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Fractional Flow Reserve

FER - Qs,.. (P-P)/R

Onm (P-P)/R

= Pd
Pa
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Importance of Maximum Hyperemia

Maximal vasodilation

QSm ax Q|

QNmax

FFR =

P

During maximavasodilation the
ratio of stenoticflow to normal
flow is proportional to their
respective driving pressures.

Pd This is exactly the definition of
the FFR: the ratio afistal

Pa coronary pressur& aortic
pressure
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Importance of Maximum Hyperemia

Insufficient hyperemia

l

Underestimation of pressure gradient

l

Overestimation of FFR

l

Underestimation ofStenosisSeverity
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Coronary Tandem Lesions

Multiple stenoses in series along one coronary artery

Rule of Big Delta

If FFR&FRmM > FFRRFRA

M t NPEAYIf [SaArAzy ¢E C

If FFR&FRmM < FFRRFRd

M 5A&GFf [S&aArazy ¢E CAND

81’"
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Coronary Tandem Lesions

Multiple stenoses in series along one coronary artery

—
A AR

ARao | esi on Abo | esi on
FFRa = Pa-Pm/Pa FFRb = Pd-Pm/Pm (at maximal
hyperemia)

am
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Coronary Tandem Lesions

Multiple stenoses in series along one coronary artery

-
Y .

| f Nnao | esion | sFPRRMmfVveidbod | esion will ¢

FFRb = Pd-Pa/Pa (At maximal hyperemia)
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First Validation: of FFR

Comparison with 3 non-invasive functional studies

Positive @ Negative@

i -
ES| o @ 08 ® oo «oo: o 0%@0
E 5
% © ® 028 (O W o {R %«So
£ :
t| o @ 08 % @ wwise B o

03 04 05 06 07 08 09 10 FFR

N = 45 patients
Sensitivity 88%, Specificity 100%, PPV 10%, NPV 88%

COMPLEX PC12023 N Engl J Med1996;334:17038 e



FER Cut, -0Off Value

0 <« > 0.75 «— 0.80 < > 1.0

Significant CICOAZLEE Non-significant
Author Number Stress Test BCV Accuracy
Pijls et al. 60 X-ECG 0.74 97
DeBruyne et al. 60 X-ECG/SPECT 0.72 85
Pijls et al. 45 X-ECG/SPECT/pacing/DSE 0.75 93
Bartunek et al. 37 DSE 0.68 90
Abe et al. 46 SPECT 0.75 91
Chamuleau et al. 127 SPECT 0.74 77
Caymaz et al. 40 SPECT 0.76 95
Jimenez-Navarroetal. 21 DSE 0.75 90
Usui et al. 167 SPECT 0.75 79
Yanagisawa et al. 167 SPECT 0.75 76
Meuwissen et al. 151 SPECT 0.74 85
DeBruyne et al. 57 MIBI-SPECT post-MI| 0.78 85
Samady et al. 48 MIBI-SPECT post-MI| 0.78 85

COMPLEX PC1 202, Sem—
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Visual -Functional Mismatch (1)

From FAME Study
FFR>0.80 m FFR<0.80

100% -
60% — :
Mismatch
40% —— 0)
e 36.3%
20% ——
20
0%
50-70% 71-90% 91-99%
(n=620) (n=513) (n=96)

Visual Estimated Diameter Stenosis, %

COMPLEX PCI 2023
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Visual -Functional Mismatch (il)
From FAME Study

Functionally Diseased Coronary Arteries

ovD
(12%)

1VD

(34%)

2VD
(43%) 1VD

(45%)

Angiographic 3VD Angiographic 2VD
ComPLEX Pei 2023
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Visual -Functional Mismatch (I}
Functional SYNTAX Score in FAME

Low SS
® Medium SS
mHigh SS 101

(34%)

290
(59%)
Classic SS Functional SS

COMPLEX PC1 2023 e

Nam et al. J Am Coll Cardiol 2011:58:1211i 18



FAME-@ 2yr FU

A total of 1,005 patients withmultivesselCAD were randomly assigned

Angio-Guided FFR-Guided

N=496 N=509 pvaiue
Total no. of MACE 139 105
Individual Endpoints
Death 19 (3.8) 13 (2.6) 0.25
MI 48 (9.7) 31(6.1) 0.03
CABG or repeat PCI 61 (12.3) 53 (10.4) 0.35
Composite Endpoints
Death or Ml 63 (12.7) 43 (8.4) 0.03
Death, MIl, CABG, or re-PCI 110 (22.2) 90 (17.7) 0.07
Total no. of MACE 139 105

sm
COMPLEX PC12023 J Am Coll Cardiol2010:56:17784
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FAME-@ 2yr FU

A total of 1,005 patients withmultivesselCAD were randomly assigned

Death or Ml Free From Angina
—_— 90 b
§ b 91.6% = g | 8 U2 g5 799
£ 0.90] > 70 |
| =

8 < 60 }
£ 085 87.3% E 50 |
= £ i
¢ 0.80 p=0.03 s ¥
i & 30 | 23, 259
g 0.75 —— FFRyuided PCI w20 | I
> . -
c Angio-guided PCI 10
TR [ S S e g_ g_ e — = : .

0 120 240 360 480 600 720 e Hyaar e

Days since Randomization

angio-guided = FFR-guided
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Prognostic Value of FFR on
Clinical Outcomes

6,961 pts, 9,173 lesions

8,418 patients from . 5,979 patients with a total of
90 cohorts with a total of 258 deaths

458 deaths 163 non-fatal MI

235 non-fatal M| 552 revascularizations

326 revascularizations

O s

T |
medically treated

PCI/CABG medically treated
. 5

L5 ]

PCI/CABG
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Cox Model 1-Year MACE (%)

Mean Cohort FFR Fractional Flow Reserve (FFR)

COMPLEX PC12023 Johnson et al, JACC 2014:64:1641-54 Qevar



FFR guided PCI in Equivocal LMCA

In 213 patients with an equivocal LMCA stenosis
FFR O0.80: Medication (n=138) vs. FFR<O0. ¢

100 100 -
e : 89.8% —, ' S0,
&l 85.4% 907 —ﬂ=_|_'_|_
o p=0.48 S 60 p=0.5 74.2%
S M
= —CCW>KnCDLun — CCwXn dy n
‘io) 40 = — FFR<0.80 =40 = m— FR<0.80
S S
20° Survival = MACE
ORI 735470 e B )
Months Months

An FFRyuided strategy showed the favorable outcome.

COMPLEX PCI 2023 Sevre
By Circulation. 2009;120:1508512



Saving Costs and Improving Outcomes
By FFR guidance

%
% 0% ICER of 50,000$ QALY .
8 4000
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FFR Guidance
Saves Resources
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Use of IVUS vs. FFR
in SB Assessment i
After LM Crossover

SB-pullback IVUS SB FFR

= Confirm the anatomical
Advantage compromise and MLA loss

= Mechanism of SB jailing

= Confirm the functional
SB compromise

= MLA-FFR mismatch
Pitfalls = No MLA criteria = Minority - not feasible
= L ow feasibility

COMPLEX PC1 2023
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Functional Compromise of LCX
after LM Cross -Over Stenting

PreporceduraMLA and plaque burden
of poststentingLCX FFR < 0.80

100 [ @, 100 [ @,
80 _ 80 [
2 I
145 60 [ :E 60 [
2 | 5 |
o 40[ @ 40[
20 [ AUC=0.800, =t =)
| 95% CI=0.636.913 Az ~ 95% CI=0.630.920
O vt e — T e e |
0] 20 40 60 80 100 0] 20 40 60 80 100
100-Specificity 100-Specificity
MLA 3.7 mm Plague burden 56%
COMPLEX PCI 2023 Kang SJ et al. Catheter Cardiovasc Interv. Q’\cvm:

2014,;83:545-552
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FFR of the Jailed Side Branch

Fractional Flow Reserve

1.0

0.9

0.8

0.7

0.6

0.5

r=-0.464, p<0.001

40

50 G10) 70 80 90
Percent Stenosis (%)

Koo BK et al JACC 2005; 46: 633

100

Only 27%
among SB
with > 75% has
FFR <0.75
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Functional LCX Compromise
In LMCA Bifurcations (LCX ostial DS<50%)

% 50

40 -

- 35

% at risk for

20 A

unnecessary SB PCI

10 -

0_

Angiographic jailing Functional jailing
(DS >50%) (FFR<0.80)

Kang et alCatheterCardiovasénterv2014,;83(4):545%2

When Pre-PCIl LCX Ostial

DS<50%,

ConmLExPe) 0 Just Do Single Stent!
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Poststenting FFR

8TN
COMPLEX PCI 2023
MAKE IT SIMPLE!: TECHNICAL FORUM ATO Z

1.0°

0.9°

0.8

0.7°

0.6°

LMCA Bifurcation
Post -stenting LCX Stenosis

1.0
i
L 0.9
(@)
< o8-
c
L
»n 0.7
4l
0.455 S r=0.197
r=-0. : _ =0.
p=0.002 e p=0.391
10 20 30 40 50 60 70 80 e e, il

Poststenting DS, LCos (%) Poststenting MLA, LCHS (mm?)

Kang et al.CatheterCardiovasdnterv2014;83:54252
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Why Mismatch?

ALesion eccentricity of SB
ANegative remodeling of ostium
AVarious size of myocardium
AStrut artifacts

AFocal carina shift

L aE L

Ischemia (FFR= <0.80) No ischemia (FFR= >0.80) No ischemia (FFR= >0.80)
Large myocardial territory Small myocardial territory Large myocardial
infarct/ large territory

CoMpLEX Pe1 2023 Sachdeva et al. Am J Cardiol 2011;107:1794 Sevre
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The Use of FFR

A Single Vessel Stenting A Deferral of PCl under OMT
A MultivesselStenting A Single Vessel Stenting
A Complex Bifurcation Stenting A Simple Bifurcation Stenting

A Full MetalJaket A Selected Stent Implantation

Q/}:VRF



Between Jan 2008 and Dec 2011, 5097 pis
underwent PC/ at Asan Medical Center, Seoul,
Korea and were followed for 1 year

Before Routine Use of FFR After Routine Use of FFR

A
(N=2699) (N=2398)
926 97.7 943 957 94.3 96.7 96.7 97.5 97.0 98.5 96.7 98.0
100 - 1sy 898 g ——0—0—0——o—0 IVUS
gy 5 83.6 9
80 - MACE = 4.8% MACE = 2.8% -
58.2 576 57.8
60 - 53.7
47.8 47.7
41.7
40 - i
The strategy of (1) FFR to assess lesion severity
20 13.3 and (2) IVUS to optimize stent implantation was
associated with a 1.3% rate of death/MI and a
00l Olm0 o 11 14 1.8% rate of any repeat revascularization at 1 yr.
O N N NN

@ & & O O e ol 9 e

S N S e IS s,

o"d vQ{\ 5"\* & o’d vﬂi\ 5‘@ ¢ & 5&* o'°é o"'d 79‘\ 3"\* &
& ¥ ov ¥ & o~

COMPLEX PCI 2023
TS D e SJ Park et al. Eur Heart J 2013:34:3353-61
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FFR oGuided Multivessel
Angioplasty in SCAD

é Stable coronary artery disease

Meta-analysis of 3 randomized
control trials

FAME 2 study
DANAMI-3-PRIMULTI
Compare-Acute

FFR-guided PCI vs. Medical therapy: HR 0.72 (95% CI 0.54-0.96), P=0.02

Medical Therapy

9
=t
Q
o
[$]
£
o
o
8
-5
=
e |
(@]

A Primary composite end-point :
cardiac death or Ml

HR 0.72 (95% CI 0.54-0.96)

Years after randomization
INo. at risk
Medical therapy 1344 1222 688 559 381
FFR-guided PCI 1056 980 696 566 406

COMPLEX PC1 2023



FFR 0Guided Multivessel
Angioplasty in Myocardial Infarction

COMPARRACUTE trial

A 885 patients with STEMI and multivessel Complete revasculsrizatian
A underwent primary PCI
A Randomization(1:2)

Infarct-artery-only treatment

Complete revascularization of noni infarct-

(cumulative %)

©
2
g
S
(%]
[}
o
[t
ul
|9
v
<
=

related coronary arteries guided by FFR
Hazard ratio, 0.35 (95% Cl, 0.22-0.55)

(295 P ati entS) P<0.001 by log-rank test
VS

Months

No. at Risk
Complete 295 286 281 264 215

revascularization
Infarct artery 590 a2 492 457 371

No revascularization of noni infarct-related
coronary arteries (590 patients)

COMPLEX PC1 2023 Smits PC et al. NEngl J Med 2017;376:1234.244 Sevre
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FFR OGuided Multivessel

Angioplasty

in STEMI

Complete revascularization by FFR vs culprit only revascularization

All cause mortality
HR 1.24 [0.65-2.35]

Non-fatal Ml
HR 0.96 [0.60-1.56]

Repeat revascularization
HR 0.36 [0.26-0.51]

MACE
HR 0.47 [0.35-0.62]

Experimental Control
Study or Subgroup Events
Compare acute 2017 4 295 10 590
DANAMI-3—PRIMULTI 2015 15 314 11 313

Ghani 2012 4 79 0 40

30.1%
65.1%
4.7%

Total (95% CI) 688

Total events 23 21
Heterogeneity: Tau? = 0.00; Chi? = 1.45, df = 2 (P = 0.49); I’ = 0%
Test for overall effect: Z = 0.66 (P = 0.51)

943 100.0%

Experimental Control
Study or Subgroup Events Total Events Total Weight
Compare acute 2017 295 28 590 53.6%
DANAMI-3—PRIMULTI 2015 314 16 313 44.8%
Ghani 2012 79 0 40 1.6%

Total (95% CI) 688

Total events 44
Heterogeneity: Chi® = 6.59, df = 2 (P = 0.04); I = 70%
Test for overall effect: Z = 0.15 (P = 0.88)

943 100.0%

Experimental Control

Events Total Events Total Weight
51.2%
39.1%
9.7%

Study or Subgroup
Compare acute 2017 295 103 590
DANAMI-3—PRIMULTI 2015 314 52 313
Ghani 2012 79 14 40

Total (95% CI) 688
Total events 62 169
Heterogeneity: Chi? = 6.78, df = 2 (P = 0.03); I’ = 70%
Test for overall effect: Z = 5.86 (P < 0.00001)

943 100.0%

Experimental Control
Study or Subgroup Events Total Events Total Weight
Compare acute 2017 295 121 590 51.0%
DANAMI-3—PRIMULTI 2015 314 68 313 40.8%
Chani 2012 79 14 40 8.2%

Total (95% CI) 688
Total events 91 203
Heterogeneity: Chi? = 6.17, df = 2 (P = 0.05); I> = 68%
Test for overall effect: Z = 5.21 (P < 0.00001)

943 100.0%

Odds Ratio

Total Events Total Weight M-H, Random, 95% CI

0.80 [0.25, 2.56]
1.38 [0.62, 3.05]
4.83[0.25, 91.92]

1.24 [0.65, 2.35]

Odds Ratio
M-H, Fixed, 95% CI

0.49 [0.21, 1.13]

0.93 [0.45, 1.92]
17.93 [1.04, 308.84]

0.96 [0.60, 1.56]

Odds Ratio
M-H, Fixed, 95% CI
0.31[0.18, 0.52]
0.29 [0.16, 0.51]
0.96 [0.43, 2.14]

0.36 [0.26, 0.51]

Odds Ratio
M-H, Fixed, 95% CI
0.33 [0.20, 0.52]
0.53 [0.34, 0.81]
1.02 [0.46, 2.26]

0.47 [0.35, 0.62]

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10
Favours [experimental] Favours [control]

Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10
Favours [experimental] Favours [control]

Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10
Favours [experimental] Favours [control]

Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10
Favours [experimental] Favours [control]

Wang et al. BMC Cardiovascular Disorders (2019) 19:49
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Pitfalls with
Pressure Measurement

Alntroducer needle

AHeight of the fluid-filled transducer
AEqualization

AHyperemia

ADrift

AGuiding catheter wedging

ASide holes

AWhipping

AAccordion effect

8'“1
COMPLEX PC| 2023 Sevre



Instantaneous wave -Free Ratio ( IFR)

NP=nQZ R — nt npRZ R

Changes In pressure across a stenosis
under constant and minimized coronary resistance can
be a surrogate for blood flow to myocardium

For minimizing intracoronary resistance durmgasurment
(WFFR : adenosine infusion, average over several cycles
WIFR: wave free period instantaneous pressure

COMPLEX PCI 2023 Sevre



Instantaneous wave

AWave free period ; resistance naturally
constant and minimized in the cardiac cycle

COMPLEX PC1 2023

Pressure (mm HG)

120

70

|

1

IFR =

Pd

-Free Ratio ( IFR)

wave free period

Pa

| l | | | |

| |

wave free period

Pa
Pd
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100

200 300 400 500 600 700

Time (ms)

800 900
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IFR vs FFR to Guide PCI
IFRSWEDEHEART trial

A 2037 participants with stable angina or an acute coronary syndrome
A Underwent coronary revascularization
A Randomization (1:1)

A a multicenter. controlled. onen-label clinical trial

IFR-guided
VS
FFR-guided

.y
X
2%
2
<
(7]
2
[y
a

Months
No. at Risk

iFR 1012 1002 984 971 963 956 944
FFR 1007 990 984 976 968 961 946

An IFRqguided revascularization strategy wamninferior to an FFRyuided

E@M??‘-%X,P@i?@?é‘% revascularization strategy with resg:)ect to the rate of MACE(lglrg Q”}vm
GotbergM et al: NEnglJ Med 2017. DOI: 10.1056/NEJMoa1616540




Use of the Instantaneous Wave -free Ratio

DEFINE-LAIR trial

A 2492 patients with coronary artery disease
A Underwent coronary revascularization

A Randomization (1:1)

A a multicenter, international, blinded trial

A 0 R OB
T iIFR-guided

| VS

FFR-guided

o
X
<
0
2
<
2
=
©
o

1 2 3 4 5 6 7 8 9 10 11 12
Months since Randomization

No. at Risk
iFR 1242 1149 1131 1122 1118 1111 1088 1052 1037 1027 1019 995 764
FFR 1250 1169 1156 1149 1144 1141 1119 1081 1066 1055 1046 1017 793

Coronary revascularization guided lblyRwasnoninferior to

compLEXPcI 2023 revascularization guided by FFR with respect to the risk of MACE(1yr Sevrr
MAKE T SMPLEE TECHICAL FORUM A TO Davies JE et al. NEnglJ Med 2017. DOI: 10.1056/NEJMo0al1700445




IFR vs FFR in LAD lesions
DEFINE-LAIR trial suistudy

LAD lesion Non-LAD lesion

HR: 1.22; 95% Cl: 0.60-2.44; p = 0.58

HR 1.22 [0.60-2.44]

HR: 0.47, 95% Cl: 0.23-096;p = 0.04

HR 0.47 [0.23-0.96] »

£
3
%
g
2
-1
2

5 & 7

Months Since Randomization 4 5 6 7 8

Months Since Randomization

Number at risk
FFR 421 403 398 355 392 1391 385 370 363 360 356 345 266

iFR 451 430 428 424 423 417 409 394 290 385 382 373 29 Number at risk

FFR 327 299 297 290 279 276
iFR 343 312 312 305 295 291

Fractional Flow Reserve « ===+ Instantancous Wave-Free Ratio

Sen, S. et al. J Am Coll Cardiol. 2019;73(4):444-53.

COMPLEX PC1 2023 S evee

SayanSen et al. J Am CoCardiol. 2019 Feb 5; 73(4): 444153.



IFR vs FFR to Guide PCI

METAANALYSIS OF ANGIOGRAPRHY, IFR AND FFR GUIDED PCI

FFRvs. iFR guided revascularization
Major adverse cardiac events
Favours FFR Favours iFR Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI I: RSWE D H EAR I t d
Davies etal. 2017 83 1182 78 1148 55.4% 1.04(0.75,1.43) I S u y

Gotberg etal. 2017 61 1007 68 1012 446% 0.90(0.63,1.28]

Total (95% CI) 2189 2160 100.0% 0.97 [0.76, 1.23] D E F I N E LAI R Stu d
Total events 144 146

Heterogeneity: Tau®= Chi*=0.36, df=1 (P = 0.55), F= 0%
Testfor overall effect Z=0.24 (P=0.81)

05
Favours FFR Favours iFR

Death from any cause
Favours FFR  Favours ifR Odds Ratio Odds Ratio
or Sul Total Events Total Weight M.H, Random, 95% CI M-H, Random, 95% CI
Davies etal. 2017 1182 22 1148 550% 057(0.29,1.14)
Gotberg etal. 2017 1007 15 1012 450% 080(0.37,1.72)

Total (95% CI) 2189 2160 100.0% 0.66 [0.40,1.11)
Total events 25 37
Heterogeneity: Tau®= 0.00; Chi*= 0.42, df=1 (P=051),F=0%

Testfor overall effect Z=1.57 P=012) 02 05 1 2

Favours FFR Favours iFR

Myocardial infarction

Favours FFR Favours iFR Odds Ratio 0Odds Ratio
Study or Sul Events Total Events Total Weight M.H, Random, 95% CI M-H, Random, 95% CI
Davies etal. 2017 28 1182 31 1148 604% 0.87(0.52,1.47)

Ootbergelal 2017 17 1007 22 1012 398% 0771041146 Significant |Ower numbers in Chest

Total (95% CI) 2189 2160 100.0% 0.83 [0.56, 1.24)

e M A ARt = : discomfort (P<O_OO]_) when usirii@R

Test for overall effect: Z= 0.89 (P=0.37) Favours FFR Favours iFR

Unplanned revascularization
Favours FFR Favours ifR Odds Ratio Odds Ratio

e s e e There is no significant superiority of

Gotberg etal 2017 46 1007 1012 472% 098 [0.65,1.49]

Total (95% C1) 2189 2160 100.0% 1.16 [0.85, 1.58) F F R Ove": R

Total events 109 93
Heterogeneity. Tau®= 0.01, Chi*=1.19,df=1 (P= 0.28), F= 16%
Test for overall effect: Z=0.95 (P = 0.34)

Baumann et al. ExpherMed. 2019 Mar;17(3):1939951.doi: 10.3892/etm.2019.715Epub2019 Jan 7.
COMPLEX PC1 2023 Sever




IFR vs FFR concordance
3V FFHERIENDSubstudy

A Comparison of 2-Year Clinical Outcomes of Lesions
Classified by FFR and iFR in Deferred Lesions

A 821 deferred lesion (n=374) T eow  wmemo  eew

=1 Concor dant Normal 1.000 (Reference) NA
A P rl m ary O utCO m e MAC E at 2 ye ars - High FFR - LowiFR  2.424(0.310-18.980)  0.399
154 =F1  LowFFR-HighiFR  1.789(0.229-13.989)  0.579
-1 Concor dant Abnorma | 7.708 (2.621-22.667)  <0.001

A Group 1 : FFR > 0.80 and iFR > 0.89
A Group 2 : FFR > 0.80 and iFR 00.89
Jiy Group 3 : FFR 00.80 and iFR > 0.89
A Group 4 : FFR 00.80 and iFR 00.89

11.6%
Overall Log-rank P value <0.001
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The discordant results between FFR aRtRwere
not associated with the increased risk of MACE. The S e el Pt
risk of MACE wasignificantly increased only in
lesions with abnormal results of both FFR arkR

COMPLEX PCI 2023

Sevre
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FAVOR Il China
QFRguided PCI versus Angiograpiyided PCI

Death/MI or Ischemic Driven Revascularization

—— QFR-guided group
— MAngiography-guided group

Hazard ratio 0-65 (95% Cl 0-51-0-83)
Log-rank p=0-0004

Hazard ratio 0-64 (95% Cl 0-46-0-89)
Log-rank p=0-0073

excluding peri-procedural

myocardial infarction (%)

Ll
"-—!
=<
=
=
=
=
a
=
&
At
L
O

Patients with MAC

7] B ] : g
Number at risk Time since randomisation [months) Time since randomisation (months)
QFR-guided group 1913 1845 1840 1828 1821 1809 1900 1894 1881 1874
Angiography-guided group 1912 1804 1798 1783 1770 1762 32 1883 1877 1862 1847

am™
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FLOWER Mi

In Patients with STEMI
Undergoing Complete Revascularization
(n=1171)

R

FFR Guided PCI Angio Guided PCI
(n=590) (n=581)

Primary Endpoint at 1 year:
Death from any cause, nonfatal myocardial infarction or
unplanned hospitalization leading to urgent
revascularization

EtiennePuymiratet al. NEnglJ Med 2021;385:29-808
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FLOWER Mi

Angiography-guided PCI

=3
=

FFR-guided PCI

Primary Outcome
=
=]

Hazard ratio, 1.32 (95% Cl, 0.78-2.23)

=)
=
=]
-
=
=
9
=
2
a
=
a

=T1]
B
3
o
Q
o

Mo. at Risk

Angiography-guided PCI 577 570 367 365 560 560 557 3535 355 354 552
FFR-guided PCI 586 577 373 570 367 566 66 362 559 333 553

am™

COMPLEX PC] 2023 EtiennePuymiratet al. NEnglJ Med 2021;385:29308
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COMPLEX PCI 2023

FUTURE

Multivessel CAD Patients at Angiography
3 stenosis > 50% per patient

(n=927)
R
Angiography Evaluation only FFR in all target lesions
(>50% Stenosis) 43% (FFR > 0.80)
(N=467) (n=460)

Primary Endpoint at 1 year:
Death from any cause, nonfatal myocardial infarction,
Stroke, or unplanned revascularization

Gilles Rioufolet al. JACC 2021;78:9;187%885
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FUTURE

Hazard ratio: 0.97 (95% Cl: 0.69-1.36)
P=0.85

[
o
=

3
c
T}
o
i
=
o))
=
e
T
=
E
=
W)

P = 0.92 by log-rank test

5 6 7
Months of Follow-Up
No. at Risk

— Control 467 449 442 437 429 421 414 411 407 400 391 380 332
---FFR 460 440 430 426 422 414 411 405 398 392 384 376 332

Gilles Rioufolet al. JACC 2021;78:9;187%885
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FLAVOUR trial

Patients with de novo intermediate stenosis
(40¢70%) eligible for PCI
(n=1682)

R

FFR guided PCI IVUSguided PCI
(n=838) (n=844)

Primary Endpoint at 2 year:
Death from any cause, myocardial infarction,
and any revascularization

KOO et al. JACC 2021,78:9;18785885

QQ:VRF



COMPLEX PCI 2023

X
)
O
c
]

o
o
=
)
>

=

o
=
=
S

O

No. at Risk
IVUS group 844
FFR group 838

FLAVOUR trial

P for noninferiority=0.01

FFR group

IVUS group

12 15 18

Months since Randomization

828 825 820 809 792 784
818 816 812 796 781 778

KOO et al. JACC 2021,78:9;18785885
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COMPLETE trial

4041 STEMI patients with neaulprit stenosis (visual > 70% or FFR < 0.80) were randomi:
Into complete revascularization (N=2016) versus culgttly PCI (N=2025) groups

Primary endpoint: cardiac death or new Mi

A First Coprimary Outcome
100

X
S—
Q
v
c
Q
2
v
=
Q
2
-
3
=
£
=
)

No. at Risk
Culprit-lesion-
only PCI

Complete revas-

cularization

90
80
70
60
50
40
30
20
10

0

20 Hazard ratio, 0.74 (95% Cl, 0.60-0.91) 100

CoPrimary endpoint:
cardiac death or new MI, ischemidriven revascularization

B Second Coprimary Outcome

Hazard ratio, 0.51 (95% Cl, 0.43-0.61)
90 P<0.001

80
70
60
50
40
30
20
10

0

Culprit-lesion-only PCI
Culprit-lesion-only PCI

Complete revascularization Complete revascularization

Cumulative Incidence (%)

Years of Follow-up Years of Follow-up

No. at Risk
1666 310 Culprit-lesion- 2025 1559
only PCI
1677 337  Complete revas- 2016 1659
cularization
D
\, CVRF

Mehta et al. NEJM 2019;381:1411421
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Data from IRIS-FR Registry

12421 lesions in 5803 patients

With FFR measurement
(8633 lesions)

(3788 lesions)

Deferral
(6468 lesions) (2165 lesions)

(2178 lesions)

(1610 lesions)

COMPLEX PC1 2023

Ahn JM et al. Circulation. 2017;135(23):2241-2251.
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Data from IRIS-FFR Registry

ORIGINALRESEARCHARTICLE &

' i FFR Cat HR (95% Cl) P val
Fractional Flow Reserve and Cardiac Events aregony B ) Pvalue
in Coronary Artery Disease 20.86 ! ' 0.42(0.09-1.97) 027

Data From a Prospective IRIS-FFR Registry (Interventional Cardiology
Research Incooperation Society Fractional Flow Reserve) 0.81-0.85 1.21(0.44-3.36) 0.71

15- [ Revascularization

£ Deferral 0.76-0.80 0.83 (0.46-1.50) 0.53
P=0.44

0.71-0.75 0.47 (0.24-0.89) 0.021

-
e

<0.70 0.47 (0.26-0.84) 0.012

) 55 .
47 aa : :
S 001 0. 110
H |_‘ 09 Rev. Better Deferral Better
° M
0 T T T T

lesion number 861 156 674 212 405 596 105 1510 74 1865 486 2329

Event Rate, %

i

0.71-0.75 0.76-0.80 0.81-0.85 0.86-0.90 0.91-1.0

Fractional Flow Reserve

Ahn JM et al. Circulation. 2017;135(23):2241-2251.



Defer vs. PCIl In Gray-zone FFR

@ ESC European Heart Journal (2018) 0, 1-10 CLINICAL RESEARCH

European Society doi:10.1093/eurheartj/ehy079 Interventional cardiology
of Cardiology =

Deferred vs. performed revascularization for

coronary stenosis with grey-zone fractional flow
reserve values: data from the IRIS-FFR registry

Do-Yoon Kang', Jung-Min Ahn’, Cheol Hyun Lee, Pil Hyung Lee, Duk-Woo Park,
Soo-)in Kang, Seung-Whan Lee, Young-Hak Kim, Cheol Whan Lee,

Seong-Wook Park, and Seung-Jung Park*

Heart Institute, Uiniversity of Ulsan Collepe of Medicine, Asan Medical Center, 388-1 Pungnap-dong, Songpa-gu, Seoul 138-736, South Korea

% W -4 g N4 ) ’-‘yvA

Kang DY et al. Eur Heart J. 2018;39(18):1610-1619.



Primary End Point in Gray-zone FFR

(Death, TV-MI, Target Vessel Revascularization)

Overall Population

Matched Population

Deferred
30+ Performed 30—
X =
o Crude HR 0.81 (95% CI, 0.55-1.17), P=0.26 < HR 0.95 (95% CI, 0.57-1.57), P=0.83
o _ O
Y _ —
5 20- Adjusted HR 1.05 (95% CI, 0.67-1.66), P=0.79 S 20
o =)
T [T
£ £
> 10.9% 3 10.4%
® 104 7.9% ® 10-
— — 7.6%
E 9.6% E > 9.4%
o 6.3% o 6.7%
0 | I | I | 0 | I | | |
0 1 2 3 4 0 1 2 3 4
No. at Risk Years No. at Risk Years
Deferred 683 591 493 361 171 Deferred 368 308 249 186 99
Performed 651 449 343 247 144 Performed 368 263 204 144 84

Kang DY et al. Eur Heart J. 2018:39(18):1610-1619.



Death from any cause

Overall Population Matched Population
A Deferred
304 3 Performed 30~
P=0.69 P=0.55 P=0.29 HR 0.61 (95% CI, 0.23-1.60), P=0.31
S
T =1
14
g 20- 20-
© 1 1 0.9
O 0.6
: n: B R
@
>
-— 0 T 1 10_
o 104 Cardiovascular Non-CD Indeterminate 3.3%
E Death 2.1% '
)
S 2.9% 1.2% 2.2%
2.7%
0 | | | ] 0 | [ | |
0 1 2 3 4 0 1 2 3 4
No. at Risk Years No. at Risk Years
Deferred 683 609 517 387 189 Deferred 368 318 262 201 109
Performed 651 476 373 271 162 Performed 368 276 222 154 8s9

Kang DY et al. Eur Heart J. 2018;39(18):1610-1619.



Myocardial Infarction

Overall Population Matched Population
s P=N/A P=0.73 S o
u 10 - Perf d ]
SrioTme HR 0.34 (95% ClI, 0.11-1.07), P=0.06
X
)
Q
S 204 51 20
©
[z 2.8
=
3 0 0.7 o4
E 104 0 : _—‘ 10 - o
> Periprocedural Spontaneous 2.7%
E 0.6%
O 3.4%
0- | | | 0-9% 0+ . . ; .
: 1 ! : h 0 1 2 3 4
) Years
No. at Risk Years No. at Risk
Deferred 683 e . e e Deferred 368 318 260 200 109
Performed 651 452 353 261 156 Performed 368 264 210 151 89

Kang DY et al. Eur Heart J. 2018:39(18):1610-1619.



Death and Myocardial Infarction

Overall Population Matched Population
30- . 30 . Deferred
,. Crude HR 0.51 (95% ClI, 0.29-0.88), HR 0.40 (95% Cl, 0.18-0.89),  perrormed
2 P=0.017 P=0.024
& | Adiusted HR 0.48 (95% Cl, 0.25-0.95),
S <1 P=0.034 C
Q
=
Q
2 .
5 10- 4.5% °.8% 10+ 4.8% 5.9%
= | 0
E 2.2% Sttt 1.8% 2.7%
O
D | | | | | 0 | | [ | 1
0 1 2 3 4 0 1 P 3 4
No. at Risk Years No. at Risk el
Deferred 683 606 514 388 189 Deferred 368 317 260 200 109
Performed 651 460 358 260 154 Performed 368 268 212 150 87

Kang DY et al. Eur Heart J. 2018:39(18):1610-1619.



Death and Spontaneous M|

Overall Population

30-
Crude HR 1.02 (95% CI, 0.53-1.97),
2 P=0.96
& | Adjusted HR 0.90 (95% CI, 0.41-1.99)
S %1 P=0.80
&)
=
Q
2
m© 10- .
>
£ 2.2% 3.47%
= 3.3%
O 1.7%
0+ T T | |
0 1 2 3 4
) Years
No. at Risk
Deferred 683 607 515 387 189
Performed 651 475 372 272 162

Matched Population

No. at Risk

Performed

2 Def d
HR 0.72 (95% ClI, 0.30-1.73), Per‘f”e ;
P=0.46 SroTme
204
10 5 o
5 19, 3.70/0
1 8% 2.7%
0 | | I I |
0 1 2 J 4
Years
Deferred 368 318 260 200 109
276 219 154 90

Kang DY et al. Eur Heart J. 2018:39(18):1610-1619.



10 1

Target Vessel Revascularization

Overall Population

P=0.07

Ischemia-Driven

Matched Population

30 -
2
mr\
c
o 204
S
(&)
£
Q
IZ
® 104
=
£
-
&)
0
0]
No. at Risk
Deferred 683

Performed 683

598
467

Years

500
361

Deferred 5
P=0.62 Performed n
HR 2.49 (95% CI, 1.16-5.34), P=0.019
20-
1 0.8
- | o 8.8%
Angiography-Driven
7.1% 2.9%
5.5%
2.9%
I | U | | | | |
3 4 0 1 2 3 4
No. at Risk Years
371 176 Deferred 368 309 249 186 99
261 154 Performed 368 271 211 148 87

Kang DY et al

. Eur Heart J. 2018:39(18):1610-16109.



Meta-analysis

Definition Events, Events, %
Study Composite Outcome OR (95% CI) Deferred Performed Weight

Courtis et al. 2008 Death, MI, TVR 5.88 (1.51-22.9) 10/44 3/63 9.49

Lindstaedt et al. 2010 Death, MI, TVR 0.20 (0.08-0.48) 10/48 28/49 12.70

Adjedi et al. 2016 C-death, MI, any R 1.28 (0.72-2.26) 37/266 21187 15.05
Agarwal et al. 2017 C-death, TL-MI, TLR 3.36(1.68-6.73) 19/48 31/190 14.19
Kubo et al. 2018 Death, TV-MI, TVR 3.41(1.28-9.06) 35/185 5/78 12.10
Kang et al. 2018 C-death, MI, TVR 0.95(0.64-1.40) 55/683 55/651 16.14

Du et al. 2019 C-death, MI, any R 5.13(0.64-40.9) 10/129 1/62 5.91

ILIAS registry 2021 C-death, TV-MI, TVR 1.16 (0.59-2.25) 22/219 17/193 14.41

T o 178 1 8 0% 1,53 (0.82-2.86) 198/1,622 161/1,473 100.00

] 2
Favors Deferred Favors Performed

COMPLEX PCI 2023

Kim J et al. JACC CV Interv. 2022;15(10):1033-1043.



Meta-analysis

A Perform Defer

Jy Or SuDgroup ioqiHazard Ratio Ola Ola Y e

Hazard Ratio Hazard Ratio

v, Random, § V., Randon

MACE

TVR

Death

COMPLEX PC1 2023

Adjed) 2016 -0.27 0.27 187 266
Agarwal 2017 -0.69 0.32 130 48
Courtis 2008 112 075 63 44
Du 2018 -1.45 1.08 62 128
Kang 2018 -0.05 0.23 651 683
Kubo 2018 1.1 047 78 185
Lindstaedt 2010 042 0.76 43 48

Total (95% CI) 1280 1403
Heterogeneity. Tau®= 0.07; Chi*= 857, df=6 (P = 0.20); F= 30%
Testforoveralleffect Z= 234 (P=0.02)

Adjedj 2016
Agarwal 2017
Du 2018

Kang 2018

Total (95% CI) 1090 1126
Heterogeneity: Tau? = 0.00; Chi? = 2,77, df =3 (P = 0.43); I* = 0%
Tost for overall effect: Z = 3.43 (P = 0.0006)

0.2 034 187 266
-0.9 035 190 438
-1.3 1.09 62 129
-0.77 0.31 651 683

-0.88 047 187 266
-1.04 044 190 48
0.2 045 651 683

Adjedj 2016
Agarwal 2017

Kang 2018

Total (95% CI) 1028 997
Heterogeneity: Tau” = 0.26; Chi* = 4.50,df =2 (P = 0.11); I” = 56%
Test for overall effect: Z = 1,46 (P = 0.14)

Du Y et al. Angiology. 2020;71(1):48-55.

0.76 (0.45, 1.30)
0.50(0.27,0.94)
0.33[0.08,1.42)
0.23(0.03,1.95)
0.95(0.61,1.49)
0.33(0.13,0.84)
1.52(0.34,6.79)

SR —

0.65 [0.45, 0.93) R

0.02 0.1 1 10
Favours Perform Favours Defer
+
_._

0.82(0.42, 1.59)
0.41(0.20, 0.81)
0.27 (0.03, 2.31]

0.46 [0.25, 0.85) —_—

0.52 [0.36, 0.76) &

0.02 0.1 1 10
Favours Perform Favours Defer
0.41[0.17, 1.04)

0.35(0.15, 0.84) ——
1.22(0.51, 2.95) —‘-—

0.56 [0.26, 1.22) 3

0.02 0.1 1 10 50
Favours Perform Favours Defer
{\/\
N\, CVRF



Cardiac Deat

M

Death or Mli

COMPLEX PC1 2023

Meta-analysis

-144 108 187
-009 079 651

266 35.1%
683 64.9%

Adjedj 2016
Kang 2018

Total (95% CI) 838 949 100.0%
Heterogeneity: Tau* = 0.02; Chi*= 1.02,df =1 (P = 0.31); ¥= 2%
Test for overall effect: Z = 0.88 (P = 0.38)

Adjed;j 2016 038 0.71 187 266
Agarwal 2017 231 147 190 48
Kang 2018 1.31 055 651 683
Kubo 2018 015 1.2 78 185

Total (95% CI) 1106 1182
Heterogeneity: Tau® = 1.09; Chi? = 7,39, df = 3 (P = 0.06); I* = §9%
Test for overall effect: Z = 0,04 (P = 0.97)

Adjedj 2016
Agarwal 2017

Kang 2018

Total (95% CI) 1028 997 100.0%
Heterogeneity: Tau’ = 0.99; Chi’ = 17.04, df = 2 (P = 0.0002); I¥ = 88%
Test for overall effect: Z = 0.68 (P = 0.50)

073 039 187 266 32.8%
<125 035 190 48 33.6%
0.73 035 651 683 33.6%

Du Y et al. Angiology. 2020;71(1):48-55.

0.24 [0.03, 1.97)
0.91[0.19, 4.30)

0.57 [0.16, 2.01)

0.68 (0.17, 2.75)
0.10 (0.01, 1.77)
3.71(1.26, 10.89)
1.16 (0.1, 12.21)

1.03 [0.26, 4.03)

0.48 [0.22, 1.03)
0.29 (0.14, 0.57)
2.08 [1.04, 4.12)

0.66 [0.20, 2.19)

0.02 0.1 1 10
Favours Perform Favours Defer

_._

0.02 0.1 1 10
Favours Perform Favours Defer

—.—

0.02 0.1 1 10
Favours Perform Favours Defer
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GzFFR RCT : Defer vs. PCl in Gray-zone FFR

Patient undergoing FFR
30-80% Diameter stenosis
lesion

Table 1 Risk factors according to treatment strategy and symptom
status, previous cardiac history and mode of presentation at time of
recruitment

Any of the following;
LMS =50%/Tortuous anatomy/Highly calcified vessels/<5/7
post Acute STEMI-infarct related artery?

No = proceed

OMT PCl

Yes=Exclude . “Screening FFR” _ Variable n=52 n=>52
Peripheral Adenosine 140 mcg/kg/min
IC 100mog ROA/ 200meg LCA Age b1 (5D 9.0) 60 (SD 8.0)
' ] N Male 39 (75%) 40 (76.9%)
Lo FROTS082 i Female 13 (25%) 12 (23.1%)
1 Current smoker 13 (25%) 21 (40.3%)
GIFFR PROTOCOL
e Previous smoking 13 (25%) 11 (21.1%)
16 Compowre messurerents HTN 44(84.6%  31(59.6%)
Single IV Combowire 210meg/kg/min H'ﬂ]'E'rl | pidEEITIiE 31 {595[?:}} 18 {?31 %}
4 T2DM 10 (19.2%) 10(19.2%)
3T Perfusion MRI |[:|DM 2 {EIE%} 2 {3[3%}
RANDOMISATION
b, \ FHX CAD 38 (73.1%) 33 (63.5%)
pggm;’;ﬂf\sﬁe Medical Rx \ PVD 4 (7.7%) 6(11.5%)
i 2752 Cincally indicated Cerebrovascular disease 4 (7.7%) 4 (7.7%)

l / PCI
Repeat Perfusion MRI
1-2 months Follow-up

3M2+1year

Hennigan B et al. Heart. 2020.




COMPLEX PCI 2023

GzFFR RCT : Defer vs. PCl in Gray-zone FFR

Table 3 Quantitative coronary angiographic data according to
treatment strategy

Variable OMT (n=52) PCl (n=52)
Diameter stenosis (%) 45 (10)

Area stenosis (%) 69 (10)
Lesion length (mm) 10 (4)
APPROACH Score (%)

eTable 5: This table includes all patients with MRI data at enrollment and
demonstrates the humbers of patients according to the nhumbers of segments
with detectable ischemia in the 2FFR territory.

Total number Grey

Zone FFR segments

per patient with any

detectable ischemia

Total Patient number |74(75.5%) |8(8.2%) 10(10.2%) | 5(5.1%) @ 1(1%)
(n=98)(%)

Hennigan B et al. Heart. 2020.
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Mean delta score at 3 months

Secondary outcomes at 3 months

This study was not powered to detect a ditference in hard clin-
ical endpoints. All-cause mortality at 3 months was 3/52 (5.7%)
in OMT group (all confirmed non-cardiac deaths) vs 0/52 (0%)

Physical . .
. Limitation in PCI group.
Angina
Stability eTable 7: 12-month Seattle Angina Score Delta values according to treatment
i | [ DAngina strategy
Frequency
l .Tre.atmer'lt
-l l Satisfaction Y
l D QLI ality of Life P:sasmeter Group N Mean Standard. P value
[ delta Deviation
104 1 SDEEaSS‘g;’;‘aW OMT 45 9.8 18 0.208
= @ 1 PCl| 44 151 21
Physical limitation OMT 45 2.9 20 0.07
S -B : 'i. Delta Score PCI 44 11.6 24
Anginal stability OMT 45 5 32 0.62
Delta Score PCI 44 -2.8 32
= L Anginal frequency OMT 45 13.5 25 0.77
Delta Score PCI 44 15.2 29
20 l l Treatment satisfaction OMT 45 2.3 16 0.35
OMT (n=48) PCI (n=52) pelta Score PCI 44 9 17
Quality of Life OMT 45 12.9 24 0.27
Delta Score PCI 44 18.5 24
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Decision-Making in Gray-zone FFR

Favours no PCl

« Distal lesion

« Insufficient viability

« Diffuse gradient
RARE PCl :)] » Minimal symptoms
« Bleeding tendency

« Comorbid conditions
« Patient preference

' « DEFER trial
FFR 0.75-0.8 b

Favours PCI

« Definitive stress imaging
« Left main or proximal LAD
FFR<0.75 » Focal gradient
Usually PCI « Refractory angina

« Patient preference
« FAME trial
» FAME 2 and Compare-Acute trials

Johnson N, Zimmerman F. Eur Heart J. 2018;39(18):1620-1622.
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COMPLEX PC1 2023

FAME 3

1500MultivesselCAD Patients 48 centers

R

CABG FFR Guided PCI

Primary Endpoint at 1 year:
Death from any cause, myocardial infarction,
Stroke, or repeat revascularization

N Engl J Med 2022;386:128-37. DOI: 10.1056/NEJM0a2112299
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FAME 3

<
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N
0
-
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=
[\
o

FFR-guided PCI meet criteria for
compared with CABG In

patients with angiographic three-vessel
0 30 60 90 120 %50 180 210' 2710 270 300 330 360 dlsease
Days since Randomization

No. at Risk

PCl 757 728 721 713 707 702 697 696 693 687 678 674 670
CABG 743 709 701 698 695 693 691 686 683 682 679 679 679

N Engl J Med 2022;386:128-37. DOI:
%@M_?i-gx.?@ﬂ??zg 10.1056/NEJM0a2112299
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FAME 3

Table 2. Angiographic and Procedural Characteristics.*
Subgroup PCI  CABG PCI  CABG Adjusted Hazard Ratio (95% Cl)

total no. 1-yr incidence (%) PCI CABG
. Characteristic (N=757) (N=743)
All patients 757 743 10.6 6.9

Age Median time to procedure (IQR) — days 4 (1-13) 13 (6-26)
=65 yr 434 409 9.4 8.1 Median procedure duration (IQR) — min 87 (67-113) 197 (155-239)
<65 yr 323 334 12.1 5.4 Median length of hospital stay (IQR) — days 3 (1-7) 11 (7-16)

S No. of lesions 4.3x1.3 4.2x1.2
::;T:'e ;:é g; iéi 12; At least one chronic total occlusion — no./total no. (%) 157/755 (20.8) 171/739 (23.1)

Diabetes At least one bifurcation lesion — no./total no. (%) 522/755 (69.1) 491/739 (66.4)
No 543 529 9.4 7.0 SYNTAX scoref 26.0+7.1 25.8+7.1
Yes 214 214 13.6 6.5 SYNTAX score category — no./total no. (%)

NSTE-ACS Low, O to 22 237/734 (32.3) 245/710 (34.5)

456 454 10.1 5.9 Intermediate, 23 to 32 365/734 (49.7) 343/710 (48.3)

300 287 113 8.4
IVEF High, >32 132/734 (18.0) 122/710 (17.2)

>50% 616 10.4 6.6 PCI characteristics
30-50% 137 10.9 8.5 Staged procedure — no./total no. (%) 166/750 (22.1) NA

Previous PCI No. of stents 3.7x1.9
No 9.3 6.8

87/744 (11.7)
SYNTAX score

0-22
23:32 2 Multiple arterial grafts — no./total no. (%) 173/705 (24.5)

No. of distal anastomoses 3.4+1.0
0.25 0.50 " H { 8.0 LITA used as graft — no./total no. (%) 684/705 (97.0)
Off-pump surgery — no./total no. (%) 168/698 (24.1)

PCI Better CABG Better FFR used before CABG — no./total no. (%) 72/718 (10.0)

* penefit with PCl among patients *IVUS/OCT was used in only 12%
with low SYNTAX scores of patients

SIH
COMPLEX PCI 2023 Q EvRF
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COMPLEX PCI

Acute myocardial infarction FRAME-AMI trial

with multivessel disease

; Primary endpoint: death, myocardial infarction,
treatment strategies

or repeat revascularization
Hazard ratio, 0.43 {95% Cl, 0.25-0.75), P=0.003

oA | eomit x @8 O QO ©
20.0%
15.0%

10.0%—

S.O%—-l

00% Primaq Death Myoca@a! Repe;t .

FFR- Anyo- endpeint infarction revascularization
guided CR guided CR 9 2 &
‘ c f) W

FRAME-AMI () rFRguided PCI (@) Angiography-guided PCI

i CVRF

AL FORUN

JM Lee et el. Eur Heart J 2023 Feb 7;44(6):473-484
2@23
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FRAME-AMI

Hazard ratio, 0.43 (85% Cl, 0.25-0.75)
P=0.003

Angiography-guided PCI

In acute MI and multivessel coronary
artery disease,

FFR-guided PCI to routine PCI
based on angiography for non-
infarct-related artery lesions
regarding the risk of death, Ml, or
repeat revascularization.
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Mo. at Risk
Angiography-guided PCI
FFR-quided PCI

o JM Lee et el. Eur Heart J 2023 Feb 7;44(6):473-484 .
e e \ CVRF



IVUS

COMPLEX PC1 2023 Sem—

MAKE IT SIMPLE!: TECHNICAL FORUM ATO Z



COMPLEX PC1 2023

Residual Plague

Predicts Edge

Restenosis
Population DES | F/U time Predictor
6 edge restenosis
sllRIL vS. 162 controls SES 8 mo 60% vs. 41% (p<0.01
TAXUS | 276 edge stenosis PES 9mo

C=0.685

Cut-off value=47.13% | 034 |

1 Am JCardiol 2005:96:12513
2Lju et al. Am Xardiol 2009:103:5016

C=070
Cut-off value=47.65%

predict 9mo edge restenosis

Sevre



Residual Plaque Predicts DES
Thrombosis

Population DES | Endpoint Predictor

Fujiit 15 ST vs. 45 controls SES| ST <1 mg Ref. PE62% vs. 46%

Okabe | 13 ST vs. 27 controls DES| ST <1 yr| Ref. PE66% vs. 56%

Lid 20 ST vs. 50 controls DES| ST <1 yr| Ref. PEB7% vs. 38%

" ProxPB 60% edge restenosis
- . 9.6mm, 1 m 5| 9.6mm, 1 m

L Fujii et al. 3 Am CollCardiol 2005;45:9958
o 2 Okabe et al.Am JCardiol 2007;100:61520
COMPLEX PCI1 2023 3 Liu et al. JACC Cardiovasimterv. 2009;2:42834 Q'\cvnp
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Stent Length Predicts DES Failure

(%0)
100

80
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40
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0

Angiographic restenosis
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‘ I YTLLY ) .o
10 20 30 50 610) 70
Sensitivity 81%, Specificity 78%

Stent Thrombosis

— Stent length31.5mm
Stent length< 31.5mm

I I I
12 24 36 Mths
HR 7.8 (95% CI 224.1)

IVUSguided PCI is necessary to achieve full lesion coverage and to
avoid the waste of stent

Hong et al Eur Heart J 2006;27:1304.0

COMPLEX PCI 2023
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Suh et al. JACC interv 2010:3:388
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Underexpansion Predicts DES

Restenosis
Population | DES | Endpoint | Rate of Underexpansion
15 ST vs. :
Fujii ! > ST VS SES | ST <1 month <5.0mn#in 80%vs. 29%
45 controls
13 ST vs. :
Okabe? DES | ST <1 year| <5.0mn%in 79%uvs. 40%
27 controls
: 20 ST vs. :
Lius DES | ST <1 year| <5.0mn%¥in 85%vs. 26%
50 controls
10 ~J Am CollCardiol 2005;45:9958 % Aymn JCardiol 2007;100:61520 ° JACCinterv 2009;2:42834
Early ST (n=15) 6 _
9 g - 90 Early/ late ST (n=14)
g | ' Controls (n=45) | 30 = * Controls (n=30)
7 A - 70 |
6 - - 60 4
5 4 - 50 37
4 - - 40 2
4 < || |
o BIp=( 001 ” =
g™ 1 4 - 10 0-
COMPLEX PC] 2023 L o 3.0 3.5 4.0 45 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.010.5 Q/\cvm:

MSA étent expansion (%) MSA (mm?3)



Jnaerexpansion = Predicts DES Restenosis

b

100% 100°

MSA 6.5mm?2 MSA 5.0mm?2 MSA 5.7mm?2
Predictive value 56% Predictive value 90%  Eur Heart J 2006,27:1305-10

PRI R = 1.0 R R R R

32
° .

~ Sensitivity/Specificity

- Sensitivity/Specificit




Frequency of = Underexpansion
and ISR

33.8%had underexpansionf at least one stented segment

Two-stent Singlestent
S 50 S 50
= =
2 S
S S
S 30 3 30
(] (]
2 = *
£ 2 I £ 2
> - *
(&) (@)
S 10 I S 10 l
> -]
o o
t O r O
LCX LAD POC Prox LM WD) POC Prox LM
" singlestent vs. twestent, p<0.05
54%hadunderexpansiorin at least one 27%hadunderexpansiorin at least one
of the 4 stented segments of the 3 stented segments

COMPLEX PCI 2023 Q/}:VRF
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Frequency of ISR in LM Lesions

with vs without Underexpansion

50
Z10)
30
20

10

COMPLEX PC1 2023
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Overall lesions

50

40

Two-stent

30

5%

Underexpansion Complete Expansion

20

10

1

Underexpansion ~ Complete Expansion

Underexpansiomf at least 1 segment
Adeguate expansion at all sites

Kang et al. Circ Cardiovasc Interv 2011 2011;4:1168
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ADAPT -DES 1 -year Outcomes

) IVUS
Q
re — No IVUS
M
Q
O ®©
a 9, 1.04%
D S p=0.01
c = HR 0.50
O 95%CIl 0.29.86
owun |
0 3 5 9 1o months
IVUS No IVUS
n = 3349 n = 5234 ECS
Definite/probable ST 0.52% (17) 1.04% (53) 0.011
All myocardial infarction 2.46% (81) 3.68% (188) 0.0022
Ischemic driven TVR* 2.42% (81) 3.95% (207)  0.0001
COMPLEX PCI 2023 Maehara et al. 2013 TCT

Sevre



ADAPT -DES 2 -YEAR RESULTS

The largest prospective study of IVUS use to date

IVUS Arm Reported Improved Clinical Outcomes

Larger Size of

30 , Stent/Balloon IVUS h d th d
use cnange € procedure
No Change 74% of the time

Higher

Pressure . .
Post-Dilatation

Under-
Expansion

Additional

Malapposition Stent

Reported Changes to the Procedure After IVUS

e |VUS use was associated with longer stent length and larger stent size without
increasing peri-procedural M| or the number of stents
e [VVUS use was associated with reduction of MACE in complex lesions




ADAPT -DES 2 -YEAR RESULTS
The largest prospective study of IVUS use to date

Results From IVUS and No IVUS Study Arms
B No IVUS Use IVUS Use

Definite/Probable Stent Thrombosis Myocardial Infarction

S

5 HR: 0.47 [95% CI: 0.28, 0.80] HR: 0.62 [95% CI: 0.49, 0.77]
P=0.001

L

2

@

12 18 24 12
Time in Months Time in Months

Q{EVRF
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ADAPT -DES 2 -years Outcomes
B B

8™ . -
COMPLEX PC| 2023 Maehara et al. Circ Cardiovasc Interv. 2018;11:e006243. Sevre



