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1977  1993 1994 

Tried, but failed due to 

- Large OTW balloon 

- Resting pressure only (no hyperemia) 

0.015-in fluid-filled guide wire 

From resting pressure gradient,  

                             to hyperemic gradient, FFR 
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iFR: Pd/Pa ratio during the resting wave-free period 
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 Return of a forgotten  

“Resting Pressure Index”  

Seoul National University Hospital 

Cardiovascular Center 

iFR = instantaneous wave-Free Ratio 
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20 sec with adenosine, chest discomfort….. 

iFR, How easy? 

Seoul National University Hospital 

Cardiovascular Center 

    iFR doesn’t need hyperemia  

                                and measurement is instantaneous. 

4 



91 

509 
441 

2000 

2500 

DEFER FAME FAME 2 iFR-SwedeHeart Define-FLAIR

DEFINE-FLAIR 

Largest Physiology 

Clinical Outcome Study 
n=patients in the 

physiological guided 

group  

SWEDEHEART	

SWEDEHEART	

Modified from Dr Escaned’s presentation 

RESTING PRESSURE – ISCHEMIA – REVASCULARIZATION - OUTCOMES 
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Vs. 

iFR vs. FFR 
“equivalent” and “comparable” vs. “weak” and “biased” 
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iFR vs. FFR: Who can be the judge? 

N13-Ammonia PET perfusion scan 
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Diagnostic Performance of FFR and iFR 
FFR iFR 
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Sensitivity Specificity PPV NPV Diagnostic accuracy

PET-derived RFR as Gold Standard 

CFR = coronary flow reserve, RFR = relative flow reserve 

Seoul National University Hospital 

Cardiovascular Center 
Hwang D, Lee JM, Koo BK, et al. JACC interv 2016 
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Coronary Pressure (mmHg) 

Resting Pa 90 

Resting Pd 86 

Hyperemic Pa 85 

Hyperemic Pd 68 

Resting microvascular resistance= 
Resting Pd

Resting MBF
(mmHg·min·g·ml

−1
) = 

86

0.830
 = 103.6 

Basal stenosis resistance (BSR) =
Resting (Pa−Pd)

Resting MBF
(mmHg·min·g/ml) = 

90−86

0.830
 = 4.8 

Hyperemic microvascular resistance= 
Hyperemic Pd

Hyperemic MBF
(mmHg·min·g·ml

−1
) = 

68

2.087
 = 32.6 

Hyperemic stenosis resistance (HSR) =
Hyperemic (Pa−Pd)

Hyperemic MBF
(mmHg·min·g/ml) = 

85−68
2.087

 = 8.14  

Myocardial blood flow (MBF, ml/min/g) 

Resting MBF 0.830 

Hyperemic MBF 2.087 

Coronary Circulatory Response to Stenosis 

: Combined PET flow and invasively measured pressure 

Lee JM…..Koo BK Circulation 2017 Seoul National University Hospital 

Cardiovascular Center 
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Coronary Circulatory Responses to Epicardial Stenosis 
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As stenosis severity (epicardial 

resistance) increases 
 

• No change in resting flow 

• MV resistance ▼ 

• Resting pressure gradient ▲ 

 

 

 

As stenosis severity (epicardial 

resistance) increases 
 

• Minimal and stable MV resistance 

• Hyperemic flow ▼ 

• Hyperemic pressure gradient ▲ 

P=0.431 

P=0.012 

P<0.001 

P<0.001 

P<0.001 

P=0.431 

JM Lee, BK Koo et al. Circulation 2017 

*MV, microvascular; PG, pressure gradient 
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Invasive Physiologic Indices vs. Stenosis, Resistance and Flow 

iFR 

rho = 0.51 

P<0.001 

FFR 

rho = 0.59 

P<0.001 

Diameter Stenosis 
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Hyperemic Stenosis Resistance 

Seoul National University Hospital 

Cardiovascular Center 

Angiographic stenosis 

Lee JM ,Koo BK, et al Circulation 2017 
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Clinical relevance of iFR/FFR discordance? 
(from 3V-FFR FRIENDS study) 

Group 4 

Concordant Abnormal 
13.9% (136/975) 

Group 1 

Concordant Normal 
74.3% (724/975) 

Group 2 

High FFR – Low iFR 
3.4% (33/975) 

Group 3 

Low FFR – High iFR 
8.4% (82/975) 

Seoul National University Hospital 

Cardiovascular Center 

Lee JM, Koo BK, et al. Int J Cardiol 2017 

Lee JM, Koo BK, et al. Eur Heart J 2018 
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Group 4 Group 1 Group 2 Group 3 

P value <0.001 

Clinical relevance of iFR/FFR discordance 

Group 4 Group 1 Group 2 Group 3 

P value <0.001 

Group 4 Group 1 Group 2 Group 3 

P value <0.001 

Group 4 Group 1 Group 2 Group 3 

P value <0.001 
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Group 1: Both high 

Group 2: High FFR & Low iFR 

Group 3: Low FFR & High iFR 

Group 4: Both low 

Seoul National University Hospital 

Cardiovascular Center 

Lee JM, Koo BK, et al. Int J Cardiol 2017 
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Independent Predictors of iFR/FFR Discordance 

Seoul National University Hospital 

Cardiovascular Center 

Lee JM, Koo BK, et al. Int J Cardiol 2017 
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Physiologic relevance of discordance in low FFR 

 

 

 

High iFR Low iFR p 

Diameter stenosis, % 47.4 ± 11.8 57.9 ± 17.1 0.025 

FFR 0.77 (0.76 - 0.78) 0.68 (0.61 - 0.73) < 0.001 

iFR 0.92 (0.91 - 0.94) 0.81 (0.71 - 0.87) < 0.001 

CFR 2.27 ± 0.50 1.76 ± 0.33 0.001 

Resting  

   Myocardial blood flow 0.87 ± 0.20 0.92 ± 0.15 0.360 

   Microvascular resistance 114.5 ± 25.0 90.6 ± 21.4 0.001 

   Stenosis resistance 7.9 ± 2.7 18.4 ± 12.9 < 0.001 

Stress 

   Myocardial blood flow 1.94 ± 0.45 1.60 ± 0.33 0.003 

   Microvascular resistance 38.8 ± 10.6 41.0 ± 10.0 0.474 

   Stenosis resistance 12.2 ± 4.3 21.3 ± 8.9 < 0.001 

Seoul National University Hospital 

Cardiovascular Center 

Lee JM, Koo BK, et al. Int J Cardiol 2017:243:91-94 
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Clinical outcomes according to FFR/iFR classification 

Overall Log-rank P value <0.001 

Group HR (95% CI) P value 

Concordant Normal 1.00 (Reference) NA 

High FFR – Low iFR 2.42 (0.31-19.00) 0.399 

Low FFR – High iFR 1.79 (0.23-14.00) 0.579 

Concordant Abnormal 7.71 (2.62-22.67) <0.001 

2.4% 

11.6% 

2.5% 
3.3% 

Seoul National University Hospital 

Cardiovascular Center 

Lee JM, Koo BK, et al. JACC: Cardiovasc Interv 2018 
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Similarity and Difference between Resting and Hyperemic 

indexes 

Seoul National University Hospital 
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Stenosis severity vs. Pressure indexes 

Lee JM, ……, Koo BK, J Am Coll Cardiol 2017 

Angiographic % diameter stenosis Hyperemic Stenosis Resistance 

Seoul National University Hospital 

Cardiovascular Center 

Similarity and Difference between Resting and Hyperemic indexes 
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Association with Clinical outcomes 

Lee JM, Koo BK, et al. Circulation 2017 

Lee JM, Koo BK, et al. JACC 2017 
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Estimated event rates according to measurement variability 

8 
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FFR iFR Resting Pd/Pa 

0.72 ± 0.41 

2.32 ± 2.56 

2.62 ± 3.07 

P < 0.001 

P < 0.001 
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* Measurement variability from CONTRAST study 

Seoul National University Hospital 

Cardiovascular Center 

Lee JM, Koo BK, et al. Circulation 2017 

Lee JM, Koo BK, et al. JACC 2017 
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Similarity and Difference between Resting and Hyperemic indexes 

Response to anatomical or hemodynamic stenosis severity Resting Pd/Pa < iFR < FFR 

Diagnostic accuracy for ISCHEMIA, Vulnerability 
Resting Pd/Pa =? iFR =? FFR 

Association with MACE 

Vulnerability to measurement variability Resting Pd/Pa > iFR > FFR 

Seoul National University Hospital 

Cardiovascular Center 21 



Summary 

• Resting pressure index represents the degree of exhausted flow 

reserve and hyperemic index, reduced hyperemic flow due to stenosis. 

• Both resting and hyperemic indexes have prognostic implications. 

• Discordance between resting and hyperemic indexes itself has clinical 

relevance. 

• Hyperemic index is more sensitive to stenosis severity and resting 

index, to measurement variability. 

• Integrated use will maximize the benefit of invasive physiologic 

assessment. 
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