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My Thought

“The determination of coronary stenosis severity to decide 

on coronary revascularization should be evaluated from the 

perspective of myocardial perfusion.”

“It is necessary to demonstrate that reduced myocardial 

perfusion is due to coronary stenosis..”



How To Detect Objective Ischemia

•During Stress, Decreased Coronary Blood Flow To Induce
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Fractional Flow Reserve

• FFR is a simple, reliable, pressure-derived index
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IRIS-FFR Registry

Ahn JM, Park SJ et al. Circulation 2017 Jun 6;135(23):2241-2251

Cardiac Death, MI, and TVR Cardiac Death, and MI



It Provides the Physiologic Anatomy of Coronary Artery with Single Number



Coronary Angiogram

Angiographically 3 VD 

Thallium: large perfusion defect at LAD territory



Fractional Flow Reserve

Thallium: large perfusion defect at LAD territory

Functionally 2 VD 

Not Done

0.69

0.84

? ?

?

0.82



Angiographic Significant Stenosis 

Diameter Stenosis > 50%
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Gould KL Am J Cardiol 1974;34:48-55
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Critical Stenosis

Gould KL Am J Cardiol 1974;34:48-55



Relation between Myocardial Blood Flow and the Severity of 
Coronary-Artery Stenosis

N Engl J Med 1994; 330:1782-1788



Diameter Stenosis ? 

Stenosis Model (Silicon Tube)

DS 50% DS 70%



Inaccuracy of CAG



Circ Cardiovasc Imaging . 2018 Jun;11(6):e007087.

Impact of Coronary Lesion Geometry on Fractional Flow Reserve

J Am Coll Cardiol Intv 2012;5:1029 –36



Why? Determinants of FFR

Stenosis Myocardium

The pressure gradient across a 

stenosis is determined by the sum 

of viscous and separation losses.

The most-important geometric 

parameter is the minimum 

diameter of the stenosis

∆P =Av + Bv2

Nat. Rev. Cardiol. 10, 439–452 (2013) PLoS Med 15(11): e1002693

• Vascular territory on the FFR value

• Any given stenosis, 

Vascular territory      FFR

Vascular territory      FFR



Jailed Side Branch

FFR 0.84

Leave it alone.

Koo BK et al. J Am Coll Cardiol 2005;46:633–7.

Park SJ Park, Ahn JM et al. JACC Cardiovasc Interv. 2012 Feb;5(2):155-61



“Obstructive” CAD Identified by Angiography 

Correlates Poorly with invasive FFR

Tonino et al., J Am Coll Cardiol 2010;55:2816–21



Visual-Functional Mismatch

From FAME Study

Functionally Diseased Coronary Arteries

Tonino et al., J Am Coll Cardiol 2010;55:2816–21

Angiographic 2VD Angiographic 3VD



Visual Functional Mismatch – Coronary Angiography

Non-LM LM

Park SJ, Kang SJ et al. J Am Coll Cardiol Intv 2012;5:1029 –36



Which is a Significant Stenosis ?

FFR 0.71 FFR 0.89



Diffuse Atherosclerosis

LM pLAD mLAD



MLA 8.8-13.9mm2



Left Main Supplies Large Myocardium

In symptomatic patients, ambiguous LM stenosis should be evaluated by FFR

Park SJ et al JACC Cardiovasc Interv. 2012;5:1029-36



Decision Making
Outcome



Changes in Practice: “Less Treatment by FFR”

26-44%

Koo BK, JACC: CARDIOVASCULAR INTERVENTIONS VOL. 11, NO. 4, 2018 FEBRUARY 26, 2018:366 – 8



FFR guided PCI in MV disease – FAME 1

MACE Death

Death and MI
Revascularization

Lokien X van Nuen et al. LANCET 7–13 November 2015, Pages 1853–1860
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ASAN PCI Registry

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

Primary Endpoint: Death, MI, and Repeat Revascularization

2.1/patient

1.5/patient



ASAN PCI Registry

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 MI and (urgent) repeat revascularization



FLOWER-MI

N Engl J Med 2021;385:297-308

Death, nonfatal MI, or  unplanned hospitalization 

Primary Endpoint

1.5
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30%



FUTURE Trial

Death, nonfatal MI, stroke or  unplanned hospitalization 

Primary Endpoint

J Am Coll Cardiol 2021;78:1875–1885

P=0.06

P=0.06

P=0.28

P=0.90
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Number of stents per patient

30%

FLOWER-MI FUTURE Trial

Treatment Strategy

Reduced Stent Number and Increased Medical Treatment



IVUS vs. FFR

Visual Functional 
Mismatch (II)



Meta-analysis: IVUS-MLA to Predict FFR (N=17 Studies)

Korean Circ J 2016;46(5):622-631

MLA 2.3mm2-4.0mm2



New IVUS MLA for FFR <0.80 In Epicardial Coronary Artery   

Kang SJ, Park SJ, Circ Cardiovasc Interv. 2011;4: 65-71

IVUS MLA  mm2 

6543210

0.8

FFR

2.4mm2 4mm2 • 66% of analyzed lesions 

have MLA<4 mm2 but 

FFR >0.80 

• 30% of analyzed lesions 

had MLA <2.4mm2 but 

FFR >0.80.

• Regardless of cutoff 

values, use of IVUS MLA 

criteria alone could not 

predict the result of FFR 

measurement



Single Cut of Coronary Artery

IVUS MLA



Am J Cardiol 2016;117:1282e1288

Efforts to Improve the Accuracy of IVUS-MLA



Decision Making
Outcome



Registry Study: IVUS vs. FFR (N=177)

J Am Coll Cardiol Intv 2010;3:812–7

The cutoff value of FFR was 0.80, the cutoff value of MLA was 4.0 mm2



Randomized Study: IVUS vs. FFR

N Engl J Med. 2022 Sep 1;387(9):779-789



My Thought

“The determination of coronary stenosis severity to decide 

on coronary revascularization should be evaluated from the 

perspective of myocardial perfusion.”

“It is necessary to demonstrate that reduced myocardial 

perfusion is due to coronary stenosis..”



My Thought

“Anatomical decision making, DS or IVUS increases 

the risk of unnecessary PCI.”


