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When revascularization for CCS patients?

2019 European CCS guideline

Eur Heart J. 2020 Jan 14;41(3):407-477.

J Am Coll Cardiol. 2023 Aug 29;82(9):833-955.

2023 American guideline



We are in the era of post ISCHEMIA Trial

N Engl J Med. 2020 Apr 9;382(15):1395-1407.



How to determine the presence of ischemia?

Eur Heart J. 2020 Jan 14;41(3):407-477.



Invasive Physiologic Assessment

Korean J Radiol. 2016 May-Jun;17(3):307-20.
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Conceptual Relationship Between FFR and Outcomes

J Am Coll Cardiol 2014;64:1641–54



Concrete Evidence for FFR-guided PCI

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

• Around 5,000 studies has been published.

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 Jan 7;40(2):87-165.

Circulation. 2022 Jan 18;145(3):e4-e17.



Computational Fluid Dynamic and CT-FFR

J Am Coll Cardiol. 2011 Nov 1;58(19):1989-97.



Long-term Prognostic Implications of CT-FFR

Koo et al. J Am Coll Cardiol. 2011 Nov 1;58(19):1989-97.

Yang, Chung, Koo, et al. J Cardiovasc Comput Tomogr. 2024 Feb 19:S1934-5925(24)00027-3. 

10-year outcomes of the DISCOVER-FLOW study



Initial Risk-Based Testing Strategy with CT-FFR

Douglas et al., JAMA Cardiol. 2023 Oct 1;8(10):904-914. doi: 10.1001/jamacardio.2023.2595.

PRECISE trial

Death or nonfatal MI



CT-FFR in Treatment Strategy

Yang et al., Circulation. 2023 May 2;147(18):1369-1381.

TARGET trial

The primary end point was the proportion of patients undergoing invasive coronary angiography without obstructive coronary artery disease 

or with obstructive disease who did not undergo intervention within 90 days.



Korean Version of CT-FFR

Hwang, Nam, Doh, Kim, Kim and Koo et al. Korean Circ J in press 

CHANGE-FLOW on preparation



AI-based CCTA evaluation

Koo and Yang et al., JACC Cardiovasc Imaging. Just Accepted



Angio-FFR / Quantitative Flow Ratio (QFR)

Contrast QFR 0.75 
Diameter stenosis 58%

Process of QFR Acquisition

• Computation of FFR from Coronary Angiography

• No need of pressure wire or hyperemic agent

• Easy to measure

J Am Coll Cardiol 2017;70:3077–87. J Am Coll Cardiol Intv 2016;9:2024–35.

J Am Heart Assoc. 2018;7: e009603. Circ Cardiovasc Imaging. 2018;11:e007107.

FAVOR II CHINA FAVOR PILOT FAVOR II EUROPE-JAPAN WIFI II



Angio-vs. QFR-guided PCI

J Am Coll Cardiol 2017;70:3077–87. J Am Coll Cardiol Intv 2016;9:2024–35.

J Am Heart Assoc. 2018;7: e009603. Circ Cardiovasc Imaging. 2018;11:e007107.

FAVOR III China trial

MACE MACE excluding periprocedural MI

A QFR-guided strategy of lesion selection

improved 1-year clinical outcomes compared with 

standard angiography guidance.



QFR-Based Virtual PCI - AQVA Trial

Biscaglia et al., JACC Cardiovasc Interv. 2023 Apr 10;16(7):783-794.

Reasons for 

suboptimal 

results.

The primary outcome was the rate of study vessels with a suboptimal post-PCI QFR value.



Diagnostic Performance of QFR

Ninomiya et a., JACC Cardiovasc Interv. 2023 Jul 24;16(14):1778-1790. 



AMI with Multivessel disease – FRAME-AMI

Eur Heart J. 2023 Feb 7;44(6):473-484.



QFR in Nonculprit PCI after AMI – FRAME-AMI substudy

Lee et al., JACC Cardiovasc Interv. 2023 Oct 9;16(19):2365-2379.



Imaging-guided PCI

JAMA. 2015 Nov 24;314(20):2155-63.

J Am Coll Cardiol. 2018 Dec 18;72(24):3126-3137.

The IVUS-XPL trial The ULTIMATE trial

Major adverse cardiac events, including cardiac death, 

target lesion-related myocardial infarction, or ischemia-

driven target lesion revascularization at 1 year

Target vessel failure 

Image-guided PCI is associated with better clinical outcomes.



Imaging-guided PCI

From recent guidelines

Eur Heart J. 2019 Jan 7;40(2):87-165.

Circulation. 2022 Jan 18;145(3):e4-e17.

2018 ESC/EACTS guideline 2021 ACC/AHA/SCAI guideline



Imaging-guided PCI

ILUMIEN III: OPTIMIZE PCI

Lancet. 2016 Nov 26;388(10060):2618-2628.

OCT-guided PCI using a specific reference segment external elastic lamina-based stent optimisation

strategy was safe and resulted in similar minimum stent area to that of IVUS-guided PCI.



RENOVATE-COMPLEX-PCI

N Engl J Med. 2023 May 4;388(18):1668-1679. 

A total of 1,639 patients with complex coronary artery lesions were randomized  

Imaging-guided PCI

Also showed mortality benefits.



Physiology-based vs. Image-based Assessment

&

• Physiology-based and image-based assessments reflect different aspects 
of coronary atherosclerosis and have developed with different objectives. 

• However, many clinicians substitute one method for the other to a certain 
extent.



Study Flow of the FLAVOUR trial

1700 patients enrolled

838 patients enrolled in the 
FFR-guided PCI group

844 patients enrolled in the 
IVUS-guided PCI group

18 patients excluded from randomization

16 protocol violations
12 were deferred with positive FFR 
4 underwent PCI with negative FFR

28 protocol violations†
16 were deferred with positive IVUS 
7 underwent PCI with negative IVUS
5 received PCI with POBA or DCB treatment

832 (99.3%) patients completed 
24-month follow-up

836 (99.1%) patients completed 
24-month follow-up

1682 patients successfully randomized

3 failed to get adequate FFR results 16 failed to get adequate IVUS results

1,700 eligible patients (Patients with de novo intermediate stenosis (40-70% stenosis 
by visual estimation) eligible for PCI) from 18 centers in China and Korea

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



Indications for PCI and PCI optimization

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



Results of the FLAVOUR trial

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

Less procedure was done, 

And less stents were used 

In the FFR-guided PCI group.



Results of the FLAVOUR trial

Number at risk

(Months after Randomization)

IVUS

FFR

844 828 825 820 809

838 818 816 812 796

792 784 771 690

781 778 770 699

* Primary Endpoint:

Death from any cause, myocardial 

infarction, and any revascularization 

at 24 months after randomization

P for noninferiority = 0.015

HR 0.95, 95% CI 0.68 to 1.33 

ARR: -0.4%, 95% CI -3.1 to 2.2%
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FFR group

8.1% (67 patients)

IVUS group

8.5% (71 patients)

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



Vulnerable Plaque

N Engl J Med. 2011 Jan 20;364(3):226-35.
Eur Heart J. 2014 Mar;35(10):639-47.

J Am Coll Cardiol. 2014 Aug 19;64(7):684-92.

PROSPECT Trial

P valueMultivariable
HR (95% CI)

Predictor

<0.0015.03 (2.51-10.11)PB (MLA) ≥ 70%

<0.0013.35 (1.77-6.36)VH-TCFA

0.0013.21 (1.61-6.42)MLA ≤ 4.0mm2

ROMICAT-II TrialATHEROREMO

P valueAdjusted
HR (95% CI)

Predictor

<0.0012.90 (1.60-5.25)PB (MLA) ≥ 70%

0.0261.98 (1.09-3.60)VH-TCFA

0.051.23 (0.67-2.26)MLA ≤ 4.0mm2

Vulnerable features from IVUS and CCTA is associated with 

worse clinical outcome.



How to treat vulnerable plaque

Lancet. 2024 May 4;403(10438):1753-1765.

PREVENT trial



Conclusion

• Although the decision strategy for the revascularization of CCS patients has been 

changed, the invasive physiologic test still plays a role in that.

• CT-FFR is associated with even long-term clinical outcomes, can change our daily 

practice, and can improve the efficacy of treatment decision-making.

• Recent studies regarding QFR demonstrated the benefit of risk stratification when 

combined with image modalities and procedure planning. However, its diagnostic 

performance is still controversial.

• Imaging guidance for PCI optimization has shown its consistent benefits.

• Revascularization of non-obstructive vulnerable plaque is a recent concern for 

cardiologists.



Thank you for your attention.




