The Modern Approach to Guide Surgical Coronary Revascularization

Abstract
Coronary revascularization is crucial in the treatment of ischemic heart disease (IHD) patients because it relieves symptoms with managing adverse outcomes, including myocardial infarction (MI). To decide on revascularization of the coronary artery, it is necessary to have diagnostic evidence, since only the coronary vessels causing ischemia must be selected for revascularization. Hence, in order not to subject patients to unnecessary revascularization and to treat with medical therapy, accurate measurements of the significance of coronary artery stenosis are necessary. Identifying stenoses that cause ischemia should be achieved in a variety of ways that include invasive and non-invasive tests. Cardiologists use a combination of these investigations together for optimal further treatment. The purpose of this review was to describe publicly available data on recommendations to guide surgical coronary revascularization.
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Revascularization strategy

[bookmark: _GoBack]The goal of revascularization is to abolish myocardial ischemia by restoring myocardial blood flow.1 Considering the advantages and risks of the revascularization technique, as well as local strategy and experience, determined a choice by the heart team between percutaneous coronary intervention (PCI) and coronary artery bypass grafting (CABG).2 There are a large number of studies compared these two types of treatment, and presented advantage of one or the other method and did not come to a consensus, since there were limitations in patients selection, the appearance of a new stent, or a changes in CABG technique.3 In prospective, randomized, open-label, non-inferiority, and multicenter NOBLE trial compared CABG and PCI. Despite the same conditions, CABG had significantly better result than PCI at 5 year estimates, major adverse cardiac and cerebrovascular events (MACCE) 18% vs 28% p=0.0069; non-procedural MI 10% vs15% p=0.030; 5 year all-cause mortality 9% vs 11% p=0.84.4 Although there is data in the same study, that PCI with a second-generation stent was non-inferior to CABG.5    
One of the best tools to guide decisions on the revascularization strategy for patients with multivessel coronary artery disease (CAD) is a SYNTAX score with a high recommendation class and level of evidence (Class IB).2,6,7 For the risk assessment associated with CABG, European Society of Cardiology (ESC) and European Association for Cardio-Thoracic Surgery (EACTS) guidelines in 2018 recommend using the European system for cardiac operative risk evaluation (EuroSCORE) II (ClassIIb B) or Society of Thoracic Surgeons (STS) score (Class IB).8,9,10 
  Large randomized trials have demonstrated better short- and long-term outcomes of on-pump coronary artery bypass grafting (ONCAB) compared with off-pump coronary artery bypass grafting (OPCAB), as it is a well-proven and standardized method.11,12,13 However, the use of OPCAB is considered appropriate in patients with chronic kidney disease, and it is associated with fewer transfusions and reduced risk of early stroke. 14,15,16,17  
   The development of minimally invasive coronary artery bypass (MIDCAB) surgery by thoracotomy gave the effective selective treatment of proximal left anterior descending (LAD) coronary artery stenosis, reduced postoperative length of stay, and had similar results as a post-conventional CABG.18,19,20,21 For the patients with multivessel disease surgical coronary revascularization possible combined with PCI,  in a hybrid operating room.22,23,24,25 Hybrid revascularization strategy showed similar outcomes during 5 years compared to conventional surgery.26  In any case, the choice of strategy for revascularization for success depends on the decision of the heart team and tactics on evidence-based medicine.

Non-invasive diagnostic tools

  The assessment, based on non-invasive diagnostic tools, comprises the assessment of ischemia and myocardial viability.  Electrocardiogram (ECG) may have a role in risk stratification patients presenting with acute CAD, but due to low sensitivity for the patients with symptoms of angina, it is recommended as an initial test.27 Previously reported usage of noninvasive computed tomography (CT), both CT-derived fractional flow reserve (CT-FFR), and CT perfusion among patients with CAD27,28, but clinical trial data are insufficient to make a recommendation for using in clinical practice.29 Non-invasive stress imaging of patients with heart failure and CAD with reduced ejection fraction may be considered - a cardiac magnetic resonance (CMR), single-photon emission computed tomography (SPECT) or positron emission tomography (PET), stress echocardiography as an addition to invasive assessment and before the decision on revascularization.30,31,32

Invasive diagnostic tools

 The history of invasive coronary angiography (ICA) begins in the late 50s and early 60s.33,34  ICA was a gold standard for the decision-making as well as the benchmark used to compare every new method to guide myocardial revascularization. However, the limited correlation between angiographic findings and functional stenosis severity35 enabled the development of functional assessment of coronary stenoses using intracoronary guidewires.

[bookmark: _Toc74907971]Coronary physiology era

[bookmark: _Hlk43224274]  Recognition of coronary physiology and assessing of coronary physiology started more than 30 years when intracoronary pressure and flow velocity sensor-tipped guidewires became sufficiently miniaturized, but they had many disadvantages (hyperemia required, does not delineate between epicardial and microvascular disease and so on).36 Physiology-guided revascularization has become an important component of evidence-based management of CAD patients received after the advent of fractional flow rezerve (FFR). 


[bookmark: _Toc74907972]Fractional Flow Reserve

  The FFR measured during routine ICA by using a pressure wire to calculate the ratio between coronary pressure distal to coronary artery stenosis and aortic pressure under conditions of maximum myocardial hyperemia.37 An FFR of 1.0 is widely accepted as normal, cutoff value FFR is 0.80.37,38  FFR >0.80 had been demonstrated to exclude ischemia in 90% of cases.39 The FAME study was a significant reduction in mortality or myocardial infarction at 2 years in the FFR versus angiography group (8.4% vs 12.9%; p 0.02) and myocardial infarction rate for deferred based on FFR >0.80 was 0.2 %.40 The 1-year patency rate after the CABG procedure has been 91.1% of the bypass grafts on functionally significant lesions (FFR<0.75), and 78.6% of the bypass grafts on functionally nonsignificant lesions (FFR>0.75).41 CABG was performed following evaluation of the stenosis severity based on ICA, FFR data were hidden.  There was no difference in angina class or repeat interventions between patients with or without occluded bypass grafts, but it was mitigated by the fact that the occluded grafts were implanted on vessels without significant stenoses with “good” competitive flow. Notably, the occlusion rate was equally in arterial and venous grafts. However, the Graffiti trial show opposite data and FFR has no impact on one-year graft patency for CABG patients.42 Follow-up angiography showed no difference either in the overall graft patency rate (80% vs 81%, respectively; p=0.885) or in the graft patency of study vessels alone between the angiography-guided versus the FFR-guided groups (73% vs 70% respectively; p=0.733) at one year. There was no difference in the angiographic lesion severity and functional severity in native coronary arteries with patent and occluded attached grafts. Also, no significant difference in the type of grafts (arterial or venous) among the patent compared to occluded ones. Currently, the conclusion that FFR can play role in risk stratification and determine management strategy43 may be premature for CABG patients. Practice European Cardiology Guidelines support the use of FFR to complement coronary angiography with the highest degree of recommendation (Class IA) for the assessment of coronary stenosis in patients with stable angina.44 The cost-benefit of using FFR assessment in public and private sectors in Australia was demonstrated.45 

[bookmark: _Toc74907973]Instantaneous Wave-Free Ratio

[bookmark: _Hlk43224337]  In the last decade, there has been renewed interest in the field of coronary physiology, driven by the introduction of a new, non-hyperemic pressure-based index of stenosis severity: the instantaneous wave-free ratio (iFR).46 The iFR is a promising evaluation of coronary physiology for assessing indications for revascularization in patients with coronary artery disease. It is a functional assessment of stenoses, it can be performed by measuring intracoronary flow in the catheterization laboratory and calculated as the mean pressure distal to the stenosis during the diastolic wave-free period (Pd wave-free period) divided by the mean aortic pressure during the diastolic wave-free period (Pa wave-free period).46 
[bookmark: _Hlk43224440]  Based on comparisons to FFR,  iFR cut-off point  is 0.90.47,46 Define-Flair and iFR Swedeheart are randomized and prospective trials, which have compared FFR and iFR for guided revascularization strategy, and iFR showed similar and comparable results.48,49 The Define-Flair trail demonstrated deferral from revascularization in the iFR group 54% (677pt.) of patients and the FFR group 50% (625pt.) of patients.49 The significant advantages of iFR have been shown among the existing methods for the evaluation of coronary physiology.50 It is: adenosine free, the time of the study is quicker than for FFR, the low level of discomfort for patients, ability to assess serial lesions, and superior signal-to-noise ratio compared to Pd/Pa.  Especially widely used by cardiologists and remains a tool for perioperative assessment of PCI patients, not for CABG patients. In 2018 European cardiologists recommended iFR for assessing intermediate-grade stenosis.51 There are currently no data to assess the clinical benefits of iFR in guiding coronary artery bypass grafting and no data that iFR can be a direct strong predictor of graft patency.  Given the close association between iFR and flow in a coronary artery, also considering the effect of the competitive flow on the graft patency, iFR may be suitable for guiding bypass grafting.50 In our study, we showed that the iFR is a useful tool for predicting the impact of competitive flow seen between the native artery and an attached graft.52 The effect of competitive flow significantly increases when the graft is attached to a vessel with mild coronary stenosis.


[bookmark: _Toc74907974]Quantitative Flow Ratio

  Quantitative flow ratio (QFR) was developed relatively recently, it is a less-invasive, adenosine, and wire-free tool. QFR is based on a 3D reconstruction of coronary arteries and the application of mathematical equations and estimated flow velocity in the target vessel by modified frame counting.53,54  
J.Westra et al., presented a data meta-analysis based on prospective 16 studies (819 patients and 969 vessels). The diagnostic performance of QFR was good with FFR as a reference, with sensitivity 84%, specificity 88%; positive predictive value 80%, and negative predictive value 95%.55 In 2019 A.Erbay et al., demonstrated high diagnostic accuracy of QFR for functional lesion assessment also in patients with small vessel disease (≤2.8 mm). Prevalence of small-vessel disease was 51,6%.56 This advantage allows the use of QFR in a wide range. However, another study involving 504 patients found that the QFR overestimated functional stenosis, using the FFR as a reference.57 Care should be taken when guide for revascularization decision-making only based on QFR. The QFR might be a promising tool and needs to be further investigated.58


Conclusion
Coronary angiography is a well-proven diagnostic method. Nevertheless, visual assessment and therapy tactics depend on the experience and skills of the cardiologist. The development of a coronary physiology-based approach to guide revascularization in CABG patients is undoubtedly promising and necessary. Using of FFR in the world remains low. The reasons may be a long procedure time, the cost of additional equipment, and some difficulties of using adenosine.50 
We know that multicenter studies are currently underway on the effectiveness of iFRs for the CABG patients. Although there is evidence of the efficacy of iFR in patients with CABG, however, this is in the main small single-center studies. Surgical society is in healthy competition with cardiology society (PCI based treatment). The development of preoperative diagnosis based on the principles of coronary physiology will allow avoiding unnecessary bypasses and improving risk prediction, which is economically beneficial for the health care system.
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