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Relevance: Despite advances in diagnostic and treatment methods, coronary heart disease (CHD) continues to be the predominant cause of death on a global scale [WHO, 2025]. In the current era of the ongoing epidemics of obesity and diabetes, multivessel coronary artery disease (MCAD) is identified in approximately 30-40% of patients with CHD and in over 50% of individuals presenting with acute coronary syndrome, which is associated with unfavorable clinical outcomes [WHO, 2024; Sun H. et al., 2022; Akbari T. et al., 2022]. Myocardial revascularization is regarded as the principal treatment modality for CHD, and the question of selecting the optimal strategy - coronary artery bypass grafting (CABG) or percutaneous coronary intervention (PCI)-remains a subject of ongoing debate [Manuca R.D. et al., 2024]. Most prior investigations have shown that CABG is superior to PCI across multiple endpoints, including overall survival [Chew N.W.S. et al., 2022]. Undoubtedly, CABG provides more complete myocardial revascularization compared with PCI in patients with MCAD [Gu D. et al., 2020], particularly in cases of high coronary complexity. However, with advancements in PCI technologies, this method has become a viable alternative for patients with low and intermediate anatomical complexity (SYNTAX Score ≤32). Notably, earlier randomized clinical trials were conducted in the era of first-generation stent technologies. The advent of next-generation drug-eluting stents (DES) and ongoing advancements in interventional techniques are anticipated to enhance long-term outcomes following PCI, thereby calling into question the relevance of earlier trial data to contemporary practice. Several more recent long-term studies have not demonstrated statistically significant differences in major clinical endpoints between PCI and CABG [Shaik T.A. et al., 2022]. Moreover, much of the earlier evidence was derived from studies with relatively short follow-up durations, whereas long-term outcomes extending beyond nine years remain insufficiently investigated. Importantly, according to multiple reports, the incidence of occlusions of autovenous bypass within ten years after CABG approaches 50-60% [Ferrari G. et al., 2021]. 
In this context, the assessment of long-term outcomes following CABG and PCI, with follow-up extending beyond nine years, is of considerable clinical and scientific importance. Accordingly, the present study was designed to compare the long-term results of PCI and CABG and to identify the most appropriate revascularization strategy for patients with MCAD and low to intermediate anatomical complexity SYNTAX Score (SS) (≤32), underscoring its relevance and timeliness.
Aim of the Study: To optimize indications for the choice of revascularization strategy in patients with multivessel coronary artery disease based on a comprehensive evaluation of the long-term outcomes of coronary artery bypass grafting and coronary stenting.
Research Tasks:
1. Analyze initial indicators and evaluate the overall long-term outcomes of coronary stenting and coronary bypass surgery in patients with multivessel coronary artery disease and SS ≤ 32
2.	Identify differences in the long-term outcomes of coronary stenting and coronary bypass surgery in patients with multivessel coronary artery disease and SS ≤ 32
3.	Determine predictors of adverse outcomes depending on the revascularization method and stratification of the SS
4.	To develop a predictive model for long-term adverse outcomes and, based on it, to determine the leading criteria for choosing the optimal myocardial revascularization strategy in patients with multivessel coronary artery disease and a SYNTAX Score ≤ 32
Object of the Study
Patients with multivessel coronary artery disease of low and intermediate anatomical complexity based on the SYNTAX Score (≤ 32), who underwent myocardial revascularization by PCI or CABG.
Subject of the Study
Long-term outcomes of various methods of myocardial revascularization (PCI and CABG), risk factors for adverse events, and the impact of the revascularization method on long-term treatment outcomes in patients with multivessel coronary artery disease and SYNTAX Score ≤ 32.
Study Design: а dual-center retro-prospective comparative study
Research Methods and Materials. The study was conducted in five stages: 
Stage I comprised a comprehensive review and analysis of national and international literature addressing the selection of revascularization strategies in patients with multivessel CAD.
Stage II involved retrospective cohort selection and comparative assessment of baseline clinical, anatomical, and angiographic characteristics. Using archival data collected between 2011 and 2013 from the National Scientific Cardiac Surgery Center in Astana and the Pavlodar Regional Cardiology Center, a total of 406 patients with multivessel CAD and a SYNTAX score (SS) ≤32 were enrolled in the study. The cohort included 200 patients who underwent primary PCI (100 with SS≤22 and 100 with SS 23-32) and 206 patients treated with primary CABG (100 with SS≤22 and 106 with SS 23-32).  
Stage III involved the evaluation of long-term outcomes following coronary stenting and coronary artery bypass grafting. Patient follow-up was conducted through analysis of institutional electronic databases, the Clinical Medical Information System (CMIS), the Electronic Registry of Inpatients (ERIP), and direct contact-based monitoring. The mean duration of follow-up was 9±1.9 years (covering the period from 2011-2013 to 2022). In addition, a predefined subgroup of patients with a high comorbidity (Charlson Comorbidity Index ≥4) was identified. Within this subgroup, medication adherence was assessed using the Morisky Medication Adherence Scale (MMAS-4), and physical activity levels were evaluated with the International Physical Activity Questionnaire (IPAQ).   
Stage IV comprised statistical processing and logical interpretation of the collected data. Long-term outcomes following revascularization were analyzed using the Kaplan-Meier method. Independent predictors of adverse events were determined through multivariable Cox proportional hazards regression analysis.
Stage V involved the development of prognostic models for each clinical endpoint, based on identified key risk factors and employing binary logistic regression equations. These models were subsequently integrated into a software platform (mobile application). An evidence-based algorithm for selecting the optimal myocardial revascularization strategy was developed. The findings of the study have been successfully implemented into routine clinical practice at the Pavlodar Regional Cardiology Center.
Study Endpoints: the endpoints of the study included a combination of major adverse cardiac and cerebrovascular events (MACCE) and their individual components: all-cause mortality, cardiac death, cerebrovascular events (transient ischemic attack/stroke), myocardial infarction (MI); repeat revascularization; development of chronic heart failure; and a high category of coronary artery lesion as characterized by an SYNTAX Score≥ 33 in dynamics.
Main Statements Submitted for Defense: 
1. In patients with multivessel coronary artery disease and a SYNTAX Score ≤32, PCI and CABG strategies demonstrate statistically comparable rates of all-cause and cardiac mortality, as well as the incidence of acute cerebrovascular events over a long-term follow-up period (9±1.9 years). 
2. The revascularization method determines the pattern of adverse long-term outcomes: PCI is associated with higher rates of myocardial infarction and repeat revascularization, whereas CABG is characterized by more frequent progression of coronary atherosclerosis (SYNTAX Score ≥33) and the development of chronic heart failure in patients with a SYNTAX Score ≤22
3. The choice of the optimal revascularization strategy is determined by the patient's clinical profile: the benefit of CABG in reducing the risk of myocardial infarction is associated with smoking, overweight (BMI ≥25), a history of myocardial infarction, and peripheral atherosclerosis; whereas comorbid COPD in patients with a SYNTAX Score ≤22 justifies the priority of PCI to reduce the risk of heart failure.
4. The developed predictive model and algorithm provide a rationale for a differentiated choice of myocardial revascularization strategy in patients with multivessel CAD and a SYNTAX Score ≤32, ensuring minimization of the risk of long-term adverse cardiovascular events
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1.	For the first time in Kazakhstan, long-term outcomes of coronary stenting and coronary artery bypass grafting were evaluated in patients with multivessel coronary artery disease with a SYNTAX Score≤32. (Certificate of Authorship No. 52870, dated December 23, 2024).
2.	Predictors of adverse outcomes in patients with multivessel coronary artery disease were identified for the first time, depending on the chosen revascularization strategy and SYNTAX Score stratification.
3.	A novel statistical model for predicting adverse outcomes in patients with multivessel CAD and a SYNTAX Score≤32 (p<0.0001) was developed for the first time, achieving an overall accuracy rate of correct predictions exceeding 70%. (Certificate of Authorship No. 52869, dated December 23, 2024).
4.	Key indications for selecting the optimal revascularization method for patients with multivessel CAD and a SYNTAX Score≤32, where both PCI and CABG may be viable strategies, were identified for the first time. (Certificate of Authorship No. 52868, dated December 23, 2024).
Practical Significance of the Dissertation Research
1. It was established that there are no significant differences in outcomes between PCI and CABG regarding the risk of all-cause mortality, cardiac death, and cerebrovascular events over a 9±1.9-year follow-up in patients with multivessel coronary artery disease of low and intermediate anatomical complexity (SYNTAX score ≤32). 
2. A statistical model-calculator for predicting adverse revascularization outcomes in patients with multivessel CAD and a SYNTAX Score≤32 was developed and implemented as a smartphone application (https://adverse-event-calcul-rziu.glide.page/dl/d0a5f4)
3. Key indications for selecting the optimal revascularization strategy for patients with multivessel CAD and a SYNTAX Score ≤32 were formulated and presented as an algorithm.
Conclusions 
1. Over a follow-up period of 9±1.9 years, the long-term outcomes of coronary stenting and coronary artery bypass grafting in patients with MCAD and SS≤32 demonstrated no statistically significant differences in all-cause mortality (p=0.6), cardiac mortality (p=0.22), or the incidence of acute cerebrovascular events (p=0.6).
2. Comparative analysis of long-term revascularization outcomes identified the following differences:
- Repeat revascularization (RR) (p<0.001) and MI (p=0.04) were significantly more frequent after PCI;
-  Progression to severe coronary atherosclerotic disease (SS≥33) (p<0.001) was observed more frequently after CABG;
- In patients with low SS≤22, chronic heart failure developed significantly more often after CABG than after PCI (39.5% vs. 27.7%, respectively; HR 1.8; 95% CI 1.03-2.98; p=0.037);
- In patients with intermediate SS 23-32 who were overweight or obese, MI was significantly more frequent after PCI than after CABG (23.6% vs. 10.8%, respectively; HR 2.2; 95% CI 1.5-4.7; p = 0.04).
3. Independent predictors of adverse clinical outcomes were identified as follows:
- In patients with multivessel CHD and SS≤32, PCI was associated with a higher risk of RR (HR 2.2; 95% CI 1.6-3.03; p<0.0001), whereas CABG was linked to an increased likelihood of progression to severe coronary atherosclerosis (SS≥33) (HR 3.7; 95% CI 2.0-6.9; p<0.0001); 
- Among patients undergoing PCI with SS≤32, smoking was a significant predictor of MI (HR 2.02; 95% CI 1.02-3.9; p=0.04);  
- In individuals with an intermediate SS 23-32 and BMI ≥25, the risk of MI was significantly higher in the presence of prior MI (HR 3.2; 95% CI 1.1-6.6; p=0.03) and/or peripheral atherosclerosis (HR 3.1; 95% CI 1.1-5.5; p=0.03); 
- In surgically treated patients with low anatomical complexity SS≤22, concomitant chronic obstructive pulmonary disease (COPD) was significantly associated with an increased risk of heart failure (HR 2.2; 95% CI 1.05-4.6; p=0.036).
4. On the basis of the developed prognostic model and proposed algorithm, differentiated indications for selecting the revascularization strategy were formulated:
· CABG is the preferred method for smoking patients with a SYNTAX Score ≤32, as well as for patients with a SYNTAX Score of 23–32 combined with a BMI ≥25, a history of myocardial infarction, and/or peripheral atherosclerosis;
· PCI is the preferred method for patients with a SYNTAX Score ≤22 and comorbid COPD.
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