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Many Indices

• Non-Invasive Functional Study

• Treadmill test 

• Stress echocardiography

• Myocardial perfusion imaging

• SPECT

• MRI, CT

• Fractional Flow Reserve (FFR)

• Non-Hyperemic Pressure Ratio (NHPR)

• iFR

• Resting Pd/Pa

• dPR

• RFR  

Morton J. Kern et al. JACC 2017;70(17):2124-7



How To Detect Objective Ischemia

• During Stress, Decreased Coronary Blood Flow To Induce

Myocardial Perfusion Abnormality

Contractile Abnormality

Electrical Abnormality

Myocardial 

Perfusion 

Imaging

Stress Echo

Treadmill Test

Direct Evidence 

of Ischemia



Ischemia Test in Cath Lab ?



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

• N = 45 patients

• Sensitivity 88%, Specificity 100%, PPV 100%, NPV 88%

Comparison with 3 Non-Invasive Functional Studies
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FFR as A Non-Invasive Functional Study In Cath Lab



Current Cut-off Value of FFR: 0.80



FFR > 0.80: Defer

FAME 2

De Bruyne, et al. New Engl J Med 2014;371:1208-17.

FFR ≤ 0.80: Stenting Justified

DEFER

J Am Coll Cardiol 2007;49:2105–11.

Mortality



Outcome Derived Revascularization Threshold

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

FFR: Clinical Index To Decide Revascularization

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



FFR Guided PCI

van Nunen LX, Zimmermann FM et al. LANCET 2015;386(10006):1853-60

P=0.02

FAME I

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

Asan PCI Registry

MACE



Asan PCI Registry

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

• The benefit of FFR guided PCI is primarily due to

1) The reduced number of stents per patient

2) The subsequent decreased risk of peri-procedural MI and repeat revascularization

3) Favorable outcome with less stenting

Death Myocardial Infarction Repeat RevascularizationStent Number



1.5

1.0

CAG Guided FFR Guided

Number of stents per patient

30%

FLOWER-MI

Treatment Strategy

Reduced Stent Number and Increased Medical Treatment

FUTURE Trial

J Am Coll Cardiol 2021;78:1875–1885N Engl J Med 2021;385:297-308



FFR Requires Hyperemia 
(Adenosine, ATP, Nicorandil etc.)

• Contraindicated or disliked by 

patients

• Adds costs and time

• Adds inconvenience and risk

Hyperemia



iFR, Instantaneous wave-free ratio 

Since TCT 2011, 

Justin Davies and Javier Escaned , ADVICE I and II study presentation



iFR is Non-Inferior to FFR 
to Guide Revascularization Decision

iFR-SWEDEHEART
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Hazard ratio for primary composite end point of death, myocardial infarction 

and revascularization 1.12 (95% CI, 0.79-1.58) P=0.53

iFR

FFR

HR (95% CI) =

1.12 (95% CI: 0.79, 1.58) 

P=0.53 

6.1%

6.7%

iFR (n=1012)

FFR (n=1007)

DEFINE-FLAIR

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

ACC 2017, 



Guidelines

ACC/AHA Guideline 2021



Since 2017, 

Many Non-Hyperemic Pressure Ratios (NHPR)



Definition of Physiologic Indices

(E) RFR (≤0.89) 

50

100

150

200

P
re

ss
u
re

 [
m

m
H

g
]

Time [sec]
0 1 2 3

Pa
Pd
Instant Pd/Pa
Lowest Instant Pd/Pa

50

100

150

200

P
re

ss
u
re

 [
m

m
H

g
]

Time [sec]
0 1 2

Pa
Pd

3

(A) FFR (≤0.80) 
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(B) Resting Pd/Pa (≤0.91/0.92) 
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(F) DFR (≤0.89) 
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(D) dPR (≤0.89)
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(C) iFR (≤0.89) 
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IRIS-FFR Registry

2301 lesions in 1851 patients

With valid resting and hyperemic raw pressure tracing (≥5 beats)

1329 lesions were deferred after physiologic assessment

dPR RFR DFRFFR
Resting 

Pd/Pa*
iFRvirtual‡

Marcel van ‘t Veer

Johan Svanerud

Ziad A. Ali

Johan Svanerud

Nils P. Johnson

Wenguang Li
Nils P. Johnson

Wenguang Li

IRIS FFR IRIS FFR*

*All resting tracings were confirmed by Wenguang Li during virtual iFR and DFR calculation

‡calculated using the proprietary software (Volcano Corporation)



NHPR vs. iFR

Prediction of iFR ≤0.89

97% Accuracy80-85% Accuracy



Kaplan-Meier Curves

(A) FFR (B) Resting Pd/Pa (C) iFR

(D) dPR (F) DFR(E) RFR
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Frequency of FFR/iFR Discordance

Cook CM et al.

JACC Cardiovasc Interv. 2017;10(24):2514-2524

29.5%

56.8%

6.0%

7.7%

SH Lee et al.

JACC Cardiovasc Interv. 2019;12(20):2018-2031

13.3 %13.7 %

Derimay F et al.

Catheter Cardiovasc Interv. 2019 Sep 1;94(3):356-363

20.6 %



Physiologic and Anatomic Characteristics of 
Discordant Lesions

Cook CM et al.

JACC Cardiovasc Interv. 2017;10(24):2514-2524

Differences in Coronary Flow Reserve

JACC Cardiovasc Imaging. 2020 Mar;13(3):746-756.

Adverse Plaque Characteristics* Relate

More Strongly With FFR than iFR

*Adverse plaque characteristics include low-attenuation plaque, 

positive remodeling, spotty calcification, and napkin risk sign 

Circ Cardiovasc Interv. 2019;12:e007494



Clinical Characteristics of Discordant Lesions

LM/pLAD



How To Compromise the Discordance 



Summary

• Current guideline widely endorsed intracoronary physiology, both FFR and iFR.

• iFR could be used in the revascularization decision-making, particularly when 

hyperemic agents are not easily available.

• FFR would be preferred in lesions which was proximally located or showed 

angiographically tight or complex. 

• All NHPR (resting Pd/Pa, iFR, dPR, RFR, DFR) are the same. Physicians can 

apply other NHPRs in daily practice in the same manner as iFR.

• In the post-ISCHEMIA era, FFR≤0.80 (or iFR ≤0.89) would be a minimum 

requirement for coronary revascularization and stenting on the stenosis with 

FFR>0.80 (or iFR >0.89) is never justified. Please defer. 


