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IVUS and FFR are Complementary

The FFR value and IVUS measured parameters should not
be considered an equivalent comparison as these are
Complementary and not competitive.

Park SJ, Ahn JM et al Circulation 2011:23;124(8):951-7

resting hyperemia

FFR: Treat or Not Treat IVUS: Stent Optimization



Single Vessel Disease

- Angiographic DS(%) : 85%
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Multivessel Disease




Single or Multivessel Disease

- Positive. Negative.
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* N = 45 patients
- Sensitivity 88%, Specificity 100%, PPV 100%, NPV 88%

Pijls et al N Engl J Med 1996,334:1703-8

FAME 1 FAME 1 FAME 2
Death/MI Cost Urgent RR
At 2 Years at 1 Year In sAP
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Sensitivity

Single or Multivessel Disease

FFR

Visual-Functional Mismatch

From FAME Study
FFR>0.80 m FFR=0.80

100%
60%
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Tonino et al. 3 Am Coll Cardiol 2010;55:2816—21
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IVUS MLA, Non-LM
Matched with FFR 0.80 (n=784)

Sens. 84%

Spec. 63%

PPV 48%
950661 0.74-080 | NPV 90%

" p<0.001
0 20 40 60 80 100

100-Specificity
Kang et al. Am J Cardiol 2012;109:947-53

Accuracy 69%

IVUS



Single Vessel Disease

- Angiographic DS(%) : 85%

" FFR: 0.84
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Multivessel Disease

o A

Angiographic 2 Vessel Disease
But, Functionally Normal Coronary

'r'

FFR: 0.84 FFR : 0.86



Sensitivity

Single or Multivessel Disease

FFR IVUS

Visual-Functional Mismatch IVUS guidance improve PCI outcome

From FAME Study Death from any causes
FFR>0.80 wm FFR<0.80
100% Study name Time point  Statistics Tor each study Odds ratio and 95% CI
0% OR LL UL ZValue P
Roy 2008 079 054 116 -120 023 &
PMAIN-COMPARE 2000 026 011 063 298 0 a
60% . Kim 2010 003 000 044 257 001 |- |
Mismatch HOME DES IVUS 2010 152 0.26 887 048 064 |-
0% o, MATRIX 2011 053 029 087 207 004 -|
B85 36.3% coBIS 2011 047 026 083 262 001 c
B Youn 2011 021 000 170 146 0.14 -
0% Hur 2012 049 036 066 460 0.00 [
20 EXCELLENT 2012 1.84 042 799 082 041 .
5% 4 Ahn 2012 048 029 079 288 000 © |
S0-T0% 1 E0% 91.85% Pated 2012 004 001 024 366 000 .
= ] =E —aR Chen 2012 009 000 158 465 010 “ {
=820} (n=813) (=38} ADAPT-DES 2012 088 064 120 -082 041 n
Visual Estimated Diameter Stenosis, % AVIO 2013 020 001 437 104 030 o1
Random pooled estimate 050 036 069 -4.10 <0.001
$=83 001 01 1t 10 100
Favours WUS  Favours CAG

Tonino et al. 3 Am Coll Cardiol 2010;55:2816—21
Ahn JM, Park SJ, et al Am J Cariol 2014, 113(8):1338-47

IVUS MLA, Non-LM IVUS MSA Criteria

Matched with FFR 0.80 (n=784) To reduce ISR, MSA 5-5.5mm?

100 Sens. 84% SIRIUS 8 mo,
80 SpeC. 63% MLA<4mm?2
60 M PPV 48% Hong et al. 6 mo, ISR
:Z NPV 90% TAXUS-Meta 9 mo, ISR

‘ 0)

0 Accuracy 69% Song et al. 9 mo, ISR
100-Specificity Song et al. 9 mo, ISR

Kang et al. Am J Cardiol 2012;109:947-53



Optimal Sizing of Stent

Diameter and Length

Site of minimal lumen area PrMm@rence

08 mm 1 mmldic 9.6 mm, 1 mm/dis
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Underexpansion After Well-expanded After
Cypher 3.5mm Implantation Additional HP Balloon

P:0.5 | 9.6 mm, 1 mm/div 9.6 mm, 1 mm/div

Minimal Stent Area 3.7 mm?2 Minimal Stent Area 6.5 mm?2
Mean Sent Diameter 2.2 mm Mean Stent Diameter 3.0 mm



47/M Stable angina 50/M Stable angina
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Left Main Disease

FFR IVUS

Visual-Functional Mismatch

80 - ° 11%
o o Mismatches

60 o
40 4

20 o

Reverse Mismathches

% Diameter Stenosis
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T T T T T 1
0.4 0.5 0.6 0.7 0.8 0.9 1.0

FFR

FFR guided Rev. in Equivocal LMCA

100 e
- 89.8%
801 85.4%
_ p=0.48
£ 60"
2 m— EER>0.80
240' m——— FFR<0.80
20 Survival
0 12 24 36 48 )

Circulation. 2009;120:1505-1512



Sensitivity

Left Main Disease

FFR

LM and
Down stream dz
In human

Fearon WF et al
JACC CI 2015
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Park SJ, Ahn JM et al. JACC Interv, 2014,7(8):868-874

IVUS



Left Main Disease

FFR IVUS

Direct evaluation of LCXos:
One stent or Two stent

Normal Ostial LCX (Medina 1.1.0., 1.0.0)

Stent N
Cross Normal or Diminutive LCX

Small LCX with < 2.5 mm in diameter
Over

Focal disease in distal LCX

Diseased LCX (Medina 1.1.1.,1.0.1)
Two Large LCX with > 2.5 mm in diameter
Stent Diseased left dominant coronary system
Concomitant diffuse disease in distal LCX




Left Main Disease

FFR

IVUS

IVUS Guidance Saves Lives

Angiography-guidance
IVUS-guidance

16.0%

Cumulative Meatality (%)
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Park SJ et al, Circulation. Cardiovasc Interv. 2009 ;2(3):167-77

Proximal LM I

Restenosis Rate < 5%,
TLR < 2%
S - -

LAD ostium f

Kang et al. Circ Cardiovasc Interv 2011 2011;4:1168-74




47/M Stable angina 50/M Stable angina
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LM Bifurcation Disease
Medina (1,0,0)

55/M, Stable angina, TMT (+), Thallium scan (-)
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FFR in Both LAD and LCX,

PressureWire:
(AT | e | BT Cwer
"1 { (e ) -
as
um
on (74)
W e
e 0.72
U "
oW
ns
ne
e
un
an
M erse
L Cusson
L et
——y T e PressureWire
e . . ... B
Fo  (COURTIRERAW T L AT
" (80)
w 0.78
us
nn
ALY 'il [LLLNILET LALNI"AL] i ' I 1944
) i L '1_' wy \ % comson _
; e lﬂl UNIVERSITY OF ULSAN 3 ASAN
e — —— TR WS COLLEGE MEDICINE v/ Medical Center



IVUS In Both LAD and LCX, Distal LM,

PressureWire'

[AFONY | AN | BELETE Chere

OB SN

..-I (7‘1)

o 0.72
l I | e "

" T ot
18
.
L
an
e
am
a7.50
. CusBon

R(L X2

T o e PressureWire
e . ... .. B8

FoT NIRRT o
. (80)
| 1. 078
. RITTTH |
1 Il"' |||" ‘.‘”4
LA l”) 111} ,H,H'll' [l o
e "'1“,\;1'2“
'\J\/\/‘\—"‘\k/“«,/w’:‘ = ?
U LN L A L S YY) S >

q | 5 I‘s,,‘g}g_Disease Freé, LCX

CULLEGE Wit RICNE e/ DTTRDl vomel

|
W S AT W ARSI VR Ty Rd T W s g



. O
O O
> =
O ®©
%_J
O @
| -

O=
c £
Qo2
N 0
HO
= X
< O
1

ASAN
Medical Center

@

UNIVERSITY OF ULSAN
COLLEGE MEDICINE

=

Q CardioVascutar Research Foundation




Do You Want to Treat It ?
Consider FFR, First !

Qchrdio\fascuhr Research Foundation
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Coronary Angiogram

Angiographically 3 VD with 2 Bifurcation
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Bifurcation

FFR IVUS

IVUS Predictors
for FFR (<0.80) of Side Branch

P value
MLA of SB ostium 0.040
Plaque Burden at SB ostium 0.005

Kang SJ et al, AJC. 2011 Jun 15;107(12):1787-93.

SB Occlusion Rate

50 _

40 ara

30 - 27.8
20 -

10

IVUS guided CAG guided
Hahn JY, et al. J Am Coll Cardiol. 2013;62(18):1654-9



Bifurcation

FFR IVUS
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Coronary Angiogram

Angiographically 3 VD
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Fractional Flow Reserve

Functionally 2 VD
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RCA

MSA: 8.93mm?
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LAD

One or Two Stent Technique




Provisional 1 Stent

Proximal reference

Lumen: 7mm2

Vessel : 11.39mm
.

o

Distal reference
Lumen: 5.2mm?2
Vessel : 8.04

i i "mgth: 36.39mm
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Stenting
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After High Pressure Ballooning
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“Full Metal Jacket”

Multiple or overlapping stent implantation
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Long & Tandem Lesion
FFR IVUS

. 40mm for ISR
100
90
80

70
) ==@==  Specificity
50 + Sensitivity
40
30
20
10

10 15 20 25 30 35 400 45 50 55 60 65 70
Stent length (mm)
Hong MK, Park SJ, et al. Eur Heart J 2006;27(11):1305-10

10

32mm for ST
P<0.05

4%

0.7%

=32mm =32mm

Suh J, Park SJ, et al. JACC CI 2010;3:383-9



Long & Tandem Lesion

FFR IVUS

IVUS Modify the Stent Length Effect
On Clinical Outcomes

. Without IVUS

<22mm
Log-Rank Test, p=0.025

23-32
= >33mm

15+

10+

Cumulative Incidence of
Major Adverse Cardiac Event (%)

T T T 1
0] 180 360 540 720
No. at risk Days after Initial Procedure
<22mm 603 595 582 214 100

23-32mm 622 607 592 219 81
>33mm 403 388 376 125 38

With IVUS

Log-Rank Test, p=0.46

20-
<22mm

— 23-32

— >33mm

164

10

A

Cumulative Incidence of
Major Adverse Cardiac Event (%)

T T

T 1
0 180 380 540 720

No. at risk Days after Initial Procedure

<22mm 385 393 388 168 55
23.32mm 487 432 478 221 72
33nm 734 724 709 355 116

Ahn JM, Park SJ et al. Am J Cardiol 2013;111:829-35



Long & Tandem Lesion

FFR IVUS
°% ' Underexpansion
40 35%
w  P<0.05
20 -+
10 4
3%
D 1 -
=28mm =28mm

Kang SJ, et al Circ Cardiovasc Interv 2011;4:9-14

70

60 Malapposition

50
<

I 38 .6 MM P<0.05
30.6 MM

30

20

10

D |

Yes No

Hong MK, et al Circulation 2006;113:414-419



Long & Tandem Lesion

FFR

Selective Stenting for Coronary Tandem Lesion
According to AFFR

S patienis with Lncionaly sgailcant comrany laaden issors (FFR 40 MY

Selactive tiaming ©f e incionally Tone s ienosin | nus of big deda 7 |

"N resassmren] ol e sermineg slenasis

Log Rank P =055

15 20

Days Since Randomzation

Park SJ, Ahn JM, et al Am J Cardiol. 2012 Dec 1;110(11):1578-84
Ahn JM, Park SJ, et al in Submission

IVUS

. 40mm for ISR
100
90
80

70
) m=@== Specificity
50 + Sensitivity
40
30
20
10

10 15 20 25 30 35 400 45 50 55 60 65 70
Stent length (mm)
Hong MK, Park SJ, et al. Eur Heart J 2006;27(11):1305-10

10

32mm for ST
P<0.05

4%

0.7%

=32mm =32mm

Suh J, Park SJ, et al. JACC CI 2010;3:383-9



Tandem Lesions

Multiple stenoses In series along one coronary artery

‘Park SJ, Ahn JM, et al Am J Cardiol. 2012 Dec 1:110(11):1578-84 -
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Rate of FFR Use
INn Asan Medical Center

After Routine Use of FFR
2010.1-2011.12 (N=2398)

Before Routine Use of FFR
2008.1-2009.12 (N=2699)

96.7 96.7 97.5 97.0 985 gg7 980

926 977 943 95.70 94.3
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Stent number

Propensity Score Matched Population

Changes in PCl procedure

Stent Number

® Before Routine Use of FFR
After Routine Use of FFR

P<0.001
3.1
2.4
2.4
15
1.7
1.0

2.3

29%

1vD 2VD 3VvD

LM



Treatment Strategy
B pPci

100% -
80% -
60% - C
40% -
<001 v
20% -
0% - .

before Routine FFR After Routine FFR
(N=1467) (N=1145)

CABG . DEFER




Propensity Score Matched Population

PCIl Outcome

(Death, MI, or Repeat Revascularization)

—===  Before Routine Use of FFR
After Routine Use of FFR

15 —
< HR (95%Cl) 0.55 (0.43-0.70), p<0.001
3
o 10 4
g 8.6%
(&]
£
E /
-'CE o
2 5 e 4.8%
3 _
41%
0 | 1 | | | 1
0 (10) 120 180 240 300 360
No. at Risk Days Since Procedure
Before Routine Use 2178 2066 2011 1960

After Routine Use 2178 2092 2067 2037



Left Main and 3VD

(Death, MI, Stroke or Repeat Revascularization)

| Before Routine FFR (2008-2009) |

20
S = oncb P=0.032} P=0.034
© 15
£ DEFER
S
(&]
£ 10 A+
E 7.4%
<
§ o - 4.7%
O ’ﬂgf
0 - 0%
[ T T T T T T
0 60 120 180 240 300 360
Days after Initial Procedure
CABG 770 751 743 734
PCI 663 655 634 612
DEFER 34 34 34 34

Unadjusted K-M curve

Cumulative Incidence, %

| Atter Routine FFR (2010-2011) |

20
= CABG
51  — pai }P—0-75 }on.so
DEFER
10 +
5.3%
5 -
4.9%
= 2.3%
0 -
I T T T T T T
(0] 60 120 180 240 300 360
Days after Initial Procedure
CABG 494 482 477 471
566 553 545 531
DEFER 85 85 85 84



Optimal Revascularization Results

Integrated Use of FFR and IVUS

FFR guided Decision Making
IVUS guided Stent Optimization



