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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 0.57

FFR 0.79

FFR 0.58

FFR 0.78

Without invasive procedure

Without pressure wire, without adenosine

Is it possible to assess hemodynamics

from images?
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Patient-specific CFD models: the Beginnings

Pre-Stent Post-Stent

Beginning of FFRCT Beginning of Treatment Planner

Williams, Koo, LaDisa 2008
4

Seoul National University Hospital

Cardiovascular Center



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

Current 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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Treatment Planning: How to fix this lesion? 
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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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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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CT-FFR: Do we do not need invasive 

angiography (and FFR)?

YES?
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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 Images 

Have all conditions validated in patient-specific level?
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Luo Y, et al. Hellenic J Cardiol 2022
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Are these enough for replacing invasive 

procedure? 



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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CT-FFR: Do we do not need invasive 

angiography (and FFR)?

NO?
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CT-FFR: Do we do not need invasive angiography (and FFR)?

Myocardial Ischemia
High Global 

Disease Burden

High-Risk Plaque 

Characteristics

High Local

Disease Burden

High-Risk Attributes

Plaque AttributesPhysiologic Attributes

CT-derived computed FFR 

FFRCT = 0.72
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Additive prognostic implications of “4 categories”
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Prognostic implication of high risk attributes

Yang SH, Koo BK, et al. JACC imaging 2021



Prognostic implications of local hemodynamics from CCTA

High Wall Shear Stress

High Pressure Gradient

High ΔFFR 

Subgroup
Number of event

Hazard ratio (95% CI)
Interaction 

P-valueWSS ≥154.7 dyn/cm2 WSS <154.7 dyn/cm2

High-risk plaque 0.661

Yes 30/51 (58.8) 14/41 (34.1) 2.32 (1.24-4.33)

No 14/44 (31.8) 8/80 (10.0) 3.15 (1.56-6.37)

FFRCT 0.142

≤0.80 27/44 (61.4) 3/22 (13.6) 4.11 (1.57-10.75)

>0.80 17/51 (33.3) 19/99 (19.2) 1.82 (1.01-3.29)

0 5 10 15

Subgroup
Number of event

Hazard ratio (95% CI)
Interaction 

P-valuePG ≥5.8mmHg/cm PG <5.8mmHg/cm
High-risk plaque 0.571

Yes 33/56 (58.9) 11/36 (30.6) 2.60 (1.36-4.99)

No 16/49 (32.7) 6/75 (8.0) 3.80 (1.79-8.49)

FFRCT 0.323

≤0.80 28/46 (60.9) 2/20 (10.0) 4.91 (1.29-18.73)

>0.80 21/59 (35.6) 15/91 (16.5) 2.39 (1.31-4.37)

Subgroup
Number of event

Hazard ratio (95% CI)
Interaction 

P-valueΔFFRCT ≥0.06 ΔFFRCT <0.06
High-risk plaque 0.542

Yes 31/46 (67.4) 13/46 (28.3) 2.63 (1.46-4.74)

No 13/41 (31.7) 9/83 (10.8) 3.81 (1.91-7.58)

FFRCT 0.169

≤0.80 29/46 (63.0) 1/20 (5.0) 9.93 (1.30-75.51)

>0.80 15/41 (36.6) 21/109 (19.3) 2.32 (1.32-4.06)

0 5 10 15

0 5 10 15
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Rest

Hyperemia

Pressure Velocity

Non-invasive measurement of hemodynamic parameters

Coronary CT angiography + Computational fluid dynamics

Koo BK & HeartFlow, inc

FFRCT technology: Beyond ischemia diagnosis
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APC(-) & AHC(-)

APC(+) or AHC(+)

APC(+) & AHC(+)
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Coronary CTA + CFD
A tool to define high risk patients for acute coronary syndrome

ACS risk for adverse plaque characteristics (APC) & adverse hemodynamic characteristics (AHC) 

Lee JM & Choi GW, Koo BK….. JACC imaging 2018



Complete Picture of CAD from CCTA

Courtesy of Charles Taylor, PhD. HeartFlow
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CT-FFR: Do we do not need invasive 

angiography (and FFR)?

Not yet, But already!
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