic and Procedural Results

KH Park. Catheter Cardiovasc Interv 2006;67:589

AMCAMC
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0.6932.8±14.431.4±17.5Stent length (mm)
0.065.8±8.33.7±7.1Diameter stenosis (%)
0.452.42±0.352.52±0.33MLD (mm)

After procedure
0.2267.5±16.065.4±13.0Diameter stenosis (%)
0.310.81±0.420.86±0.33MLD (mm)
0.192.44±0.252.47±0.21Reference (mm)
0.3427.1±12.725.2±14.7Lesion length (mm)

Baseline

P- ValueTaxus
(n=89)

Cypher
(n=156)

Baseline QCABaseline QCA

KH Park. Catheter Cardiovasc Interv 2006;67:589

AMCAMC
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0.8576 (85.4)135 (86.5)Lesions, n (%)

<0.00121 (27.7)9 (6.7)Restenosis, n  (%)

<0.0010.69±0.620.29±0.42Late loss (mm)

<0.00131.7±34.95.38±22.5DS (%)

<0.0011.77±0.772.32±0.56MLD (mm)

0.542.43±0.392.46±0.28Reference (mm)

P- ValueTaxusCypher

QCA at 6 monthsQCA at 6 months

KH Park. Catheter Cardiovasc Interv 2006;67:589

AMCAMC
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Clinical outcomes at 9Mo
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SES vs. PES in Small VesselsSES vs. PES in Small Vessels
• In patients with small vessels, use of the SES appears 

to be associated with a decrease in the extent of late 
luminal loss, angiographic restenosis, and the need of 
target lesion revascularization, as compared to use of 
the PES.

• Our finding in the AMC registry was  in line with the 
recent randomized studies comparing the efficacy of 
SES versus PES.

• However, a randomized study for small coronary 
lesions is warranted to verity this registry result.
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Angiographic and Clinical OutcomesAngiographic and Clinical Outcomes
ISAR-STEREO-2
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Thin Strut BMS vs. DES ?Thin Strut BMS vs. DES ?
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vs  Thick-strut DES
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However, Thin-Strut DES ?However, Thin-Strut DES ?
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New DES in Small VesselsNew DES in Small Vessels
• In the studies with BMS, thinner strut has been shown to 

decrease neo-intimal hyperplasia.
• However, a recent randomized study failed to observe a similar 

efficacy of the thin-strut BMS compared to that of the SES in 
small coronary lesions.

• Nonetheless, a more smart DES stent platform with better 
conformability, trackability, and thinner stent strut is being 
investigated to improve the outcomes of small coronary 
interventions.


