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First Human CatheterizationFirst Human CatheterizationFirst Human Catheterization

• 1929 Werner Forssmann•• 1929 Werner Forssmann1929 Werner Forssmann
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First Coronary AngiographyFirst Coronary AngiographyFirst Coronary Angiography

• 1958 Mason Sones

• Sone technique: brachial artery cut-down for CAG

•• 1958 Mason 1958 Mason SonesSones

•• SoneSone technique: brachial artery cuttechnique: brachial artery cut--down for CAGdown for CAG
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First Human Coronary AngioplastyFirst Human Coronary AngioplastyFirst Human Coronary Angioplasty

• 1977 Andreas Roland Gruentzig

• First human coronary balloon angioplasty

•• 1977 Andreas Roland 1977 Andreas Roland GruentzigGruentzig

•• First human coronary balloon angioplastyFirst human coronary balloon angioplasty

1979 Angioplasty Course in Zurich
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RestenosisRestenosis
The Beginning of Long JourneyThe Beginning of Long Journey

•• Restenosis rate of balloon angioplastyRestenosis rate of balloon angioplasty

•• Simple lesionSimple lesion 30%30%

•• Complex lesionComplex lesion 40%40%

•• Mechanism of restenosisMechanism of restenosis

•• Acute recoilAcute recoil

•• Negative remodelingNegative remodeling

•• NeoNeo--intimal proliferationintimal proliferation

→→→→→→→→ New devices: New devices: Atherectomy, Atherectomy, StentStent, Drug delivery, Drug delivery
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Atherectomy DevicesAtherectomy DevicesAtherectomy Devices

Directional coronary 

atherectomy (DCA)

Rotational atherectomy

Excimer laser coronary 

angioplasty (ELCA)

Directional coronary Directional coronary 

atherectomy (DCA)atherectomy (DCA)

Rotational atherectomyRotational atherectomy

ExcimerExcimer laser coronary laser coronary 

angioplasty (ELCA)angioplasty (ELCA)
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Directional AtherectomyDirectional Atherectomy

• Balloon versus Optimal Atherectomy Trial (BOAT)

•• Aggressive Aggressive debulkingdebulking with IVUS guidance with IVUS guidance 

Residual stenosis (%)Residual stenosis (%)

Success rate (%)Success rate (%)

InhospitalInhospital death, MI, CABG (%)death, MI, CABG (%)

InhospitalInhospital NonQMINonQMI / QMI(%)/ QMI(%)

6 mo restenosis rate (%)6 mo restenosis rate (%)

6 mo TLR (%)6 mo TLR (%)

PTCAPTCA

1818

8787

4040

1818

DCADCA

1515

9393

3232

1515

**

2.82.8 3.33.3

**

(Lansky AJC 1999)(Lansky AJC 1999)
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DCA for Left Main DES ISRDCA for Left Main DES ISRDCA for Left Main DES ISR

M/55 Stable anginaM/55 Stable angina

Baseline CAGBaseline CAG Post PCIPost PCI

Cypher 3.5x18 mmCypher 3.5x18 mm
99--mo FU CAGmo FU CAG
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DCA for Left Main DES ISRDCA for Left Main DES ISRDCA for Left Main DES ISR

Taxus 4.0x12 mmTaxus 4.0x12 mm

LM ISR after 23 moLM ISR after 23 mo DCA 8FDCA 8F

Final CAGFinal CAG
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DCA for Left Main DES ISRDCA for Left Main DES ISRDCA for Left Main DES ISR

SMC 

proliferation 

and 

abundant 

matrix

SMC SMC 

proliferation proliferation 

and and 

abundant abundant 

matrixmatrix
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Advent of Advent of StentStent EraEra
StentStent ThrombosisThrombosis

1991 First report of 1991 First report of stentstent in humanin human

Subacute thrombosisSubacute thrombosis = 24 %= 24 %

→→ Aggressive systemic anticoagulationAggressive systemic anticoagulation

Subacute thrombosis = 5 Subacute thrombosis = 5 -- 20 %20 %

Bleeding complication > 15 %Bleeding complication > 15 %

→→ Improvement to < 2%Improvement to < 2%

New New stentstent designdesign

High pressure expansionHigh pressure expansion

Dual Dual antiplateletantiplatelet

((SerruysSerruys P. NEJM 1991)P. NEJM 1991)

StentStent, Friend or Foe?, Friend or Foe?
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Bare Metal Bare Metal StentStent

WallstentWallstent

GianturcoGianturco

-- RoubinRoubin

WiktorWiktor

CordisCordis

JJ stentJJ stent

MultilinkMultilink

CordisCordis

Micro GFXMicro GFX

NIRNIR
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After all, I am your friend.After all, I am your friend.

STRESSSTRESS
FischmanFischman NEJM 1994NEJM 1994
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Stent POBA

p < 0.01

BENESTENTBENESTENT
SerruysSerruys P NEJM 1993P NEJM 1993
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p < 0.002
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Stable or unstable angina, > 3.0 mmStable or unstable angina, > 3.0 mm
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Local Drug Delivery
Right concept, Wrong technique

Local Drug DeliveryLocal Drug Delivery
Right concept, Wrong techniqueRight concept, Wrong technique

• Local drug delivery catheter
• Double balloon
• Micro-porous balloon
• Hydrogel balloon
• Dispatch catheter
• InfusaSleeve

• List of tested agents
• Antiplatelet
• Antithrombin
• Thrombolytic
• Calcium blocking agent
• Steroid
• Antiproliferative agents
• Growth factor inhibitor
• Antisense oligonucleotide

•• Local drug delivery catheterLocal drug delivery catheter
•• Double balloonDouble balloon

•• MicroMicro--porous balloonporous balloon

•• HydrogelHydrogel balloonballoon

•• Dispatch catheterDispatch catheter

•• InfusaSleeveInfusaSleeve

•• List of tested agentsList of tested agents
•• AntiplateletAntiplatelet

•• AntithrombinAntithrombin

•• ThrombolyticThrombolytic

•• Calcium blocking agentCalcium blocking agent

•• SteroidSteroid

•• AntiproliferativeAntiproliferative agentsagents

•• Growth factor inhibitorGrowth factor inhibitor

•• AntisenseAntisense oligonucleotideoligonucleotide

LimitationLimitation

Shallow Shallow penetration depthpenetration depth

Low delivery efficacyLow delivery efficacy

Short intramural retentionShort intramural retention
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DrugDrug--Eluting Eluting StentStent
Local drug delivery: Dream comes trueLocal drug delivery: Dream comes true

T
A
X
U
S

T
A
X
U
S

Polyolefin derivative Polyolefin derivative PaclitaxelPaclitaxel LibertLibertéé

DrugDrug PolymerPolymer StentStent

C
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r

C
y
p
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e
r

PEVA + PBMA PEVA + PBMA 

blendblend
SirolimusSirolimus BX VelocityBX Velocity

PhosphorylcholinePhosphorylcholineZotarolimusZotarolimus DriverDriver
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SIRIUS and TAXUS IV
The end of restenosis

SIRIUS and TAXUS IVSIRIUS and TAXUS IV
The end of The end of restenosisrestenosis

36.3
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Control TAXUS

SIRIUSSIRIUS TAXUS IVTAXUS IV

59%59%

61%61%

75%75%

70%70%
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Drug-Eluting StentDrugDrug--Eluting StentEluting Stent

• Late stent thrombosis•• Late Late stentstent thrombosisthrombosis

66--mo FUmo FU

2020--mo FUmo FU

After 1 year,

SES 0.6%, BMS 0.05%

p=0.02

Kastrati A,Kastrati A, NEJM 2007NEJM 2007
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Type of BalloonType of BalloonType of Balloon

The Manual of Interventional CardiologyThe Manual of Interventional Cardiology

= Monorail= Monorail
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Structure of BalloonStructure of BalloonStructure of Balloon

• Proximal shaft – Distal shaft – Balloon – Tip

• Balloon profile
• Lesion entry profile = tip profile

• Crossing profile = balloon profile

•• Proximal shaft Proximal shaft –– Distal shaft Distal shaft –– Balloon Balloon –– TipTip

•• Balloon profileBalloon profile

•• Lesion entry profile = tip profileLesion entry profile = tip profile

•• Crossing profile = balloon profileCrossing profile = balloon profile

Proximal shaftProximal shaft

HypotubeHypotube, 2.0 F, 2.0 F

Distal shaftDistal shaft

PEVAX, 2.4FPEVAX, 2.4F

BalloonBalloon

PVC or PETPVC or PET

TipTip

Entry profile 0.17Entry profile 0.17””

BondingBondingCoatingCoating
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Balloon Tip ProfileBalloon Tip ProfileBalloon Tip Profile



Samsung Medical Center

Cardiac & Vascular Center  

2007 2007 춘계순환기학회춘계순환기학회

Characteristics of BalloonCharacteristics of BalloonCharacteristics of Balloon

• Compliance
• Compliant

• Semi-compliant

• Non-compliant

• Pressure response
• Nominal pressure

• Rated burst pressure

• Mean burst pressure

• Creep

•• ComplianceCompliance

•• CompliantCompliant

•• SemiSemi--compliantcompliant

•• NonNon--compliantcompliant

•• Pressure responsePressure response

•• Nominal pressureNominal pressure

•• Rated burst pressureRated burst pressure

•• Mean burst pressureMean burst pressure

•• CreepCreep
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Balloon DeliverabilityBalloon DeliverabilityBalloon Deliverability

• Deliverability
• Trackability – To the lesion

• Crossibility – Through the lesion

• Factors for deliverability
• Tip: tip profile, tip softness

• Balloon profile

• Coating

• Transition from proximal to distal shaft

• Stiffness of shaft

•• DeliverabilityDeliverability

•• TrackabilityTrackability –– To the lesionTo the lesion

•• CrossibilityCrossibility –– Through the lesionThrough the lesion

•• Factors for deliverabilityFactors for deliverability

•• Tip: tip profile, tip softnessTip: tip profile, tip softness

•• Balloon profileBalloon profile

•• CoatingCoating

•• Transition from proximal to distal shaftTransition from proximal to distal shaft

•• Stiffness of shaftStiffness of shaft
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Balloon TechniquesBalloon TechniquesBalloon Techniques

• Insertion and removal of SOE balloon•• Insertion and removal of SOE balloonInsertion and removal of SOE balloon

Balloon insertionBalloon insertion Balloon removalBalloon removal
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Balloon TechniquesBalloon TechniquesBalloon Techniques

• Assistant: holing the wire and balloon•• Assistant: holing the wire and balloonAssistant: holing the wire and balloon
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Balloon TechniquesBalloon TechniquesBalloon Techniques

• Insertion and removal of OTW balloon•• Insertion and removal of OTW balloonInsertion and removal of OTW balloon

OverOver--thethe--wire balloonwire balloon Nanto techniqueNanto technique



Samsung Medical Center

Cardiac & Vascular Center  

2007 2007 춘계순환기학회춘계순환기학회

When Difficult to Insert Balloon or StentWhen Difficult to Insert Balloon or StentWhen Difficult to Insert Balloon or Stent

1. Guiding catheter technique

• Stronger curve, larger caliber

• Alignment to the artery

• Deep throating technique

2. Guidewire technique

• Stiff guidewire

• Buddy wire technique

3. Balloon technique

• Smaller balloon: 1.25 – 1.5 mm

• Buddy balloon technique

• Anchor balloon technique

1. Guiding catheter technique1. Guiding catheter technique

•• Stronger curve, larger caliberStronger curve, larger caliber

•• Alignment to the arteryAlignment to the artery

•• Deep throating techniqueDeep throating technique

2. Guidewire technique2. Guidewire technique

•• Stiff guidewireStiff guidewire

•• Buddy wire techniqueBuddy wire technique

3. Balloon technique3. Balloon technique

•• Smaller balloon: 1.25 Smaller balloon: 1.25 –– 1.5 mm1.5 mm

•• Buddy balloon techniqueBuddy balloon technique

•• Anchor balloon techniqueAnchor balloon technique
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How to Cannulate XB curveHow to Cannulate XB curveHow to Cannulate XB curve

LCA cannulation with 

XB curve

Use hard-end of 

0.0035” guidewire

LCA cannulation with LCA cannulation with 

XB curveXB curve

Use hardUse hard--end of end of 

0.00350.0035”” guidewireguidewire

1. Guiding catheter technique1. Guiding catheter technique
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How to Cannulate XB curveHow to Cannulate XB curveHow to Cannulate XB curve

RCA cannulation with 

XB curve

Step 1

Extend the curve 

with hard-end of 

wire

RCA cannulation with RCA cannulation with 

XB curveXB curve

Step 1Step 1

Extend the curve Extend the curve 

with hardwith hard--end of end of 

wirewire

1. Guiding catheter technique1. Guiding catheter technique
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How to Cannulate XB curveHow to Cannulate XB curveHow to Cannulate XB curve

RCA cannulation with 

XB curve

Step 2

Cannulation

RCA cannulation with RCA cannulation with 

XB curveXB curve

Step 2Step 2

CannulationCannulation

1. Guiding catheter technique1. Guiding catheter technique
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How to Cannulate XB curveHow to Cannulate XB curveHow to Cannulate XB curve

RCA cannulation with 

XB curve

Step 3

Adjust curve

RCA cannulation with RCA cannulation with 

XB curveXB curve

Step 3Step 3

Adjust curveAdjust curve

1. Guiding catheter technique1. Guiding catheter technique
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When Difficult to Insert Balloon or StentWhen Difficult to Insert Balloon or StentWhen Difficult to Insert Balloon or Stent

• Mother-and –child 

catheter technique

•• MotherMother--and and ––child child 

catheter techniquecatheter technique

1. Guiding catheter technique1. Guiding catheter technique

5F5F

6F6F

5 in 6F5 in 6F
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When Difficult to Insert Balloon or StentWhen Difficult to Insert Balloon or StentWhen Difficult to Insert Balloon or Stent

• Mother-and –child 

catheter technique

•• MotherMother--and and ––child child 

catheter techniquecatheter technique

1. Guiding catheter technique1. Guiding catheter technique

5F5F

6F6F

5 in 6F5 in 6F
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When Difficult to Insert Balloon or StentWhen Difficult to Insert Balloon or StentWhen Difficult to Insert Balloon or Stent

• Mother-and –child 

catheter technique

•• MotherMother--and and ––child child 

catheter techniquecatheter technique

1. Guiding catheter technique1. Guiding catheter technique

5F5F

6F6F

5 in 6F5 in 6F



Samsung Medical Center

Cardiac & Vascular Center  

2007 2007 춘계순환기학회춘계순환기학회

When Difficult to Insert Balloon or StentWhen Difficult to Insert Balloon or StentWhen Difficult to Insert Balloon or Stent
2. Guidewire technique: Buddy wire technique2. Guidewire technique: Buddy wire technique

LAD

stent

2.5 mm Cypher

Couldn’t cross

Buddy

wire

Final

CAG
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When Difficult to Insert Balloon or StentWhen Difficult to Insert Balloon or StentWhen Difficult to Insert Balloon or Stent

• Tornus® catheter•• TornusTornus®® cathetercatheter

Other devicesOther devices
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When Difficult to Insert Balloon or StentWhen Difficult to Insert Balloon or StentWhen Difficult to Insert Balloon or Stent
Other devicesOther devices
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When Difficult to Insert Balloon or StentWhen Difficult to Insert Balloon or When Difficult to Insert Balloon or StentStent

TornusTornus®®

Other devicesOther devices
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When Difficult to DilateWhen Difficult to DilateWhen Difficult to Dilate

• High pressure inflation of non-compliant balloon

• Cutting balloon

• Focused ballooning

• Rotablator

•• High pressure inflation of nonHigh pressure inflation of non--compliant ballooncompliant balloon

•• Cutting balloonCutting balloon

•• Focused ballooningFocused ballooning

•• RotablatorRotablator
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Stent CharacteristicsStent CharacteristicsStent Characteristics

Stent designStent designMetalMetal--toto--surface areasurface area

Profile, shaft coating, flexibilityProfile, shaft coating, flexibilityDeliverabilityDeliverability

Strut thickness, stent designStrut thickness, stent designFlexibilityFlexibility

Material, coating, metalMaterial, coating, metal--toto--surface areasurface areaBioBio--compatibilitycompatibility

Strut material, stent designStrut material, stent designStent recoilStent recoil

Strut material and thickness, stent designStrut material and thickness, stent designRadioapicityRadioapicity

Stent designStent designForeFore--shorteningshortening

Strut thickness, stent designStrut thickness, stent designRadial strengthRadial strength

Strut thickness, stent designStrut thickness, stent designConformabilityConformability

DeterminantsDeterminantsCharacteristicsCharacteristics
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Strut Thickness and RestenosisStrut Thickness and RestenosisStrut Thickness and Restenosis

140 um140 um50 um50 um140 um140 um50 um50 umStrut thicknessStrut thickness

MorphologyMorphology

302302309309325325326326NN

Bx VelocityBx Velocity
RxRx

MultiMulti--LinkLink

MultiMulti--Link Link 

DuetDuet

RxRx

MultiMulti--LinkLink
GroupGroup

ISARISAR--STEREO IISTEREO IIISARISAR--STEREO ISTEREO I

Kastrati Circulation 2001Kastrati Circulation 2001 PachePache JACC 2001JACC 2001

ISARISAR--STEREO I & IISTEREO I & II
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ISAR-STEREO I&IIISARISAR--STEREO I&IISTEREO I&II

Rx MultiRx Multi--Link (50 um)Link (50 um) MultiMulti--Link Duet (140 um)Link Duet (140 um) Bx Velocity (140 um)Bx Velocity (140 um)

17.9

25.8

31.4

15.0
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ISAR-STEREO I ISAR-STEREO II

p=0.003p=0.003 p<0.001p<0.001

Restenosis rateRestenosis rate

(%)(%)

0.94 0.93

1.17 1.19

0
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ISAR-STEREO I ISAR-STEREO II

p=0.001p=0.001 p<0.001p<0.001

Late LossLate Loss

(mm)(mm)
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Stent strut thicknessStent strut thicknessStent strut thickness

• Bx Velocity 140 um SS

• Sonic 140 um SS

• Express-2 132 um SS

• S660 127 um SS

• S7 119 um SS

• ML Penta 122 um SS

• ML Pixel 99 um SS

• Driver 91 um CoNi

• ML VISION 81 um CoCr

•• Bx VelocityBx Velocity 140 um140 um SSSS

•• SonicSonic 140 um140 um SSSS

•• ExpressExpress--22 132 um132 um SSSS

•• S660S660 127 um127 um SSSS

•• S7S7 119 um119 um SSSS

•• ML ML PentaPenta 122 um122 um SSSS

•• ML PixelML Pixel 99 um99 um SSSS

•• DriverDriver 91 um 91 um CoNiCoNi

•• ML VISIONML VISION 81 um81 um CoCrCoCr
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Why Cobalt Alloy?Why Cobalt Alloy?Why Cobalt Alloy?

• Stronger material than stainless steel
• UTS: Co-Cr 161 ksi vs. SS 94 ksi

• Thinner struts with same radial force

• Higher radiopacity compared to stainless steel

•• StrongerStronger material than stainless steelmaterial than stainless steel

•• UTS: CoUTS: Co--Cr 161 Cr 161 ksiksi vs. SS 94 vs. SS 94 ksiksi

•• Thinner struts with same radial forceThinner struts with same radial force

•• Higher radiopacityHigher radiopacity compared to stainless steelcompared to stainless steel

122 um122 um81 um81 um56 um56 umStrut thicknessStrut thickness

ML PENTAML PENTAML VISIONML VISIONMultiMulti--LinkLinkStentStent

CoCrCoCr
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Stent Technique
The larger , the better

Stent TechniqueStent Technique
The larger , the betterThe larger , the better

• Stent apposition and expansion
• Related to stent thrombosis as well as restenosis

• Step-up and step-down

• Post-dilation for instent residual stenosis

•• StentStent apposition and expansionapposition and expansion

•• Related to Related to stentstent thrombosis as well as thrombosis as well as restenosisrestenosis

•• StepStep--up and stepup and step--downdown

•• PostPost--dilation for dilation for instentinstent residual stenosisresidual stenosis

StepStep--upup

StepStep--downdown
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Geographic MissGeographic MissGeographic Miss

• SIRIUS study•• SIRIUS studySIRIUS study

<0.001<0.00136.336.38.98.9InIn--segmentsegment

0.0020.0027.27.22.02.0Distal marginDistal margin

0.2850.2858.18.15.85.8Proximal marginProximal margin

<0.001<0.00135.435.43.23.2InIn--stentstent

PP--valuevalueControl (%)Control (%)

N=525N=525

SirolimusSirolimus (%)(%)

N=533N=533

Moses NEJM 2003Moses NEJM 2003
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Geographic MissGeographic MissGeographic Miss

• S.T.L.L.R
• 1-year outcome after DES implantation

•• S.T.L.L.RS.T.L.L.R

•• 11--year outcome after DES implantationyear outcome after DES implantation

5.1

2.5

4.1

1.7

0

2

4

6

8

10

TVR TLR

Geographical Miss (n=943)

No Geographical Miss (n=473)

P=0.025P=0.025 P=0.017P=0.017



Samsung Medical Center

Cardiac & Vascular Center  

2007 2007 춘계순환기학회춘계순환기학회

Geographic MissGeographic MissGeographic Miss

• S.T.L.L.R
• 1-year outcome after DES implantation

•• S.T.L.L.RS.T.L.L.R

•• 11--year outcome after DES implantationyear outcome after DES implantation
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The longer, the better? No!The longer, the better? No!The longer, the better? No!

• SIRIUS study 
(Mauri. AJC 2005)

• Stent-to lesion 
length ratio is a still 

a unfavorable 

factor for long-term 

outcome in this era 

of DES

•• SIRIUS study SIRIUS study 

((MauriMauri. AJC 2005). AJC 2005)

•• StentStent--to lesion to lesion 

length ratio is a still length ratio is a still 

a unfavorable a unfavorable 

factor for longfactor for long--term term 

outcome in this era outcome in this era 

of DESof DES
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The longer, the better? No!The longer, the better? No!The longer, the better? No!

Increased risk of stent thrombosis 

• Drug eluting stent (Moreno JACC 2005)

Increased risk of stent thrombosis Increased risk of stent thrombosis 

•• Drug eluting stent (Moreno JACC 2005)Drug eluting stent (Moreno JACC 2005)
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SummarySummarySummary

• History of PCI: from balloon to DES

• Balloon types

• Balloon structure

• Balloon characteristics

• Balloon technique

• Stent characteristics

• Stent technique

•• History of PCI: from balloon to DESHistory of PCI: from balloon to DES

•• Balloon typesBalloon types

•• Balloon structureBalloon structure

•• Balloon characteristicsBalloon characteristics

•• Balloon techniqueBalloon technique

•• Stent characteristicsStent characteristics

•• Stent techniqueStent technique
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KnowledgeKnowledge

ConclusionConclusionConclusion

DecisionDecision

SkillSkill

Thank you for your attentionThank you for your attention


