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Fractional flow reserve (FFR)-guided management improves
decision-making and health and economic outcomes in patients with
coronary artery disease. Introduced in 1993 by Pijls and De Bruyne,
FFR is defined as the ratio of maximal myocardial flow in the stenotic
territory to maximal flow in the same territory in the hypothetical
case that stenosis is absent. However, FFR requires pharmacological
maximal vasodilation, commonly by adenosine, to minimise microvas-
cular resistance, because it relies on the theoretical principle that a
linear pressure-flow relationship in the coronary tree may only be
presumed if resistance in the coronary tree is constant and minimal.
Pharmacological agents to induce maximal hyperaemia can be unpleas-
ant for patients, increase procedure time and related costs, which may
lead to underutilisation of FFR in clinical practice.

Non-hyperaemic pressure ratio (NHPR) is the recently established
unifying term to encompass the emerging family of resting pressure in-
dices, which effectively have equivalent clinical significance [1]. NHPR,
notably the ratio of pressures distal and proximal to a stenosis (Pd/Pa)
[2], the instantaneous ‘wave free’ ratio (iFR) [3], the resting full-cycle
ratio (RFR) [4] and the diastolic pressure ratio (dPR) [1] have been pro-
posed as alternative options to conventional FFR for assessing functional
lesion significance. In the RESOLVE pooled analysis, the diagnostic accu-
racy of either Pd/Pa or iFR in predicting an ischaemic FFR was 80% [5].
However, for iFR and resting Pd/Pa values in the equivocal ‘grey zone’,
where predictive value for ischaemic FFR is lowest, a hybrid approach
with adenosine was suggested.
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Another approach for assessing the functional significance of a
coronary stenosis is contrast FFR (cFFR), which exploits the property
of radiographic contrast to induce submaximal hyperaemia [6]. Attrac-
tive through its simplicity, cFFR also has the advantages of not requiring
preparation so is quickly obtained, and is easily applicable in the cathe-
ter laboratory regardless of the amount, choice, or method of contrast
injection, as well as being absent of side effects, inexpensive and widely
available.

The CONTRAST study [7] was a multicentre prospective cohort study
that compared cFFR, resting Pd/Pa and iFR for predicting FFR and found
that the diagnostic accuracy of cFFR was superior (86%, AUC: 0.93) than
either iFR or Pd/Pa (80%, AUC: 0.88) for predicting ischaemic FFR. The
optimal cFFR cut-off was 0.83 [7,8]. The Memento-FFR study [8] was a
multicentre, retrospective pooled analysis that compared the accuracy
of cFFR to Pd/Pa in predicting ischaemic FFR. The correlation between
cFFR and FFR was stronger than between Pd/Pa and FFR (cFFR: r =
0.9, AUC: 0.95, Pd/Pa: r = 0.79, AUC: 0.90). On receiver operator curve
analysis, the accuracy of cFFR was significantly higher than Pd/Pa for
predicting FFR (p < 0.001).

Leone et al. [9] reviewed the evidence for cFFR, in comparison to
resting Pd/Pa and iFR, as an alternative to conventional FFR for
predicting functional lesion severity. They found that cFFR has the best
correlation with conventional FFR than any resting index, and thus con-
cluded that cFFR is a more accurate alternative for the assessment of
flow-limiting CAD than the available resting indices. Furthermore,
they concluded that compared to a hybrid approach using either cFFR,
or Pd/Pa, or iFR to limit conventional FFR to doubtful cases, avoidance
of adenosine is greatest with cFFR (67% of lesions (cFFR) vs. 55% (Pd/
Pa), vs. 50% (iFR), in the CONTRAST study [7] and 78% (cFFR) vs. 56%
(Pd/Pa) in the MEMENTO-FFR study [8]).

Leone et al. [9] have proposed an algorithm to implement a hybrid
cFFR/conventional FFR strategy, which uses a cFFR cut-off of <0.83 for
predicting a significantly ischaemic lesion, and a cut-off >0.89 for
predicting a non-ischaemic lesion. In the proposed algorithm measure-
ment of FFR with adenosine is limited to lesions with ‘grey zone’ cFFR
(0.84-0.88).

cFFR has not yet been tested in a randomised controlled trial with
clinical endpoints. This question becomes all the more relevant since a
recent pooled analysis of the DEFINE-FLAIR and iFR-SWEDEHEART trials
identified that iFR-guided management may not be non-inferior to FFR-
guided management for death and MI [10]. The cFFR strategy lacks
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commercial support, as cFFR is independent of a dedicated software and
may be perceived as being less novel and less commercially tractable.

FFR-guided management continues as the reference approach for
functional lesion assessment in the catheter laboratory and of the
available indices only FFR-guided PCI has long-term (5-year) data for
reducing death, myocardial infarction, or urgent revascularisation com-
pared to medical therapy alone. cFFR has superior diagnostic value over
resting indices for flow-limiting coronary artery disease, as defined by
FFR. Should a future clinical trial provide evidence of incremental
value of cFFR-guided management for economic outcomes, and long-
term health outcomes, over resting indices, then cFFR could be recom-
mended in practice guidelines as a pragmatic, standard approach for in-
vasive functional lesion assessment. Expanding the evidence-base in
this way should enhance objective decision-making in invasively man-
aged patients with coronary artery disease.

Disclosures

C.B. is supported by a British Heart Foundation (BHF) Centre of Re-
search Excellence award (RE/13/5/30177) and related grants (PG/14/
64/31043). AM is supported by a BHF Clinical Training Fellowship
(FS/16/74/32573). C.B. is named on institutional research and/or
consultancy agreements between the University of Glasgow and
Abbot Vascular, AstraZeneca, Coroventis, Corstem, GSK, HeartFlow,
Menarini, Neosoft, Novartis, Opsens, Philips, and Siemens Healthcare.
These companies had no involvement in this manuscript. There are no
other potential conflicts of interest.

References

[1] M. Van't Veer, N.HJ. Pijls, B. Hennigan, S. Watkins, Z.A. Ali, B. De Bruyne, F.M.
Zimmermann, L.X. van Nunen, E. Barbato, C. Berry, K.G. Oldroyd, Comparison of dif-
ferent diastolic resting indexes to iFR: are they all equal? ]. Am. Coll. Cardiol. 70 (25)
(2017 Dec 26) 3088-3096.

[2] M. Mamas, S. Horner, E. Welch, A. Ashworth, S. Millington, D. Fraser, F. Fath-
Ordoubadi, L. Neyses, M. El-Omar, Resting Pd/Pa measured with intracoronary

[3

[4

(5

[6

(7

8

(9]

[10]

47

pressure wire strongly predicts fractional flow reserve, J. Invasive Cardiol. 22
(2010) 260-265.

S. Sen, J. Escaned, L.S. Malik, G.W. Mikhail, R.A. Foale, R. Mila, ]. Tarkin, R. Petraco, C.
Broyd, R. Jabbour, A. Sethi, C.S. Baker, M. Bellamy, M. Al-Bustami, D. Hackett, M.
Khan, D. Lefroy, K.H. Parker, A.D. Hughes, D.P. Francis, C. Di Mario, J. Mayet, J.E.
Davies, Development and validation of a new adenosine-independent index of ste-
nosis severity from coronary waveintensity analysis: results of the ADVISE (ADeno-
sine vasodilator independent stenosis evaluation) study, J. Am. Coll. Cardiol. 59
(2012) 1392-1402.

J. Svanerud, ].M. Ahn, A. Jeremias, M. van't Veer, A. Gore, A. Maehara, A. Crowley, Pijls
NH]J, B. De Bruyne, N.P. Johnson, B. Hennigan, S. Watkins, C. Berry, K.G. Oldroyd, S.
Park, Z.A. Ali, Validation of a novel non-hyperaemic index of coronary artery steno-
sis severity: the resting full-cycle ratio (VALIDATE RFR) study, Eurolntervention.
(2018 May 23)https://doi.org/10.4244/ElJ-D-18-00342 pii: EIJ-D-18-00342. [Epub
ahead of print] PubMed PMID: (29790478).

A.Jeremias, A. Maehara, P. Généreux, K.N. Asrress, C. Berry, B. De Bruyne, J.E. Davies,
J. Escaned, W.F. Fearon, K.L. Gould, N.P. Johnson, AJ. Kirtane, B.K. Koo, K.M. Marques,
S. Nijjer, K.G. Oldroyd, R. Petraco, ].J. Piek, N.H. Pijls, S. Redwood, M. Siebes, ].A.E.
Spaan, M. Van't Veer, G.S. Mintz, G.W. Stone, Multicenter core laboratory
comparison of the instantaneous wave-free ratio and resting Pd/Pa with fractional
flow reserve: The RESOLVE study, ]. Am. Coll. Cardiol. 63 (2014) 1253-1261.

AM. Leone, G. Scalone, G.L. De Maria, F. Tagliaferro, A. Gardi, F. Clemente, E. Basile, P.
Cialdella, A.R. De Caterina, I. Porto, C. Aurigemma, F. Burzotta, G. Niccoli, C. Trani,
A.G. Rebuzzi, F. Crea, Efficacy of contrast medium induced Pd/pa ratio in predicting
functional significance of intermediate coronary artery stenosis assessed by frac-
tional flow reserve: insights from the RINASCI study, Eurolntervention. 11 (2015)
421-427.

N.P. Johnson, A. Jeremias, F.M. Zimmermann, J. Adjedj, N. Witt, B. Hennigan, B.K. Koo,
A. Maehara, M. Matsumura, E. Barbato, G. Esposito, B. Trimarco, G. Rioufol, S.J. Park,
H.M. Yang, S.B. Baptista, G.S. Chrysant, A.M. Leone, C. Berry, B. De Bruyne, K.L. Gould,
R.L Kirkeeide, K.G. Oldroyd, N.H.J. Pijls, W.F. Fearon, Continuum of vasodilator stress
from rest to contrast medium to adenosine hyperemia for fractional flow reserve as-
sessment, JACC Cardiovasc. Interv. 9 (2016) 757-767.

AM. Leone, R. Martin-Reyes, S.B. Baptista, N. Amabile, L. Raposo, J.A. Franco Pelaez,
C. Trani, P. Cialdella, E. Basile, G. Zimbardo, F. Burzotta, I. Porto, C. Aurigemma, A.G.
Rebuzzi, M. Faustino, G. Niccoli, P.F. Abreu, M.S. Slama, V. Spagnoli, M.T. Arrieta, 1J.
Amat Santos, ].M. De La Torre Hernandez, R.L. Palop, F. Crea, The multi-center eval-
uation of the accuracy of the contrast MEdium INduced Pd/Pa RaTiO in predicting
FFR (MEMENTOFFR) study, Eurolntervention. 12 (2016) 708-715.

A.M. Leone, F. Lassandro Pepe, M. Arioti, F. Crea, Contrast fractional flow reserve
(cffr): a pragmatic response to the call for cimplification of invasive functional
assessment, Int. J. Cardiol. 268 (2018) 45-50.

C. Berry, J.D. McClure, K.G. Oldroyd, Meta-analysis of death and myocardial
infarction in the DEFINE-FLAIR and iFR-SWEDEHEART trials, Circulation 136 (24)
(2017) 2389-2391.


http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0005
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0005
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0005
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0005
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0010
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0010
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0010
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0010
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0015
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0015
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0015
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0015
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0015
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0015
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0015
https://doi.org/10.4244/EIJ-D-18-00342
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0025
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0025
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0025
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0025
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0025
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0025
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0030
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0030
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0030
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0030
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0030
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0030
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0035
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0035
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0035
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0035
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0035
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0035
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0040
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0040
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0040
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0040
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0040
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0040
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0045
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0045
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0045
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0050
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0050
http://refhub.elsevier.com/S0167-5273(18)33113-9/rf0050

	Contrast fractional flow reserve: Attractive alternative to non-�hyperaemic pressure ratios for coronary disease evaluation
	Disclosures
	References


