TIcaGrEloR and ABSORB Bioresorbable Vascular Scaffold implantation for recovery of vascular function after successful Chronic Total Occlusion recanalization (TIGER-BVS trial): rationale and study design
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ABSTRACT (word count: 187 words)
Objectives: to explore the role of ticagrelor vs. clopidogrel in coronary blood flow normalization immediately after chronic coronary total occlusion (CTO) recanalization.
Background: Coronary vascular function of a CTO immediately after recanalization is demonstrated to be poor. 
Methods: The TIGER BVS is a prospective, double-randomized, open-label, two parallel-group controlled clinical trial to evaluate efficacy of ticagrelor vs. clopidogrel in improving vascular function of coronary segment distal to CTO immediately after CTO recanalization. A total of 50 patients who receive CTO PCI will be randomized 1:1 to receive ticagrelor vs. clopidogrel at least 3 days before the procedure. Immediately after CTO recanalization with Absorb BVS implantation a specific study of vascular function under adenosine infusion will be performed. Patients will be therefore randomized 1:1 to receive angiographic follow-up with vascular function and optical coherence tomography analyses at 1 or 3-year follow-up. This study is registered on ClinicalTrials.gov with number NCT02211066.
Conclusions: The TIGER BVS trial will provide the first randomized comparison between ticagrelor vs. clopidogrel in recovering vascular function in CTO patients. It will provide also important data on vascular restoration therapy of Absorb BVS in this scenario.




1

INTRODUCTION
Chronic total occlusions (CTO) are obstructions of a native coronary artery with no luminal continuity and with Thrombolysis In Myocardial Infarction (TIMI) flow grade 0 with an estimated duration of the occlusion ≥3 months. 1 Its percutaneous treatment aims to improve symptoms and/or prognosis, but still exhibits a higher rate of major adverse cardiac events and target lesion revascularization as compared to conventional PCI. 2-4 A possible explanation of this clinical outcome may be lack of endothelial vascular function, demonstrated in the coronary segment distal to the CTO after its recanalization. 5-7 For these reasons, a treatment aimed to improve this vascular dysfunction would be needed.  
Ticagrelor, a novel, oral, direct-acting, reversibly binding P2Y12 receptor antagonist, approved for the treatment of patients with acute coronary syndrome, has shown not only to reduce incidence of major adverse cardiac events, but also to have some pleiotropic vascular effects inhibiting adenosine cell uptake, likely through inhibition of the equilibrative nucleoside transporter 1. 8-11 Increase of interstitial concentration of adenosine is the basis of an augmented coronary blood flow, potentially improving vascular function. 10, 12
Type of stents implanted during CTO recanalization should be also taken into account in order to establish a healthy vascular function. The Absorb BVS (Abbott Vascular, Santa Clara, CA) may exhibit obvious potential advantages over current metallic DES technology in terms of improvement in endothelial and vascular functions of the coronary segment treated, eliminating the metallic caging, such as reduction in plaque deformability, 13 late lumen enlargement 14 and vasomotion restoration. 14-16 
For all these reasons, the TIGER BVS trial aims to explore the role of ticagrelor vs. clopidogrel in recovering the normal vascular function in CTO patients who receive a successful PCI with Absorb BVS implantation. 



METHODS

Trial design
This is a multi-center, prospective, double-randomized, open-label, two group-parallel controlled clinical trial to evaluate efficacy of ticagrelor vs. clopidorel in improving vascular function of coronary segment distal to CTO immediately after PCI. The TIGER BVS trial is investigator initiated and promoted by the “Fundacio Clinic per a la Recerca Biomedica (FCRB, Barcelona, Spain). An unrestricted educational grant is provided by Astrazeneca for the conduct and analyses of the TIGER BVS trial. The Clinical Trial Unit (CTU, Barcelona, Spain) is responsible for monitoring the trial. The TIGER BVS trial is registered with ClinicalTrials.gov number NCT02211066.
	This trial is conducted in accordance with the Clinical Investigation Plan, the Declaration of Helsinki and the applicable local legislation. The conduct of the trial has been approved by local ethic committee of each participating centers. All participating subjects provide informed consent in accordance with the local requirements, using the approved informed consent forms.

Patient selection and randomization
Consecutive patients from the general all-comer interventional cardiology population with a CTO are candidates for enrollment. Eligible participants, according to inclusion/exclusion criteria (Table 1), who have provided informed consent, will be allocated to the study treatment according to the randomization list. Patients in whom a retrograde CTO recanalization is planned will be excluded. The TIGER BVS trial will randomize a total of 50 subjects who meet all eligibility criteria. Patients will be randomized (1:1) to receive at least 3 days before CTO-PCI: 1) loading dose of clopidogrel (600mg); or 2) loading dose of ticagrelor (180mg). Maintaining doses will be administered after loading dose and before PCI procedure.
After successful PCI procedure, patients will be maintained under chronic ASA treatment and on the same assigned antiplatelet agent as per randomization at the following doses: clopidogrel 75mg once a day for 12 months and ticagrelor 90mg twice a day for 12 months. In addition, patients with successful PCI procedure will be further randomized 1:1 to undergo angiographic follow-up at 1 or 3 years. (Figure 1) CTO-PCI will be considered successful in terms of obtaining CTO-recanalization (to cross the CTO with PCI guidewire with successful preparation of the lesions by means of balloon angioplasty) and Absorb-BVS implantation at the level of the coronary segment originally occluded and final TIMI 3 flow.
Those patients randomized but with an unsuccessful CTO-PCI will be considered as screening failure. 

Vasomotion evaluation
CTO-PCI procedure will be performed according to common clinical practice. The patients will receive Absorb BVS implantation at the level of the coronary segment originally occluded.
Long-acting oral vasoactive drugs will be discontinued ≥ 24 h prior to the study. Coronary function will be studied at the end of CTO-PCI after Absorb BVS implantation, as described previously in detail. 17, 18 A Doppler wire (FlowWire, Volcano, Therapeutics Inc., Rancho Cordova, California) will be advanced into the recanalized coronary artery, approximately 5 to 10 mm distal to the distal edge of the implanted stent. As the stents will cover the entire injured segment during the PCI, the endothelial function study will be performed distal to the stents in a non-injured segment. The electrocardiogram and arterial blood pressure will be continuously recorded.
Subjects will receive multiple intravenous adenosine infusions with a stepwise dosing protocol (0, 50, 80, 110 and 140 g/Kg/min) for a period of 2 minutes each to assess coronary vasomotion and flow. After a washout period of at least 5 minutes from the last dose, a nitroglycerin (NTG) bolus (200 g) will be administered through the guiding catheter to evaluate endothelium-independent vasomotion. Throughout each infusion, the heart rate, systemic arterial pressure, and ECG will be monitored continuously. Continuous average peak velocity (APV) Doppler traces will be recorded at baseline and after each adenosine infusion and after nitroglycerin bolus (calculated as the time-averaged value of the instantaneous peak velocity over two consecutive cardiac cycles), followed by angiographic images of the studied artery. Angiograms will be performed in the 2 orthogonal projections that best show the artery of interest, without overlapping of side branches and with less foreshortening. Changes in the diameter will be calculated using automated quantitative coronary angiography (QCA) edge detection system by a dedicated core laboratory (Barcelona Cardiac Imaging Core-laboratory; BARCICORE-Lab). Vasomotor response will be calculated as % change in mean luminal diameter compared to the baseline measurement. At the same time, we will evaluate absolute coronary blood flow from the product of corresponding peak APV values and QCA-derived coronary artery diameter (1/2 x APV x coronary cross-sectional area) at baseline and after each adenosine infusion and after NTG bolus. 30-32 
Coronary flow reserve will be calculated at each time point as ratio of the maximal coronary blood flow reached at each adenosine infusion and after nitroglycerin bolus divided by the resting coronary blood flow, whenever epicardial vessel sizes will be constant after each adenosine infusion or nitroglycerin bolus, as previously indicated.19, 20
Changes in coronary blood flow, APV and coronary artery diameter at each and between time points will be reported either as absolute or as relative difference.

Follow-up
Patients will be followed up by telephone contact/clinical visit at 30 days, 6 months, and yearly up to 3 years. The primary endpoint will be assessed immediately after CTO recanalization. Those patients originally included, who have received loading doses of clopidogrel or ticagrelor according to randomization prior to CTO-PCI, without a successful CTO-PCI will be withdrawn from the study, included in a registry and followed by phone call at 1 and 3-year.
At 12 or 36-month visits, angiographic control will be performed, according to the second randomization. Angiographic control will include a functional, as performed at the index procedure (see above) and a morphological assessment (by means of optical coherence tomography). Optical coherence tomography (C7 Dragonfly catheter, Lightlab Imaging, St Jude Medical) will be performed to evaluate coronary segment where the scaffold was implanted, proximal and distal edges (at least 5 mm). A complete imaging of the stented segment will be acquired with a pullback speed of 20 mm/second and with a frame rate of 100 images per second. QCA and OCT data will be stored and then sent to and analysed by a dedicated Core-lab (BARCICORE-lab, Barcelona, Spain).

Endpoints
The primary endpoint is the increase in coronary blood flow (CBF) under adenosine administration in the coronary segment distal to the implanted scaffold immediately after successful CTO-PCI in the ticagrelor group vs. clopidogrel group. This hypothesis is tested in the first randomization. The trial has been powered for the primary endpoint.
	The secondary hypotheses (Table 2) will explore the role of ticagrelor/clopidogrel alone and together with Absorb BVS implantation in the vascular function at long-term. The angiographic follow-up will be scheduled at 1 or 3-year follow-up in order to test the secondary hypothesis either at the end of the dual antiplatelet therapy or at the moment of scaffold bioresorption. The primary and secondary endpoints will be analysed in the intention-to-treat ITT populations.


Statistical considerations
Continuous variables will be expressed as mean ± standard deviation, while categorical data will be expressed as absolute numbers and percentages. Analysis of normality of the continuous variables will be performed with the Kolmogorov-Smirnov test. Changes in mean blood pressure, heart rate, mean luminal diameter, APV, or CBF values from baseline to each adenosine infusion and nitroglycerin bolus will be compared by means of mixed models for repeated measurements, Correlation between morphological or biological parameters and functional vasomotor response will be evaluated univariately by a Pearson test and then by multivariate analysis. To evaluate the primary endpoint of increase in CBF in the two groups, two statistical analyses will be performed. First, individual area under the curves for each patient will be calculated using the trapezoidal rule and a two-sample t-test will be performed. Second, a linear mixed model will be fitted. This model will use the repeated measurements of CBF (within each patient) and will include treatment effect as a fixed factor and patient indicator as a random intercept. A two-tailed level of p < 0.05 will be considered statistically significant.
Commercially available computer software (SPSS version 20.0, SPSS Inc, Chicago, Illinois) will be used for all analyses

Sample size calculation
A total sample size of 25 patients randomized per group was estimated to demonstrate with 80% of statistical power and two-tailed p-value of 0.05 a difference between the ticagrelor and clopidogrel of 10000,00 in the area under the curve (AUC) of CBF under adenosine administration, with the assumption that the within-group standard deviation of the response variable will be 8100,00. Two samples t-test will be used for comparison of the two groups in terms of AUC.
Secondary endpoints are not powered and will be hypothesis generating. 

DISCUSSION

Endothelial dysfunction classically represents the first step of atherosclerosis 21, 22 and it has been extensively studied in various types of coronary lesions, including CTO. 23, 24 Specifically in CTO, we have previously shown that a certain degree of vascular dysfunction is present immediately after its recanalization with inability to vasodilate under adenosine or nitroglycerin administration. 17 Adenosine is a potent arteriolar dilator via stimulation of A2 receptors of smooth muscle cells. Its main effect in the coronary circulation is a drastic decrease of arteriolar resistance, leading to an increase coronary blood flow and, in return, flow-mediated dilatation of epicardial vessels. Conversely, nitrates have a direct vasodilatory effect on smooth muscle cells. 25-27 The absence of vasodilatation following these drugs may be related to a dysfunction in both mechanisms. This lack of vascular function could explain the higher than expected rate of target lesion revascularization following CTO-PCI when compared to percutaneous treatment of other type of coronary lesions.2
Ticagrelor may represent an attractive drug in order to improve this vascular dysfunction. Previous studies have demonstrated how ticagrelor may increase coronary blood flow velocity either in a canine model or in humans via an adenosine-mediated mechanism. In particular, by preventing adenosine cellular uptake, effectively extends the half-life of adenosine increasing extracellular levels of locally produced endogenous adenosine. This action has been supposed important in condition of hypoxia, where increased adenosine levels may contribute to vasodilatation, ischemic preconditioning, and inhibition of inflammatory response. 28 Moreover, this adenosine-mediated secondary mode of action of ticagrelor may provide a plausible mechanistic explanation of the cardioprotective effects, observed in the PLATO study. 9 
For all these reasons, ticagrelor may represent an option in patients with CTO in order to improve immediately vascular function after CTO recanalization. The present randomized clinical trial will also represent the first study testing coronary blood flow increase ability of ticagrelor in patients with coronary artery disease, as previous studies included only healthy subjects.
Another potential option to improve vascular function is represented by the implantation of bioresorbable vascular scaffolds. Healing process following stent implantation creates indeed a new vessel lumen and vascular structure, which are missing in a CTO. In this regard, Absorb BVS may have important advantage over metallic stent, as once the scaffold is totally bioresorbed, only vascular tissue remains at the site of previous CTO segment. Although recent reports have raised concerns about the safety of these devices,29, 30 preliminary data on Absorb BVS in specific context of CTO are reassuring, showing them as a safe and feasible option.31, 32 The TIGER BVS trial will specifically explore role of Absorb BVS in recovering normal function and morphology of CTO vessel after its recanalization. Eventually, as data on long-term vasomotion restoring properties after Absorb BVS implantation are contrasting15, 29, the present study will explore these properties in this specific challenging scenario. 
In conclusion, the TIGER BVS trial represents a unique opportunity to challenge vascular properties of ticagrelor and Absorb in an interesting clinical and anatomical scenario represented by coronary chronic total occlusions.
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FIGURES LEGEND

Figure 1. Flow chart of the study
PCI: percutaneous coronary intervention; CTO: chronic total occlusion. 
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