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STUDY TITLE: “Angio-based Quantitative flow ratio Virtual PCI versus Virtual Flow Reserve (VFR)-Assisted PCI in the achievement of an optimal post-PCI FFR the AQVA II trial”

BACKGROUND
Newer Physiology indices
New indices and tools have been developed in an effort to overcome barriers to the widespread adoption of functional assessment. Non-hyperaemic pressure indices (NHPI) including, resting distal to aortic coronary pressure ratio (Pd/Pa), and other resting indices have enabled functional evaluation without pharmacological arteriolar vasodilation, while angiography-based functional assessment (quantitative flow ratio [QFR], FFRangio, and vessel FFR [vFFR]) have eliminated the need for a dedicated pressure wire. 
Importantly, these newer tools may allow operators to understand the mechanism underlying an abnormal physiology value after angiographically successful intervention. In fact, the real novelty related to their development is the shift from a binary interpretation of physiology (positive/negative) to a quantitative site-specific one. 
QFR
In particular, quantitative flow ratio (QFR) is an angiographically-derived estimate of FFR developed as an alternative to wire-based intracoronary physiology. One advantage of angio-based FFR systems is allowing the generation of a pullback curve and discrimination of the physiological contribution of each single lesion as well as diagnosis of diffuse disease. The value of QFR to assess the functional results of PCI has been demonstrated in the prospective HAWKEYE (Angio-Based Fractional Flow Reserve to Predict Adverse Events After Stent Implantation) study. Seven hundred fifty-one vessels in 602 patients undergoing angiographically satisfactory second-generation DES implantation were analyzed1 At the end of the procedure, the operator acquired projections for QFR computation performed offline by an independent core laboratory. ROC curve analysis identified a post-PCI QFR best cut-off of <0.90 (area under the curve 0.77; 95% CI: 0.74-0.80; p< 0.001). After correction for potential confounding factors, post-PCI QFR<0.90 was associated with a 3-fold increase in risk for the vessel-oriented composite endpoint at 2 years (HR: 2.91; 95% CI 1.63-5.19; p< 0.001). Further, a very important finding of the HAWKEYE study was the demonstration that QFR could discriminate among different CAD patterns. In vessels with suboptimal functional result, the site of the QFR drop was in-stent in 13% of the cases, while a focal drop outside the stent was identifiable in 32% of the cases. Thirty-four percent of vessels showed diffuse disease, while in 21% a combination of the aforementioned possibilities was present. It is important to note that QFR analyzability depends on quality of angiography and it is feasible in around 80% of the cases1. Moreover, QFR is not applicable in specific lesion subsets such as left main, bifurcation and ostial lesions.
Angio-based FFR Virtual PCI
The inherent limit of post-PCI physiology is to add measurement and consequent actions after the end of the procedure and not upfront. In addition, it is associated with the increase in procedural time and costs (TARGET FFR). Thus, a broad application of post-PCI physiology, although clinically meaningful, is implausible.
On the contrary, the systematic application of QFR before stenting to simulate PCI results according to different treatment strategies (virtual PCI) would be an interesting alternative to achieve a fully physiology guided procedure.
The advantages of a virtual PCI strategy based on QFR application are:
· QFR is a simple tool, based on what the operator already performs before PCI (namely two perpendicular angiographic projections) and not requiring wire or adenosine.
· It enables to obtain a full physiologic map of the vessel with a point-by-point detailed information of the functional impact of a given stenosis. 
· It is possible to simulate the treatment of one or more lesions (virtual PCI) in order to estimate the final functional value post-PCI. 
The AQVA trial
The “Angio-based Quantitative flow ratio Virtual PCI versus Conventional Angio-guided PCI in the achievement of an optimal post-PCI QFR” (AQVA) trial was the first step toward this direction. The AQVA was a multicenter, investigator-driven, randomized, controlled, parallel group clinical trial. Patients with evidence of angiographically critical coronary lesions and indication to PCI were randomized 1:1 to either QFR-based virtual PCI or conventional angiography-based PCI. The study aimed to demonstrate the superiority of the QFR-based virtual PCI over the angiography-based PCI at obtaining an optimal post-PCI result (as defined as a post-PCI QFR value ≥0.90). 
From February to December 2021, 300 patients met all inclusion and exclusion criteria and were randomized, for a total of 356 study vessels.
Overall, 38 (10.7%) vessels missed the prespecified post-PCI QFR target (≥0.90). The primary outcome occurred significantly more frequently in the angio-based PCI group (n=26, 15.1%) when compared with the virtual PCI group (n=12, 6.6%; absolute difference 8.5%, relative difference 57%, confidence interval 2.2% - 15.0%, p=0.009). The ΔQFR between pre- and post-PCI was higher in the virtual PCI groups if compared to the angiography-based group with borderline statistical significance (0.29 [0.23-0.37] versus 0.27 [0.20-0.36], p=0.05).
There were no significant differences among procedural secondary endpoints, such as procedural duration, contrast dye and x-ray utilization. Stent length/lesion and stent number/patient were numerically lower in the virtual PCI group (1 [1-2]; 1.4±0.6 vs 1 [1-2] 1.6±0.7, p=0.06 and 40 [25-55]; 42.7±20.1 vs 44 [28-60]; 46.1±23.1, p=0.08, respectively) whereas procedure length was numerically higher in the virtual PCI group (66 [51-82]; 69±23.1 vs 67 [57-88]; 73.9±23.9, p=0.06).

Virtual Flow Reserve (VFR)
Virtual Flow Reserve (VFR) is an optical coherence tomography based (OCT) functional assessment,
The main advantage of OCT-OFR is to provide contemporary imaging and functional assessment of the instrumented vessel utilizing only one tool. However, its clinical application is still uncertain. In the present paper, authors included patients with high a priori likelihood of PCI and suggest the same population as target for its application. Yet, in the present analysis, 60% of patients had a negative functional assessment and consequently did not receive PCI [4]. For this reason, the application of OCT-OFR is unlikely in a pre-PCI setting in alternative to hyperemic, resting and angio-based systems due to the high number of negative functional assessments that would make this strategy not cost-effective in most health care systems. 
On the other end, when PCI indication is already established, OCT-OFR could be utilized both to evaluate the need of atherectomy, laser or intravascular lithotripsy as well as to evaluate sizing and length of the stent. In addition, a physiological map of the vessel may help in deciding how long to stent and in achieving an optimal functional result post-PCI that is associated to better outcome.
Another interesting application could be in the evaluation of non-culprit lesions in patients with MI when imaging is needed for the evaluation of the culprit lesion and multivessel PCI is feasible. However, it is not always possible to perform multivessel intervention, especially in primary PCI setting.
Finally, it could be helpful in in-stent restenosis (ISR) evaluation as suggested by the numerical differences, although not statistically significant, in this subset of patients in the present analysis [4]. In this subset of patients, it would be particularly helpful to combine imaging with physiology to ascertain the location and mechanism of ISR.
In Figure 1 we summarize a possible range of OCT-OFR application in clinical practice.
In summary, OCT-OFR is a promising technology probably better than QFR in predicting FFR, but its penetration is burdened by the cost of the technology, especially when, after OFR evaluation, PCI is no longer needed.


STUDY RATIONALE

A significant portion of patients continue to experience both adverse events and symptoms after angiographically successful PCI. Beyond different underlying mechanisms non-related to epicardial disease (vasospasm, microcirculatory dysfunction), several recent studies have shown that in at least 15-20% of PCIs, a prognostically meaningful ischemia, detected with different coronary physiology tools, is present at the end of a successful angiography-guided PCI. In addition, physiology is able to discriminate the underlying reason causing the suboptimal functional result, namely: i) in-stent drop; ii) focal drop outside stent; iii) diffuse disease.
However, the use of post-PCI physiology is still very low, even when it is utilized pre-PCI to set the indication  for stenting. Lack of dedicated randomized clinical trials and procedural lengthening and increase in side effects are at the basis of this underutilization.
In addition, the ideal tool should allow to plan the intervention in advance rather than to assess the results afterwards. To this hand, QFR is particularly appealing, among available physiology tools, because it does not need wire or adenosine and allows: i) identification of disease mechanism; ii) co-registration with angiography; iii) pre-PCI planning with residual vessel QFR value according to a pre-specified treatment.
Taken all this characteristics together, QFR is the ideal technology for virtual PCI.
Our hypothesis is that a procedural planning based on QFR (virtual PCI) is able to reduce the rate of patients with post-PCI suboptimal functional result, that has been found to correlate with prognosis in our earlier study1, if compared to the traditional angio-guided PCI.
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OBJECTIVES

To evaluate:
· The rate of lesions with a final post-PCI QFR≥0.90 in patients treated with the QFR virtual PCI versus patients treated with an angiography-based PCI.
· The rate of vessel-oriented composite endpoint (VOCE), defined as the composite of vessel-related cardiovascular death, vessel-related MI, and ischemia-driven target vessel revascularization (TVR)1, 4.

ENDPOINTS
The primary endpoint is defined as the proportion of patients with a final post-PCI QFR result ≥0.90.
The secondary endpoint is the rate of vessel-oriented composite endpoint (VOCE), defined as the composite of vessel-related cardiovascular death, vessel-related MI, and ischemia-driven target vessel revascularization (TVR)1, 4.

INCLUSION AND EXCLUSION CRITERIA

Inclusion Criteria:
1.  Indication to PCI for either acute or chronic coronary syndrome
2.  Signed informed consent 

Exclusion Criteria:
1.  Planned surgical revascularization
2.  Prior Coronary Artery Bypass Graft (CABG) Surgery
3.  Culprit lesion of STEMI or NSTEMI
4.  Clinical or angiographic features limiting QFR computation:
a. left main or ostial right coronary artery
b. atrial fibrillation
c. ongoing ventricular arrhythmias
d. significant and persistent tachycardia
5.  Revascularization of a chronic total occlusion
6.  Non-cardiovascular co-morbidity reducing life expectancy to < 1 year
7.  Any factor precluding 1-year follow-up



STUDY PROCEDURES

Virtual PCI
Before starting PCI, the operator must acquire QFR angiographic projections after nitroglycerin (100 to 200 mg) administration at 15 frames/second during a single injection of 6 ml radiographic contrast medium at a flow rate of 4 ml/s and a pressure of 300 psi using a power injector system. Angiographic projections should be at least 25 apart, aiming for minimal vessel foreshortening and minimal vessel overlap. In agreement with previous studies, operators follow a table of recommended projection angles1. 
Afterwards, online QFR analysis must be performed. The tool “residual vessel QFR” should be used to anticipate the result of stenting (virtual PCI) by placing the proximal (p) and distal (d) marker in order to obtain a post-PCI QFR ≥0.90. then, the operator has to implant one or more stents following the pre-PCI plan and utilizing the QFR and angio co-registration tool to place the stent(s) according to the virtual PCI plan. Post-dilation with NC balloon is strongly suggested. 
Angiography-based PCI
Invasive coronary angiography and PCI are performed following best local practices. Post-dilation with a noncompliant balloon is strongly suggested.

Final blinded QFR projections
At the end of the procedure, in both groups, 2 angiographic projections for each vessel treated with PCI are acquired for blinded QFR computation that will be performed in the central corelab located in Ferrara. 

SAMPLE SIZE CALCULATION

In the HAWKEYE trial population, 16% of lesions presented a post-PCI QFR <0.90 after an angio-guided PCI1. In one third of these lesions, low post-PCI QFR was due to diffuse disease. Therefore, we can hypothesize that a procedural plan with QFR could be able to reduce the rate of lesions with QFR<0.90 by two thirds. Considering that some of the lesions with focal disease could also present diffuse disease, we can realistically estimate a reduction by 60% with virtual-PCI. Therefore, 300 patients are required to have a 80% chance of detecting, as significant at the 5% level, an increase in the percentage of patient achieving a post-PCI QFR≥0.90 from 84% in the angio-guided group to 94% in the virtual PCI group.
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