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Bugiardini and Bairey-Merz

JAMA 2005

“Classic Paradigm”

Seoul National University Hospital
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Basics of CAD management:

Find and Fix “ISCHEMIA”



Vulnerability also matters!

COMBINE OCT-FFR

PROSPECT II

PROSPECT II ABSORB
(Target lesion-related MACE)
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Kedhi E, et al, Eur Heart J 2021

Erlinge D, et al. Lancet 2021

Stone GW, et al,JACC 2020
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Patient’s 

Vulnerability

Physiology Imaging

Implications for Vulnerability

• Impaired physiological indexes are 

associated with a higher prevalence of high-

risk features on plaque imaging. (JAMA Cardiol. 

2016;1(3):350-357)

Selection of PCI Candidates

• Ischemia-based revascularization is the 

standard in patients with chronic coronary 

syndrome. (J Am Coll Cardiol. 2022;79(2):e21-e129.).

Post-PCI Assessment

• Post-PCI physiological assessment predicts 

hard endpoints occurred after PCI. (JAMA Netw 

Open. 2022;5(9):e2232842.)

Implications for Vulnerability

• Coronary imaging can identify vulnerable 

plaque causing acute coronary syndrome. 
(Circ Res 2014;114(12):1904-1917)

Selection of PCI Candidates

• Clinical outcomes of decision-making for PCI 

by imaging is comparable to that by 

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

Post-PCI Assessment

• Imaging-guided PCI optimization can reduce 

the risk for hard endpoints in certain lesion 

subsets. (JACC Cardiovasc Interv. 2022;15(2):208-216.)

Yang SH and Koo BK. JACC Asia 2023 in press
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Physiology vs. Imaging: Head to Head comparison
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Patients with de novo intermediate stenosis (40-70% 

stenosis) eligible for PCI

Patient-oriented composite outcome* at 24 months after 

the index procedure

Randomization

IVUS-guided PCIFFR-guided PCI

* Primary Endpoint: a composite of death from any cause, myocardial infarction, and any revascularization

FFR vs. IVUS for intermediate lesions: FLAVOUR trial

• 18 sites from Korea and China

• Principal Investigators: Bon-Kwon Koo, JianAn Wang, Seung-Jea Tahk

Seoul National University Hospital

Cardiovascular Center



• To compare the efficacy of FFR-guided PCI strategy with IVUS-guided PCI strategy in patients 
with intermediate coronary stenosis.

Objective

The FFR-guided PCI strategy will be non-inferior to the IVUS-guided PCI strategy 

in regard to clinical outcomes at 2 years after the index procedure.

Working Hypothesis
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Indications for PCI & PCI Optimization

FFR-guided PCI IVUS-guided PCI

Indications for PCI

FFR ≤ 0.80

Minimum lumen area (MLA) ≤ 3mm2

or 

3 < MLA ≤ 4mm2 & Plaque burden > 70%

Criteria for optimal PCI

Post-PCI FFR ≥ 0.88 

or

Post-PCI ∆FFR (FFR across the stent) < 0.05

Plaque burden at stent edge ≤ 55%
Minimal stent area ≥ 5.5mm2

or 

Minimal stent area ≥ distal reference lumen area

Koo BK, Hu X, Kang JH, et al. N Engl J Med 2022
Seoul National University Hospital

Cardiovascular Center 9



Endpoints and Sample Size Calculation

• Endpoints

• Primary Endpoint: Patient-oriented composite outcome (POCO) at 24 months
• A composite of death from any cause, myocardial infarction (MI), and any revascularization at 24 months

• Secondary Endpoints
• Individual components of the primary end point, number of stents used, stroke, and patient-reported 

outcomes measured with Seattle Angina Questionnaire (SAQ) 

• Sample size calculation
• Assumed 24-month POCO in the FFR-guided PCI group: 10.0%

• Assumed 24-month POCO in the IVUS-guided PCI group: 12.0%

• Type I error: 0.05, Power: 90%

• Non-inferiority margin: 2.5%

A total of 1,700 patients was needed.
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Study Flow

Koo BK, Hu X, Kang JH, et al. N Engl J Med 2022Seoul National University Hospital

Cardiovascular Center



Baseline Characteristics

Total (N=1682) FFR Group (N=838) IVUS Group (N=844) P value

Age, years 65.1±9.6 65.4±9.4 64.8±9.9 0.143

Male 1187 (70.6%) 584 (69.7%) 603 (71.4%) 0.461

Stable angina 1063 (63.2%) 519 (61.9%) 544 (64.5%) 0.432

Diabetes mellitus 554 (32.9%) 272 (32.5%) 282 (33.4%) 0.716

Target vessel QCA

Reference vessel diameter, mm 3.0±0.5 3.0±0.5 3.0±0.5 0.784

Diameter stenosis, % 56.8±10.1 56.7±10.1 56.9±10.1 0.633

IVUS findings

Minimal luminal area, mm2 3.4±1.3

Plaque burden, % 70.1±10.2

Post PCI minimal stent area, mm2 7.0±2.2

FFR findings

FFR 0.83±0.09

Post PCI FFR 0.88±0.06

PCI and Medications

Target vessel PCI 831 (45.7%) 305 (33.2%) 526 (58.4%) <0.001

DAPT at discharge 1093 (65.0%) 487 (58.1%) 606 (71.8%) <0.001
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Primary Outcome

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

P for non-inferiority = 0.01

Difference in risk: -0.4%

(one-sided 95% confidence boundary 1.8%)
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Subgroup FFR group
(events/patients)

IVUS group
(events/patients)

Hazard Ratio (95% CI)

Age

< 65 years 29/376 26/397 1.19 (0.70-2.02)

≥ 65 years 38/462 45/447 0.82 (0.53-1.26)

Sex

Male 50/584 54/603 0.96 (0.65-1.41)

Female 17/254 17/241 0.95 (0.49-1.87)

Diabetes mellitus

Yes 25/272 23/282 1.12 (0.64-1.98)

No 42/566 48/562 0.87 (0.58-1.32)

Clinical presentation as ACS

Yes 25/252 25/244 0.98 (0.56-1.70)

No 42/586 46/600 0.94 (0.62-1.42)

LAD as the target vessel

Yes 40/573 45/554 0.86 (0.56-1.32)

No 27/265 26/290 1.15 (0.67-1.97)

Multivessel coronary artery disease 

Yes 53/445 46/430 1.13 (0.76-1.67)

No 14/393 25/414 0.59 (0.30-1.13)

FFR-guided PCI better IVUS-guided PCI better

0 0.5 1 1.5 2

No significant interaction 
between the treatment effect 

and key subgroups
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PCIMedical treatment

Primary Outcome According to Treatment
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Indications for PCI & PCI Optimization

FFR-guided PCI IVUS-guided PCI

Indications for PCI

FFR ≤ 0.80

Minimum lumen area (MLA) ≤ 3mm2

or 

3 < MLA ≤ 4mm2 & Plaque burden > 70%

Criteria for optimal PCI

Post-PCI FFR ≥ 0.88 

or

Post-PCI ∆FFR (FFR across the stent) < 0.05

Plaque burden at stent edge ≤ 55%
Minimal stent area ≥ 5.5mm2

or 

Minimal stent area ≥ distal reference lumen area
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Optimal PCI: FFR-guided PCI 50.1%, IVUS-guided PCI 54.8%

Optimal PCI vs. Suboptimal PCI
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Months after Randomization

466 461 459 456 452 445 445 442 413

172 165 165 164 160 155 153 152 135

171 163 163 163 157 154 153 150 129Suboptimal

Optimal

MT

No. at risk

293 292 291 288 286 283 280 275 258

261 255 254 254 249 242 240 237 211

215 209 208 206 203 198 196 192 162Suboptimal

Optimal

MT

No. at risk

Months after Randomization

Optimal PCI 12.3%

Medical treatment 5.0%

Suboptimal PCI 9.8%

Optimal PCI 8.5%Suboptimal PCI 11.8%

Medical treatment 5.9%

FFR-guided PCI IVUS-guided PCI

Overall p-value = 0.001 Overall p-value = 0.212
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Seattle Angina Questionnaire (SAQ) scores at follow-up
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Physical Limitation Angina Stability Anginal Frequency Treatment Satisfaction Quality of Life

FFR-guided PCI

IVUS-guided PCI
No difference in SAQ scores
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FLAVOUR trial Summary

In patients with intermediate lesions, FFR in comparison with IVUS

• PCI: 43.2% less in target vessels and 32% less in patient-level

• DAPT: 19.8% less of dual antiplatelet therapy use

• No difference (non-inferior) in clinical outcomes 

• No difference in patient-reported quality of life
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Limitations

• Intermediate coronary stenosis: The impact of FFR and IVUS guidance can be 
different in patients with more severe stenosis. 

• FFR and IVUS: The role of non-hyperemic pressure ratios, image-derived FFR, 
OCT or NIRS-IVUS needs further investigation.

• Criteria for PCI: Local hemodynamic significance and features of plaque 
vulnerability were not used. 
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Take Home Messages
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In patients with intermediate coronary stenosis, 

• FFR-guided PCI was noninferior to IVUS-guided PCI with respect to a composite of death 
from any cause, MI, and any revascularization at 24 months after the index procedure. 

• FFR-guided PCI was associated with a lower rate of stent implantation.

• No difference was observed in patient-reported outcomes between the two strategies.


