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Myocardial Ischemia is Important for Prognosis

SPECT Duke TMT Score Pooled Analysis
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Duke Treadmill Score

We already know that Myocardial Ischemia,
Is one of the most important prognostic Indicators,
Regardless of Patients Symptom or Presence of Obstructive CAD

Abdulmassih S et al. JACC 1993
Hachamovitch wt al. Circulation 2002
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Non-Invasive Tests for Ischemic Heart Disease

TMT

Significant Stenosis Insignificant Stenosis
37.6% 62.4%

All Patients

SPECT

Stress Echo

Significant Stenosis Insignificant Stenosis
41.0% 59.0%

Positive Non-invasive tests

SAMSUNG MEDICAL CENTER T Patel et al. NEJM 2010;362:886-95



FFR and QCA

- Discordance Between Anatomy and Functional Significance -

Routine 3-Vessels FFR FFR as Clinical Indication
(Regardless of Stenosis Severity) (At lease one Intermediate Stenosis)
3V-FFR-FRIENDS Study RIPCORD Trial Real-World Pooled Registry
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3V-FFR-FRIENDS Study, Under Review
Curzen et al. RIPCORD, Circ Intervention 2014
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FFR and Invasive Imaging
- Discordance Between Anatomy and Functional Significance -
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Discordance between stenosis severity and functional significance
Is not a problem of “Accuracy in measuring stenosis severity”

Functional significance cannot be predicted using stenosis severity.

SAMSUNG MEDICAL CENTER  &IETT®

Koo BK et al. JACC Intervention 2011
Gonzalo et al. JACC 2012



Physiologic Index is Better Marker of
Stenosis Severity

QCA Classification (%DS)

iFR Classification
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Physiologic Index is a better marker of sténosis se\-/erity

SAMSUNG MEDICAL CENTER  &IETT®

(anatomical and functional), than angiography itself.
| than by angiographic %DS. -

Lee JM, Koo BK, Circulation 2017
Lee JM, Koo BK, JACC 2017



Cut-off Value of FFR
- Validation using clinical outcome -
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Lower the FFR value, Higher Benefit from PClI
Higher the FFR value, Higher Benefit from Medical Treatment

JM Lee and BK Koo et al. 3V-FFR-FRIENDS Study, EHJ 2018
SAMSUNG MEDICAL CENTER I Nils P. Johnson et al. JACC 2014



Physiology and Contemporary PCl Outcome
- SYNTAX I vs. SYNTAX Il PCI -

454 Patients with Complex Lesions and equipoise risk
of 4-year mortality between PCl vs. CABG

Physiology Guidance MACCE (Death, M, Any Revasc., CVA)
. 27— synTaxIPCl e
B FFR/iFR Performed ™ Not Performed | ek HR 0.58 (95% Cl 0.39-0.85), p=0.006

Patients (%)

 SELE TEE G R R SR R TR TR i R SR
0 30 60 90 120 150 180 210 240 270 300 330 360
Days

SYNTAXIPCI315 298 292 288 280 278 274 269 266 262 259 258 256

SYNTAXII 450 441 437 433 429 427 421 417 411 405 404 400 398

SAMSUNG MEDICAL CENTER W Javier Escaned et al. Eur Heart J. 2017 Nov 7;38(42):3124-3134



Physiology and Contemporary PClI Outcome
- Nationwide Cohort Studies -

All-Cause Mortality
FFR-Guided PCIl versus Angiography-Only PCI
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Event Probability
o O
S X

0.00 - .
0 120 240 360
Days
Logrank p < 0.0001
Number at risk
mm 15,022 14,154 13,372 12,710
= 2,967 2,809 2,679 2,534
Angio-Only FFR

Veterans Affairs registry 2009-2017
(Stable IHD N=17,989, 1 Year)
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SCAAR registry 2005-2016
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Non-Hyperemic Pressure Ratio (iFR) vs. FFR
- 2 Year Clinical Outcome -
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2-Year Absolute difference in MACE was 1% between iFR vs. FFR
With significantly lower rates of PCl in iFR group
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Non-Hyperemic Pressure Ratios (NHPRs) Since iFR

FFR (<0.80) Resting Pd/Pa (<0.91) iFR(=0.89) — P

= Pd

Pressure (mmHg)
—
Pressure (mmHg)
Pressure (mmHg)

Time (sec) Time (sec) Time (sec)
Mean Pd/Pa under hyperemic status Mean Pd/Pa at resting status Mean Pd/Pa at resting status
during whole cardiac cycle during whole cardiac cycle during wave free period
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All NHPRs share same correlation with iFR/FFR
- 3V FFR FRIENDS registry -

B. dPR - iFR

A.RFR - iFR

R=0.979, P<0.001
RFR = 0.956 x iFR + 0.022
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: 3 g

Resting Full-Cycle Ratia

-
1

D.RFR - FFR

R=0.822, P<0.001
RFR =0.696 x FFR + 0.323
1 C-dndex0.918

Resting Full-Cycle Ratio

SAMSUNG MEDICAL CENTER D™

Diastolie Pressure-Ratie (dPR)

R=0.985, P<0.001
dPR =0.954 x iFR + 0.038
1= C-lndex 0.993

am-

T T T
ox 10 (1)

IFR

E.dPR - FFR

Diastole Pressure-Ratio (dPR)

R=0.819, P<0.001
dPR=0.684 X IFR +0.343
1= Cdndex0.917

o
o v
) "":%
S d% >
-~ 8 s 711
04t )
e
a0
e >
oo o
T
[ « "

N=1,024 vessels (435 patients)

C.dPR -RFR

R=0.992, P<0.001
dPR = 0.961 x RFR + 0.046
1= C-ndex0.988

Diastolic Pressure-Ratio (¢PR)
X

3

Y T 1 ] T
30 (2 (L] I 100

Resting Full-Cyele Ratio (RFR)
F. IFR - FFR
R=0.814, P<0.001 &

IFR=0.702x RFR +0.333
e C-dndex0.920 ot

a
am~ 0
z 2 < “'\r )
w0 ~ a0 0
5 o .
3
o
®
s o
© oo
axn
T ] 1
(] i o £

Lee JM, Koo BK, Circulation. 2019 Feb 12;139(7):889-900.



All NHPRs share same diagnostic accuracy for iFR < 0.89
- IRIS-FFR Registry -

Conventional

 AUC ) cut-off

Resting Pd/Pa | 0.970 (0.954 - 0.977) 0.92

dPR 0.996 (0.995 - 0.998) 0.89
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Cumulative Incidence of Events (%)

Cumulative Incidence of Events (%)

i

All NHPRs share

same cut-off value for prognosis of deferred lesions

" iFR (<0.89), 2 Year
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Physiology-quided strategy

Benefit of FFR/iFR-guided PCI strategy for CAD has proved its
benefit based on solid evidence

FAME FAME FAME2 DEFINEFLAR

iFR-SWEDEHEART
Death/MI Cost Urgent RR 3V-FFR Registry
At 2-Year At 1-Year In Stable CAD IRIS-FFR Registry

FFR 4@ NHPRs

$ 37

35% $ 2400 87% Outcome

Pijls NH et al., J Am Coll Cardiol. 2010;56:177-184 / Van Nunen et al., Lancet 2015 Nov 7;386(10006):1853-60

Fearon W. et al., Circulation 2010;122:2545-2550 / De Bruyne B, et al., N Engl J Med. 2014;371:1208-1217/

N Engl J Med. 2017 May 11;376(19):1824-1834/ N Engl J Med. 2017 May 11;376(19):1813-1823.

SAMSUNG MEDICAL CENTER  ZII™ Lee JM et al. Circulation. 2019 Feb 12;139(7):889-900.



Current Framework

Physician’s clinical suspicion is changed based on angiographic stenosis

Non-invasive Test All Decision Based on Anatomy

TMT
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Ischemic Heart Disease with Non-Obstructive CAD

Resting Pd/Pa 0.41, FFR 0.40

172

D& 4
ALTOSCALE

Major step-up at Hidden Stenosis

SAMSUNG MEDICAL CENTER  GIEIT™



Ischemic Heart Disease with Non-Obstructive CAD

FFR 0.73

Stress Rest
Flow Flow CFR
(mL/g/min) (mL/g/min)

LAD 1.69 1.03 1.64
LCX 2.21 1.05 2.09
RCA 2.27 1.08 2.1

Hidden stenosis was the reason of myocardial ischemia.

SAMSUNG MEDICAL CENTER  <ITT™ JM Lee and BK Koo et al., J Am Heart Assoc. 2017;6:¢006071



FFR, only for intermediate stenosis ?

1.209

1.004

Concordant Normal
63.2% (1953/3091)

080

0.6071

FFR

0.4071

r=-0.542, p<0.001

Reverse Mismatch
7.1% (218/3091)
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q .
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The Pre-specified Subgroup Analysis of 3V-FFR-FRIENDS study, Lee JM, Koo BK et al. JAHA 2017



Proportion of Lesions with Low FFR
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Clinical Outcomes of
Angiographically Insignificant Stenosis

20
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Estimated MACE Rates according to FFR
In Angiographically Insignificant Stenosis

2.0

P for comparison <0.001

1.57]

1.0

0.5

Mean of Estimated 2-YEar MACE Rates

0.0-

<0.80 0.81-0.85 0.86-0.90 0.91-0.95 20.96

Fractional Flow Reserve

SAMSUNG MEDICAL CENTER  GZIETT™ The Pre-specified Subgroup Analysis of 3V-FFR-FRIENDS study, Lee JM, Koo BK et al. JAHA 2017



Evaluation of Microvascular Disease
Why do we should look beyond epicardial coronary arteries?

139 Stable Angina Patients (56% typical symptom) with <50% stenosis,
Ach challenge test, FFR/CFR/IMR measurement, IVUS evaluation

70.0%

60.0% 57.9%

50.0%

43.9%

40.0%
30.0%
23.0%

20.0%

10.0%

0.0%

Endothelial Microvascular Low FFR (<0.80) Myocardial No Abnormality
dysfunction dysfunction bridging
(Ach challenge) (IMR225U)

SAMSUNG MEDICAL CENTER I Lee BK, Fearon W. et al. Circulation. 2015;131:1054-1060



Why do we should look beyond epicardial coronary arteries?
- Prevalence of non-epicardial coronary disease -

151 Stable Patients with <50% stenosis and/or FFR>0.80,
Ach challenge test and FFR/CFR/IMR measurement

Definition

.V tic Andi Significant vasoconstriction (290%),
asospastic Angina chest pain (+), and ECG change
Any of IMR225U, CFR<2.0, or microvascular spasm
to Ach (chest pain and ECG change, but no
epicardial vasoconstriction)

= Microvacular Angina

= Both

= None

Substantial Proportion of Patients with No Obstructive Stenosis
shows Abnormal Vasomotor / Microvascular Function

SAMSUNG MEDICAL CENTER W CorMicA Trial, Ford T., Berry C. et al. J Am Coll Cardiol Intv 2020;13:33-45



No significant epicardial coronary disease, No symptom?

Baseline
PCLN

MT alone
Reg»s?,

30 Days

PC

IoMT

MT sione
R(gl}?,

6 Months

PCleMT

MT slone
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MT alone
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PC

lMT

MT alone
RQQIS?,

FAME 2: Registry Group (FFR>0.80)

45441
123431
25/162

33440
80434
261163

20437
65429
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25425
51424
2187

0.35(0.26-040
1.00 (reference
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Patients with CCS Il to IV (%)

Baseline

PClI

Medical therapy
Registry

30 Days

PCl

Medical therapy
Registry

6 Months

PCI

Medical therapy
Registry

1 Year

PCI

Medical therapy
Registry

2 Years

PCI

Medical therapy
Registry

3 Years

PCI

Medical therapy
Registry

5 Years

PCI

Medical therapy
Registry

T T T 1
20 40 60 20

Patients with CCS Il to IV Angina (%)

Persistent Angina in Registry Group (FFR>0.80)

14.6% (2Y), 10.9% (5Y)

De Bruyne et al. N Engl J Med. 2014 Sep 25;371(13):1208-17
Xaplanteris et al. N Engl J Med. 2018 Jul 19;379(3):250-259



No significant epicardial coronary disease, No event?

FAME 2: Registry Group (FFR>0.80)

Death, MI, Urgent Revasc at 2Y Death, MI, Urgent Revasc at 5Y

ol 1007 peys. Medical Therapy: HR 0.46 (95% CI 0.34-0.63) P<0.001
20 oo T vs. MT MR 0 Y0 085% C10.260-0 47 P<0.001 PGl vs. Registry: HR 0.88 %95% Cl0.55-1.39) P=0.57
|PCIeMT va. Regisiry: MR 0 60 (95% C1 0.35-1.24) £=0 73 Medical Therapy vs. Registry: HR 1.91 (35% Cl 1.25-2.91) P=0.003
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4 8 8 10 12 14 16 18 20 2 24 ‘Years after randomization
Months after randomization No. at risk
No Medical Therapy 441 360 349 337 27 258
L. e - ‘ . » - 4 < - PCI 447 416 403 391 334 321
x4 e Y 2 g ‘ Registry 166 156 147 141 116 113

Incidence of Primary Composite Endpoint in the Registry Group (FFR>0.80)
9% (2Y), 15.7% (5Y)

De Bruyne et al. N Engl J Med. 2014 Sep 25;371(13):1208-17
SAMSUNG MEDICAL CENTER I Xaplanteris et al. N Engl J Med. 2018 Jul 19:379(3):250-259



Prognostic Impact of Microcirculatory Dysfunction
- Defined by invasive physiologic indices -

230 Stable IHD Patients with FFR>0.80,
Stratified by CFR (<2.0) and IMR(223U) measurement

C (14%)
Discordant

Coronary Flow Reserve (CFR)

Normal
resistance
with low
reserve

00 200 400 60.0 800
Index of Microcirculatory Resistance (IMR)

POCO, Patient-oriented Composite Outcomes
=» a Composite of any Death, any MI, and any Revascularization

SAMSUNG MEDICAL CENTER D™

Cumulative Incidence of Events (%)

40

Group CFR IMR Hazard Ratio (95%Cl) P value
) High Low 1.000 (Reference) NA
g High High NA NA
- c Low Low 2.116(0.386-11.589) 0.388
=5 Low High 5623 (1.234-25.620) 0.026

Breslow P for overall comparison = 0.002
Overt Microvascular Disease
D
_ A

I B 53 1
S00 1000 1500 2000

Days From Index Procedure

Lee JM....Koo BK, J Am Coll Cardiol. 2016 Mar 15;67(10):1158-1169.
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Patient-Oriented Composite Outcome

Group CFR IMR Hazard Ratio (95% CI) P value
a1 A High Low 1.000 (Reference) NA
- B High High 1.280 (0.646-2.537) 0.480
- C Low Low 1.319(0.597-2.914) 0.493
- p Low High 2.873(1.476-5.594) 0.002
Breslow P for overall comparison = 0.015
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Cardiac Death or Myocardial Infarction

40— Group CFR IMR Hazard Ratio (95% CI) P value
a1 A High Low 1.000 (Reference) NA
- - B High High 1.183(0.306-4.575) 0.808
é -~ C Low Low 1.834 (0.474-7.094) 0.379
w
E ¥ -1 p Low  High  5.662(1.984-16.154) 0.001
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¢ Breslow P for overall comparison = 0.001
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Summary
Functional Approach and Functional Angioplasty

All Decision Based on Functional Assessment Cause of Ischemia Based
Anatomy Alone Based on Clinical Judgement Decision

v 20

We are clinician.

So, diagnosis and treatment should be driven by
clinical suspicion and judgement,
not by angiographic stenosis only.

Revascularization
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