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Is it possible to assess 

hemodynamics

from images ?
FFR 0.58

FFR 0.78
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15 years ago, in the cath lab…..

FFR, without invasive procedure

without pressure wire, without adenosine



Image-based physiologic assessment
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FFRCT = 0.72
(can select any

point on model)

Computational Model 

based on CCTA

No additional imaging

No additional medications

3-D anatomic model from CCTA

Blood flow equations solved on 

supercomputer

Blood Flow Solution

Physiologic models

-Myocardial demand

-Morphometry-based boundary condition

-Effect of adenosine on microcirculation

CT-derived computed FFR 

(FFRCT)

Koo BK. EuroPCR 2011

Patient-specific non-invasive FFR using CT & CFD
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CCTA Invasive angiography FFR

>50% diameter stenosis >50% diameter stenosis FFR 0.74  PCI

FFR

>50% diameter stenosis
FFR 0.84 

 Medical treatment
>50% diameter stenosis

FFR

Guideline-directed pathway
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Risk-(almost) free, non-invasive, cost-saving pathway

CCTA Invasive angiography and PCIFFRCT

>50% diameter stenosis FFRCT 0.74  Invasive procedures

0.74

0.85

FFR

>50% diameter stenosis FFR 0.84  no ischemia>50% diameter stenosis

PCI

Medical 

treatment
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This technology can be a gate keeper….



Diagnostic performance among non-invasive tests
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Unadjusted HR (95% CI) P-value Adjusted HR* (95% CI) P-value

Age 0.99 (0.92 – 1.06) 0.696 - -

Male 1.88 (0.38 – 9.40) 0.440 - -

Diabetes mellitus 0.99 (0.20 – 4.81) 0.988 - -

Hypertension 0.55 (0.16 – 1.84) 0.328 - -

Hyperlipidemia 1.43 (0.42 – 4.92) 0.568 - -

Coronary CT stenosis (%)

0-49% 1 (ref) NA 1 (ref) NA

50-69% 1.02 (0.27 – 3.89) 0.971 1.26 (0.29 – 5.41) 0.759

70-99% 2.27 (0.51 – 10.14) 0.282 2.40 (0.51 – 11.19) 0.265

FFRCT (per 0.1 increase) 0.62 (0.44 – 0.88) 0.005 0.61 (0.43 – 0.86) 0.005

Predictors of 10-Year TVF

10-year outcomes of DISCOVER FLOW study

Koo BK. EuroPCR 2021 9
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Plan A Plan BBefore | Baseline

Stent Length: 24mm Stent Length: 40mm

Treatment planning using CT-FFR technology

My Treatment Plan

• LM to LAD stenting, stent diameter 3.0, stent length 38-40mm

• Adjunctive balloon inflation for LM

• Leaving the diagonal ischemia alone due to long diffuse disease
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DES (3.0x38mm) implantation

Adj high pressure ballooning

PCI and post-PCI FFR
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FFRCT≤ 0.80       FFRCT> 0.80       

Kim KH, Koo BK, et al. JACC interv 2014

Clinical Studies for Treatment Planner

Mean difference: 0.02 (SD 0.07)

Post-PCI invasive FFR vs FFRCT

0.15

-0.12

Invasive FFR FFRCT

Post-PCI FFR (mean (SD)) 0.88 (0.06) 0.86 (0.06)

Functional gain (mean (SD)) 0.22 (0.14) 0.22 (0.12)

JACC imaging 2022 in press
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This case illustrates that in a patient with 3VD, planning and execution of 

CABG were successfully performed based solely on CCTA combined with 

FFRCT. Repeat imaging assessment with non-invasive CCTA and FFRCT at 

30-day follow-up confirmed the safety of this approach.
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Angiography-derived FFR

• QFR

• FFRangio

• vFFR
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Collet et al. Eur Heart J 2018

Study-level meta-analysis for diagnostic performance

Angiography-derived FFR
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AUC 95% CI

For FFR 0.899 0.853-0.946

For iFR 0.895 0.846-0.945

For QFR 0.826 0.766-0.886

p value for comparison

For FFR vs. iFR 0.911

For QFR vs. iFR 0.082

For QFR vs. FFR 0.002

AUC 95% CI

For FFR 0.706 0.625-0.787

For iFR 0.713 0.628-0.797

For QFR 0.685 0.603-0.768

p value for comparison

For FFR vs. iFR 0.912

For QFR vs. iFR 0.650

For QFR vs. FFR 0.419

AUC 95% CI

For FFR 0.788 0.697-0.879

For iFR 0.789 0.696-0.882

For QFR 0.737 0.643-0.831

p value for comparison

For FFR vs. iFR 0.986

For QFR vs. iFR 0.439

For QFR vs. FFR 0.044
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RFR as a reference CFR as a reference CFC as a reference
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Angiography-derived FFR vs. FFR/iFR by PET
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IVUS

MLA 2.6mm2

Plaque burden 76%

QFR 0.82
FFRCT

Functional significance? CT-FFR vs. Angio-FFR

17

Seoul National University Hospital

Cardiovascular Center



Tanigaki T, et al. JACC intervention 2019

Functional significance? CT-FFR vs. Angio-FFR
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Randomization Stratifications

• Diabetes Mellitus

• Multivessel Disease

• Presence of any vessel with 

DS% >90% and TIMI flow <3 

• Center

Independent Organizations

• Core Lab

• CEC

• DSMB

• Data Management

• Statistical Analysis

Xu B, et al. Lancet 2021

N=3830 (1:1 randomization)

QFR-guided strategy

N=1915

Meet all general inclusion and not meet any exclusion criteria
Inclusions: age ≥ 18 years; stable, unstable angina, or post-AMI (≥72 hours). Exclusions: moderate or severe chronic kidney disease (defined as 

creatinine >150 μmol/L or estimated glomerular filtration rate (GFR) <45 ml/kg/1.73 m2).

Patients with coronary artery disease scheduled for coronary angiography

Coronary angiography

Meet all angiographic inclusion and not meet any exclusion criteria
Inclusions: patients must have at least one lesion with a percent diameter stenosis between 50% and 90% in a coronary artery with a ≥2.5 mm reference vessel 

diameter by visual assessment. Exclusions: patients had only one lesion with DS%>90% and TIMI flow <3; interrogated lesions are related with AMI.

Informed consent

Identify target vessels intended to be treated with standard angiography guidance

QFR was measured in all coronary arteries containing any lesion 

with visually-assessed DS% ≥50% and ≤90% and RVD ≥2.5 mm

• QFR ≤0.80: PCI

• QFR >0.80: deferral

• All measured vessel QFR >0.80: OMT alone

PCI was performed based on visual angiographic 

assessment per local standard of practice 

Angiography-guided strategy

N=1915

FAVOR III China
Investigator-Initiated, Multicenter, Sham-Controlled Blinded Randomized Trial
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Key Procedural Results 

QFR-guided group

(N=1913)

Angiography-guided group

(N=1912)
p value 

PCI performed 90.5% 99.1% <0.0001

Number of stents placed per patient 1.45 ± 1.02 1.58 ± 0.97 <0.0001

Use of intravascular imaging 6.2% 6.3% 0.89

Contrast medium used per patient, ml 163.0 ± 75.6 169.7 ± 74.2 0.0060

Fluoroscopy time, min 14.1 ± 8.0 14.9 ± 7.4 0.0013

Adjusted procedure time, min 44.6 ± 28.8 49.5 ± 30.2 <0.0001

PCI lesion success 99.0% 99.3% 0.38

Residual anatomic SYNTAX score 2.4 ± 3.6 2.4 ± 4.0 0.49

Residual functional SYNTAX score 0.7 ± 2.3 1.0 ± 2.8 <0.0001

Xu B, et al. Lancet 2021
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Months since randomization
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Primary and Major Secondary Endpoints 

QFR-guided 1913 1845 1840 1828 1821 1809 1795

Angiography-

guided
1912 1804 1798 1783 1770 1762 1732

No. at risk

5.8%

8.8%

∆= -3.0 

(-4.7 to -1.4)
HR 0.65 (95% CI 0.51-0.83)

Log-rank p=0.0004

QFR-guided

Angiography-guided

Months since randomization
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QFR-guided 1913 1900 1894 1881 1874 1862 1846

Angiography-

guided
1912 1883 1877 1862 1847 1839 1808

No. at risk

3.1%

4.8%

HR 0.64 (95% CI 0.46-0.89)

Log-rank p=0.0073

QFR-guided

Angiography-guided

∆= -1.7

(-2.9 to -0.5)

Xu B, et al. Lancet 2021
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Dai N, Koo BK, et al. JACC intervention 2021

Focal vs. Diffuse disease: Physiological discrimination
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Biscaglia S, et al. JACC intervention 2019

Prognosis after PCI

Prospective HAWKEYE Study SYNTAX II study: Retrospective analysis

Kogame, et al. JACC intervention 2019
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Future of image based hemodynamic assessment
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2021 μQFR

1 mins Clinical version

• No need of adenosine

• Analysis time: 1 minute

• Only need 1 good angio view

• Short learning curve

• Analysis of all types of bifurcation l

esions and side branches

• Analysis of myocardium bridge

• Analysis of angio strain (RWS)

• Analysis of angiography-based mic

rocirculatory resistance (AMR)

• Territory

• Flow

• Microcirculation

• New lesion definition

• Co-registration

• Plaque stress

• High risk plaque feature

• High risk hemodynamic feature


