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   Patient-specific non-invasive FFR using CT & CFD 

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)  
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Aorta

Coronary

P

P

FFRCT 0.57 

FFRCT 0.79 

FFR 0.58 

FFR 0.78 

LAD-Diagonal bifurcation lesions 
(Case #58 from SNUH, Korea) 

Without invasive procedure 

Without pressure wire, without adenosine 
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• Gate keeper to invasive angiography ? 

• Replacing invasive FFR ? 

• Treatment planning before angiography ? 

• New researches using CT and CFD ? 
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Clinical Evidences on Diagnostic Performance 

• DISCOVER-FLOW 

5 center FIH clinical trial 

Completed 2011 

N=103 patients 

Published in JACC 

• DeFACTO 

17 center clinical trial 

Completed 2012  

N=252 patients 

Published in JAMA 

• NXT 

10 center clinical trial 

Completed August, 2013 

N=251 patients 

Published in JACC 
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Diagnostic performance of FFRCT  

Patient No Sensitivity Specificity PPV NPV Accuracy 

DISCOVER-

FLOW 
103 93% 82% 85% 91% 87% 

DeFACTO 252 90% 54% 67% 84% 73% 

NXT 251 86% 79% 65% 92% 81% 

Total: 

606 
90% 72% 72% 89% 80% 
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Sensitivity 

Non-invasive tests/FFRCT/Angiography vs. FFR 

Stress Echo1 

MPI2 

Angiography5 

CCTA5 

CCTA4 

7 

Angiography4 

Angiography7 

FFRCT-DeFACTO4 

FFRCT-DiscoverFLOW6 

FFRCT-NXT8 
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Douglas PS, et al. EHJ 2015 

Clinical outcomes of FFRCT-guided decision 
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Invasive catheterization with NO obstructive disease  

Usual Care   CTA/FFRCT Guided 

27% 

Non-obstructive CAD Obstructive CAD 

27% 

73% 12% 

61% 

No invasive 

angiography 

PLATFORM Trial 

83% reduction 

Douglas PS, et al. EHJ 2015 
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Douglas P, et al. JACC in press 

1-year Clinical and Safety Outcomes 
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FFRCT in daily clinical practice 

Norgaard BL, et al. JACC Imaging 2016 

Intermediate 

stenosis 

Inconclusive 

CTA 

High risk 

stenosis 
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• Gate keeper to invasive angiography ? YES 

• Replacing invasive FFR ? 

• Treatment planning before angiography ? 

• New researches using CT and CFD ? 
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Novel (fast, risk-free, non-invasive, cost-saving) pathway 

CCTA Invasive angiography FFRCT 

>50% diameter stenosis >50% diameter stenosis FFRCT 0.74  Invasive procedures 

0.74 

0.85 

FFR 

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

How this novel technology can change our daily practice? 

PCI 

Medical 

treatment 
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Input data: 

• Geometry – extracted from CCTA data 

• Boundary conditions 

- Resting coronary blood flow (calculated from myocardial mass) 

- Hyperemic coronary blood flow (estimated from previous clinical data) 

Computing FFR from CT images  

 Have all conditions validated in patient-specific level? 
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FFRCT in daily clinical practice 

Norgaard BL, et al. JACC Imaging 2016 

Intermediate 

stenosis 

Inconclusive 

CTA 

High risk 

stenosis 

Per patient agreement 73% 

Per-vessel agreement 70% 
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• Gate keeper to invasive angiography ? YES 

• Replacing invasive FFR ? NO 

• Treatment planning before angiography ? 

• New researches using CT and CFD ? 
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                Planning the treatment strategy using  

Virtual revascularization & CT-derived computed FFR 

FFRCT after virtual stenting 

Image-based computerised modelling of coronary 

circulation: Future direction 
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Invasive FFR Angiography CT-derived computed FFR 
(FFRCT) 

FFRCT 0.72 

▲FFRCT 0.12 

▲FFRCT  0.11 

▲FFRCT 0.02 

Myocardial ischemia + Myocardial ischemia + 

Stent 

Planning the treatment strategy using  

Virtual revascularization & CT-derived computed FFR 

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

No residual ischemia 

Angiography CT-derived computed FFR 
(FFRCT) 

FFRCT 0.72 

FFRCT 0.86 

▲FFRCT 0.12 

▲FFRCT  0.11 

▲FFRCT 0.02 

No residual ischemia 

Myocardial ischemia + Myocardial ischemia + 

Stent 

Planning the treatment strategy using  

Virtual revascularization & CT-derived computed FFR 

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

Stent 
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Invasive FFR vs FFRCT: Post - PCI 

FFR      0.90 ± 0.05 

 
 

FFRCT   0.88 ± 0.05 

0.02± 0.05 R=0.55,   p<0.01 
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• Gate keeper to invasive angiography ? YES 

• Replacing invasive FFR ? NO 

• Treatment planning before angiography ? Not YET 

• New researches using CT and CFD ? 
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Non-invasive, Pt-specific 

Hemodynamics 
• Pressure 

• Pressure difference 

• Pressure gradient 

• Pressure recovery 

• FFR 

• Flow velocity 

• Flow rate 

• Shear rate 

• Shear stress – average, peak, gradient 

• Traction 

• Oscillatory shear index 

• Particle residence time 

• Turbulent kinetic energy 

• ……………….. 

 

• Static 

• Pulsatile 

• Resting  

• Hyperemic 

• Exercise – mild, 

moderate, peak 

Patient-specific non-invasive coronary hemodynamic 

assessment 
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Rest 

Hyperemia 

Pressure Velocity 

Non-invasive hemodynamic parameter measurement 

using CFD and cCTA 

23 

Seoul National University Hospital 

Cardiovascular Center 



Static flow - hyperemic 

Pulsatile flow - rest 

Pulsatile flow - Hyperemia 

Pulsatile flow - Exercise 

Image-based computerised modelling of coronary 

circulation: Potentials 

24 

Seoul National University Hospital 

Cardiovascular Center 



0.005|WSS| 

0.0005|TractionForce| 

ROI 

Total plaque force analysis 
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2012-06 Acute MI 

2011-04 CT, Asymptomatic 

“Axial plaque stress” 

  RG APS 

Upstream 0.14 9960 dyne/cm2 

Downstream 0.05 1740 dyne/cm2 
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Comparison of Radius Gradient and 

Rupture Locations 
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Positive remodeling Napkin ring sign 

Association with Adverse plaque characteristics 

: % diameter stenosis vs. WSS 
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DS: % diameter stenosis, WSSR: resting wall shear stress, WSSH: hyperemic wall shear stress 
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Non-invasive hemodynamic assessment to predict future risk of 

ACS: EMERALD study 

Adverse plaque characteristics assessment 

Patients with Acute Coronary Syndrome 
From 11 International Cardiovascular Centers  

(Korea, Japan, Belgium, Denmark, the Netherlands) 

Confirmed culprit lesion with coronary 
angiography (IVUS, OCT) 

Patients who underwent Coronary CT angiography  
before ACS event  (1 month – 2 year before the event) 
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• Gate keeper to invasive angiography ? YES 

• Replacing invasive FFR ? NO 

• Treatment planning before angiography ? Not YET 

• New researches using CT and CFD ? YES 
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