
Fractional Flow Reserve After 
Coronary Intervention

Doyeon Hwang, MD

Seoul National University Hospital, Seoul, South Korea



Disclosure

• I, Doyeon Hwang, DO NOT have a financial interest/arrangement 
or affiliation with one or more organizations that could be perceived as a 
real or apparent conflict of interest in the context of the subject of this 
presentation.



Fractional Flow Reserve
Surrogate marker for myocardial ischemia

Under Maximal Hyperemia QN
max

QS
max

Q(flow)=Pressure/Resistance

Hwang et al. Korean J Radiol. 2016;17(3):307-20.



• Robust scientific evidence
• Various Major clinical trials (DEFER, FAME 1, FAME 2, FAMOUS-NSTEMI)

• Around 5,000 studies has been published.

Fractional Flow Reserve
Standard invasive physiologic index for guiding revascularization

2018 European guideline 2021 American guideline

The clinical studies on FFR have been focused on 

its prognostic value and treatment decision-making before PCI.

Eur Heart J. 2019;40(2):87-165.

Circulation. 2022;145(3):e4-e17. 



Residual Myocardial Ischemia 
Why Post-PCI FFR is important.

Nagaoka et al. Jpn Circ J. 1998;62(3):160-6.

Rodes et al. J Nucl Med. 2001;42(12):1768-72. 

• Residual myocardial ischemia was often present after successful PCI. 



Residual Myocardial Ischemia 
From Invasive Physiologic Assessment

From FFR Study From iFR Study

Uretsky et al. J Am Heart Assoc. 2020;9:e015073.

Patel et al. J Am Coll Cardiol Intv 2019;12:1991–2001.

PCI does not guarantee optimal revascularization, 

i.e., restoration of normal epicardial conductance.



• Post-PCI FFR reflects the degree of maximum flow reduction due to 
residual disease burden in the coronary artery after revascularization.

• Suboptimal FFR after coronary stenting

Post-PCI FFR

Is suboptimal FFR after coronary stenting related to clinical outcomes?

Li et al. J Am Coll Cardiol Intv 2017;10:986–95.



FFR after Balloon Angioplasty

Bech et al. Circulation. 1999 Feb 23;99(7):883-8. 

60 patients who underwent balloon angioplasty

Primary outcome: Death, MI, UA, Repeat revascularization at 2 year

Optimal cut-off value of post-PCI FFR was 0.90.

Residual DS≤35% and FFR≥0.90 demonstrated excellent outcome.



Post-PCI FFR and Clinical Outcome
Patient level meta-analysis with 966 patients

FFR measured after PCI showed an inverse relationship with events.

Johnson et al. J Am Coll Cardiol 2014;64:1641–1654.



Post-PCI FFR and Clinical Outcome
Study level meta-analysis

Meta-regression analysis indicated that higher post-PCI FFR values were 

associated with reduced rates of revascularization and MACE.

Rimac et al. Am Heart J. 2017 Jan;183:1-9.



Post-PCI FFR after DES Implantation

Hwang et al. Korean Circ J. 2021;51(3):189-201.

Higher post-PCI FFR was associated with better clinical outcomes.

Optimal cut-off value widely ranged from 0.79 to 0.96.

The differences in study population, definition of outcome, 

type of stent used and included vessels 



Post-PCI FFR for Future Event prediction
Risk model using Machine Learning technique

From International Post PCI FFR registry (N=2,200)

Physiol
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Machine learning

Risk prediction model

Hwang et al. JACC Cardiovasc Interv 2020;13:1639-50.



Post-PCI FFR for Future Event prediction
Partial Dependence of Selected Features

Hwang et al. JACC Cardiovasc Interv 2020;13:1639-50.



Post-PCI FFR and Hard Outcomes

Agarwal et al. JACC Cardiovasc Interv 2016;9:1022–31

Li et al. JACC Cardiovasc Interv 2017;10:986–95

Central Arkansas VA Health systems DK-CRUSH VII

Two previous studies reported that patients with a lower post-PCI FFR 

value showed significantly higher rates of cardiac death or TVMI.



Updated Patient-level Meta-Analysis
POST-PCI FLOW study (5,277 patients with 5,869 vessels)
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Updated Patient-level Meta-Analysis
POST-PCI FLOW study (5,277 patients with 5,869 vessels)

Per post-PCI FFR 0.01 decrease

Adjusted HR 1.039, 95% CI 1.022-1.056, p-value<0.001

Target vessel failure

Per post-PCI FFR 0.01 decrease

Adjusted HR 1.044, 95% CI 1.002-1.087, p-value=0.039

Cardiac death or TVMI

Hwang et al. JAMA Netw Open. 2022 Sep 1;5(9):e2232842.



Updated Patient-level Meta-Analysis
POST-PCI FLOW study (5,277 patients with 5,869 vessels)

Target vessel failure

0.95<Post-PCI FFR Reference

0.90<Post-PCI FFR≤0.95 1.052 (0.706-1.569) 0.80

0.85<Post-PCI FFR≤0.90 1.333 (0.911-1.950) 0.14

0.80<Post-PCI FFR≤0.85 1.604 (1.081-2.381) 0.02

Post-PCI FFR≤0.80 2.108 (1.385-3.209) <0.001

Cardiac death or TVMI

0.95<Post-PCI FFR Reference

0.90<Post-PCI FFR≤0.95 1.255 (0.633-2.490) 0.52

0.85<Post-PCI FFR≤0.90 1.356 (0.681-2.700) 0.39

0.80<Post-PCI FFR≤0.85 1.636 (0.772-3.467) 0.20

Post-PCI FFR≤0.80 2.559 (1.116-5.867) 0.03

Hwang et al. JAMA Netw Open. 2022 Sep 1;5(9):e2232842.

Target vessel failure Cardiac death or TVMI



Updated Patient-level Meta-Analysis
POST-PCI FLOW study (5,277 patients with 5,869 vessels)

Hwang et al. JAMA Netw Open. 2022 Sep 1;5(9):e2232842.
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HR 1.658, 95% CI 1.334-2.062, p<0.001

Adjusted HR 1.575, 95% CI 1.241-1.999, p<0.001

Log rank p<0.001

3.6%

2.2%

HR 1.820, 95% CI 1.079-3.068, p=0.03

Adjusted HR 1.821, 95% CI 1.080-3.072, p=0.03

Log rank p=0.05

Target vessel failure Cardiac death or TVMI



Post-PCI FFR can be modifiable?
574 Patients with angiographically successful PCI

Agarwal et al. JACC Cardiovasc Interv. 2016;9(10):1022-31.

Subsequent intervention after PCI, post-PCI FFR increased 
from 0.78±0.08 to 0.87±0.06.



FFR-Guided PCI Optimization Directed by IVUS
FFR REACT trial

Neleman et al. JACC Cardiovasc Interv 2022;15:1595–1607



Post-PCI FFR-guided Optimization
TARGET-FFR trial

Collison et al. Eur Heart J. 2021 1;42(45):4656-4668.

An FFR-guided optimization strategy did not significantly increase the 

proportion of patients with a final FFR ≥0.90, but did reduce  the 

proportion of patients with a final FFR ≤0.80.



PCI Optimization Strategy

Hwang et al. Korean Circ J. 2021;51(3):189-201



Invasive functional test with FFR
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Mid LAD lesion needs to be treated.

Delta FFR of disease segment: 0.16

Resting Pd/Pa: 0.90



Invasive functional test after PCI

0.87

0.94

0.98

1.01
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*

*

Delta FFR of stented segment: 0.04

Stent

Resting Pd/Pa: 0.95

stent



• Even after angiographically successful PCI, physiologically suboptimal PCI 
results are common and this can be evaluated by post-PCI FFR.

• Post-PCI FFR has a significant, non-linear, and inverse relationship with 
future adverse events, including hard outcomes. 

• Post-PCI FFR can be used as a procedural quality metric.

• Post-PCI FFR measurement and comprehensive FFR pullback after PCI 
might reveal hidden problems and maximize the benefit of PCI.

• Intracoronary imaging is a good option for revealing these reasons and 
further optimization of PCI.

Summary


