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From Deferral to Reclassification and Continuous Risk Stratification

Although it was first reported in the mid-90's, the use of trans-stenotic pressure wire measurement to safely defer coronary angioplasty earned a worldwide acceptance with the DEFER (Deferral of Percutaneous Coronary Intervention) (1) and FAME (Fractional Flow Reserve Versus Angiography for Multivessel Evaluation) (2) studies, that confirmed that fractional flow reserve (FFR) guidance was superior to angiography alone and that deferring nonischemic lesions was safe, both on short-and long-term follow-up (1,2). The first major conceptual change was the shift from "deferral" to the more general notion of "reclassification" as proposed by our group in 2014 to describe the results of the R3F study (French FFR Registry) (3), soon confirmed by the RIPCORD (Does Routine Pressure Wire Assessment Influence Management Strategy at Coronary Angiography for Diagnosis of Chest Pain?), POST.IT (Portuguese Study on The Evaluation of FFR Guided Treatment of Coronary Disease) studies (4), and DEFINE-REAL studies (5). Altogether, these studies demonstrated that in patients with intermediate lesions (30% to 75%), the use of FFR is associated with a reallocation of the treatment decision in 30% to 45% of cases. Although reclassification could be seen as a relatively simple and logical extension of the concept of deferral, it is more versatile as any decision can be reallocated between any treatment strategy. As a consequence, as opposed to deferral, which by definition is restricted to the percutaneous coronary intervention (PCI) setting, reclassification repositions pressure-wire interrogations to the diagnostic workflow. The second major conceptual change was to no longer consider FFR as a dichotomous parameter (normal/abnormal), to match the results of noninvasive tests (ischemia/no ischemia), in order to decide upon a binary management strategy (revascularize/defer). Conversely, FFR may be seen as a tool that allows, for each individual patient, an additional independent quantitative and continuous assessment of the risk of subsequent cardiovascular events. The first study to investigate this hypothesis was a meta-analysis of several trials and registries, including altogether >6,000 patients (6). Those authors found that, at an individualpatient level, the risk of clinical events was inversely related to the FFR value. This was also

observed by Barbato et al. [START_REF] Barbato | A prospective natural history study of coronary atherosclerosis using fractional flow reserve[END_REF], using the data from the FAME 2 study and by Baptista et al. (4) in the POST-IT deferred cohort. However, these outcomes were partly hampered by 2 issues: the value of FFR was used to decide the revascularization strategy (confounding bias by indication), and patients and operators were unblinded to the FFR value. Nevertheless, these observations provided strong evidence that FFR could indeed be used as an independent and continuous quantitative measure to be integrated into global risk assessment and patient management. Several concerns, including plaque instability and microcirculatory responsiveness during the acute setting, have undermined and delayed the use of FFR in patients with acute coronary syndromes (ACS). However, dedicated physiological studies have demonstrated that measurement of FFR can be reliable in this setting [START_REF] Ntalianis | Fractional flow reserve for the assessment of nonculprit coronary artery stenoses in patients with acute myocardial infarction[END_REF][START_REF] Van Belle | Impact of routine fractional flow reserve on management decision and 1-year clinical outcome of patients with acute coronary syndromes: PRIME-FFR (Insights From the POST-IT [Portuguese Study on the Evaluation of FFR-Guided Treatment of Coronary Disease] and R3F [French FFR Registry] Integrated Multicenter Registries -Implementation of FFR [Fractional Flow Reserve] in Routine Practice[END_REF]. Although some controversy still remains, several clinical trials and registries have demonstrated that measuring FFR could be used to differ safely nonculprit vessels of patients with multivessel disease presenting with both non-ST-segment myocardial infarction (non-STEMI) [START_REF] Van Belle | Impact of routine fractional flow reserve on management decision and 1-year clinical outcome of patients with acute coronary syndromes: PRIME-FFR (Insights From the POST-IT [Portuguese Study on the Evaluation of FFR-Guided Treatment of Coronary Disease] and R3F [French FFR Registry] Integrated Multicenter Registries -Implementation of FFR [Fractional Flow Reserve] in Routine Practice[END_REF][START_REF] Layland | Fractional flow reserve vs. angiography in guiding management to optimize outcomes in non-ST-segment elevation myocardial infarction: the British Heart Foundation FAMOUS-NSTEMI randomized trial[END_REF][START_REF] Escaned | Safety of the deferral of coronary revascularization on the basis of instantaneous wave-free ratio and fractional flow reserve measurements in stable coronary artery disease and acute coronary syndromes[END_REF] or STEMI [START_REF] Ntalianis | Fractional flow reserve for the assessment of nonculprit coronary artery stenoses in patients with acute myocardial infarction[END_REF][START_REF] Smits | Fractional flow reserve-guided multivessel angioplasty in myocardial infarction[END_REF].

FFR as a Quantitative Measurement of Cardiovascular Risk in ACS: Insights from the COMPARE-ACUTE Study

In this issue of JACC: Cardiovascular Interventions, Piróth et al. [START_REF] Piróth | The natural history of nonculprit lesions in STEMI: an FFR substudy of the compareacute trial[END_REF] investigated whether the concept of using FFR to provide a quantitative appreciation of the cardiovascular risk, could be extended to patients with ACS, when measured in a nonculprit vessel of a STEMI patient. This analysis was conducted as part of the COMPARE-ACUTE (Comparison Between FFR Guided Revascularization Versus Conventional Strategy in Acute STEMI Patients With MVD) randomized study dataset, in which 885 patients with STEMI and multivessel coronary artery disease were randomly assigned to either a strategy of revascularization of the culprit vessel only or complete revascularization of all vessels with a stenosis >50% and an FFR value ≤0.80 [START_REF] Smits | Fractional flow reserve-guided multivessel angioplasty in myocardial infarction[END_REF]. The innovative and important feature of this study was that FFR was performed in the same manner in both groups. Although in the "complete revascularization" group it was used to decide upon the need for additional revascularization, in the "culprit only group," FFR of the nonculprit vessel(s) was performed and collected, but the results remained blinded for both patients and operators, and was not followed by revascularization. This allowed for the unique opportunity to investigate the spontaneous clinical outcome of vessels and patients with a broad range of FFR values "unbroken" by the performance of revascularization. The investigators also attempted to link FFR values with subsequent vessel-related events. As part of their results, they nicely demonstrated that the FFR value, as measured in nonculprit vessels, provides a "quantitative" measure of the risk of subsequent vessel-related events, in particular, the risk of unplanned revascularization and nonfatal myocardial infarction. As previously demonstrated in stable patients (4, 6, 7), the lower the FFR value, the higher was the risk of a subsequent event. However, relative to the previous reports, outcomes were described according to terciles of measured FFR, instead of a continuous FFR-risk association. Still, in line with the previous analyses, this study suggests that the FFR threshold of ≤0.80, initially validated in stable patients, could also be used in an acute setting to discriminate between patients with "high" or "low" risk of events. An important miss of the present study, however, is that it cannot inform on the relevance of the area at risk, because it does not report the vessel in which FFR was measured nor the location (proximal, mid, or distal) of the lesions. This analysis could not be performed, because the results are presented by nonculprit vessel, instead of nonculprit lesion.

Primary Angiography/FFR Combo as the Appropriate time for Risk Stratification in ACS

Altogether, the use of such a FFR-based risk stratification approach gives the opportunity to integrate an additional parameter in the overall appreciation of the "global risk" of the patient during the primary procedure, beyond the culprit vessel and before leaving the catheterization room. In fact, as part of this approach, even if a decision to perform additional revascularization is made, there is no absolute need for it to be undertaken during the same procedure. It is rather proposed that the time of primary angiography for ACS or primary PCI for STEMI would become a privileged time to conduct an extensive FFR evaluation of nonculprit vessel(s) to collect important information, in order to quantify the risk of subsequent clinical events. Once the patient has been discharged from the catheterization laboratory, this information can be integrated with other parameters (age, left ventricular ejection fraction, myocardial viability, renal function, and so on) to further define the global risk, as well as the most appropriate management plan. To further develop this concept, in particular in ACS, several important additional studies are needed. Among them, the confirmation of the link between the FFR value and endpoints harder than the relatively soft "need for revascularization," as well as studies using a more global FFR-based appreciation of the amount of myocardium at risk of ischemia by including also the vessel territory and the proximal/distal location of lesion. Finally, it remains to be seen whether, beyond a simple dichotomous approach, a similar quantitative appreciation of the cardiovascular risk can be obtained by measuring the instantaneous wave-free ratio both in stable patients and in nonculprit vessels of ACS patients. 
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