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Simple vs. Complex Bifurcation stentingSimple vs. Complex Bifurcation stenting
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Bifurcation GeometryBifurcation Geometry
Oval and Asymmetric Rather than RoundOval and Asymmetric Rather than RoundOval and Asymmetric Rather than RoundOval and Asymmetric Rather than Round

Courtesy of Mary Russel, MD, PhDCourtesy of Mary Russel, MD, PhD

Example: Side Branch of RCA Side view of ostium 
with SB removed
Side view of ostium 
with SB removed

Front view of ostiumFront view of ostium
with SB removedwith SB removed

Sketches of ostium

conical
taper

elliptical



Understanding Ostial geometry:Understanding Ostial geometry:
Transition Zone Taper Greater by 3Transition Zone Taper Greater by 3 foldfoldTransition Zone Taper Greater by 3Transition Zone Taper Greater by 3--foldfold

A TE l f Di t M t
Courtesy of Mary Russel, MD, PhDCourtesy of Mary Russel, MD, PhD

0 6

0.7

Average Taper

Vessels with SB > 1.65 mm

Example of Diameter Measurements

0 300.4

0.5

0.6

mOstial 

0 09

0.30

0.2

0.3m
mSB diameter diameter

5 98 mm1.34 mm 0.09

0

0.1

Proximal to Ostium to Side

Center 
point

ProximalDistal

5.98 mm1.34 mm

Proximal to 
Distal Taper

(Main Vessel)

Ostium to Side 
Branch Taper 
(Side Branch) At 3 mmAt 3 mm At 6 mmAt 6 mm

Proximal 
diameter

Distal 
diameter

Main Vessel
Tapers 0.56 mm over 6.00 mm distance

Proximal diameterProximal diameter 3.143.14 3.153.15

Distal diameterDistal diameter 2.442.44 2.562.56

AtAt At 3At 3 At 6At 6 Side Branch
Tapers 0.53 mm over 1.75 mm distance 

At At 
ostiumostium

At 3 mmAt 3 mm At 6mmAt 6mm

Side branch diameterSide branch diameter 2.502.50 1.961.96 2.032.03



ANon Left Main 
Bifurcation Lesion

Nakazawa G et al J Am Coll Cardiol 2010;55:1679 1687

LCX / LOM Bifurcation Lesion

Nakazawa G, et al. J Am Coll Cardiol. 2010;55:1679-1687.
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B

B



Main Vessel proximal (mm)

Distribution of Coronary Plaques at Bifurcation Site
Main Vessel proximal

1.4

1.6 Plaque thickness
(mm)

A C
0.8

1

1.2 †
*†

A C

0.2

0.4

0.6 *†‡
*†‡ *†‡

B D
G

0

A B C D E F G(mm)
E F

0 4

0.5

0.6 Necrotic core thickness

d hl d l
0.2

0.3

0.4

†

Side BranchMain Vessel distal

High shear Low shear 0

0.1 *†‡ *†‡ *†‡

A B C D E F G
P<0.05, vs. A (*) , vs. B (†), vs. C &D (‡)

Nakazawa G, et al. J Am CollCardiol. 2010;55:1679-1687.



Pooled Analysis of Provisional vs Complex Stenting Pooled Analysis of Provisional vs Complex Stenting 
Techniques: NORDIC BBC1 CACTUS (N=1263)Techniques: NORDIC BBC1 CACTUS (N=1263)Techniques:  NORDIC, BBC1, CACTUS (N 1263)Techniques:  NORDIC, BBC1, CACTUS (N 1263)

Outcomes 6Outcomes 6--9 mo9 mo
PooledPooled Pooled Pooled PooledPooled

Outcomes 6Outcomes 6 9 mo9 mo
ComplexComplex ProvisionalProvisional AllAll

DeathDeath 0.8% (5/633)0.8% (5/633) 0.6% (4/630)0.6% (4/630) 0.7% (9/1262)0.7% (9/1262)

CardiacCardiac 0.5% (2/383)0.5% (2/383) 0.5% (2/380)0.5% (2/380) 0.5% (4/763)0.5% (4/763)

MIMI 11% (47/427)11% (47/427) 5 4% (23/423)5 4% (23/423) 8 2% (70/850)8 2% (70/850)MIMI 11% (47/427)11% (47/427) 5.4% (23/423)5.4% (23/423) 8.2% (70/850)8.2% (70/850)

NQMINQMI 10.1% (56/553)10.1% (56/553) 5.0% (29/576)5.0% (29/576) 7.5% (85/1129)7.5% (85/1129)

QMIQMI 0.5% (1/206)0.5% (1/206) 0.0% (0/207)0.0% (0/207) 0.2% (1/413)0.2% (1/413)

TLRTLR 3.8% (24/633)3.8% (24/633) 4.3% (27/630)4.3% (27/630) 4.0% (51/1263)4.0% (51/1263)

TVRTVR 4 4% (28/633)4 4% (28/633) 4 8% (30/630)4 8% (30/630) 4 6% (58/1263)4 6% (58/1263)TVRTVR 4.4% (28/633)4.4% (28/633) 4.8% (30/630)4.8% (30/630) 4.6% (58/1263)4.6% (58/1263)

Stent ThrombosisStent Thrombosis 1.3% (8/633)1.3% (8/633) 0.6% (4/630)0.6% (4/630) 1.0% (12/1263)1.0% (12/1263)



B h t l Ci C di V I t 2011Behan et al, Circ CardioVasc Int 2011



Provisional Stenting is the
Default Treatment for Bifurcations Lesions

Trial Criteria for provisional stenting
Crossover 

rate(%)

CACTUS Residual stenosis>50% or 
Type B dissection  or TIMI 0-1

31%

BBK

yp

Flow limiting dissection or
R id l t i > 75%

18.8%

Nordic Bifurcation
BBC ONE

Residual stenosis > 75%
TIMI 0
TIMI0-2  or

4.3%
3.0%

Residual stenosis>70% or 
Type A dissection

3.0%

Colombo A et al, Circulation 2009;119:71-78
Ferenc M et al, Eur Heart J 2008;29:2859-2867
Steigen TK, Erglis A et al Circulation 2006;114:1955-1961g , g ;
Hildick-Smith D, Circulation 2010; 121:1235-1243



Side Branch Compromise / Occlusion (TIMI 0)
After Provisional Stenting of Bifurcation Lesions

• Side branch occlusion (SBO) after PCI of 
bif rcation lesions is common ( 3 20%) and isbifurcation lesions is common (~ 3-20%) and is 
associated with increased incidence of non-Q 
wave MI. 

• SBO occurs more often in complex bifurcations• SBO occurs more often in complex bifurcations 
and increases with increasing severity of the 
side branch stenosis.

P T t l Ci l ti 2001Poerner T et al. Circulation 2001  
Blankenship J. et al, JACC 2001 CY 
Ch t l CCI 2001Cho et al, CCI 2001



Side Branch Jailing: Stent Type Counts
SPIRIT IV: 38% overall SB Jailing , XIENCE V vs TAXUS (N=3690)

Included SB were <2 mm or ≥2 mm in diameter with an ostial stenosis ≤50%

20%
XIENCE V 1-year HR 2-year HR

MACE

15%

TAXUS
y

0.41 [0.26, 0.66]
p=0.0001

y
0.53 [0.36, 0.76]

p=0.0005
11 7%

10% 8.1%

11.7%

Δ 5 4%

5%
Δ 4.6%

6 3%

Δ 5.4%

5%

3.5%

6.3%

0%

0 3 6 9 12 15 18 21 24
Months

Lansky et al. AJC 2013



SPIRIT IV: Jailed Side BranchSPIRIT IV: Jailed Side Branch
Cli i l O t t 2 YCli i l O t t 2 YClinical Outcomes at 2 YeaClinical Outcomes at 2 Year r 

Target lesions with 
side branches 

XIENCE V TAXUSXIENCE V
(N=963)

TAXUS 
(N=463) p-Value

TLF 6 5% 11 9% 0 001TLF 6.5% 11.9% 0.001 

Cardiac Death 1.0% 1.4% 0.58

TV-MI 2.0% 5.4% 0.001 

ID-TLR 4.1% 7.9% 0.004

MACE 6.6% 12.2% 0.0008

Stent ThrombosisStent Thrombosis
(ARC def/prob) 0.6% 2.8% 0.001

Lansky et al. AJC 2013



SPIRIT IV Jailed Side Branch Analysis:SPIRIT IV Jailed Side Branch Analysis:
N Sid B h Si %DS th h ldNo Side Branch Size or %DS threshold 

associated with CK MB release 

M I H it l CK MBMax. In-Hospital CK-MB
Lansky et al. AJC 2013



Bifurcation Angle and OutcomesBifurcation Angle and Outcomesgg

Wid T N YWide or T Narrow or Y

SB access EasierMore Difficult

Plaque shift MoreLess



Angiographic Predictors of Procedural Angiographic Predictors of Procedural 
SB Occlusion with Crush StentingSB Occlusion with Crush Stenting

D ik V t l A H t J 2006Dzavik V et al. Am Heart J. 2006



Greater Bifurcation Angle associated with higher Greater Bifurcation Angle associated with higher 
t lit d MACE ith C h St tit lit d MACE ith C h St ti
133 pts undergoing crush stenting:

mortality and MACE with Crush Stentingmortality and MACE with Crush Stenting
133 pts undergoing crush stenting:

• 66 pts with low angle (<50 degrees)
• 67 pts with high angle (>50 degrees)

MACE Survival
67 pts with high angle ( 50 degrees)

D ik V t l A H t J 2006Dzavik V et al. Am Heart J. 2006



French Left Main Taxus RegistryFrench Left Main Taxus Registry
Role of Bifurcation Angle following Provisional T in 92%

Role of Bifurcation Angle

22--years FUyears FU
YY--

Shape Shape 
(137)(137)

TT--
Shape Shape 

(84)(84)

P P 
valuevalueY-shape (137)(137) (84)(84)

Stent thrombosis* (%)Stent thrombosis* (%) 00 2.32.3 <0.05<0.05
TVRTVR (%)(%) 8 78 7 8 38 3 0 410 41TVR TVR (%)(%) 8.78.7 8.38.3 0.410.41
Cardiac death (%)Cardiac death (%) 2.92.9 9.59.5 0.0210.021
Death (%)Death (%) 4 44 4 17 817 8 0 0010 001

•Definite and probable stent thrombosis 
di t ARC d fi iti

Death (%)Death (%) 4.44.4 17.817.8 0.0010.001

T-shape
according to ARC definition

•T shaped bifurcation was an independent 
predictor of Death at 2 yearspredictor of Death at 2 years



Increasing distal angle predicts restenosis Increasing distal angle predicts restenosis 
after Cullotte Stentingafter Cullotte Stenting

Adriaenssens EHJ 2008Adriaenssens EHJ 2008



Anatomy and Long Term OutcomesAnatomy and Long Term Outcomesy gy g

Aft Bif ti PCI A d fAft Bif ti PCI A d fAfter Bifurcation PCI…A preponderance of After Bifurcation PCI…A preponderance of 
Restenosis occurs in the SB OstiumRestenosis occurs in the SB Ostium

SB O tiSB Ostium 
Restenosis

PreprocedurePreprocedure FinalFinal 6 Months Follow-Up6 Months Follow-Up



Identifiable factors so farIdentifiable factors so far

Stent Gap Stent UnderexpansionStent Gap Stent Underexpansion



Stents DonStents Don’’t Like Large Bendst Like Large Bends
Under expansion and deformationUnder expansion and deformation

Ormiston CCVI 2004
Murasato CCVI 2007



Insights from Preclinical EvaluationInsights from Preclinical Evaluation
15 purpose-bred sheep were enrolled 

Design
• DESIGN: Prospective, non-

randomized, single-arm, 

T-stenting Stent/PTCA

preclinical evaluation

• OBJECTIVE: to evaluate theOBJECTIVE: to evaluate the 
coronary arterial response to 
T-stenting with two DES 
versus one DES in the main

After 6 months, the proximal, carina and distal 
segments of the bifurcation underwent 
radiographic and histologic evaluation

P
P

P
P

versus one DES in the main 
vessel and side branch 
balloon angioplasty.

CC

D

C

P

C
• Sirolimus-eluting stents 

(Cypher, Cordis, Miami Lakes, 

T-stenting
D

D

D
Stent/PTCA

DFlorida) were used for this 
study

SeungSeung--Jin OhJin Oh,, TCT 2013TCT 2013



Change of MLD (LLL)Change of MLD (LLL)g ( )g ( )

Stent/PTCAT-stenting Stent/PTCAT stenting

LL= 0.63±0.11

LL= -0.03±0.33

LL= 1.23±0.49 

LL= 1.78±0.83 

Main vessel Side branchMain vessel Side branch

: P < 0.001 : P < 0.01 : P = 0.01



Histological analysisHistological analysis

I j %Injury
score Fibrin

score
Intimal
inf. 
score

Intimal
inf. 

%
Fibrin %

Granu
loma

%
Giant
cells

%
RBCs

score score cells

: P < 0.01 : P < 0.05



Stent Fracture in TStent Fracture in T--stentingstenting

LCx 3.0x23mm at 18atm LCx 3.0x23mm at 11atm
OM  2.5x13mm OM  2.5x13mm



Stent fractureStent fracture
Incidence

(%)(%)

p = 0.041 p = 0.467 p = 0.010 p = 0.026



Take HomeTake Home
 Provisional stenting is the current default approach 

 Up to 20% SB compromise predicted by more severe SB dz p % p p y
 SBO increases peri-procedural MI 

 Side Branch Jailing occurs in 25 38% of cases after Side Branch Jailing occurs in 25-38% of cases after 
elective main vessel stenting 
 Increases peri-procedural MI (x4) and ST Increases peri-procedural MI (x4) and ST 
 Stent selection is important favoring 2nd and 3rd Gen DES

 2 stent technique associated with worse results 2 stent technique associated with worse results
 Lesion asymmetry and angulation
 Stent underexpansion and fracture
 Avoid ostial gapsg p
 Need dedicated bifurcation stent



Anatomy is everything in Bifurcations

Predicts short and long term outcomesg
Disease burden (SYNTAX >33): CABG
Side branch disease increases occlusion 

risk and periprocedural MI with provisionalrisk and periprocedural MI with provisional 
stenting

Wide angles more likely to distort stent with 
underexpansion or fracture (more RS)underexpansion or fracture (more RS)

Need dedicated stents for complex 
bif tibifurcation


