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The introduction of fractional flow reserve (FFR) represented a major
paradigm shift in the study of coronary lesions boosting the use of cor-
onary physiology to guide revascularization decisions [1,2]. FFR re-
quires measuring the intralesional pressure gradient under maximal
hyperemia. In normal conditions epicardial arteries are merely
conductance vessels and coronary flow is largely modulated by the
changes in microvascular resistance. However, in the presence of a
coronary artery stenosis the microvascular resistance is reduced -to a
variable extent- to maintain an adequate coronary flow [1,2]. Accord-
ingly, maximal vasodilation of the microvascular bed is required to fully
understand the implications of the flow resistance caused by the
epicardial lesion. Importantly, however, 2 large randomized clinical
trials demonstrated that revascularization decisions guided by iFR (a
non-hyperemic pressure ratio [NHPR]), was not inferior to those using
FFR with regard to long-term clinical outcomes [3,4]. As the use of
adenosine or other vasodilators of the microvascular bed remains
cumbersome and may cause side-effects, different NHPRs have recently
flourished to facilitate a wider use of coronary physiology in every day
clinical practice [2-3]. Notably, the correlation among the different
NHPR indexes has been found to be excellent. Currently, both FFR and
NHPRs can be readily obtained during routine cardiac catheterization
[5-15]. In some cases, however, results of these diagnostic strategies are
discordant and thus complicate rather than facilitate the decision-
making process [5-15]. In that situation, considering all technical is-
sues have been properly implemented, FFR is usually considered as the
gold standard. Major factors associated with discordant results between
FFR and different NHPR indexes have been previously studied (Table 1)
[5-15] but controversy still exists regarding underlying causes and po-
tential implications.

1. Present study

In this issue of the Journal Scoccia et al. [16] sought to assess
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predictors of discordance between FFR and the diastolic pressure ratio
(dPR) (a NHPR). PREDICT is a retrospective, single center (Erasmus
University Medical Center), investigator-initiated study including 813
patients (1092 vessels) who underwent FFR assessment of intermediate
coronary lesions (angiographic 30 %-80 % diameter stenosis on visual
assessment). FFR was measured using intraveneous adenosine (140 pg/
Kg/min). Conversely, dPR was calculated off-line and post hoc using
individual pressure waveforms and a dedicated software with an algo-
rithm able to detect the wave-free period with low and stable re-
sistances. Hemodynamically significant lesions, as defined by

Table 1
Factors associated with discordant FFR and NHPR indexes.

1- Clinical and Anatomic Variables*

Age, gender, body surface area

Diabetes mellitus, hypertension, chronic kidney disease (and hemodialysis)
Atrial fibrillation, high heart rate, use of betablockers

Heart failure, high BNP levels, anemia

LAD lesion location, large amount of subtended myocardium

Stenosis severity, lesion length and physiological pattern (focal vs diffuse)
Impaired LVEF and LVEDP

Severe aortic stenosis

Arterial stiffness/peripheral vascular disease

2- Physiological issues

Microvascular dysfunction

Resting and hyperemic flow/velocity

Inadequate hyperemia (microvascular vasodilation) (insufficient adenosine)
FFR/NHPR indexes close to the dichotomic clinical cut-off.

“ Inducing changes in NHPR indexes considering FFR as the gold standard.
Most factors are interrelated and influence microvascular function or resting or
hyperemic coronary flow (references 5-15). LAD = left anterior descending
coronary artery. BNP = brain natriuretic peptide. LVEF = Left ventricular ejec-
tion fraction. LVED = Left ventricular end-diastolic pressure FFR = fractional
flow reserve. NHPR = non-hyperemic pressure ratio.
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Editorial

FFR < 0.80, and dPR < 0.89, were identified in 29.6 % and 30.3 % of
cases, respectively. The area under the curve of dPR+ to predict a FFR+
was 0.88. Overall, FFR and dPR values were discordant in 22.1 % pa-
tients (17.4 % of vessels). Discordance was related to FFR+/dPR— and
FFR—/dPR+ in 11.8 % and 10.3 % of patients, respectively. In case of
FFR/dPR discordance, a higher prevalence of left anterior descending
coronary artery (LAD) lesions was observed and mean values of both
FFR and dPR were significantly lower as compared to vessels showing
concordance. Following multivariable adjustment, dPR “delta” (defined
as the absolute difference between the measured dPR and its cut-off
value of 0.89) was identified as the only independent predictor of
discordance (OR = 0.74, 95 %CI 0.68-0.79, p < 0.001).

Discordance between FFR and NHPR indexes represents a clinical
problem potentially affecting revascularization decisions. In this study
FFR/dPR discordance occurred in one-fifth of patients and absolute dPR
delta emerged as the only independent predictor of discordance. This
large study, from a respected group of investigators, is the first to
ascertain discordances between FFR and dPR (rather than other NHPR
indexes) and provides interesting insights on the prevalence, associated
factors and potential clinical implications of FFR/dPR discordance.
Therefore, discussing some methodological issues would be of interest.

First, dPR was defined as the ratio of mean distal coronary artery
pressure to mean aortic pressure in the resting state (Pd/Pa) over the
diastolic period and was calculated from individual pressure waveforms
using a recently validated software [5,16]. However, as this is a retro-
spective study it is important to emphasize the careful protocol sys-
tematically followed in this experienced center before considering that
the results may be extrapolated to other cardiac catheterization envi-
ronments. In this regard, paying meticulous attention to technical de-
tails remains crucial to obtain reliable physiologic data. In this study
exclusion criteria included pressure waveforms tracings with dampening
or with drift larger than >0.03. The number of patients eventually
excluded for these reasons was very low (only 8 patients) and this should
be also considered before generalizing these findings to other settings.

Second, one-third of included patients presented with an acute cor-
onary syndrome, although only non-culprit vessels were analyzed.
Interestingly, no significant differences in baseline characteristics were
observed between patients with and without FFR/dPR discordance.
Moreover, the consistent results of the sensitivity analysis performed
after excluding patients presenting with an acute myocardial infarction,
are reassuring. However, in unstable patients both indexes may be
affected, even in non-culprit vessels and, therefore, the presence of
concordance does not necessarily mean that results are accurate or
reliable to inform treatment decisions [1,2].

Third, hemodynamically significant lesions, defined by FFR < 0.80,
and dPR < 0.89, were only identified in 29.6 %, and 30.3 % of cases,
respectively. This suggests that relatively mild lesions were also
included. Results might have been different if the study population
would have included more lesions with physiological significance. In
this regard, it would have been of additional interest to assess whether
the use of quantitative coronary angiography (rather than eyeballing
assessment of lesion severity) could provide additional information,
regarding the correlation with FFR and dPR.

Fourth, in case of FFR/dPR discordance, a higher prevalence of LAD
lesions was observed. Importantly, almost 58 % of lesions in the LAD-
group were FFR negative, as compared to 90 % of lesions in the non-
LAD group. The high number of non-LAD FFR- lesions is also of
concern as a larger sample of severe non-LAD lesions would have pro-
vided a more robust dataset.

Fifth, discordance of patients with values near the cut-off of each
technique is well expected and reproducibility issues may be also
involved in this challenging zone. One can only speculate on the clinical
implications of this finding. Therapeutic decisions are dichotomic in
nature, but it is well established that ischemia severity is indeed a
continuous variable that has clear influence not only on symptoms but
also on clinical outcomes [1-4].
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Sixth, in this study FFR—/dPR+ and FFR+/dPR- discordances were
lumped together although they may result from different underlying
pathophysiological mechanisms. The differences found between the 2
discordant groups were attributed to different prevalence of microvas-
cular dysfunction (FFR+/dPR—) but this remains largely speculative
and should only be considered hypothesis generating.

Finally, the present study lacks clinical follow up, which might be of
particular interest in patients with discordant FFR/dPR values.

2. Final remarks

FFR and NHPR indexes provide distinct physiological information
and it is of paramount importance to understand their differential
characteristics, limitations and implications in every individual patient.
This large study by Scoccia et al. [16] advances our understanding of
factors accounting for the discrepancies between both diagnostic stra-
tegies. Further studies are required to refine the causes of these dis-
crepancies to better inform revascularization decisions and, eventually,
improve clinical outcomes.
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