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Case Report Form of Angiographic AnalysisCase Report Form of Angiographic Analysis

Qualitative 
measurement 



Classification of Bifurcation StenosisClassification of Bifurcation Stenosis
1. Prox PV > 50%: 0 or 1

2 Di t l PV 50% 0 12. Distal PV > 50%: 0 or 1 

3. SB > 50%: 0 or 1

1 1 1 1 1 0 1 0 1 0 1 11,1,1 1,1,0 1,0,1 0,1,1

1,0,0 0,1,0 0,0,1

Medina A.Rev Esp Cardiol. 2006 Feb;59(2):183 



Number &Syntax score Dominance Number & 
location of 
lesions

Syntax score
(newly developed system)

Left MainCalcification

SYNTAXtakes into account the 
heterogeneity of

Thrombus 3 Vesselscoreheterogeneity of 
coronary lesion 

l it b d

Tortuosity

Bifurcation
Total 
Occlusion

complexity based on 
the lesion’s 
h i i

Sianos et al, EuroIntervention 2005;1:219-227
V l i i li t l A J C di l 2007 99 1072 1081

y
characteristics .

Valgimigli et al, Am J Cardiol 2007;99:1072-1081
Serruys et al, EuroIntervention 2007;3:450-459

BARI classification of coronary segments
Leaman score, Circ 1981;63:285-299

Lesions classification ACC/AHA , Circ 2001;103:3019-3041
Bifurcation classification, CCI 2000;49:274-283

CTO classification,  J Am Coll Cardiol 1997;30:649-656









No septal branch

≥ 50% stenosis



Bifurcation Angle Measures

Angle betweenAngle betweenA l b tA l b t

g

Angle between Angle between 
Distal PV and SBDistal PV and SB

Angle between Angle between 
Prox PV and SBProx PV and SB

139.0 deg.

49.3 deg.



Size of the ostium changes with the Size of the ostium changes with the g
angle of bifurcation

g
angle of bifurcation

90°

45°

Courtesy P Mortier et al



Greater Bifurcation Angle associated with higher 
mortality and MACE with Crush Techniquemortality and MACE with Crush Technique 

133 pts undergoing crush stenting:
66 pts with low angle (<50 degrees)
67 t ith hi h l (>50 d )

MACE Survival
67 pts with high angle (>50 degrees)

Bifurcation angle was an independent 

Dzavik V et al. Am Heart J. 2006

predictor of MACE



3-D Morphology3-D Morphology3 D Morphology3 D Morphology



Case Report Form of Angiographic AnalysisCase Report Form of Angiographic Analysis

Quantitative 
measurement 



Standard DES MeasurementStandard DES Measurement

Proximal edge (5mm) Distal edge (5mm)Proximal edge (5mm) g ( )

In-stentProximal DistalIn stent
In-segment

Proximal
reference reference



Automatic Border Detection for QCA
I t l t d f li i th i d

Automatic Border Detection for QCA
I t l t d f li i th i dInterpolated reference line is the index.Interpolated reference line is the index.
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Assessment of Diameter StenosisAssessment of Diameter Stenosis
MLD = 1.2 mm
Mean reference: [3.5mm (PR) +2.5mm (DR)] / 2 = 3.0 mm
Interpolated reference: 3 2 mm 

Lesion length

Interpolated reference: 3.2 mm 
DS = [3.2mm (int. ref.) -1.2mm (MLD)]X100 / 3.2 (int. ref.) = 63%

Lesion length 
( from and to 20% DS)

Proximal
reference

Distal
reference

4.0

3.5

3.0

2.5

2.0

1.5

Interpolated
reference

1.0

0.5

0

MLD



QCA Limitation: Step DownQCA Limitation: Step Downpp

Method to determine 
the proper reference 
diameter for each 
individual segmentindividual segment

The “Step down” phenomenon is a major 
limitations of Standard QCA when applied tolimitations of Standard QCA when applied to 

bifurcation analyses



QCA Limitations: Step DownQCA Limitations: Step Down

Problem: Mismatch between prox
l d di t l l

Solutions:Solutions:
vessel and distal vessel 

Results in: Overestimated Reference
Overestimated %DS

Use Distal Reference orUse Distal Reference or
Limit analysis to distal PVLimit analysis to distal PV

Better for lesion length



QCA Limitation: No Proximal ReferenceQCA Limitation: No Proximal Reference

Problems: Vessel contour track into MLDProblems: Vessel contour track into MLD
Cannot assess lesion length

Results in:  Underestimated reference
Underestimated %DS

Solution: Use Distal Reference



Incorrect MeasurementIncorrect Measurement



Limitation: poor correlation with 
functional ischemia !functional ischemia !

SB FFR 0.83

SB MLA 2.6mm2 SB MLA 1.9mm2



Pre-PCI %DS vs. 
P t St ti SB FFRPost-Stenting SB FFR 

Koo et al AMC DataKoo et al. 
Circ Cardiovasc Interv 2010;3:113-9 

AMC Data
Ahn et al (JACC submission) 2011

65%

16%

Pre-procedural %DS (%)



Challenge in measuring BifurcationsChallenge in measuring Bifurcations
Innovative derivation of RVD in carina segment

fragment delimiters

arterial contours
reference contours

arterial diameters in proximal
parent and carinal segment

fragment delimiters



Challenge in measuring BifurcationsChallenge in measuring Bifurcationsg gg g

Y Model: LM T Model

Innovative derivation of RVD in carina segment

Y Model: LM T Model
Standard Bifurcations



Edge Segment DefinitionsEdge Segment Definitions
Length Length  Position MLD Position MLD  MLDMLD Ref DRef D % DS% DS DistanceDistance Max DMax D Mean DMean D

MLDMLD‐‐stentstent
Segment 1 Segment 1  5.005.00 0.5230.523 3.8433.843 3.7283.728 ‐‐3.073.07 0.1740.174 3.8453.845 3.8443.844
Segment 2 Segment 2  18.5018.50 6.0996.099 3.4073.407 3.7093.709 8.148.14 3.8543.854 3.6043.604
Segment 3 Segment 3  6.536.53 25.72425.724 2.5602.560 2.4622.462 ‐‐3.963.96 3.2313.231 2.9752.975
Segment 4 Segment 4  5.005.00 27.48527.485 2.2292.229 2.4432.443 8.768.76 1.7611.761 2.5602.560 2.3802.380
Segment 5 Segment 5  10.6310.63 19.25319.253 1.7861.786 2.3682.368 24.5724.57 5.4005.400 2.1602.160
Segment 6Segment 6 5 005 00 30 01230 012 1 6851 685 1 9441 944 13 3113 31 1 0561 056 2 0352 035 1 8151 815Segment 6 Segment 6  5.005.00 30.01230.012 1.6851.685 1.9441.944 13.3113.31 1.0561.056 2.0352.035 1.8151.815
Segment 7 Segment 7  5.005.00 24.19824.198 2.8762.876 2.4782.478 ‐‐16.0416.04 3.2313.231 3.0493.049
Segment 8 Segment 8  5.005.00 19.25319.253 1.7861.786 2.3682.368 24.5724.57 5.4005.400 2.1582.158
Segment 9 Segment 9  19.2019.20 6.0996.099 3.4073.407 3.7093.709 8.148.14 3.8543.854 3.6133.613
Segment 10 Segment 10  11.5311.53 27.48527.485 2.2292.229 2.4432.443 8.768.76 3.2313.231 2.7172.717
Segment 11 Segment 11  15.6315.63 19.25319.253 1.7861.786 2.3682.368 24.5724.57 5.4005.400 2.0502.050



Dedicated Bifurcation QCADedicated Bifurcation QCA



Dedicated Bifurcation SoftwareDedicated Bifurcation Software



Bifurcation Core AnalysisBifurcation Core Analysisyy
Prox Core Edge
Core Quadrangle
Core TriangleParent Vessel

1 Prox PV Edge Distal Core Edge1. Prox PV Edge
2. Prox PV Stent
3. Distal PV Stent
4. Distal PV Edge

Side Branch
1. SB Stent
2. SB Stent edge



Bifurcation Core Triangle as a
Measure for Carina Shift Ostial Scaffolding

Bifurcation Core Triangle as a
Measure for Carina Shift Ostial ScaffoldingMeasure for Carina Shift, Ostial Scaffolding, 

and Ostial Preservation
Measure for Carina Shift, Ostial Scaffolding, 

and Ostial Preservation
Bifurcation Core 
Triangle Area

Diameter of 
Vessel Joint

Diameter of 
SB Origin

Angle α

SB Origin  



ConclusionsConclusions

• Angiography has many limitations in assessing 
bifurcation lesionsbifurcation lesions.

• Novel QCA software is designed to accurately derive 
reference measures and minimal luminal diametersreference measures and minimal luminal diameters.

• Given the asymmetry at the MV and SB transition 
zone, traditional QCA miss dimensions relevant to thezone, traditional QCA miss dimensions relevant to the 
ostial intersection.

• Bifurcation Core area and angle measures provide g p
ostial SB geometry changes from baseline to final 
treatment.  

• This new QCA analysis should provide critical 
information to guide intervention procedures and new 
d i d ldevice development.


