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Invasive functional coronary angiography (FCA) is an
angiography-derived physiological index of the functional

significance of coronary obstruction.

Physiological assessment tool for coronary obstruction that
does not require the utilization of a pressure wire.

The concept of FCA calculation stems from the estimation of the pressure los across
the stenosis using computational flow dynamics (CFD) according to angiographic

anatomical information



Functional coronary angiography for the assessment of 
the epicardial vessels and the microcirculation
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JACC Cardiovasc Interv. 2016 Oct 10;9(19):2024-2035.

QFR



Westra J, et al Catheter Cardiovasc Interv. 2019 Nov 1;94(5):693-701.

Diagnostic performance of quantitative flow ratio in prospectively
enrolled patients: An individual patient-data meta-analysis.

QFR Sensitivity (95% CI) Specificity (95% CI)

Pooled 84% (77-90) 88% (77-90)



Two – year outcomes from FAVOR III China Trial

QFR



Erriquez A, et al. J Am Coll Cardiol Intv. 2024 Jun, 17 (12) 1425–1436.

QFR for the Revascularization of Nonculprit Vessels in MI Patients: 
Insights From the FIRE Trial.



Kornowski R. Et al  J Am Coll Cardiol. 2016 Nov 15;68(20):2235-2237.

FFR angio



Accuracy of Fractional Flow Reserve Derived From Coronary Angiography
FAST-FFR Study

FFR angio

0.72

Fearon WF, et al. Circulation. 2019 Jan 22;139(4):477-484



Accuracy of Fractional Flow Reserve Derived From Coronary Angiography
FAST-FFR Study

FFR angio

Fearon WF, et al. Circulation. 2019 Jan 22;139(4):477-484



Vessel fractional flow reserve (vFFR) for the assessment of stenosis severity: 

the FAST II study. 

Masdjedi K, et al EuroIntervention. 2022;17(18):1498–505.
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Vessel fractional flow reserve (vFFR) for the assessment of stenosis severity: 

the FAST II study. 

TCT 2019

TCT 2020
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Diagnostic accuracy of quantitative flow ratio for assessment of coronary stenosis
significance from a single angiographic view: a novel method based on bifurcation
fractal law. (μQFR)

Tu S, et al Catheter Cardiovasc Interv. 2021 May 1;97 Suppl 2:1040-1047.

r= 0.904, p < 0.001



Diagnostic accuracy of QFR for assessment of coronary stenosis significance from a 
single angiographic view: a novel method based on bifurcation fractal law. (μQFR)

Tu S, et al Catheter Cardiovasc Interv. 2021 May 1;97 Suppl 2:1040-1047.

Diagnostic performance of 𝓊QFR and 
QCA-derived %DS in predicting FFR <0.80

Comparison μQFR vs QFR:
- Needs only one single view
- Faster (1 vs 5 minutes)
- Allows bifurcation analysis



Asano T, et al Cardiovasc Interv
Ther. 2024 Apr;39(2):109-125.

Consensus document on the
clinical application of invasive 

functional coronary
angiography from the

Japanese Association of
Cardiovascular Intervention

and Therapeutics



Coronary mocrocirculation
assessment using wire-free 

conventional coronary angiograms



Clarke J et al J Clin Med 2020 Jan;9(1):86



Invasive 

Coronary Flow Reserve

CFR Doppler wire  CFR thermodilution

CFR  continuous thermodilution



Williams R et al Am J Cardiol 2018;121:1–8)



F: Flujo
V: Volúmen (en general 3 ml de solución salina)
Tmn: tiempo de tránsito entre la inyección y el sensor



Index of Microcirculatory Resistance (IMR)



Coronary microcirculation assessment
using

Functional Angiography



Angio-Based Index of Microcirculatory Resistance for the Assessment of the
Coronary Resistance: A Proof of Concept Study

Tebaldi M, et al . J Interv Cardiol. 2020 Oct 25;2020:8887369.

IMR cut off for microvascular 
dysfuntion =25

A-IMR cut off for microvascular 
dysfuntion =44.2



De Maria GL, et al Int J Cardiovasc Imaging. 2020 Aug;36(8):1395-1406.

Angiography-derived index of microcirculatory resistance as a novel, pressure-wire-free tool to assess coronary
microcirculation in ST elevation myocardial infarction



Coronary microcirculation assessment using FCA: 

Development of a wire-free method aplicable to conventional coronary angiograms

Mejia-Renteria H, et al. Catheter Cardiovasc Interv. 2021;98:1027–37



Coronary microcirculation assessment using FCA

Mejia-Renteria H, et al. Catheter Cardiovasc Interv. 2021;98:1027–37

Sensitivity 87.5%
Specificity 85.3%



Diagnostic yield of angiography-derived assessment of coronary microcirculatory resistance

in patients with suspected myocardial ischaemia and non-obstructive coronary arteries (INOCA)

Mejía-Rentería H, Escaned J. Et al. EuroIntervention. 2023 Apr 3;18(16)



Take-home message

The evaluation of coronary microcirculatory resistance in patients

with INOCA síndrome using cAngio-IMR from coronary angiography

is feasible and accurate.

In recent years, major technical developments in the field of coronary

imaging (invasive angiography and CCTA) have made it possible to

obtain functional information from a primary anatomical

examination.
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Anatomía Coronaria.- (CCG –

AngioTAC)

Fisiología Coronaria.- (FFR - iFR)

Caracterización de Placa.- (IVUS –

OCT)
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