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Prognosis of Reversible Ischemia

9mTc-Sestamibi Perfusion Imaging
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1st Validation of FFR

How to Evaluate... =
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Coronary artery disease in Daily cath
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Anatomic Evaluation is Not Enough
FFR vs IVUS

11 centers or investigators
with prospectively collected IVUS and FFR database
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11 centers or investigators with prospectively
collected IVUS and FFR database

| 973 patients, 1032 lesions with IVUS and FFR |

« Intermediate stenosis

» De novo coronary lesion

« Non-left main major coronary arteries
* Vessel size 22.5 mm & <4.5mm

* Lesion length <40mm

TokyoMedioal University hospial
Wakirysena Modical Usivarsty Hospital

886 patients, 945 lesions

Excluded cases

* 24 patients, with incomplete clinical information
+ 1 patient, <18 years old

* 14 patients, LVEF <35%

* 25 patients, incomplete angiographic data

822 patients, 881 lesions |

10 W sensitivity

= Significance by combination > Significance
u spacificity
Best cut-off =reu of best IVUS cut-off by IVUS & FFR cut-off
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0 - » MLA=>3.0mm? and/or PB=T5% © FFR=>0.8 as well as MLA=3 and PB=>75
MLA<3.0 mme %PB=75 MLAS 3.0 mm? ® FFR=0.8 as well as MLA>3 or PB=75
& %PB>75 " FFR>0.8 as well as MLA>3 or PB=75
Keimyung University, Korea Keimyung University, Korea

Keimyung University, Korea Cho YK, Nam CW, et al. Eurolntervention. 2015;11:163-70



Where can we use physiology?
* Intermediate or ambiguous lesion

 Multi-vessel CAD

* Multi-focal (Tandem) lesion
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lasion ‘-; 3 Intermediate /
) —— nonculprit lesion

 Left main coronary lesion

Post interventional ‘
evaluation :

e Bifurcation lesion

e Instent restenosis lesion e
e Post-interventional evaluation
* Acute coronary syndrome

 Chronic total occlusion

Keimyung University, Korea



Functional vs. Anatomy-guided PCI

167 consecutive patients, with intermediate coronary lesions evaluated
by FFR or IVUS (FFR-guided, 83 lesions vs. IVUS-guided, 94 lesions)

100 1 100 c—————— e e e e e e 1
I-q —————— L ——

. P < 0.001 P 90+
L 75 <
& _g —— FFR-guided
o > s0- -=-==- [VUS-guided
o 3
= v
E 50 - 8
£ L 70
2 &
5 | @
]
% 251 L
o
o =
'—

50 -

U | | | 1 1
0 100 200 300 400 |

FFR guided IVUS guided Time to Event (days)

Keimyung University, Korea Nam CW et al. JACC Intv 2010,3:812



Fate of nonobstructive CAD
DEFER 5 years DEFER DES 5 years

Event-free Survival (%) .
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FAME 2

Efficacy & Safety issue for FFR-guided PCI (FFR<0.80)

30 |PCI+MT vs. MT: HR 0.32 (0.19-0.53); p<0.001
S |PCI+MT vs. Registry: HR 1.29 (0.49-3.39); p=0.61
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0 1 2 3 4 5 6 7 8 9 10 11 12
Months after randomization

No. at risk

MT 441 414 370 322 283 253 220 192 162 127 100 70 37
PCI+MT 447 414 388 351 308 277 243 212 175 155 117 92 53
Registry 166 156 145 133 117 106 93 74 64 52 41 25 13

Keimyung University, Korea De Bruyne, et al. New Engl J Med 2012;367:991-1001



Nonculprit lesion related events:
Vulnerability

100+
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Rate of Major Adverse Card

TCFA (all) TCFA+MLA <4 mm?2 TCFA+PB =70% TCFA+PB =70%+
MLA <4 mm?

Lesion hazard ratio (95% CI) 3.90 (2.25-6.76) 6.55 (3.43-12.51) 10.83 (5.55-21.10) 11.05 (4.39-27.82)
P value <0.001 <0.001 <0.001 <0.001
Prevalence (%) 46.7 15.9 10.1 42

Keimyung University, Korea PROSEPCT, NEJM 2011;364:226



Question...

What we have to tell...

Large vulnerable Coronary flow
plaque —— disturbance
== ==
Clinical

outcomes

Keimyung University, Korea



3-year Outcomes after FFR-guided Defer

Among 1294 patients and 1628 lesions in Korean FFR registry, 665 patients with 781
deferred coronary lesions, categorized 4 groups according to FFR; group 1: >0.95,
group 2: 0.86-0.95, group 3: 0.81-0.85, and group 4: <0.80, MACE defined as the
composites of all death, MI, and TVR

o Group 1 Group 2 Group 3 Group 4
Characteristic P
(n=89) (n=398) (n=189) (n=105)
Target vessel <0.001
LAD 17 (19.1) 200 (50.3) 130 (68.8) 82 (78.1)
Non-LAD 72 (80.9) 198 (49.7) 59 (31.2) 23 (21.9)
QCA

Reference diameter, mm 3.18 £ 0.68 3.02 £ 0.55 2.86 £ 0.43 2.75 £ 0.52 <0.001

MLD, mm 1.77 £ 0.60 1.58 £ 0.46 1.36 £ 0.43 1.27 £0.36 <0.001
% DS 4462 £12.61 47.5%12.83 5241+ 14.22 53.60 £12.52 <0.001
Lesion length, mm 1494 £8.80 17.09 851 21.63*11.67 25.61 +15.01 <0.001
FFR 0.98 £ 0.01 0.90 £ 0.03 0.83 £ 0.01 0.75£0.06 <0.001

Keimyung University, Korea Unpublished data from Korean FFR registry



3-year Outcomes after FFR-guided Defer

Among 1294 patients and 1628 lesions in Korean FFR registry, 665 patients with 781
deferred coronary lesions, categorized 4 groups according to FFR; group 1: >0.95,
group 2: 0.86-0.95, group 3: 0.81-0.85, and group 4: < 0.80, MACE defined as the
composites of all death, MI, and TVR
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3-year Outcomes after FFR-guided Defer

All participants

Univariate analysis

Multivariate analysis

HR  95% ClI P HR 95% ClI P
Age 1.03 1.00-1.06 0.041 1.02 0.99-1.05 0.240
Male 1.22 0.69-2.15 0.498
Diabetes mellitus 195 1.14-3.34 0.016 159 0.90-2.78 0.109
Dyslipidemia 1.23 0.72-2.11 0.447
Smoking 1.67 0.94-297 0.081
Previous Ml 235 1.11-4.99
Previous PCI 213 1.22-3.7 am Wer. e
ACS 2.04 1.16-3.60 0.014 1.86 0.99-3.49 0.055
LVEF 0.96 0.93-0.99 0.008 099 0.96-1.02 0.335
Multi-VD 231 1.28-4.15 0.005 1.36 0.73-2.55 0.334
LAD 0.51 0.30-0.88 0.015 056 0.31-1.01 0.052
Reference diameter 1.03 0.62-1.71 0.923
% DS 1.03 1.00-1.05 0.020 1.01 0.98-1.03 0.587
Lesion length>20 mm 1.59 0.92-2.75 0.096
Previous PCI-MLD 0.57 0.31-1.03 0.064
FFR 0.95 0.92-0.98 0.001 0.95 0.92-0.99 0.005

Keimyung University, Korea

Unpublished data from Korean FFR registry



5-year Outcomes after FFR-guided Defer,
Verified by IVUS

493 patients / 607 lesions

Age \years

Male

Diabetes mellitus

Smoking

Dyslipidemia

HTN

Clinical presentation
SA
ACS

Multi-VD

LVEF, %

Medication
Aspirin
Clopidogrel
Statin
Beta-blocker
ACE inhibitor

Target vessel
LAD
Non-LAD

Keimyung University, Korea

61.11+10.39
432 (71.2%)
155 (25.5%)
276 (45.5%)
296 (48.8%)
365 (60.1%)

453 (74.6%)
154 (25.4%)
254 (41.8%)
63.35+8.21

478 (78.7%)
334 (55.0%)
505 (83.2%)
201 (33.1%)
200 (32.9%)

265 (43.7%)
342 (56.3%)

Total number
QCA
Reference diameter, mm
MLD, mm
% DS
Lesion length, mm
IVUS
MLA, mm?2
Vessel area at MLA site, mm?
Plaque burden, %
FFR

493 patients / 607 lesions

3.09+0.66
1.80+0.68
42.47+14.23
15.81+7.39

4.58+2.26

12.62+4.81
64.36+11.58

0.90+0.06

Slides from Dr Cho YK

Unpublished data from Korean FFR/IVUS registry



5-year Outcomes after FFR-guided Defer,
Verified by IVUS

Grouping of FFR, MLA, and %PB

T e

Group 1 0.95~1.00
Group 2 0.90 ~ 0.95
Group 3 0.85~0.90
Group 4 0.80 ~ 0.85

Keimyung University, Korea

5.0mm? ~ ~ 58%
4.0mm? ~ 5.0mm? 58% ~ 66%
3.0mm? ~ 4.0mm? 66% ~ 73%

~ 3.0mm? 73%~

Slides from Dr Cho YK
Unpublished data from Korean FFR/IVUS registry



5-year Outcomes after FFR-guided Defer,
Verified by IVUS

MACE according to FFR quartile

100

90

80

70

Event free survival (%)

60

50

Number of risk
Group1
Group2
Group3
Group4

Group1
Group2
Group3
Group4

Unadjusted

B —— group1 95.0%
—— group 2 94.9%

- —— group 3 94.5%
— group 4 96.1%

P=0.938
1 1 1 1 1 1
0 1 2 3 4 5
Year

141 138 138 136 134 134

158 155 154 153 151 150

181 179 174 171 171 171

127 125 124 124 123 122

HR 95% ClI p

1.00 - -

0.90 0.33-2.49 0.838

0.96 0.36-2.52 0.929

0.75 0.24-2.37 0.626

Keimyung University, Korea

Event free survival (%)

100

90

80

70

60

50

Adjusted

Number of risk

Group1
Group2
Group3
Group4

Group1
Group2
Group3l
Group4

—— group 1
— group 2
— —— group 3
—— group 4
P=0.982
0 1 2 3 4 5
Year
141 138 138 136 134 134
158 155 154 153 151 150
181 179 174 171 171 171
127 125 124 124 123 122
HR 95% CI p
1.00 - -
0.96 0.33-2.77 0.943
117 0.39-3.54 0.782
0.96 0.26-3.55 0.954

Slides from Dr Cho YK
Unpublished data from Korean FFR/IVUS registry



5-year Outcomes after FFR-guided Defer,
Verified by IVUS

MACE according to MLA & %PB quartile

- %PB, Adj
MLA, Adjusted /PB, Adjusted
100 | 100 |—
- _E .
I I
2 2
> - > -
% 80 — group1 95.3% 5 80
—_— ("]
9 — g:gﬂgg 96-9:/" @ — group1 94.8%
g 7L — Sound 94.8% E 0| —— group 2 98.7%
g 93.4% £ — group3 96.2%
> —— group 0
& e | & al 90.3%
P=0.642 P=0.010
50 — A A i i 50 - R .
0 ! 2 3 4 > 0 1 2 3 4 5
Year
Number of risk . Year
Group1 169 167 164 162 161 161 Number of risk
Group2 127 125 125 125 124 123 Group1 155 151 148 147 147 147
Group3 174 172 171 168 166 165 Group2 151 151 150 149 149 149
Group4 137 133 130 129 128 128 Group3 157 156 156 153 151 151
Group4 144 139 136 135 132 130
HR 95% ClI P
Group1 1.00 - - HR 95% CI P
Group2 0.62 0.19-2.07 0.440 Group1 1.00 - -
Group3 1.13 0.43-2.98 0.810 Group2 0.26 0.05-1.21 0.087
Group4 1.48 0.55-3.98 0.440 Group3 0.74 0.25-2.17 0.586
Group4 2.41 0.96-6.06 0.063

Slides from Dr Cho YK
Keimyung University, Korea Unpublished data from Korean FFR/IVUS registry



5-year Outcomes after FFR-guided Defer,
Verified by IVUS

MACE Predictors Best cut-off to FFR
| unvaate | Mutvariate |

HR 95% CI P-value HR 95% CI P-value
Age 1.019 0.983-1.055 0.313
Male vs Female 0.716 0.341-1.505 0.378
Diabetes mellitus 4.246 2.059-8.757 <0.0001  3.949 1.009-8.168  <0.0001
Smoking 1.025 0.500-2.102 0.945
Dyslipidemia 0.498 0.233-1.064 0.072
HTN 0.957 0.461-1.988 0.907
SAvs ACS 0.694 0.317-1.519 0.361
Multi-VD 1.007 0.489-2.075 0.984
LVEF 0.975 0.936-1.015 0.218
LAD vs NonLAD 0.767 0.368-1.599 0.479
MLA 0.976 0.826-1.153 0.777 VLA = 20858 = 750
Vessel area at MLA site 1.041 0.971-1.116 0.258
Plaque burden 1.021 0.987-1.057 0.234 P I
FFR 1.012 0.947-1.083 0.720 7 23
MLA 3.0 mm2 £ 1.500 0.687-3.275 0.309 =3 354
%PB 275% 2.904 1.379-6.112 0.005 1.979 0.669-5.855 0.217 oo
MLA 3.0 mm? < & %PB 275% 3.257 1.397-7.593 0.006 1.575 0.458-5.415 0.471

Slides from Dr Cho YK
Keimyung University, Korea Unpublished data from Korean FFR/IVUS registry



What we have to tell: Usual suspect...

* Large plaque burden
* Vulnerable plague characteristics

* Significant coronary flow disturbance

Underlying clinical risk factors in Nonobs. CAD

Then, What we have to do...

Keimyung University, Korea



FFR & Burden of ischemia

Burden of Ischemia FFR
= 40% — o
© L 8,418 patients from
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Keimyung University, Korea JACC 2014;64:1641




Nonobstructive CAD e e

n= 24,775

Congenital heart disease (111) —|

n= 24,664

F I'O m C O N FI R M — 1!),070— Obstructive CAD (5,594)

o Unknown statin status (9,815) —|
registry

|— Missing risk factors, stenosis (239)
n=9,016

Missing CAC (1,000) e —

n=8,016

SIS Quartiles Calcium score Quartiles

Even-free survival Even-free survival Even-free survival Even-free survival
without statin with statin without statin with statin
100 — 100 —
— L\_L — 95 — 95 —
90 | ol 90 — 90 —
85 — 85 — 85 — 85 —
- P<0.001 by log-rank test o P=0.01 by log-rank test s P<0.001 by log-rank test " P<0.001 by log-rank test
o 3(;5 71150 10]95 (o] 3e|35 7:1;0 10195 0 3:35 7:|so 10[95 0 3(|35 7;0 10|95

Keimyung University, Korea Cho YK, et al. 2014 AHA, KSC



From “macro-" to “micro-circulation”

Classification of Patients According to the FFR, CFR, and IMR

<> High-IMR_,,
O Low-IMR

cor

IMR (corrected)

Keimyung University, Korea

o0
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Coronary Flow Reserve

5.0+

4.0+

) Normal IMR < 23U o
# High IMR = 23U o DB oP ° o

1.0+

LI I T T
0.50 0.50 0.70 0.30 0.20 1.00

Fractional Flow Reserve
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If we can predict...

"0 . Axial plaque stress (APS)
3 o

LLA., Minimal lumen area _——
ni .\/‘
¥ 1

T

—_— =S n—r
APSypstream = Z T;sinf; = Pressure —————=
JE+ (= ro)?
r1-To
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= Pressure————— =~ Pressure——2
141702 t
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= Pressure - Radius Gradient

Compos.mor_l i Lesion Geometry External
Organization

of Plaques (Stenosis severity, Hemodynamic Force
(Vulner:biﬁty) Radius gradient) (Axial Plaque Stress)
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- s — PP
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Plaque Strength Plaque Stress

Plaque Stability
and Rupture
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Keimyung University, Korea JACC Cardiovasc Imaging. 2015;8:1156



BVS in nonobstructive CAD

The PREVENTIive Implantation of Bioresorbable Vascular Scaffold
on Stenosis With Functionally Insignificant Vulnerable Plaque

PREVENT Trial

Any Epicardial Coronary Stenosis (DS>50% by visual estimation)
with FFR >0.80 and with Two of the following

MLA <4 0mm?2

Plaque Burdeny, , >70%

Lipid-Rich Plaque on NIRS (;,,,LCBl;,,>319)
TCFA defined by OCT or VH-IVUS

@®
l U
BVS+OMT
N=800

Primary endpoint at 2 years:
CV death, MI, Hospitalization d/t unstable angina

OCT sub-study/ NIRS sub-study, (300 patients in each arm at 2 years)

Keimyung University, Korea



What we have to do: Usual suspect...

* Optimal medical therapy
* Understanding of CAD: not only macro, but micro
* Upcoming novel technology to predict event

* Upcoming new devices to prevent event

Keimyung University, Korea



What we have to do and tell
about Nonobstructive CAD

*“Plague means future event, no plague no event”

IS true. However, non-flow limiting plaque is still
Indication for optimal medical therapy with life
style modification, not for revascularization, to
prevent future event.

*Coronary event can not be explained by a single

simple dogma. Therefore, more comprehensive
understanding for coronary atherosclerosis and
Its natural course is warranted.

*Developing novel technology may change the
future direction of diagnosis and treatment...

Keimyung University, Korea
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