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Current RCTs for Bifurcation Lesions
Evaluation of the Benefit of Complex Stenting

Current RCTs for Bifurcation Lesions
Evaluation of the Benefit of Complex Stenting

Trials Main Purpose

NORDIC 1 Provisional T vs. Systemic T stenting

NORDIC 2 Crush vs. Culotte

NORDIC 3 Kissing balloon vs. leave alone

CACTUS Provisional T vs. Crush



Nordic 1 trial (413 pts)
Single vs. Two

Nordic 1 trial (413 pts)
Single vs. Two

Primary endpointPrimary endpoint
P=0.30P=0.30
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thrombosisthrombosis>3x nl>3x nl

P=0.01

Steigen T. et al; Circulation 2006;114:1955Steigen T. et al; Circulation 2006;114:1955--6161Steigen T. et al; Circulation 2006;114:1955Steigen T. et al; Circulation 2006;114:1955--6161



Crush vs. CulotteCrush vs. Culotte
NORDIC 2 trial (425 pts)NORDIC 2 trial (425 pts)

Erglis A et al, Circ CV Interventions 2009

%



%

Kissing vs. No kissingKissing vs. No kissing
66--month composite of death, MI, TLR, and STmonth composite of death, MI, TLR, and ST

NORDIC 3 trial (477 pts)NORDIC 3 trial (477 pts)

p=NS

Niemela M et al. TCT 2009



%

Provisional T vs. CrushProvisional T vs. Crush
66--Month InMonth In--segment Restenosissegment Restenosis

Prov.-T (n=173)
Crush (n=177)

CACTUS trial (350 pts)CACTUS trial (350 pts)

7/152      10/150                         20/152    22/150

All p=NS

Colombo A et al. Circulation. 2009;119:71



ENDEAVOR®

(N=1190)(N=1190)
TAXUS Liberte™

(N=1205)(N=1205)
CYPER®

(N=1218)(N=1218)

ZEST Bifurcation Substudy
25% of all lesions had bifurcations

ZEST Bifurcation Substudy
25% of all lesions had bifurcations

All Comer requiring PCI with DES for coronary lesions in KoreaAll Comer requiring PCI with DES for coronary lesions in Korea
(Total 3613 lesions) 

Randomize 1:1:1Randomize 1:1:1
stratified by 1) Sites, 2) Diabetes, 3) Long lesions (stratified by 1) Sites, 2) Diabetes, 3) Long lesions (≥ 28 mm) ≥ 28 mm) 

ENDEAVOR®

(N=305, 25.6%)(N=305, 25.6%)
TAXUS Liberte™

(N=294, 24.4%)(N=294, 24.4%)
CYPER®

(N=324, 26.6%)(N=324, 26.6%)

Bifurcations with side branch ³ 1.5mm

Kim YH et al. JACC Cardiovasc Int (in press)



Fate of SB Stenosis in Overall
Improve or steady in 91%

Fate of SB Stenosis in Overall
Improve or steady in 91%

mm

P=0.154

N         181                                169                                 183

Kim YH et al. JACC Cardiovasc Int (in press)



Message from TrialsMessage from Trials

Keep it simple !
because there is no difference in 

clinical outcomes across the 
diverse bifurcation stenting 

strategies.



However, there are still lots of 
uncertainties in ...

However, there are still lots of 
uncertainties in ...

• Those requiring 2-stent technique ?
• Time for kiss ?
• Time to shift to 2-stent from 1-stent ?
• Impact of non-compliant balloon ?
• Benefit of IVUS-guidance ?
• Outcomes of FFR in side branch ?
• Etc…



•Colombo A, et al. SIRIUS Bifurcation Study, Circulation 2004;109:1244-9
•Pan M, et al. Am Heart J 2004;148:857-64.
•Steigen TK, et al. NORDIC Study, Circulation 2006;114:1955-61.

>50% DS

>50% DS
And

TIMI<3

TIMI < 3 
after balloon 

dilatation

When we need two stents in provisional stenting ? When we need two stents in provisional stenting ? 
% of Cross% of Cross--over to 2over to 2--Stent from 1Stent from 1--stentstent

% TIMI flow <3
Dissection > B

DS > 50%



Side branch
stenosis < 50%

Single Stent cross-over

Side branch
stenosis ³ 50%

Kissing balloon inflation

Provisional T Crushing

Coronary bifurcation 
lesions

Randomization

Randomization

Leave alone

If, Poststenting SB stenosis ³50%

CROSS & PERFECT Trials
to assess IVUS-Guided Bifurcation Stenting

CROSS & PERFECT Trials
to assess IVUS-Guided Bifurcation Stenting

TAP

If, SB ― TIMI£2, or Dissection ³C

PI: Seung-Jung Park, MD

CROSS PERFECT



AdministrationAdministration
• 20     Korean sites 
• 1       US site (Dr. Yeung, Dr. Fearon)

Sites

PI

Sponsor

• CardioVascular Research Foundation, 
Seoul 

Angiographic core lab

IVUS core lab

Data management
Clinical Event Committee

• Seung-Jung Park, MD

• Young-Hak Kim, MD 



MEDINA Class

proximal

distal

1:0:0 0:1:0 1:1:0 1:1:1 0:0:1 1:0:1 0:1:1 

Choice of optimal stRategy fOr bifurcation leSions 
with normal Side branch

CROSS Trial 
Bifurcations without SB Stenosis

Choice of optimal stRategy fOr bifurcation leSions 
with normal Side branch

CROSS Trial 
Bifurcations without SB Stenosis



Inclusion CriteriaInclusion Criteria

1. Clinical
• Objective evidence of ischemia
• Age >18 years, <75 ages

2. Angiographic
• De novo with the MEDINA type 1.1.0, 1.0.0, or 0.1.0
• MB: ³ 2.5 mm, ³ 50% and £ 50 mm by visual estimation
• SB: ³ 2.0 mm and < 50%



Exclusion CriteriaExclusion Criteria
• Significant comorbidity
• STEMI £ 2 weeks
• Characteristics of lesion

- Left main disease
- In-stent restenosis
- Graft vessels
- TIMI flow £ grade 2 in the SB
- CTO

• Chronic renal failure



CROSS Trial
Study Design

CROSS Trial
Study Design

• Primary end points
- 8-month diameter stenosis in SB

• Design and hypothesis
- The ‘leave alone strategy’ is not inferior to 

‘kissing balloon’



1. Treatment at the 
operator’s discretion

1. IVUS exam in MV
2. FFR in SB 

(selected sites)

1. IVUS exam in MV
2. FFR in SB (selected sites)

1. FFR in SB (selected sites)
2. Provisional T stenting in SB *
3. IVUS in both branches

1. IVUS in MV
2. FFR in SB (selected sites)

1. FFR in SB before kissing balloon
2. Rewire into SB
3. Kissing balloon inflation

Leave it alone group
(N=150)

Bifurcation without SB stenosis by angiography

SB DS ³ 50% & TIMI 3 flow

2nd Randomization

Kissing balloon group
(N=150)

SB DS < 70% & TIMI 3
Dissection none or £ class B

SB DS ³ 70% or TIMI £ 2 or 
Dissection ³ class C

• Stratified by sites

SB DS < 50% & TIMI 3 flow
Registry

TIMI £ 2 flow
Registry

Any DES 
(N=600)

* The decision can not be influenced 
by the value of FFR.

After MV stenting

CROSS



1. Treatment at the 
operator’s discretion

1. IVUS exam in MV
2. FFR in SB 

(selected sites)

1. IVUS exam in MV
2. FFR in SB (selected sites)

1. FFR in SB (selected sites)
2. Provisional T stenting in SB *
3. IVUS in both branches

1. IVUS in MV
2. FFR in SB (selected sites)

1. FFR in SB before kissing balloon
2. Rewire into SB
3. Kissing balloon inflation

Leave it alone group

Bifurcation without SB stenosis by angiography

SB DS ³ 50% & TIMI 3 flow

2nd Randomization

Kissing balloon group

SB DS < 70% & TIMI 3
Dissection none or £ class B

SB DS ³ 70% or TIMI £ 2 or 
Dissection ³ class C

• Stratified by sites

SB DS < 50% & TIMI 3 flow
Registry

TIMI £ 2 flow
Registry

Any DES 
(N=200)

* The decision can not be influenced 
by the value of FFR.

After MV stenting

CROSS
• Influence of Kissing Balloon Inflation
• Morphologic Evaluation by IVUS
• Functional Assessment by FFR



FFR and IVUS are mandatory
to assess the mechanisms of phenomena occurring 

in bifurcations after stenting

FFR and IVUS are mandatory
to assess the mechanisms of phenomena occurring 

in bifurcations after stenting

Angiography IVUS

FFR



Stenting techniques classified by EBCStenting techniques classified by EBC



Tracking the All Steps of ProcedureTracking the All Steps of Procedure



MEDINA Class

proximal

distal

1:0:0 0:1:0 1:1:0 1:1:1 0:0:1 1:0:1 0:1:1 

OPtimal StEnting StRategy For TruE BifurCaTion

PERFECT Trial 
Bifurcations with SB Stenosis

OPtimal StEnting StRategy For TruE BifurCaTion

PERFECT Trial 
Bifurcations with SB Stenosis



Inclusion CriteriaInclusion Criteria

1. Clinical
• Objective evidence of ischemia
• Age >18 years, <75 ages

2. Angiographic
• De novo with the MEDINA type 1.1.1, 1.0.1, or 0.1.1
• MB: ³ 2.5 mm, ³ 50% and £ 50 mm
• SB: ³ 2.0 mm, ³ 50%, and < 20 mm



PERFECT Trial
Study Design
PERFECT Trial

Study Design

• Primary end point
- 8-month overall restenosis rate in MB or SB

• Hypothesis for sample size estimation
- The provisional T is not inferior to the 

routine Crush technique



1. Preprocedural IVUS in both branches
2. Predilation in the MV
3. MV stenting while keeping jailed wire in 

the SB
4. Rewire into the SB
5. Kissing balloon inflation with low 

pressure at SB

1. Postprocedural IVUS in both 
branches

1. Stent insertion into the SB
2. T stenting with minimal 

protrusion into MV
3. Sequential high pressure 

balloon dilatation in both in-
stent areas

4. Kissing balloon inflation
5. Postprocedural IVUS in both 

branches

1. Preprocedural IVUS in both 
branches

2. Predilation in the MV and SB
3. SB stenting while keeping MB 

stent
4. Removal of SB stent and wire
5. MV stenting
6. Rewire into the SB stent
7. Sequential high pressure 

balloon dilatation in both in-
stent areas

8. Kissing balloon inflation
9. Postprocedural IVUS in both 

branches
Angiography at SB
• TIMI 3 flow
• DS < 70%
• Dissection £ class B

Angiography at SB
• TIMI £ 2 flow or
• DS ³ 70% or
• Dissection ³ class C

Wire insertion into both branches

Crush group
(N=240)

Provisional T stenting group
(N=240)

Randomization with any DES

Crossover to 
crush
Serious dissection 
necessitating urgent 
stenting in SB after 
predilation*

* Predilation in SB is strongly discouraged. 

True bifurcation by angiographyPERFECT Trial 

Angiography at SB
• TIMI £ 2 flow or
• DS ³ 70% or
• Dissection ³ NHLBI class C

Indication of SB Stenting



Crush & Kiss 
with non-compliant balloons

Crush & Kiss 
with non-compliant balloons



QCA using dedicated software and IVUS 
analysis in the Core Lab

QCA using dedicated software and IVUS 
analysis in the Core Lab



Current StatusCurrent Status
April 2010 

CROSS Study PERFECT Study

• 318 (53%) enrolled

• 183 (58%) randomization to 
kissing vs. leave alone 

• 287 (67.2%) randomization



Preliminary 
Personal Experiences

Preliminary 
Personal Experiences



CROSS Patient
Treated with Endeavor 3.0 X 24 mm

CROSS Patient
Treated with Endeavor 3.0 X 24 mm

Pre-Pre- Post-stentingPost-stenting



MB IVUS after ProcedureMB IVUS after Procedure



SB before ProcedureSB before Procedure SB after ProcedureSB after Procedure
At Carina

Carinal shift

At Carina



FFRFFR• Negative remodeling in short SB stenosis was very 
often.

• Both plaque and carina shifts contributed to the SB 
compromise.

• The FFR at SB after stenting was > 0.8 in more 
than 90%.

• Provisional SB stenting was performed in < 5% of 
patients.



Randomized to Provisional Stenting
in the PERFECT trial

Randomized to Provisional Stenting
in the PERFECT trial

Diagonal Ostium



3-D Morphology3-D Morphology



Stenting in the Main BranchStenting in the Main Branch

Cypher 3.5 X 33 mm

The procedure was getting worse…



Difficult Wiring and TAP 
(Minimal Protrusion of SB stent with T-technique)

Difficult Wiring and TAP 
(Minimal Protrusion of SB stent with T-technique)

TAP was tried with
Cypher 2.75 X 28mmCypher 2.75 X 18 mm



PERFECT Cases in AMC
(April 2010)

PERFECT Cases in AMC
(April 2010)

205 lesions

Provisional stenting
N=100

Crush stenting
N=105

Provisional T 
stenting in SB

N=31 (31%)

No stenting in 
SB

N=67 (67%)

Successful Crush
N=107 (100%)

Cross over
d/t dissection 

after predilation
N=2



Procedure TimeProcedure Time

Provisional T without SB Stent (N=67)
Provisional T with SB Stent (N=31)
Crush (N=107)

min

Procedure Time            Fluoroscopic Time



Amount of Contrast AgentAmount of Contrast Agent
Provisional T without SB Stent (N=67)
Provisional T with SB Stent (N=31)
Crush (N=107)

cc



Importance of IVUS-guided Procedure
Randomized to Provisional Stenting

in the PERFECT trial

Importance of IVUS-guided Procedure
Randomized to Provisional Stenting

in the PERFECT trial



IVUS for Both BranchesIVUS for Both Branches
From Diag.

From Diag.

From Diag.

From LAD



Single-Stent with Final KissingSingle-Stent with Final Kissing

Cypher 3.5 X 23 mm



From CROSS and PERFECTFrom CROSS and PERFECT

We hope to reveal that a careful 
anatomical & functional evaluation 
provide very useful information 
improving the outcomes of PCI with 
DES for bifurcation coronary lesions.


