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Myocardial Ischemia is Important for Prognosis

Abdulmassih S et al. JACC 1993

Hachamovitch wt al. Circulation 2002

Iskander et al. JACC 1998

SPECT Duke TMT Score Pooled Analysis 

(N=12,360)

We already know that Myocardial Ischemia,

Is one of the most important prognostic Indicators,

Regardless of Patients Symptom or Presence of Obstructive CAD



Non-Invasive Tests for Ischemic Heart Disease

TMT

SPECT

Stress Echo

Coronary CT

Significant Stenosis 

37.6%
Insignificant Stenosis

62.4%

All Patients

Positive Non-invasive tests

Significant Stenosis 

41.0%
Insignificant Stenosis

59.0%

Patel et al. NEJM 2010;362:886-95



FFR and QCA
- Discordance Between Anatomy and Functional Significance -

3V-FFR-FRIENDS Study, Under Review

Curzen et al. RIPCORD, Circ Intervention 2014

Toth et al. EHJ 2014

Routine 3-Vessels FFR

(Regardless of Stenosis Severity)

FFR as Clinical Indication 

(At lease one Intermediate Stenosis)

Among 3115 vessels

Reverse Mismatch : 7.0%

Mismatch : 16.1%

Total 23.1% Discordance

%DS>50% to Predict FFR≤0.80

Sensitivity : 61.2%

Specificity : 66.9%

3V-FFR-FRIENDS Study RIPCORD Trial Real-World Pooled Registry

Among 569 vessels

Reverse Mismatch : 13.1%

Mismatch : 9.5%

Total 22.6% Discordance



FFR and Invasive Imaging
- Discordance Between Anatomy and Functional Significance -

IVUS OCT

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.

Koo BK et al. JACC Intervention 2011

Gonzalo et al. JACC 2012

Best Cutoff Value

1.95mm2

C-index 0.74

Sensitivity = 82%

Specificity = 63%

(+) predictive value = 66%

(-) predictive value = 80%

N=61

100-Specificity
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QCA Classification (%DS)

Stenosis severity defined by FFR better discriminates an 

“Unique Pressure Gradient – Absolute Myocardial Blood Flow” relationship 

than by angiographic %DS. Lee JM, Koo BK, Circulation 2017

Lee JM, Koo BK, JACC 2017

FFR ClassificationiFR Classification

Physiologic Index is a better marker of stenosis severity 

(anatomical and functional), than angiography itself.

Physiologic Index is Better Marker of 

Stenosis Severity



Cut-off Value of FFR 

- Validation using clinical outcome -

JM Lee and BK Koo et al. 3V-FFR-FRIENDS Study, EHJ 2018

Nils P. Johnson et al. JACC 2014

Lower the FFR value, Higher Benefit from PCI

Higher the FFR value, Higher Benefit from Medical Treatment



Physiology and Contemporary PCI Outcome

- SYNTAX I vs. SYNTAX II PCI -

454 Patients with Complex Lesions and equipoise risk 

of 4-year mortality between PCI vs. CABG

75%

25%

Physiology Guidance

FFR/iFR Performed Not Performed

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



Physiology and Contemporary PCI Outcome

- Nationwide Cohort Studies -

SCAAR registry 2005-2016 

(Stable IHD N=23,860, Median 4.7 Years)

Veterans Affairs registry 2009-2017

(Stable IHD N=17,989, 1 Year)

All-Cause Mortality 
FFR-Guided PCI versus Angiography-Only PCI

Parikh et al. J Am Coll Cardiol 2020;75:409–19

Volz et al. J Am Coll Cardiol 2020;75:2785–99



Non-Hyperemic Pressure Ratio (iFR) vs. FFR

- 2 Year Clinical Outcome -

8.7% vs. 8.4%

Log rank p=0.93

10.5% vs. 11.8%

HR 1.15 (95% CI 0.91-1.45)

P=0.25

2-Year Absolute difference in MACE was 1% between iFR vs. FFR

With significantly lower rates of PCI in iFR group

TCT 2019



Non-Hyperemic Pressure Ratios (NHPRs) Since iFR
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FFR (≤0.80) Resting Pd/Pa (≤0.91) iFR (≤0.89)

DFR (≤0.89)RFR (≤0.89)dPR (≤0.89)



All NHPRs share same correlation with iFR/FFR

- 3V FFR FRIENDS registry -

Lee JM, Koo BK, Circulation. 2019 Feb 12;139(7):889-900.N=1,024 vessels (435 patients)



All NHPRs share same diagnostic accuracy for iFR ≤ 0.89

- IRIS-FFR Registry -

Ahn JM et al. IRIS-FFR registry data, TCT 2019



All NHPRs share 

same cut-off value for prognosis of deferred lesions

Lee JM et al. Circulation. 2019 Feb 12;139(7):889-900.

Lee JM et al. JAHA 2020 Sep 15;9(18):e016818N=864 deferred vessels

RFR (≤0.89), 2 YeariFR (≤0.89), 2 Year dPR (≤0.89), 2 Year

RFR (≤0.89), 5 YeariFR (≤0.89), 5 Year dPR (≤0.89), 5 Year



Physiology-guided strategy

Benefit of FFR/iFR-guided PCI strategy for CAD has proved its 

benefit based on solid evidence

35%

FAME

Death/MI 

At 2-Year

$ 2400

FAME

Cost 

At 1-Year

87%

FAME 2

Urgent RR

In Stable CAD

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.

Lee JM et al. Circulation. 2019 Feb 12;139(7):889-900.

Similar 

Outcome

DEFINE-FLAIR

iFR-SWEDEHEART

3V-FFR Registry

IRIS-FFR Registry

FFR NHPRs



Current Framework

Physician’s clinical suspicion is changed based on angiographic stenosis

CAG All Decision Based on Anatomy

TMT

SPECT

Stress Echo

Coronary CT

Non-invasive Test
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Ischemic Heart Disease with Non-Obstructive CAD

Typical Chest Pain, Medically intractable (5 angina medications)

A

A

B

B

Resting Pd/Pa 0.41, FFR 0.40

B

Major step-up at Hidden Stenosis



Ischemic Heart Disease with Non-Obstructive CAD

Hidden stenosis was the reason of myocardial ischemia.

JM Lee and BK Koo et al., J Am Heart Assoc. 2017;6:e006071



FFR, only for intermediate stenosis ? 

The Pre-specified Subgroup Analysis of 3V-FFR-FRIENDS study, Lee JM, Koo BK et al. JAHA 2017
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2.9%
4.0%

9.4%

18.0%

32.7%

44.3% 67.2%

77.8%

81.3%

Proportion of Lesions with Low FFR

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



Clinical Outcomes of 

Angiographically Insignificant Stenosis

HR 3.371, 95% CI 1.346-8.442, p=0.009

Log-rank P value = 0.006

No. at Risk

High FFR 1939 1931 1915 1911 1905

Low FFR 185 182 176 176 176

1.3%

3.3%

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



Estimated MACE Rates according to FFR

In Angiographically Insignificant Stenosis

P for comparison <0.001

≤0.80 ≥0.960.81-0.85 0.86-0.90 0.91-0.95

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?

43.9%

21.2%

5.1%

57.9%

23.0%

0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

70.0%

Endothelial
dysfunction

(Ach challenge)

Microvascular 
dysfunction 
(IMR≥25U)

Low FFR (≤0.80) Myocardial
bridging

No Abnormality

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

139 Stable Angina Patients (56% typical symptom) with <50% stenosis,

Ach challenge test, FFR/CFR/IMR measurement, IVUS evaluation



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

16.6%

51.7%

20.5%

11.3% Vasospastic Angina

Microvacular Angina

Both

None

CorMicA Trial, Ford T., Berry C. et al. J Am Coll Cardiol Intv 2020;13:33–45

Significant vasoconstriction (≥90%), 

chest pain (+), and ECG change

Any of IMR≥25U, CFR<2.0, or microvascular spasm 

to Ach (chest pain and ECG change, but no 

epicardial vasoconstriction)

Definition

Substantial Proportion of Patients with No Obstructive Stenosis 

shows Abnormal Vasomotor / Microvascular Function



No significant epicardial coronary disease, No symptom?

Persistent Angina in Registry Group (FFR>0.80)

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

FAME 2: Registry Group (FFR>0.80)

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)

Incidence of Primary Composite Endpoint in the Registry Group (FFR>0.80)

9% (2Y), 15.7% (5Y)

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



Prognostic Impact of Microcirculatory Dysfunction

- Defined by invasive physiologic indices -

POCO, Patient-oriented Composite Outcomes 

➔ a Composite of any Death, any MI, and any Revascularization

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

230 Stable IHD Patients with FFR>0.80,

Stratified by CFR (≤2.0) and IMR(≥23U) measurement



Lee JM….Koo BK, Korean Circ J. 2020 May 27. doi: 10.4070/kcj.2020.0083.

Prognostic Impact of Microcirculatory Dysfunction

- Long-term Prognosis (5 Years) -

Patient-Oriented Composite Outcome Cardiac Death or Myocardial Infarction



All Decision Based on 

Anatomy Alone

Cause of Ischemia Based 

Decision

Summary

Functional Approach and Functional Angioplasty

Functional Assessment

Based on Clinical Judgement

Stenosis Minimal

Individualized Treatment

Meticulous Secondary Prevention

Revascularization

Stenosis (+)

We are clinician.
So, diagnosis and treatment should be driven by 

clinical suspicion and judgement, 

not by angiographic stenosis only.


