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Why Imaging-derived Physiology?



BUT

FFR adoption world-wide

> 10%6 – 10%< 6%

Gottberg M et al JACC 2017

ISIS Survey- Toth G et al Circ Intv 2014 



20% of all PCI and 
Diagnostic only

Up to 60% 
LMS PCI



Why still sub-optimal diffusion of FFR

• Additional procedural time

Technique-related (the way FFR is measured)

• Additional vessel instrumentation & manipulation

• Additional cost (no reimbursement in some countries)

• Patient’s discomfort (adenosine-related)



Imaging-derived Physiology: Basic Principles



Imaging Based Indices
(Anatomy-derived physiology)

De Maria GL et al Minerva Cardiology & Angiology 2021



Imaging Based Indices
(Anatomy-derived physiology)

FFRCT
vFFR (virtual FFR)

Computational Flow Dynamics (CFD)

• High computational power

• Long calculation times

MATHEMATICAL DERIVED 

(Lance-Gould Formula –

“Rapid CFD”)

• QFR

• vFFR (vessel FFR)

• FFRangio

Morris P et al
JACC Intv 2013

vFAI
Papafaklis M et al 

EuroIntervention 2013
Koo B et al
JACC 2011

FFRQCA
Tu S et al 

JACC Intv 2014

hours

< 10 minutesSeveral hours 

ΔP= (f1 L Q ρ 1/A2
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Friction Separation

Flow 
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Imaging Derived Physiology: Overview of main indices & Validation Studies



Angiography
Derived Physiology 

QFR vFFR

FFRangio

CTCA
Derived Physiology 

FFRCT

Intravascular Imaging
Derived Physiology 

CT 𝜇FR

C- FFR

CT FFR

OCT derived - OFR

IVUS derived - UFR



Angiography
Derived Physiology 

CTCA
Derived Physiology 

FFRCT

Intravascular Imaging
Derived Physiology 

CT 𝜇FR

C- FFR

CT FFR

OCT derived - OFR

IVUS derived - UFR

QFR vFFR

FFRangio



Angiography Derived Physiology 

QFR 
FAVOR I (n= 73) FAVOR II Europe-Japan (n= 272) FAVOR II China (n= 304)

r = 0.86, p< 0.001 Mean Diff= -0.01±0.06

Tu S et al JACC Cardiovasc Intv 2016 Westra J et al JAHA 2018 Xu B et al J Am Coll Cardiol 2017



Angiography Derived Physiology 

vFFR
FAST  study – 100 pts

Masdjedi K et al EuroIntervention 2020

FAST  II study [Multicenter]– 344 pts

Masdjedi K et al EuroIntervention 2022



Angiography Derived Physiology 

FAST-FFR study – (multicentre) 301 pts, 319 vessels 

Fearon W et al Circulation 2019 Witberg G et al JACC Cardiovasc Intv 2020

Witberg et al – (multicentre retrospective ) 500 pts, 700 vessels 

Mean 0.0 ± 0.058

FFRangio



Angiography Derived Physiology 

QFR vFFR FFRangio FlashAngio caFFR

3D Model from 2 views

Flow “measured” as derived 
from  TIMI frame count

3D Model from 2 views

Input aortic BP BP conditions fixed

3D Model from 3 views

Single vessel

No Bifurcation

Single vessel

No Bifurcation

Input aortic BP 

Drop Pressure from 
“lump model”

Electrical  resistance

Multiple vessels

Bifurcation

“Beat by Beat” aortic BP 

Flow not “measured” 
proprietary algorithm 

Single vessel

No Bifurcation

𝜇FR

3D Model from 2 views 3D Model from 1 view

BP conditions fixed

Single vessel

Bifurcation

Flow “measured” as derived 
from TIMI frame count

Flow not “measured” 
proprietary algorithm 

Co-RegistrationNo Co-Registration

Manual

No Co-RegistrationNo Co-RegistrationNo Co-Registration

Manual Manual Manual AI-Based



Angiography
Derived Physiology 

QFR vFFR

FFRangio

CTCA
Derived Physiology 

FFRCT

Intravascular Imaging
Derived Physiology 

CT 𝜇FR

C- FFR

CT FFR

OCT derived - OFR

IVUS derived - UFR



Intravascular Imaging Derived Physiology 

Mean Diff -0.02± 0.08 

N = 94 pts, 97 vessels

Mean Diff -0.01± 0.07 

N = 118 pts, 125 vessels

UFR OFR

Yu W et al Circ Intv 2021



Huang J et al EuroIntervention 2020

N = 181 pts; 212 vessels



Applications

#1 : Defining Indication for Stenting

#2 : Assessing final PCI results

#3 : Define Pattern & Distribution of Atherosclerosis

#4 : Planning PCI strategy

#5 : Optimising PCI result



#1 : Defining Indication for Stenting

CathLab vs No Cathlab

Stenting vs Medical Therapy



FAVOR III CHINA
• 3825 Patients referred for PCI (stable CAD or > 72h NSTE-ACS)

• Stenosis Diameter 50-90%

• Revascularization targets ”declared” before randomization

• Randomization to QFR-guided PCI vs Angio-Guided PCI

• 1913 pts QFR guided - PCI on lesions with QFR < 0.80 & all lesions with DS>90%

• 1912 pts Angio guided - PCI according to recruiting hospital practice



MACE = Death, All MI, Ischaemia Driven Revasc MACE = Death, MI (no periprocedural), Ischaemia Driven Revasc



Superior to Angiogram …. But Equivalent to wire-based FFR?

2000 patients randomized to QFR guidance 
vs 

wb-FFR guidance

2228 patients randomized to vFFR guidance 
vs 

wb-FFR guidance



Application #2: Assessing Final PCI result



Dan N et al JAHA 2022 – PANDA III study

N = 1395 pts, 1685 vessels N = 602 pts, 751 vessels

Biscaglia S et al JACC Intv 2019 – HAWKEYE study



Application #3: Defining pattern of atherosclerosis



Dan N et al JAHA 2022 – PANDA III study
Dan N et al CCI 2022

N = 1003 pts, 1444 vessels ALL with QFR < 0.80



Biscaglia S et al JACC Intv 2019 – HAWKEYE study



Application #4: Planning PCI





AQVA study

Primary Endpoint: rate of vessels with post-PCI QFR < 0.90 





Application #5: Optimizing PCI results



N = 155 pts (DOCTORS & OxOPT studies) 



OFR



CathLab

> 0.85

0.74 – 0.85*

*Lauri FM et al EHJ Suppl 2018

< 0.74

> 0.80

< 0.80

Diffuse pattern 
virtual PPG

PLANNING

< 0.90

OPTIMISING

> 0.90


