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Pressure Measurement For Coronary Stenosis

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

FFR as A Non-Invasive Functional Study In Cath Lab

Comparison with 3 Non-Invasive Functional Studies
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* N = 45 patients
 Sensitivity 88%, Specificity 100%, PPV 100%, NPV 88%



ACC 2017 : .
IFR IS

DEFINE-FLAIR

Hazard ratio, 0.95 (95% Cl, 0.68 to 1.33)
P=0.78

FFR
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1 2 3 4 S 6 7
Months since Randomization

No. at Risk
iFR 1242 1149 1131 1122 1118 1111 1088 1052 1037 1027 1015 995 764
FFR 1250 1169 1156 1149 1144 1141 1119 1081 1066 1055 1046 1017 793

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

Non-Inferior to FFR

IFR-SWEDEHEART

iFR (n=1012)
FFR (n=1007)

HR (95% CI) =
1.12 (95% CI: 0.79, 1.58)
P=0.53
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Months
No. at Risk

iFR 1012 1002
FFR 1007 990 984

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

Deferred
Revascularization

50%

45%

iIFR Guided

FFR Guided



AUC 2017

APPROPRIATE USE CRITERIA
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ESC Guideline 2018

Recommendations

When evidence of ischaemia is not avail
able, FFR or iwFR are recommended to
assess the haemodynamic relevance of

15.17.18,39
intermediate-grade stenosis.

FFR-guided PCI should be considered in

patients with multivessel disease under-

29.31

going PCI,

IVUS should be considered to assess the

severity of unprotected left main

15 37
lesions.

CCS Guideline 2019

Recommendations

Rk stratification is recommmended based on dinical assessment and the result of the dagnostic test initally employed to
diagnose CAD S 15

Resting echocardiography 8 recommended to quantify LY function m all patients with suspected CAD

Rk srratification, preferably using siress smaging o coroanary CTA (£ pormittod by loca expertise and avadablity), or
alvervacively exercise wress ECG (F sgnificant exercise can be performed and the ECG is amenable 10 the sdentificacion
of lschaeric changes). It recommended in patients with sspected of newly dagnased CAD s

I sympromatic pationts with 3 high-rick clinical profiie, ICA complemented Dy invasive physiologeal guidance (FFR) is rec-
omenended for Cardowascular risk stranfican partculirty f the tympiorms are respondey inadequately to medical treat-
ment and revascularization & considerad for improverment of prognos -

I patients with miled or no sytmpanims, ICA camgilemented by iwasive physologeal guidance (FFRIWFR) & recommended
for patients on medical treatment, in wham non-vasive risk stratification ndcates & high event ridk and revasculasization
5 Coradered for angroverrent of prognoss 4

ICA complemented by invasive physologcal guidance (FFR) should be considered for rish-stratification purposes in
patients with mconchusive o conflicting results from non-wvamve testing

¥ cororary CTA s available for evert risk strazffication, additonal strews imagng should be performed before the referral
of a patient with few/no symptom for ICA ™™

Echocardographic assessment of global longitudinnl strain provides scremental information 10 LVEF and may be cormid.-
erwd when LVEF i >35%.'™ '

Etravascoulir Witrasound may be consdered for the risk stratdcanion of patents with mermedats LM stenoss

ICA 3 not recommended salely for risk stratficatior




FFR- vs. CAG guided PCI in Multivessel Disease
Primary Endpoint: Death, MI, and Repeat Revascularization

1 Year Follow-up 5 Year Follow-up Number of stents per patient
gt e O 29.6% l
= 7 2.7
g
§ FFR-guided PCl ;
: 1.9
2 Angiography-guided PCI E—
Number at risk v
Days since Randomization A'\q"x"m‘:,h,\,_' :(;L,
N Engl J Med 2009; 360:213-224 Lancet. 2015;386(10006):1853-60 crG Guided  mrrIE

Deferred lesion related MI (0.2%) and repeat revascularization (3.2%) at 2-year FU
J Am Coll Cardiol 2010;56:177-84
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FAME |

Visual Functional Mismatch

A Number of functionally diseased vessels (0-, 1-, 2-, or 3-VD) as

Stenosis classification by angiography

J Am Coll Cardiol 2010:55:2816-21

proportions of all patients with angiographic 3-VD (N=115)"

o-vD
(9%) VO 4%)

2-VD (43%)

Number of functionally diseased vessels (0-, 1-, 2-, or 2-VD) as
proportions of all patients with angiographic 3-VD (N=394)"




Cumulative Incidence, %

No. at Risk

Before Routine Use
After Routine Use

ASAN PCI Registry

Primary Endpoint: Death, MI, and Repeat Revascularization

19

10

- Before Routine Use of FFR
After Routine Use of FFR

HR (95%Cl) 0.55 (0.43-0.70), p<0.001

2178
2178
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Days Since Procedure
2066 2011
2092 2067

1960
2037

41%

Stent number

Stent Number

¢ Before Routine Use of FFR
After Routine Use of FFR

P<0.001

2.1/patient
31
3.0
24
15 &% 23
1.7
. 29Y%
10 1.5/patient °
1VD 2VD 3VD LM

Park SJ, Ahn JM et al. Eur Heart J. 2013 Nov;34(43):3353-61
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Cumulative Incidence,
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ASAN PCI Registry

Death

HR (95%Cl) 0.96 (0.53-1.72), p=0.89
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Park SJ, Ahn JM et al. Eur Heart J. 2013 Nov;34(43):3353-61
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The Major Benefit of FFR(IFR) measurement

The benefit of FFR guided PCI is primarily due to
1) The reduced number of stents used per patient
2) Avoid unnecessary PCI, and
3) The subsequent decreased risk of

peri-procedural Ml and (urgent) repeat revascularization




Positive and Negative (?) Physiology Studies in 2021

FAVOR Il FLOWER-MI FUTURE

Articles

me NEW ENGLAND
JOURNAL o MEDICINE

Fractional Flow Reserve to Guide

Anglographic quantitative flow ratio-guided coronary @rm ' BN Treatment of Patients With Multivessel ot .V’_::{::”',:él .,1,:”,_ m“":'n,‘,;'f.‘,':‘,__:‘ :”l,_,:.n
Intervention (FAVOR |1l China): a multicentre, randomised, Coronary Artery Disease G \ a
sham-contralled trial Multivessel PCI Guided by FFR or Angiography

Infarction




FAVOR Il China Randomized Trial

Quantitative Flow Ratio (QFR)
A P

Data Transmission System
—

Two image runs with angle
difference 225°

AngioPlus
System

Modified Frame Count

QFR = 0.87

o

FAVOR

TCT Tu S, et al. JACC Cardfovasc Interv 2016; Xu B, etal. J Am Coll Cardio/ 2017.

Study Design
Investigator<nitiated, Multicenter, Sham-Controlled Blinded Randomized Trial
Patients with coronary arlery disease scheduled for coronary angiography

heet all general Inciusion and not meet an
. ' 3

a8

T

informed consent
1

Coronary anglography

Anglography-guided strategy + Dota Management
N=1915 + Gtetictical Analysis

ClinicalTrial.gov Identifier: NCT03656848 F AVOR
SongL, etal, Am Heart J 2020, . .

Combination of Coronary Imaging and Physiology



Death, MI, Ischemia-driven Revascularization

10+ — QFR-guided group
Angiography-guided group

Hazard ratio 0-65 (95% Cl 0-.51-0.83)
Log-rank p=0-0004
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Patients with MACE excluding peri-procedural
myocardial infarction (%)

1 I 1 I

4 6 8 10

. Time since randomisation (months
Number at risk ( )

QFR-quided group 1913 1845 1840 1828 1821 1809 1795
Angiography-quided group 1912 1804 1798 1783 1770 1762 1732

Excluding peri-procedural Ml

Hazard ratio 0.64 (95% C1 0-46-0-89)
Log-rank p=0-0073

T
10

Time since randomisation (months)

1913 1900 1894 1881 1874 1862
1912 1883 1877 1862 1847 1839

Lancet. 2021 Nov 3;S0140-6736(21)02248-0




CAG Guided PCI

— Infarct-refated artery only
— (omplete revascularisation

HR 0:56{95% (10:38-083), p=0-004
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i Follow-up (months)
Number at risk w-up (months

Infarct-related ateryonly 313 142
Lomplete revasculansation 314 15§

Lancet. 2015;386(9994):665-71.

FFR Guided PCI

Complete revascularization

Infarct-artery-only treatment

(cumulative %)
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Hazard ratio, 0.35 (95% CI, 0.22-0.55)
P<0.001 by log-rank test

L e Y A E—
0 3 6 S 12

Months
No. at Risk

Complete 295 286 281 264 215

revascularization
Infarct artery 590 512 492 457 371

N EnglJ Med 2017; 376:1234-1244

CAG Guided PCI

Hazard ratio, 0.74 (95% CI, 0.60-0.91)
P=0.004

Culprit-lesion-only PCI
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Years of Follow-up

No. at Risk
Culprit-lesion- 2025 1897 1666 933

only PCI

Complete revas- 2016 1904 1677 938

cularization

N EnglJ Med 2019; 381:1411-1421



MI/TVE in SIHD, UA, and NSTEMI Subgroups bbb e i

SIHD 10%

UA 19%

L\

Events/Year

|NSTEMI 42%

Log-rank p < 0.0001 ]
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183 366 549 732 915 1,098 1,281 1,464 1,647 1,830 2,013 FFR <0.84 FFR >0.84 FFR <0.81 FFR >0.81
Time (Days)

J Am Coll Cardiol 2016 Sep 13;68(11):1181-1191



FLOWER-MI

Primary Endpoint

Death, nonfatal MI, or unplanned hospitalization Number of stents per patient
FFR-Guided Angiography-Guided ~ Hazard Ratio
Group Group or Difference 1.5 30%
Outcomes (N=586) (N=577) (95% Cl) P Value
Primary outcome
1.0
Composite outcome — no. (%) 32(5.3) 24 (42) 1.32 (0.73-2.13)
Death from any cause 9(L9) 10(17) 0.89 (0.36-2.20)
Nonfatal myocardial infarction§ 18(3.1) 10(17) 1.77 (0.82-3.84)
Unplanned hospitalization leading to urgent revascular-
ization
Patients with condition — no. (%) 15 (26) 11(19) 134 (062-292)
Treatment of target lesions in nonculprit artery by 8/15 (53.3) 3/11(273) — _ _
CAG Guided FFR Guided

urgent revascularization — no./total no. (%)

N Engl J Med 2021;385:297-308



FUTURE Trial

In multivessel disease, does FFR help to guide treatment strategy (PCIl, CABG, or medical
treatment) and thereby improve clinical prognosis ?

AHA Late Breaking Trial at 2016

Study design 1728 patients

All-comer Patient with stable or stabilized angina
Multivx-disease (>50% stenosis) including LAD
at the time of angiography

exclusion criteria Randomisation 1:1

STEMI<12h
no LAD disease
Clto FFR
FFR-guided Angio-guided

FFR>0.80 lesions

FFR on all target lesions

DSMB: unexpected excess mortality in FFR group
compared to control during safety analysis

non-invasive tests

disregarded for TT

Only lesions with FFR<0.80
included in stratification

| ! |

PCl CABG OMT only
+OMT  +OMT

allowed

All lesions with %S>50
included in stratification

! | |

PCI CABG OMT only
+ OMT + OMT

Death from Any Cause [Data Safety Nonliorng Beard Analyus)
Over n = 836 first patients

All-cause deaths at 12 months(n=24):
-control : 7 (2%)
- FFR : 17 (4%
HR 2.39, P=0.0193

Cumudative nodence

Cardiovascular death: 72% of all deaths

]

Sponsor and Steering Committee decided to follow DSMB recommendation and
stopped recruitement at n=936 patients

Results and follow-up are presented at cute of date of June 20th 2016




Primary Endpoint

Death, nonfatal Ml, stroke or unplanned hospitalization

MACCE at 1 Year
1 Hazard ratio: 0.97 (95% Cl: 0.69-1.36)

P=0.85 NS
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P=0.06
P = 0.92 by log-rank test

6 7 8 9 10 N 12 0% .
Months of Follow-Up MACCE Death Mi Stroke  Unplanned
No. at Risk (Combined) Revascularization

— 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 .Ang|ography .FFR

J Am Coll Cardiol 2021:78:1875-1885




PCIl Treatment

Number of stents per patient

2.2 21

Control Group | FFR Group

CAG Guided FFR Guided
M Optimal Medical Treatment Alone M PClI W CABG

J Am Coll Cardiol 2021:78:1875-1885



Treatment Strategy
Reduced Stent Number and Increased Medical Treatment

FLOWER-MI FUTURE Trial

Number of stents per patient

1.5 30% l

1.0

Control Group FFR Group

CAG Guided FFR Guided
M Optimal Medical Treatment Alone M PC! M CABG




s Deferral Safe?

Preventive PCI for FFR > 0.80 but vulnerable plaque

PREVENT Trial

A= Any Epicardial Coronary Stenosis with
Ehe "‘y FFR > 0.80 and with Two of the following
8 . U TCFA by OCT or VH-IVUS
S . IVUS MLA <4.0mm?
Plage Ru;;ture IVUS Plaque Burden >70%
Lipid-Rich Plaque on NIRS (,,,,,LCBl,,,,>315)
PCI+OMT OMT
S N=800 N=800
B > : 'l'
5 ! Primary endpoint at 2 years:
FFR 0.89 P,;gtgfﬁ&?% o CV death, MI, Hospitalization d/t unstable angina

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

VizTUAL ]

COMPLEX PCI 2021



FFR-Guided PCIl vs. CABG

All Comers with 3V-CAD (not involving Left Main)
amenable to PCl or CABG by Heart Team
at 48 centers in Europe, North America, Australia and Asia

FFR-Guided PCI CABG
stent all lesions with FFR <0.80 based on coronary angiogram
(N=750) (N=750)

' }

Primary Endpoint:

B MACCE at 1 Year: all-cause death, MI, stroke or repeat revascularization

Key Secondary Endpoints:
B 3- and 5-year follow-up for Death/MI/Stroke

DOI: 10.1056/NEJMo0a2112299




FAMES3: FFR-Guided PCI vs. CABG

Primary Endpoint

Death, MI, stroke or Repeat revascularization

PCI CABG Hazard
(n=757) (n=743) Ratio
Death 1.6% 0.9% 1.7(0.74.3)
Cardiac death 0.8% 0.5%
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MI 5.2% 3.5% 1.5(0.9-2.5)
Procedural 1.7% 1.2%

Spontaneous 3.3% 2.3%

30 60 90 120 150 180 210 240 270 300 330 360 Stroke 0.9% 1.1% 0.9(0.3-24)

Days since Randomization

—— Repeat Revascularization 5.9% 3.9% 1.5(0.9-2.3)

PCI 757 728 721 713 707 702 697 696 693 687 678 674 670
0 0
CABG 743 709 701 698 695 693 691 686 683 682 679 679 679 Death, Ml or Stroke 7.3% 5.2% 1.4(0.9-2.1)

DOI: 10.1056/NEJM0a2112299



FAMES3: FFR-Guided PCI vs. CABG

% Lesions FFR measured

BEST Trial (PCl with 2"d DES) FFR>0.80

Staged procedure

Number of stents

Total stent length
Intravascular imaging
FFR measured after PCI

P=0.01 by log-rank test

Stent Number

2.7
1.9

N Engl J Med 2015; 372:1204-1212 _ _
CAG Guided FFR Guided

FAME 3 (3VD only) FAME 1 (MVD)



