How do Fractional Flow Reserve, whole-cycle PdPa and instantaneous wave-Free Ratio correlate with exercise coronary flow velocity during exercise-induced angina?
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The use of either Fractional Flow Reserve (FFR) or instantaneous wave-Free Ratio (iFR) is currently recommended to guide ischemia-driven revascularisation decision-making in patients with stable angina1. However, the recently presented International Study of Comparative Health Effectiveness With Medical and Invasive Approaches (ISCHEMIA) trial dispels the prognostic potential of ischemia-driven revascularisation in patients with (non-left main) stable coronary artery disease 2. Instead, in such patients, the therapeutic role of myocardial revascularisation is further focused on improving angina-limiting symptoms. 

Pervasive arguments persist against the use of ‘resting’ coronary pressure measurements to inform about coronary stenosis hemodynamics during angina-limiting exercise. Paramount among these is the belief that FFR may be the physiologically more representative index, owing to its use of maximal pharmacological hyperemia - a condition considered similar to physical exercise3. Accordingly, proponents of adenosine hyperemia may question the ability of non-hyperemic coronary pressure measurements to inform about coronary flow hemodynamics during angina-limited exercise.
The aim of this study was to determine the respective associations between peak-exercise coronary flow velocity measured at the onset of exercise-induced angina symptoms and baseline FFR, whole-cycle PdPa (PdPa) and iFR values in patients with single-vessel stable coronary artery disease.
Our full research protocol has previously been reported 4. In brief, patients with stable angina and single-vessel coronary stenosis underwent cardiac catheterization and baseline FFR, PdPa and iFR measurement (calculated offline during maximal hyperemia, during the whole-cycle resting phase and during the wave-free period of diastole, respectively). Patients immediately then incrementally exercised on a catheter-table-mounted supine ergometer until the development of exercise-induced angina. Surrogate markers of myocardial ischemia such as electrocardiogram abnormalities were not used to determine peak-exercise capacity. Continuous trans-stenotic coronary-pressure-flow measurements were made in the target-vessel throughout exercise using a dual pressure and velocity sensor 0.014-in intracoronary wire (Combowire XT, Volcano Corp, California). The study was approved by the regional ethics committee (16/LO/1928) and all subjects gave informed consent.

Comparison was made between coronary flow velocity at the point of onset of exercise-induced angina (Flowangina) and baseline FFR, PdPa and iFR values, respectively. Pearson correlation coefficients were used to compare Flowangina and FFR, PdPa and iFR, respectively. Tests for non-linearity were performed to validate this approach and exclude the need for modelling using restricted cubic splines. The data, analytical methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.
Twenty-three patients (mean age, 60.6±8.1 years) completed the study protocol. The majority (96%) of patients were in Canadian Cardiovascular Society class II/III. The mean number of antianginal medications per patient was 1.4±0.7. All stenoses were focal and predominantly proximal (57% [13/23]). The most frequently assessed vessel was the left anterior descending artery (52% [12/23]). 

Mean stenosis diameter was 74.6%±10.4. Median baseline FFR, PdPa and iFR were 0.54 (interquartile range 0.44-0.72), 0.70 (0.53-0.90) and 0.53 (0.38-0.83), respectively. Mean exercise time was 144±77 seconds (4.3±1.2 METs). 

The associations between Flowangina and FFR, PdPa and iFR are displayed in Figure 1. Correlations were R=0.65 (0.32-0.84) for FFR, R=0.76 (0.50-0.89) for PdPa and R=0.73 (0.45-0.88, p<0.001 for all) for iFR. The median values at which angina symptoms developed were 0.66 (0.54-0.82) for PdPa and 0.59 (0.39-0.76) for iFR.

Notwithstanding the limited sample size, in this highly-selected population of severe, single vessel stable angina patients; baseline FFR, PdPa and iFR all demonstrated similar positive associations with coronary flow velocity measured invasively at the point of developing exercise-induced angina. Accordingly, our findings challenge the notion that resting, non-hyperemic coronary pressure measurements are unable to provide accurate information about exercise stress hemodynamics. 

Furthermore, these mechanistic data support the link between coronary physiology, exercise physiology and angina symptom development. Following the results of the ISCHEMIA trial, further investigation of these associations, and the potential identification and validation of coronary physiology-based ‘angina-thresholds’, may be an important new role for coronary physiology in the management of stable angina patients. 

In the present small study, the median values at which angina symptoms developed were 0.66 (0.54-0.82) for PdPa and 0.59 (0.39-0.76) for iFR. However, these values do not represent validated angina thresholds. To determine such thresholds, dedicated research protocols will be required to validate thresholds within the continuous variables of PdPa and iFR as a marker of anginal symptom onset. Furthermore, such validation must consider true positives, false positives, true negatives, and false negatives that are then appropriately weighted for safe and effective clinical application.

In summary, our findings provide proof-of-concept for the positive association between baseline FFR, PdPa and iFR with coronary flow velocity measured invasively at the point of exercise-induced angina. Further study is required to determine if such associations remain true in more borderline severity disease cohorts given the large inter-individual variability that exists in patient-reported ischemia symptoms and, with future study, the potential validation of ‘angina thresholds’ for coronary physiology indices.
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Figure 1: Top panel: Schematic representation of the research protocol. Bottom panel: Scatter plots of the relationship between coronary flow velocity during the onset of exercise-induced angina (Flowangina) and baseline FFR (red), baseline whole-cycle PdPa (green) and baseline iFR (blue).
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