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The evaluation of intermediate coronary stenosis remains 
a controversial topic due to multiple diagnostic pathways and 
numerous methods in clinical use. For patients reaching the 
cath lab, pressure wire-based evaluation is currently the gold 
standard, with some advantages over angiographic assessment. 
Still, the long-term outcome data supporting routine use of 
FFR are not overly convincing, with a neutral 5-year clinical 
endpoint in the F.A.M.E. trial1, the disappointing FAME 3 
results2, and risk for major adverse cardiovascular events 
(MACE) at ~0.5% related to FFR measurement. The recent 
long-term data showing increased mortality in patients guided 
by instantaneous wave-free ratio (iFR) compared with FFR3 
adds to the controversy, and the Class Ia recommendation by 
European Society of Cardiology (ESC) guidelines4 for iFR and 
similar methods could be in jeopardy. 

QFR is a  wire- and adenosine-free method for the 
computation of FFR that has the potential to overcome 
many of the inherent challenges of wire-based indices. The 
FAVOR III China trial (n=3,825), comparing QFR and 
angiography-guided lesion assessment, was rather similar to 

F.A.M.E. (n=1,005) but had more power and a strong sham 
control design5. With a positive primary endpoint in FAVOR 
III China, increasing benefit up to 2  years6, and procedural 
advantages over FFR including lower costs, the road is paved 
for a much wider adoption of functional lesion evaluation.  

The body of evidence supporting QFR is substantial. 
In more than 130 published studies, QFR continues to 
impress with good results and only few questions raised. 
A  meta-analysis of prospective investigator studies showed 
a  high accuracy of QFR in direct comparison with FFR3, 
confirming the findings in most of the numerous post hoc 
analyses. A  repeat finding in the analysis of non-dedicated 
studies was only moderate feasibility of QFR, in the range 
of 60-70%. However, when physicians routinely performed 
the angiograms according to instructions for QFR, feasibility 
increased to >95% in indicated cases7.

The early experience with QFR identified a  few 
obstacles, of which most have been addressed in newer 
versions of the application. Reproducibility across studies 
has been good overall, but this was questioned in the 
QREP study8. QREP showed that observers must follow 
the instructions for use to achieve high reproducibility. 
Suboptimal use also affects the accuracy of pressure wire-
based methods. Newer versions of QFR have improved 

Quantitative flow ratio (QFR) represents a  physiological index derived from angiography through three-dimensional 
(3D) quantitative coronary analysis. When compared to coronary angiography, QFR showed better performance both for 
guiding percutaneous coronary intervention (PCI) in case of intermediate coronary lesions and for optimising PCI results. 
In addition, QFR showed good diagnostic agreement with other established physiological indices, such as fractional flow 
reserve (FFR), with important practical advantages (e.g., fast and offline analysis). However, data on clinical outcomes in 
comparisons to wire-based physiological indices as well as validation studies in complex PCI and high-risk scenarios are 
still lacking. Further research is needed to determine the exact field of application of QFR, and whether it can supplant 
wire-based physiological indices remains a matter of debate.
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workflow, and steps that could introduce bias have been 
further automated. 

Both FAVOR II Europe-Japan7 and FAVOR II China9 
showed that QFR assessment was faster than FFR in paired 
comparisons. Further advantages are the option for 
analysing QFR simultaneously while the operator continues 
with the PCI and that QFR can be analysed offline, e.g., 
the next morning in patients with secondary lesions treated 
during the night for a  ST-segment elevation myocardial 
infarction (STEMI). In the randomised FAVOR III China, 
the overall procedure time was even shorter in the QFR-
guided group compared with the standard angiography-
guided group. 

The present QFR application may be suitable for 85-90% 
of lesions, but assessment of the left main, more complex 
bifurcation lesions and in-stent restenosis awaits further 
validation and ongoing developments of QFR.  

For now, the pending piece of evidence is from the FAVOR 
III Europe non-inferiority trial10 comparing QFR and FFR, 

with main results aimed for presentation in the second half 
of 2024. 

On top of lesion evaluation, QFR further provides reference 
measurements for stent sizing and enables a validated, functional 
post-PCI evaluation showing a clear relation to outcomes11; an 
angiography-derived index of microcirculatory resistance (angio-
IMR) based on QFR has recently seen promising results12. 

In conclusion, angio-based functional lesion evaluation 
may allow for a wider uptake of functional lesion evaluation 
and, pending positive results, may soon supplant the vast 
majority of pressure wire-based assessment of intermediate 
coronary lesions.
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QFR and other angiography-based indices utilise the informa-
tion contained in the angiographic images to create 3D models 
of the coronary vessel and input contrast flow velocity, and, 
from that information, derive an estimation of pressure loss 
across a lesion. QFR has been calibrated and validated against 
FFR. In a small pilot study, the diagnostic agreement between 
QFR and FFR was 80%13. In a subsequent multicentre study 
including 329  patients and comparing online QFR measure-
ment with FFR, the diagnostic agreement between the two 
indices was 86.8%7. FAVOR III China, a  large randomised 
clinical trial, investigated whether QFR-guided PCI, compared 
with angiography-guided PCI, improved clinical outcome5. 
QFR was found to be associated with an improved 1-year 
outcome (QFR: 5.8% vs angiography: 8.8%, hazard ratio 
0.65, 95% confidence interval: 0.51 to 0.83; p=0.0004). 
Even when periprocedural myocardial infarction (MI) was 
excluded, an improved clinical outcome with QFR was still 
found, driven by a combination of lower rates of spontaneous 
MI and ischaemia-driven revascularisation. 

Although QFR seems to provide some additional clinical 
improvement over using angiography to guide PCI, at 
present, it is unknown whether QFR is clinically non-inferior 
to FFR. This is currently being investigated in a  randomised 
clinical study (FAVOR III Europe Japan; ClinicalTrials.gov: 
NCT03729739)10.

QFR could potentially have an additional benefit compared 
with FFR in the assessment of non-culprit lesions in STEMI 
patients due to the disturbed coronary physiology in the acute 
setting14.

There are, however, several important drawbacks and 
limitations of using QFR which hamper its adoption into 
wider clinical practice. Bifurcations and left main lesions 
have often been exclusion criteria in the validation studies. 
Additionally, the diagnostic agreement between QFR and FFR 

among diabetic patients seems to be lower7. Thus, although 
the results so far are indeed encouraging, more validation 
studies are required to investigate the performance of QFR in 
different clinical settings, as well as in commonly occurring 
coronary pathologies.

Although the time to calculate QFR is quick, the process 
of image acquisition deviates significantly from normal cath 
lab practice. Currently, to perform a  QFR assessment, two 
separate angiographic projections ≥25 degrees apart need 
to be acquired, using a  high frame rate and longer contrast 
phase to optimise image quality. Furthermore, these non-
standard projections often need to be adjusted further to avoid 
overlapping vessels. In case of multiple lesions being assessed, 
the process needs to be repeated. This requirement for the 
acquisition of high-quality images is time-consuming, puts 
additional strain on cath lab practice, requires more contrast, 
and exposes both the patient and staff to more radiation. 

QFR likely provides an incremental clinical benefit 
compared with angiography, since it has the potential to 
achieve a significantly higher adoption of coronary physiology 
beyond that which has been achieved by wire-based indices. 

However, to achieve this goal, an angiography-based 
technology such as QFR would likely first have to be further 
developed in order to be seamlessly integrated into cath 
lab practice. It should ideally be running as a  background 
application during an angiography, allowing image acquisition 
using standard projections. The application should be able 
to automatically identify vessels and suspected lesions, add 
further diagnostic accuracy if further projections of the same 
lesion were performed, potentially, even suggest additional 
projections if needed, and finally, the calculations should be 
complete by the time the angiography is finished. 

Although clinical trials are truly fundamental in the validation 
of a new technology, ease of use and integration into cath lab 
practice are key factors in driving the adoption of angiography-
based physiology, which ultimately will improve patient 
outcome. The future is indeed close, but it is not here yet. 
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Is QFR the future?

Conflict of interest statement
M. Götberg has received consulting honoraria from Abbott, 
Boston Scientific, Medtronic, and Philips Healthcare.

Authors’ affiliations
1. Aarhus University Hospital, Aarhus, Denmark; 
2. Department of Cardiology, Clinical Sciences, Lund 
University, Skåne University Hospital, Lund, Sweden

References
	 1. �van Nunen LX, Zimmermann FM, Tonino PA, Barbato E, Baumbach A, 

Engstrom T, Klauss V, MacCarthy PA, Manoharan G, Oldroyd KG, Ver 
Lee PN, Van't Veer M, Fearon WF, De Bruyne B, Pijls NH; FAME Study 
Investigators. Fractional flow reserve versus angiography for guidance of 
PCI in patients with multivessel coronary artery disease (FAME): 5-year 
follow-up of a randomised controlled trial. Lancet. 2015;386:1853-60.

	 2. �Zimmermann FM, Ding VY, Pijls NHJ, Piroth Z, van Straten AHM, 
Szekely L, Davidavicius G, Kalinauskas G, Mansour S, Kharbanda R, 
Ostlund-Papadogeorgos N, Aminian A, Oldroyd KG, Al-Attar N, Jagic N, 
Dambrink JE, Kala P, Angeras O, MacCarthy P, Wendler O, Casselman F, 
Witt N, Mavromatis K, Miner SES, Sarma J, Engstrom T, Christiansen EH, 
Tonino PAL, Reardon MJ, Otsuki H, Kobayashi Y, Hlatky MA, 
Mahaffey KW, Desai M, Woo YJ, Yeung AC, De Bruyne B, Fearon WF; 
FAME 3  Investigators. Fractional Flow Reserve-Guided PCI or Coronary 
Bypass Surgery for 3-Vessel Coronary Artery Disease: 3-Year Follow-Up of 
the FAME 3 Trial. Circulation. 2023;148:950-8.

	 3. �Westra J, Tu S, Campo G, Qiao S, Matsuo H, Qu X, Koltowski L, Chang Y, 
Liu T, Yang J, Andersen BK, Eftekhari A, Christiansen EH, Escaned J, 
Wijns W, Xu B, Holm NR. Diagnostic performance of quantitative flow 
ratio in prospectively enrolled patients: An individual patient-data meta-
analysis. Catheter Cardiovasc Interv. 2019;94:693-701.

	 4. �Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, Benedetto U, 
Byrne RA, Collet JP, Falk V, Head SJ, Juni P, Kastrati A, Koller A, 
Kristensen SD, Niebauer J, Richter DJ, Seferovic PM, Sibbing D, 
Stefanini GG, Windecker S, Yadav R, Zembala MO ; ESC Scientific 
Document group. 2018 ESC/EACTS Guidelines on myocardial revasculari-
zation. Eur Heart J. 2019;40: 87-165.

	 5. �Xu B, Tu S, Song L, Jin Z, Yu B, Fu G, Zhou Y, Wang J, Chen Y, Pu J, 
Chen L, Qu X, Yang J, Liu X, Guo L, Shen C, Zhang Y, Zhang Q, Pan H, 
Fu X, Liu J, Zhao Y, Escaned J, Wang Y, Fearon WF, Dou K, Kirtane AJ, 
Wu Y, Serruys PW, Yang W, Wijns W, Guan C, Leon MB, Qiao S, Stone GW; 
FAVOR III China study group. Angiographic quantitative flow ratioguided 
coronary intervention (FAVOR III China): a multicentre, randomised, 
sham-controlled trial. Lancet. 2021;398:2149-59.

	 6. �Song L, Xu B, Tu S, Guan C, Jin Z, Yu B, Fu G, Zhou Y, Wang J, Chen Y, 
Pu J, Chen L, Qu X, Yang J, Liu X, Guo L, Shen C, Zhang Y, Zhang Q, 
Pan H, Zhang R, Liu J, Zhao Y, Wang Y, Dou K, Kirtane AJ, Wu Y, 

Wijns W, Yang W, Leon MB, Qiao S, Stone GW; FAVOR III China Study 
Group. 2-Year Outcomes of Angiographic Quantitative Flow Ratio-Guided 
Coronary Interventions. J Am Coll Cardiol. 2022;80:2089-101.

	 7. �Westra J, Andersen BK, Campo G, Matsuo H, Koltowski L, Eftekhari A, 
Liu T, Di Serafino L, Di Girolamo D, Escaned J, Nef H, Naber C, 
Barbierato M, Tu S, Neghabat O, Madsen M, Tebaldi M, Tanigaki T, 
Kochman J, Somi S, Esposito G, Mercone G, Mejia-Renteria H, Ronco F, 
Botker HE, Wijns W, Christiansen EH, Holm NR. Diagnostic Performance 
of In-Procedure Angiography-Derived Quantitative Flow Reserve 
Compared to Pressure-Derived Fractional Flow Reserve: The FAVOR II 
Europe-Japan Study. J Am Heart Assoc. 2018;7:e009603.

	 8. �Westra J, Sejr-Hansen M, Koltowski L, Mejia-Renteria H, Tu S, Kochman J, 
Zhang Y, Liu T, Campo G, Hjort J, Mogensen LJH, Erriquez A, 
Andersen BK, Eftekhari A, Escaned J, Christiansen EH, Holm NR. 
Reproducibility of quantitative flow ratio: the QREP study. 
EuroIntervention. 2022;17:1252-9.

	 9. �Xu B, Tu S, Qiao S, Qu X, Chen Y, Yang J, Guo L, Sun Z, Li Z, Tian F, 
Fang W, Chen J, Li W, Guan C, Holm NR, Wijns W, Hu S. Diagnostic 
Accuracy of Angiography-Based Quantitative Flow Ratio Measurements 
for Online Assessment of Coronary Stenosis. J Am Coll Cardiol. 
2017;70:3077-87.

	 10. �Andersen BK, Sejr-Hansen M, Westra J, Campo G, Efterkhari A, Tu S, 
Escaned J, Koltowski L, Stahli BE, Erglis A, Jaruševičius G, Žiubrytė G, 
Ramunddal T, Liu T, Wijns W, Landmesser U, Maillard L, Matsuo H, 
Christiansen EH, Holm NR. Quantitative flow ratio versus fractional flow 
reserve for guiding percutaneous coronary intervention: design and ration-
ale of the randomised FAVOR III Europe Japan trial. EuroIntervention. 
2023;18:e1358-64.

	 11. �Liu W, Cai H, Zheng Y, Wen Y, Chen S, Xie X, Zeng H, Zhu H, Ni Z, Pei F, 
Cao J, Cao G. Predictive Value of Post-Percutaneous Coronary Intervention 
Quantitative Flow Ratio for Vessel-Oriented Composite Endpoint. J Interv 
Cardiol. 2023:2438347.

	 12. �Mejía-Rentería H, Wang L, Chipayo-Gonzales D, van de Hoef TP, 
Travieso A, Espejo C, Núñez-Gil IJ, Macaya F, Gonzalo N, Escaned J. 
Angiography-derived assessment of coronary microcirculatory resistance in 
patients with suspected myocardial ischaemia and non-obstructive coro-
nary arteries. EuroIntervention. 2023;18:e1348-e56.

	 13. �Tu S, Westra J, Yang J, von Birgelen C, Ferrara A, Pellicano M, Nef H, 
Tebaldi M, Murasato Y, Lansky A, Barbato E, van der Heijden LC, 
Reiber JHC, Holm NR, Wijns W; FAVOR Pilot Trial Study Group. 
Diagnostic Accuracy of Fast Computational Approaches to Derive 
Fractional Flow Reserve From Diagnostic Coronary Angiography: The 
International Multicenter FAVOR Pilot Study. JACC Cardiovasc Interv. 
2016;9:2024-35.

	 14. �Wang L, Travieso A, van der Hoeven N, van Leeuwen MAH, Janssens G, 
Mejía-Rentería H, Jerónimo A, Gonzalo N, Nijveldt R, van Royen N, 
Escaned J. Improved Nonculprit Stenosis Assessment in Patients With 
ST-Segment Elevation Myocardial Infarction Using Quantitative Flow 
Ratio. JACC Cardiovasc Interv. 2023;16:1828-30.


