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Qualitative Assessment

• General morphology of MB or SB

- Calcification

- TIMI grade flow

- Tortuosity

- Calcification

- Restenosis

- Restenosis pattern

• Bifurcation classification: MEDINA class

• Bifurcation angle

• etc







No septal branch

 50% stenosis

 1.5 mm

SB = small daughter branch 



TIMI Flow

Grade 0   No flow beyond the point of occlusion (total 
occlusion).

Grade 1   Contrast passes the point of obstruction but only 
trickles distal.

Grade 2   Contrast opacifies the entire coronary bed distal to 
the stenosis with complete filling of the artery and it’s major 
and minor branches after more than 3 full cardiac cycles.

Grade 3   Complete perfusion of the epicardial vessel artery 
and it’s major and minor branches within 3 full cardiac cycles.



TIMI 1 Flow with Collaterals

Grade 0   No flow beyond the 

point of occlusion (total 

occlusion).

Grade 1   Contrast passes the 

point of obstruction but only 

trickles distal.



TIMI-2 Flow

Grade 2   Contrast opacifies

the entire coronary bed distal 

to the stenosis with complete 

filling of the artery and it’s 

major and minor branches 

after more than 3 full cardiac 

cycles.

Grade 3   Complete 

perfusion of the epicardial

vessel artery and it’s major 

and minor branches within 3 

full cardiac cycles.



TIMI-3 Flow

Grade 3   Complete perfusion 

of the epicardial vessel artery 

and it’s major and minor 

branches within 3 full cardiac 

cycles.



Classification of Bifurcation Stenosis

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

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

1. Prox PV > 50%: 0 or 1

2. Distal PV > 50%: 0 or 1 

3. SB > 50%: 0 or 1

Medina A.Rev Esp Cardiol. 2006;59:183 



NOT CALIBRATED

49.3 deg.

NOT CALIBRATED

139.0 deg.

Angle between 

Distal PV and SB
Angle between 

Prox PV and SB

Bifurcation Angle Measures



3-D Angle Measurement



Size of the ostium changes with the 
angle of bifurcation

90°

45°

Courtesy P Mortier et al



Dzavik V et al. Am Heart J. 2006

Greater Bifurcation Angle associated with higher 

mortality and MACE with Crush Technique 

MACE Survival

133 pts undergoing crush stenting:
 66 pts with low angle (<50 degrees)
 67 pts with high angle (>50 degrees)

Bifurcation angle was an independent 

predictor of MACE



Bifurcation Angiographic Analysis
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Quantitative Assessment

• Separated assessment

- Main branch (proximal and distal)

- Side branch

• General information on MB and SB

- Reference diameter, proximal and distal

- Minimal lumen diameter

- Diameter stenosis

- Late loss



Standard DES Measurement

In-stent

In-segment

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

Proximal

reference

Distal

reference



Automatic Border Detection for QCA
Interpolated reference line is the index.
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The “Step down” phenomenon is a major 
limitations of Standard QCA when applied to 

bifurcation analyses

Method to determine 
the proper reference 
diameter for each 
individual segment

QCA Limitation: Step Down



Underestimation of 
Side Branch Reference 



Overestimation of Reference 

Main vessel Main vessel

Side branch

Diameter main

Reference diameter

Luminal diameter



Underestimation of Reference
If the index is the distal segment.

Diameter main

Reference diameter

Luminal diameter

Main vessel Main vessel

Side branch



Incorrect Measurement



Challenge in measuring Bifurcations
Innovative derivation of RVD in carina segment

arterial diameters in proximal
parent and carinal segment

fragment delimiters

arterial contours

reference contours



Challenge in measuring Bifurcations

Y Model: LM T Model

Standard Bifurcations

Innovative derivation of RVD in carina segment



Polygon of Confluence by CASS-QCA
: Innovative Method of Bifurcation QCA

Ramcharritar S et al. Eurointervention 2008;3:553



Separation of Bifurcation Segments

1 – Proximal Edge of the Prox PV Stent

2 – Prox PV Stent

3 – Distal PV Stent* 

4 – Distal Edge of the PV Stent 

5 – SB Stent*

1

2

3
4

5

6

7
8

9

10

6 – Distal Edge of the SB Stent* 

7 – Carina 

8 – Ostium of the SB (5mm)

9 – PV In-Lesion

10 – SB In-Lesion

PV

PV

SB

*if additional stent(s) placed 

Gorktekin O et al. Catheter Cardiovasc Interv 2007;69:172



Description of Bifurcation QCA

•Ramcharritar S et al. Eurointervention 2008;3:553



SB < 50%

MB stenting

Kissing balloon inflation

Crushing

Coronary bifurcation 

lesions

Randomization

Leave alone

Post-stent SB 50%

CROSS & PERFECT Trials

Provisional-T stenging with TAP

If, suboptimal or complicated SB

CROSS PERFECT

SB  50%

Randomization



Dedicated Bifurcation QCA



Presentation







Sites of restenosis

Proximal main branch

(7.5% Routine-FKB vs. 

0.9% Leave alone, p=0.018)

Side branch

(2.8% Routine-FKB vs. 

5.6% Leave alone, p=0.50)

Distal main branch

(7.5% Routine-FKB vs. 

2.8% Leave alone, p=0.11) 

Proximal main branch

(3.2% Crush vs. 

2.8% Single-stent, p=1.0)

Side branch

(3.9% Crush vs. 

8.3% Single-stent, p=0.11)

Routine-FKB Leave alone

Distal main branch

(1.9% Crush vs. 

2.1% Single-stent, p=1.0) 

Crush Single-stent

CROSS PERFECT



Conclusions

• In angiographic analysis for bifurcation coronary lesions, 

both qualitative and quantitative measurements are 

performed.

• Qualitative assessment includes various morphological 

evaluations of parent vessel and side branch.

• After PCI, SB ostium is the major site of restenosis after 

bifurcation stenting. Therefore, careful SB assessment 

is the key element of bifurcation angiographic analysis.

• In quantitative assessment, ordinary QCA analysis has 

many limitations in assessing bifurcation lesions.

• Dedicated bifurcation software is useful to accurately 

represent quantitative parameters of angiography.



Thank you very much


