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Bifurcation Angiographic Analysis

® Qualitative assessment

®* Quantitative assessment



Bifurcation Angiographic Analysis

®*Qualitative assessment



Qualitative Assessment

General morphology of MB or SB

- Calcification

- TIMI grade flow

- Tortuosity

- Calcification

- Restenosis

- Restenosis pattern

Bifurcation classification: MEDINA class
Bifurcation angle

etc
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Knowledge of definitions is vital.
Please use the tutorial prior to first
calculator use.
Start tutorial...
St oring tool correctly, hence, it is strongly recommended
to complete the tutorial first. CALCULATOR w“
Start using the calculator when you |
have successfully completed the ® ii
tutarial, ‘ﬁ
Start calculator...
SYNTAX Trial: Two-year outcomes
Pieter Kappetein, MD, PhD presented the two-year results of the SYNTAX trial at the European Society of Cardiology Meeting, Barcelona on September
2nd, 2009. SYNTAX was featured in a Clinical Trial webcast. Key findings included:
EUROPEAN . ; ; s . . ; :
SOCIETY OF ¥ In the SYNTAX randomized patients, 2-year MACCE rates remained significantly higher for PCl than CABG, mainly driven by higher repeat
e revascularization in the PCl arm.
~ MACCE rates at 2 years not significantly different for patients with a low (0-22) or intermediate (23-32) baseline SYNTAX Score treated with
either PCl or CABG; for patients with high SYNTAX Scores (233), MACCE continued to be increased at 2 years in patients treated with PCl
compared with CABG
= In the predefined subgroups of patients with either 3¥D or LM disease:
~ In the LM group, safety outcomes and MACCE rates were similar for PCl and CABG, but the 2-year revascularization rate was
lower in the CABG group.
+ Safety outcomes [death/Cva/MI) in the 3D group were similar for PCl and CABG, but the 2-year revascularization and MACCE
rates favored CABG.
The full presentation can be viewed or downloaded here:
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Dominance: right Current lesion: 1/1 Calculator version 2.02

3. Specify which segments are diseased for lesion 1. \;/

G\R Click on the coronary tree image to select or unselect segments.
~—
’ Lesion: 1
il Segments:

RCA RCa proximal 1 O

RCA mid 2 O

RCA distal 3 O

Posterior descending 4 O

Posterolateral from RCA 16 |

Posterolateral from RCA 16a O

Posterolateral from RCA 16b O

Posterolateral from RCA 16¢c O

LM  Left main 5 O

LAD LaD proximal 6 O

LAD mid 7 O

L&D apical =] O

First diagonal g O

Add. first diagonal 9a O

Second diagonal 10 O

Add. second diagonal 10a O

LCX Praogimal circumflex 11 O

Intermediate/anterolateral 12 O

Obtuse marginal 12a O

Obtuse marginal 12b O

Distal circurmflex 13 O

Left posterolateral 14 O

Left posterolateral 14a O

Left posterolateral 14b |

Click here for seqment definitions




Bifurcation
>1.5mm

A bifurcationis a division of a main, parent, branch into two daughter branches of at least 1.5mm. Bifurcation lesions
may involve the proximal main vessel, the distal main vessel and the side branch according to the Medina
classification. The smaller of the two daughter branches should be designated as the "side branch’. In case of the main
stem either the LCH orthe LAD can be designated as the side branch depending on their respective calibres,
Bifurcations are only scored for the following segment junctions: 5/6/11, 6/7/3, 7/8/10, 11/13/12a, 13/14/14a, 3/4/16
and 13/14/15. No septal branch

“Specify which seqgments are diseased for lesion X' one should fill out only those segment numbers of the bifurcation
that have a Diameter Stenosis 250% in direct cantact with the bifurcation.

> 50% stenosis
Example 1

SB = small daughter branch

- Dne lesion

- one segment number involved/diseased (= segment: 7).
- Bifurcation "es’

-Medinaclass: 0,1, 0




TIMI Flow

Grade O 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 O 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.
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Classification of Bifurcation Stenosis

1. Prox PV > 50%: O or 1

2. Distal PV > 50%: 0 or 1
3.SB > 50%:0or1

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



Bifurcation Angle Measures

Angle between Angle between

Prox PV and SB Distal PV and SB |




3-D Angle Measurement
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Size of the ostium changes with the
angle of bifurcation

90°

45°

Courtesy P Mortier et al



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

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

Figure 3 MACE igwed Sy rvival

0 100 200 300 400 500 600
Days 100 200 300 400 500 600
Days
Kaplan-Meier plot comparing MACE-free survival up to 648 days
between the low-angle group (BA <50° and high-angle group A Kaplan-Meier plot indicating survival up to 648 days in the low-

(BA =50°). angle (BA <50°) and high-angle group (BA =507).

Bifurcation angle was an independent
predictor of MACE

Dzavik V et al. Am Heart J. 2006




Bifurcation Angiographic Analysis

®* Quantitative assessment



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

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

Distal
+<— reference

Proximal
reference



Automatic Border Detection for QCA

Interpolated reference line is the index.
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QCA Limitation: Step Down

Method to determine
the proper reference
diameter for each
individual segment

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



Underestimation of
Side Branch Reference
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Overestimation of Reference

Main v@ssﬁl// Main vessel

Sic:rarlhs_/

3

Diameter main

Luminal diameter




Underestimation of Reference
If the iIndex Is the distal segment.

Main v@ssﬁl// Main vessel

Sic:rarlhs_/

Diameter main

\_

/\/

Luminal diameter




Incorrect Measurement

(MLD: 0.83 mm

Ref D: 1.78 mm
Obstr Length: 3.63 mm
Diam (Prox, Dist); 1.73, 2.05 mm
%% MLD: 53 %

%, Area at MLD circ: 78 % =
% Area at MLD: 51 %
CF: 0.1312 mm/pix




Challenge in measuring Bifurcations

Innovative derivation of RVD in carina segment

arterial contours
reference contours

------------ fragment delimiters \

arterial diameters in proximal
parent and carinal segment




Challenge in measuring Bifurcations
Innovative derivation of RVD in carina segment

Y Model: LM ;‘\%\ﬂodel




Polygon of Confluence by CASS-QCA

. Innovative Method of Bifurcation QCA

olygon o Gonfiuence(F0G)

Ramcharritar S et al. Eurointervention 2008;3:553



Separation of Bifurcation Segments

1 — Proximal Edge of the Prox PV Stent 6 — Distal Edge of the SB Stent*

2 — Prox PV Stent 7 — Carina
3 — Distal PV Stent* 8 — Ostium of the SB (5mm)

4 — Distal Edge of the PV Stent 9 — PV In-Lesion
5 — SB Stent* 10 — SB In-Lesion

*if additional stent(s) placed

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




Description of Bifurcation QCA

{ =

1. Proximal edge (5mm) 0, Distal edge side (5 mm

. Proximalimain stent  Polygon of confiuence
3. Distal main stent 3. Ostium of siae brancn (
ge mami(5Smm)jr = S.Viaim vessel'stent + edges

10, 51de branch stent + distal edge

®*Ramcharritar S et al. Eurointervention 2008;3:553



CROSS & PERFECT Trials

Coronary bifurcation

esions PERFECT

SB < 50%

MB stenting
| m

Post-stent SB >50%

Il

Leave alone Kissinollballoon inflation

Crushing

If, subopiimal or complicated SB

Provisional-T stenging with TAP



Dedicated Bifurcation QCA

Bifurcation Segment Model
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Birthdate
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Acquisiion Date

Patient Orientation
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Presentation

Table 3. Angiographic Characteristics of Lesions Before and After Procedure

CROSS Study PERFECT Study

Variables Foutine-FEB Leave-alone Crush Single-stent
P value P value

(N=151) (N=155) (N=213) (N=206)

Baseline
Medina classification
1.0.0 18 (122 15 (9.8) 2(1.0 4(2.y
S0 52(35.1) T4 (48 4) 324 22 (109
1 B34 4(2.6) 18 (8.7) 18 (8.9)
1 28 (18.9) 240157 137 (63.9) 126 (62.4)
0

34 (23.0) 25 (16.3) 4(1.9) 5(2.5)

-1 6(4.1) 4(2.8) 30 (18.8) 23124
L 1(0.7y 3200 3(1.4) 2{1.00
0.0.0. 1 (0.7 4(2.6)
Main branch
Severe calcification T4

1

1

1.
0.1.0.
0

0

Severe tortuosity 1{0.7

TINI flow grade
Dorl 427 314
2 42. 14 (6.7}




3 140 (94.6) 148 (96.7) 101 (91.8) 186 (92.1)
Proximal reference diameter, mm 3.5=0.6 3.4=03 3.0=04 3703

Dhstal reference diameter, mim 2504 2504 2,604 2,604

Lesion length, mm 28 3x120 271128 E 28.0+14.6 27 8+13.1

Minimal lumen diameter, mm 1.2+0.4 1.1=0.4 1.1+=0.4 1.1+0.4

Diameter stenosis, %a 60.5x11.8 61.8+13.4 64 4+12.3 65.0=11.7
Side branch

Severe calcification 324 4(2.0)

Severs tortuosity 0 1(0.5)

TIMI flow grade
Dorl 2(14 4(2.6) 1(0.3) 1(0.3)
1{0.7) 1(0.7) 16 (7.7) 15 (7.4)
145 (95.0) 148 (96.7) 191 (91.8) 186 (92.1)
Distal reference diameter, mm 2.1=04 2.1=04 2204 2204
Lesion length, mm 23+43 1.4=3.1 10.3+8.2 8.3+73
Minimal lumen diameter, mm 1.6=0.4 1.7=0.4 1.1=0.4 1.2=0.4
Dhameter stenosts, %o 204+13 4 200x15.7 i A72+14.5 33.3+£16.5
Post-procedure
Main branch
Stent length, mm 31.5£12.0 30.0+11.7 . 34.0£13.5 34 7134
Minimal luminal diameter, mm
In-stent 2.6+0.4 2.6=04 2.6=04 2704
In-segment 22+0.4 22+04 2.2+0.4 2305
Dhameter stenosis, %
In-stent 11.6=6.6 12.8+7.2 . 13,572 13.0=6.9
In-segment 20387 20783 22.1x10.0 20787
Side branch
Stent length, mm 15.3=8.1 246 42 15471 16.4£6.6
Minimal luminal diameter, mm
Ostium 1.7+0.4 1.6£0.5 . 2.3:0.4 1.9+0.6
In-segment 1.6=0.4 1504 . 1.8=0.4 1.6=0.4
Driameter stenosis, %o
Ostium 258150 322+£182 13.7=11.1 25.7+17.8
In-segment 28.7+13.3 342+16.6 21.0=10.7 31.1=15.0

Values are presented as number (percentages) and mean+SD




Table 4. Angiographic Characteristics of Lesions at Follow-Up

CROSS Study

PERFECT Study

Variables Routine-FEB
(N=106)

Leave-alone

(N=108)

Crush
(N=153)

Single-stent
(N=143)

P value

Overall restenosis, % * 19(17.9)
Main branch
Minimal luminal diameter, mm
In-stent 2.2=0.6
In-segment 1.9=0.6
Diameter stenosis, %o
In-stent 22.8+16.2
In-segment 297173
Late luminal loss, mim
In-stent 0.4+0.5
In-segment 0.2+0.5
Restenosis
In-stent 8(7.5)
Proximal edge 6(5.7)
Distal edge 3(2.8)
In-segment 16 (15.1)
Restenosis pattern
Focal 10 (62.5)
Dnffuse 61(37.3)
Side branch
Minimal luminal diameter, mm
Ostium 1.6=04
In-segment 1.3=0.4
Diameter stenosis, %o
Ostium 275150
In-segment T 311145
Late luminal loss, mm
Ostium 0104
In-segment 0.1+0.4
Restenosis
Ostium 2(1.9
In-segment 3(2.8)
Restenosis pattern
Focal 21(66.7)
Dnffuse 1(33.3)

10 (0.3

2305

2.1=0.4

20.5=13.4
25.7+13.1

0.3=0.4
0.1=0.4

15205

15204

333160
34.9+15.8

0.1=0.4
0.1=0.4

4037
6 (5.6)

6 (100)
0

0.32
0.071

0.24
0.064

0.13
0.094

0.018
0.064
0.68

0.004
1.0

13 (8.4

2.4=04

2.1=0.4

19.8=10.6
26.8x13.1

0.2=0.3
0.1=0.4

0.1£03

1(0.6)
6(3.9)

6 (100)
0

16 (11.0)

21.3=133
26,1124

0.3+0.4
0.2+0.4

5034
1(0.7)
1(0.7)
7(4.8)

4(57.1)

3 (42.9)

1.6=0.5

14204

343180
377171

0.3=05
0.2+0.3

402.8)
12 (8.3)

9 (75.0)
3(25.0)

0.44

< (0.001
= (0.001

= (0.001
< (0.001

0.15
0.36

0.20
0.12

0.52

Values are presented as number (percentages) and mean=SD. * and T were the primary end points of the PERFECT and CROSS studies.




Sites of restenosis

CROSS PERFECT

@ Crush @ Single-stent

Proximal main branch ’. : )
) Proximal main branch
0) -
(7.5% Routine-FKB vs. (3.2% Crush vs.

0.9% Leave alone, p=0.018) 2.8% Single-stent, p=1.0)

Side branch
(3.9% Crush vs.
8.3% Single-stent, p=0.11)

Side branch
(2.8% Routine-FKB vs.
5.6% Leave alone, p=0.50)

Distal main branch Distal main branch
(7.5% Routine-FKB vs. (1.9% Crush vs.

2.8% Leave alone, p=0.11) 2.1% Single-stent, p=1.0)



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.
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