

  life-12-00347




life-12-00347







Life 2022, 12(3), 347; doi:10.3390/life12030347




Article



Percutaneous Coronary Intervention versus Coronary Artery Bypass Grafting for Non-Protected Left Main Coronary Artery Disease: 1-Year Outcomes in a High Volume Single Center Study



Ștefan Dan Cezar Moț 1,2,*,†, Adela Mihaela Șerban 1,2,†, Ruxandra Ștefana Beyer 1,†, Mihai Cocoi 1, Horia Iuga 1, Ioana Dănuța Mureșan 2,3, Simona Cozma 3, Alexandra Dădârlat-Pop 1,2[image: Orcid], Raluca Tomoaia 1,2,*[image: Orcid] and Dana Pop 2,4,†





1



Cardiology Department, Heart Institute “N. Stăncioiu”, 400001 Cluj-Napoca, Romania






2



5th Department of Internal Medicine, Faculty of Medicine, “Iuliu Hațieganu” University of Medicine and Pharmacy, 400012 Cluj-Napoca, Romania






3



Department of Cardiology, Ares Hospital, 400015 Cluj-Napoca, Romania






4



Department of Cardiology, Clinical Rehabilitation Hospital, 400347 Cluj-Napoca, Romania









*



Correspondence: mot.stefan.dan.cezar@elearn.umfcluj.ro (Ș.D.C.M.); tomoaia.raluca@umfcluj.ro (R.T.)






†



These authors contributed equally to the work.









Academic Editors: Theodora Benedek, Ciprian Rezus and Imre Benedek



Received: 27 January 2022 / Accepted: 25 February 2022 / Published: 27 February 2022



Abstract

:

Introduction: There is clear evidence of a significant reduction in all major cardiovascular adverse events (MACE) by coronary artery bypass grafting (CABG) in left main coronary artery stenosis (LMCS), but revascularization by percutaneous coronary artery intervention (PCI) shows an increasingly important role as an alternative to CABG. Several recent trials aiming to test the difference in mortality between the two types of revascularization found conflicting data. The aim of this study is to determine whether PCI is non-inferior to CABG with respect to the occurrence of MACE at 1 year in patients with significant LMCS. Material and methods: We prospectively enrolled 296 patients with chronic or acute coronary syndromes and significant LM stenosis. The angiography that recommended the revascularization procedure was used for the calculation of the Syntax II score, in order to classify the patients as low-, intermediate- or high-risk. Low- and high-risk patients were revascularized with either PCI or CABG, according to current guidelines, and were included in the subgroup S1. The second subgroup (S0) included intermediate-risk patients (Syntax II score 23–32), in whom the type of revascularization was chosen depending on the decision of the heart team or the patient preference. Patients were monitored according to the chosen mode of revascularization—PCI or CABG. LM revascularization was performed in all the patients. Clinical endpoints included cardiac death, myocardial infarction, need for revascularization and stroke. Patients were evaluated at 1 year after revascularization. Event rates were estimated using the Kaplan–Meier analysis in time to the first event. Results: At 1-year follow-up, a primary endpoint occurred in 35/95 patients in the CABG group and 37/201 in the PCI group. There were no significant differences between the 2 treatment strategies in the 1-year components of the end-point. However, a tendency to higher occurrence of cardiac death (HR = 1.48 CI (0.55–3.9), p = 0.43), necessity of repeat revascularization (HR = 1.7, CI (0.81–3.6), p = 0.16) and stroke (HR = 1.52, CI (1.15–2.93), p = 0.58) were present after CABG. Contrariwise, although without statistical significance, MI was more frequent after PCI (HR = 2, CI (0.78–5.2), p = 0.14). The Kaplan–Meier estimates in subgroups demonstrated the same tendency to higher rates for cardiac death, repeat revascularization and stroke after CABG, and higher rates of MI after PCI. Although without statistical significance, patients with an intermediate-risk showed a slightly lower risk of MACE after PCI than CABG. With the exception of dyslipidemia and gender, other cardiovascular risk factors were in favor of CABG (CKD, obesity). Conclusion: In patients with LMCS, PCI with drug-eluting stents was non-inferior to CABG with respect to the composite of cardiac death, myocardial infarction, repeat revascularization and stroke at 1 year, even in patients with intermediate Syntax II risk score.
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1. Introduction


Left main coronary artery stenosis (LMCS) is detected in 5–7% of all diagnostic coronary angiograms [1] and is of particular importance because it reduces up to 84% of left ventricular (LV) vascularization in patients with right coronary artery (CA) dominance and 100% in those with left CA dominance [2]. There is clear evidence of a significant reduction in all major cardiovascular adverse events (MACE) by coronary artery bypass grafting (CABG) [3]. However, recent data focused on the improved efficacy and safety of percutaneous cardiovascular interventions (PCI), granting PCI an increasingly important role [4].



Several trials aiming to test the difference in mortality between the two types of revascularization found conflicting data. PRECOMBAT and SYNTAX trials [5,6,7,8] found similar mortality between PCI and CABG, while the EXCEL trial [9] found higher mortality after PCI at 5-years follow-up. The NOBLE trial demonstrated similar mortality between the two types of revascularizations, but with the inferiority of PCI due to higher rates of non-procedural myocardial infarction and repeat revascularization [10,11].



Applying risk scores guides the selection between the two types of revascularization by performing the estimation of the intermediate to long-term prognosis. The Syntax II score combines the Syntax I anatomical score with three clinical variables (age, presence of renal failure, and reduced LVEF), each known as a direct indicator of influence of mortality. This score was described in the Delta registry [12] and was also validated by the Excel trial [9]. Therefore, current guidelines recommend revascularization with either PCI or CABG in low-risk patients (Syntax II score ≤ 22, class of recommendation I) and with CABG in high-risk patients (Syntax II score > 32, class of recommendation I), whereas intermediate-risk patients (Syntax II score 23–32), have a stronger recommendation for CABG (class I) than PCI (class IIA) [13].



However, improvement of interventional techniques in recent years may lead to an even greater decrease of MACE after PCI and a similar prognosis between the two types of revascularization.



The aim of this study is to determine whether PCI is non-inferior to CABG with respect to the occurrence of MACE at 1 year in patients with significant LMCS.




2. Materials and Methods


2.1. Study Population


This research was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of “Nicolae Stăncioiu” Heart Institute, Cluj-Napoca, Romania, number 17/2017 It was a single-center study, which prospectively enrolled 304 patients who were admitted in the cardiology department from 2018 to 2020. Inclusion criteria were the following: chronic (stable angina pectoris, dyspnea) and acute coronary syndromes (unstable angina pectoris, NSTEMI, STEMI), significant stenosis (with a visually assessed diameter of stenosis >70% or FFR ≤ 80% in case of a visually assessed stenosis of 50–70%) in the LM coronary artery (ostium/ mid-shaft/ bifurcation). Exclusion criteria included severe comorbidities with an expected survival of less than 1 year and prior CABG. Cardiac enzymes, 12-lead electrocardiogram and echocardiography, including left ventricular ejection fraction (LVEF) were performed after admission in all the patients. All patients offered their written informed consent.



All patients underwent coronary artery angiography. The angiography that recommended the revascularization procedure was analyzed and used for the calculation of the Syntax II anatomical and clinical score in order to classify the patients as low- (≤22), intermediate- (23–32) or high-risk (>32). Patients were monitored according to the chosen mode of revascularization—PCI or CABG.



A heart team, including an interventional cardiologist and a heart surgeon, assessed all the patients for eligibility for either percutaneous or surgical treatment.



LM coronary artery revascularization was performed in all the patients. Low-risk patients (Syntax II score ≤ 22) were revascularized with either PCI or CABG (according to current recommendations, to the heart team decision depending on the anatomical complexity and according to the patient’s preference); high-risk patients (Syntax II score > 32) were revascularized with CABG, according to current guidelines [12]; both low- and high-risk patients were included in the subgroup S1, where the type of revascularization had a class I indication in the current guidelines. The second subgroup (S0) included intermediate-risk patients (Syntax II score 23–32), in whom the type of revascularization was chosen, depending on the decision of the heart team or the patient preference, where CABG has a class I indication and PCI a class IIA indication in the current European Guidelines on myocardial revascularization [12].




2.2. Procedures


The goal of both PCI and CABG was the complete revascularization of all ischemic territories. PCI was performed by using only drug-eluting stents. Distal LM bifurcation stenoses were treated with one or two-stent techniques and guidance with intravascular ultrasonography was used when considered necessary by the operators. Kissing balloon dilatation was mandatory when using the two stents technique or at the discretion of the operator when using a single-stent technique.



CABG was performed with the use of arterial grafts, when possible, but venous grafts were also be used.



All the participants received medical treatment after the procedure according to current recommendations. Aspirin was administered lifelong in both groups and a P2Y12 inhibitor was associated after PCI for 6 to 12 months, according to the type of clinical presentation of admission.




2.3. Follow-Up


The study was designed in order to determine if PCI was non-inferior to CABG in reference to the occurrence of MACE at 1 year. Clinical endpoints included cardiac death, myocardial infarction, need for revascularization and stroke. Patients were evaluated by outpatient control, and telephone or hospital records were used to evaluate patients at 1 year after revascularization.




2.4. Statistical Analysis


Clinical variables were expressed as mean ± SD or frequencies depending on the type and distribution. Normality was tested via the Kolmogorov–Smirnov test. Patients were divided into two groups according to the type of revascularization (PCI vs. CABG). Continuous data were compared using t-tests if there was a normal distribution or Mann–Whitney test otherwise, and categorical data by using the Chi2 test or Fisher’s test.



Follow-up began after revascularization and continued up to 1 year or until the occurrence of the first MACE. We first evaluated the occurrence of all MACE and of each separate end-point in the whole group of patients. Secondly, the occurrence of MACE was analyzed separately in two subgroups formed on the basis of the Syntax II score (S0 and 1). The first subgroup (S1) included patients in whom the type of revascularization was chosen according to current recommendations (low-risk patients were treated with either PCI/CABG (Syntax II score ≤ 22) and high-risk patients were treated with CABG (Syntax II score > 32)). The second group (S0) included intermediate-risk patients (Syntax II score 23–32), in whom the type of revascularization was elected depending on other variables. Clinical follow-up in all patients and, according to the S0/1 subgroups, was reported using the Kaplan–Meier analysis, 95%CI and the log-rank test.



Subgroups analyses performed for the variables that showed significant differences between groups (gender, dyslipidemia, obesity, CKD, acute coronary syndrome on presentation, complete revascularization and S0) were presented using a forest plot and hazard ratios, 95% CI and interactions tests. The p values for interaction were obtained with likelihood ratio tests.



Statistical analysis was performed with MedCalc Statistical Software 19.6.1 (MedCalc Software Ltd., Ostend, Belgium; http://www.medcalc.org; (accessed on 22 Janaury 2022)). A p value of <0.05 was considered significant.





3. Results


3.1. Baseline Characteristics


Between 2018 and 2020, 304 patients with significant LM coronary artery disease were recruited (Figure 1); 8 patients were excluded (2 patients with prior CABG, 5 patients with severe comorbidities (e.g., cancer) and 1 patient who died before revascularization). The SYNTAX II score was calculated for all the remaining patients and was used to classify them according to the resulting risk, into low- (≤22), intermediate- (23–32) and high-risk (>32) classes. All patients underwent LM coronary artery revascularization.



There were 130 patients in the low-risk class, who underwent PCI and 59 low- or high-risk patients who underwent CABG (according to the heart team’s decision, depending on the anatomical complexity and according to the patient’s preference) and 59 patients in the high-risk class, which were revascularized by CABG. Regarding patients with an intermediate-risk, the decision on the type of revascularization was made according to the heart team, or to the patient preference. There were 107 intermediate-risk patients, 71 of whom were referred for PCI and 36 for CABG.



At the 1-year follow-up, there were 72 MACE: 18 cases of cardiac death, 18 cases of myocardial infarction, 29 cases of recurrent angina requiring repeat revascularization, and 7 cases of stroke.



Baseline characteristics of patients undergoing revascularization with PCI (n = 201, 68%) and CABG (n = 95, 32%) are shown in Table 1. Patients undergoing PCI presented more cardiovascular risk factors (dyslipidemia, obesity and chronic kidney disease) and were more frequently admitted with acute rather than chronic coronary syndromes (p < 0.0001) compared with subjects undergoing CABG.



Patients in the CABG group presented more frequently with multivessel CAD (79% vs. 52.2%, p < 0.0001), but there was no significant difference regarding the number of coronary arteries with significant stenosis between the two groups (chi2p = 0.09). Complete revascularization was more frequently encountered with PCI (68.7% vs. 53.7%, p = 0.012). We also experienced a less extensive use of arterial conducts in the CABG group.



On the 1-year follow-up, patients undergoing GABG presented significantly more MACE than patients with PCI (35/95 patients, 36.8% vs. 37/201 patients, 18.4%). Cardiac death, repeat revascularization and stroke were more frequent after CABG, while MI occurred more frequently after PCI.




3.2. Major Cardiac Adverse Events (MACE)


The duration of follow-up was 1 year in both groups. The occurrence of any type of MACE according to the type of revascularization (PCI vs. CABG) in all the patients and in compliance to the risk group patients were assigned to, are presented in Figure 2. The occurrence of each end-point after PCI vs. CABG, in all the patients and in subgroups are shown in Figure 3 and Figure 4. The end-point event of cardiac death, MI, repeat revascularization or stroke occurred in 18.4% of the patients in the PCI group and 36.8% of the patients in the CABG group (p = 0.0006).



The 1-year rates of any type of MACE were not significantly different between groups. However, there was a tendency towards a higher occurrence of MACE after CABG, in both patients assigned as S1 (estimated rate of 13%, HR = 1.13 (CI 0.6–2.1), p = 0.69) and S0 (estimated rate of 18%, HR = 1.18, CI (0.5–2.75), p = 0.7).



There were no significant differences between the two treatment strategies in any of the 1-year components of the end-point (cardiac death, MI, repeat revascularization and stroke)—Figure 3. Yet, a tendency to higher occurrence of cardiac death (HR = 1.48, CI (0.55–3.9), p = 0.43), necessity of repeat revascularization (HR = 1.7, CI (0.81–3.6), p = 0.16) and stroke (HR = 1.52, CI (1.15–2.93), p = 0.58) was also present after CABG. Contrariwise, although without statistical significance, MI was two times more frequent after PCI than CABG (HR = 2, CI (0.78,–5.2), p = 0.14).



The Kaplan–Meier estimates of the endpoints according to the subgroup patients were assigned to (S0 vs. 1) and demonstrated the same tendency towards higher rates after CABG for cardiac death (HR = 1.28, CI (0.25–6.55), p = 0.76 and HR = 1.49, CI (0.4–5.42), p = 0.54), repeat revascularization (HR = 1. 76, CI (0.5–6.2), p = 0.37 and HR = 1. 7, CI (0.65 to 4.39), p = 0.27) and stroke (HR = 1.21, CI (0.08–18.65), p = 0.89, and HR = 1.86, CI (0.31–11.07), p = 0.49,) and of MI after PCI (HR = 1.51, CI (0.29–7.97), p = 0.62 and HR = 2.8 (0.8–9.4) p = 0.09) (Figure 4).



The outcomes after each type of revascularization are shown in Figure 5. There was no significant interaction between any of the subgroups. Although without statistical significance, patients with an intermediate-risk (S0) showed a slightly lower risk of MACE after PCI than CABG. With the exception of dyslipidemia and gender, other cardiovascular risk factors were in favor of CABG (CKD, obesity).




3.3. Left Ventricular Ejection Fraction


LVEF before and after each type of procedure was used to evaluate the effect of revascularization on LV systolic function. There was a statistically significant recovery of the LVEF in both S1 (49.7 ± 7.5 vs. 52 ± 6.5, p = 0.0002) and S0 patients (50.9 ± 6 vs. 52.5 ± 4.2, p = 0.03), which was not present also after CABG (Figure 6).





4. Discussion


LMCS represents a challenge for cardiovascular medical and surgical teams. Most patients with significant LMCS are symptomatic and at high-risk of MACE. In the absence of revascularization, survival at 3 years is about 37% [14]. Although CABG has a long history of efficacy and safety, recent meta-analyses suggest similar developments by applying percutaneous intervention techniques [15,16,17,18]. Modern surgical and interventional revascularization techniques compete to improve morbidity and mortality in LMCS disease. The standard of treatment for the last 20 years—coronary artery bypass grafting—has evolved through the use of arterial grafts, off-pump or minimally invasive techniques, which have made it attractive to practitioners and patients. On the other hand, percutaneous coronary interventions have developed exponentially, with the introduction of pharmacologically active stents, adjuvant therapy, intracoronary imaging, but especially through the improvement of interventional cardiology techniques [13]. This constantly changing field requires continuous comparisons, correlations and adjustments, based on scientifically proven experience. The goal of our study was to determine whether PCI is non-inferior to CABG with respect to the occurrence of MACE at 1 year in patients with significant LMCS, and we found that there were no significant differences between the two treatment strategies in the 1-year components of the end-point (cardiac death, MI, repeat revascularization and stroke).



Among recent trials, EXCEL [9] and NOBLE [10,11] best compare the two types of revascularization, showing that there are similar rates of death from any cause, myocardial infarction and stroke at over a year. Patients with simpler coronary anatomy benefit more from PCI, which is the preferred way to revascularize some subtypes of patients. The more complex the anatomy and the higher the syntax score, there is the growing benefit of CABG. It should be noted that MACE are more common with GABG during hospitalization, but during follow-up, the rate of MACE equalizes between CABG and PCI, with the exception of myocardial infarction and of the need for repeated revascularization, which is higher with PCI [10,19]. However, in these last trials, there was no sub-analysis on the clinical criteria for hospitalization (acute vs. chronic coronary syndromes). In our study, although there were no significant differences between the two treatment strategies regarding MACE, there was a tendency to a higher occurrence of myocardial infarction after PCI and of cardiac death, repeat revascularization and stroke after CABG. This tendency was less pronounced in patients with an intermediate-risk (Syntax II score of 23–32%), where the estimated rates demonstrated smaller differences between the two types of revascularization. A recent meta-analysis also demonstrated similar safety between the two types of revascularization in patients with LMCS and low to intermediate complexity CAD, but repeat revascularization occurred more frequently after PCI [15,20]. Although previous studies demonstrated an advantage of CABG over PCI in patients with multivessel coronary artery disease [21], our results showed lower completeness of revascularization rates in the CABG group. The different results compared to those of other studies might be explained by a greater extent of CAD in this group. Furthermore, compared to the PCI group, the CABG group in our study included a higher number of high-risk patients, in whom the possibility of complete revascularization was reduced. Another explanation for the lower completeness of revascularization in the CABG group might be related to the less extensive use of arterial grafts, which has been observed in our study.



The subgroups’ analyses did not particularly suggest that patients with intermediate Syntax II scores are more suitable for CABG or PCI, which is consistent with the findings in the EXCEL trial [9]. In our study, the clinical presentation with ACS showed a similar outcome after PCI and CABG.



Patients undergoing PCI presented with more cardiovascular risk factors and were more frequently admitted with acute rather than chronic coronary syndromes compared to subjects undergoing CABG. When separate clinical factors were analyzed according to the type of revascularization strategy, patients with an intermediate-risk (S0) showed a similar risk of MACE after both PCI and CABG, with slightly lower risk values for PCI. With the exception of dyslipidemia and gender, other cardiovascular risk factors were in favor of CABG (chronic kidney disease, obesity). In order to evaluate the LV systolic function after revascularization, LVEF was measured before and after revascularization. There was a statistically significant recovery of the LVEF in both S1 and S0 patients, which was not present after CABG. However, although statistically significant, the difference was not clinically relevant (<2.3%).



Overall, our results demonstrate the non-inferiority of PCI compared to CABG with regard to the occurrence of MACE at 1 year after revascularization, with a tendency to higher rates of myocardial infarction after PCI. Our results are similar to the PRECOMBAT and SYNTAX trials [5,6,7,8], which also found similar mortality between PCI and CABG at 5 years. Furthermore, the NOBLE trial demonstrated similar mortality between the two types of revascularization, but PCI was inferior to CABG due to higher rates of non-procedural myocardial infarction and repeat revascularization [10,11]. In contrast, other trials (EXCEL and updated 5-year outcomes from the NOBLE trial) [11,19] found higher mortality after PCI at the 5-years follow-up.



Altogether, the choice of type of revascularization necessitates discussions between the patient, his relatives and the complex medical team (clinical cardiologist, interventional cardiologist, cardiovascular surgeon, anesthesiologist, and sometimes other specialists) [22,23,24]. We emphasize that the CABG associated higher risk of stroke and longer recovery and might warrant the choice of PCI in patients eligible for both revascularization strategies. Moreover, the majority of the patients with low- or intermediate-risk in this study opted for PCI, which is a less invasive technique when compared to CABG. We, therefore, highlight the importance of individualized therapy and consideration of patient preference in the choice of revascularization.



This study also presents several limitations. First, it was a single-center study. Secondly, long-term medication was different between patients, and this might affect the impact on MACE occurrence. Thirdly, the follow-up duration was relatively short and longer periods of monitoring might be necessary to evaluate supplementary differences between revascularization strategies. Furthermore, we acknowledge that the choice between PCI and CABG, according to the local expertise and to the clinical and anatomical characteristics, might be of subjective matter and also a major limitation of the study. However, these aspects must be taken into account and the choice made individually for each patient. Further studies should use a longer follow-up duration to determine if PCI is an alternative for CABG in intermediate-risk patients.




5. Conclusions


In conclusion, in patients with LMCS, PCI with drug-eluting stents was non-inferior to CABG with respect to the composite of cardiac death, myocardial infarction, repeat revascularization and stroke at 1 year, even in patients with intermediate-risk according to the Syntax II score calculation.







Author Contributions


Conceptualization, Ș.D.C.M. and D.P.; methodology, Ș.D.C.M.; software, R.T.; validation, A.M.Ș., R.Ș.B. and H.I.; formal analysis, M.C.; investigation, Ș.D.C.M., I.D.M., S.C. and A.D.-P.; resources, Ș.D.C.M., M.C. and H.I.; data curation, Ș.D.C.M.; writing—original draft preparation, Ș.D.C.M.; writing—review and editing, D.P.; visualization, Ș.D.C.M.; supervision, D.P.; project administration, Ș.D.C.M.; funding acquisition, none. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Ethics Committee of Nicolae Stăncioiu Heart Institute, Cluj-Napoca, Romania, number 17/2017.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



DeMots, H.; Rösch, J.; McAnulty, J.H.; Rahimtoola, S.H. Left main coronary artery disease. Cardiovasc. Clin. 1977, 8, 201–211. [Google Scholar] [CrossRef]

	



Leaman, D.M.; Brower, R.W.; Meester, G.T.; Serruys, P.; van den Brand, M. Coronary artery atherosclerosis: Severity of the disease, severity of angina pectoris and compromised left ventricular function. Circulation 1981, 63, 285–299. [Google Scholar] [CrossRef] [PubMed]

	



Taylor, H.A.; Deumite, N.J.; Chaitman, B.R.; Davis, K.B.; Killip, T.; Rogers, W.J. Asymptomatic left main coronary artery disease in the Coronary Artery Surgery Study (CASS) registry. Circulation 1989, 79, 1171–1179. [Google Scholar] [CrossRef] [PubMed]

	



Serruys, P.W.; Morice, M.-C.; Kappetein, A.P.; Colombo, A.; Holmes, D.R.; Mack, M.J.; Ståhle, E.; Feldman, T.E.; Van Den Brand, M.; Bass, E.J.; et al. SYNTAX Investigators. Percutaneous coronary intervention versus coronary-artery bypass grafting for severe coronary artery disease. N. Engl. J. Med. 2009, 360, 961–972. [Google Scholar] [CrossRef]

	



Ahn, J.M.; Roh, J.H.; Kim, Y.H.; Park, D.W.; Yun, S.C.; Lee, P.H.; Chang, M.; Park, H.W.; Lee, S.W.; Lee, C.W.; et al. Randomized trial of stents versus bypass surgery for left main coronary artery disease: 5-year outcomes of the PRECOMBAT study. J. Am. Coll. Cardiol. 2015, 65, 2198–2206. [Google Scholar] [CrossRef]

	



Mohr, F.W.; Morice, M.-C.; Kappetein, A.P.; E Feldman, T.; Ståhle, E.; Colombo, A.; Mack, M.J.; Holmes, D.R.; Morel, M.-A.; Van Dyck, N.; et al. Coronary artery bypass graft surgery versus percutaneous coronary intervention in patients with three-vessel disease and left main coronary disease: 5-year follow-up of the randomised, clinical SYNTAX trial. Lancet 2013, 381, 629–638. [Google Scholar] [CrossRef]

	



Morice, M.-C.; Serruys, P.W.; Kappetein, A.P.; Feldman, T.E.; Ståhle, E.; Colombo, A.; Mack, M.J.; Holmes, D.R.; Choi, J.W.; Ruzyllo, W.; et al. Five-year outcomes in patients with left main disease treated with either percutaneous coronary intervention or coronary artery bypass grafting in the synergy between percutaneous coronary intervention with taxus and cardiac surgery trial. Circulation 2014, 129, 2388–2394. [Google Scholar] [CrossRef]

	



Thuijs, D.J.F.M.; Kappetein, A.P.; Serruys, P.W.; Mohr, F.-W.; Morice, M.-C.; Mack, M.J.; Holmes, D.R.; Curzen, N.; Davierwala, P.; Noack, T.; et al. Percutaneous coronary intervention versus coronary artery bypass grafting in patients with three-vessel or left main coronary artery disease: 10-year follow-up of the multicentre randomised controlled SYNTAX trial. Lancet 2019, 394, 1325–1334. [Google Scholar] [CrossRef]

	



Stone, G.W.; Sabik, J.F.; Serruys, P.W.; Simonton, C.A.; Généreux, P.; Puskas, J.; Kandzari, D.E.; Morice, M.-C.; Lembo, N.; Brown, W.M.; et al. Everolimus-Eluting Stents or Bypass Surgery for Left Main Coronary Artery Disease. N. Engl. J. Med. 2016, 375, 2223–2235. [Google Scholar] [CrossRef]

	



Mäkikallio, T.; Holm, N.R.; Lindsay, M.; Spence, M.S.; Erglis, A.; Menown, I.B.; Trovik, T.; Eskola, M.; Romppanen, H.; Kellerth, T.; et al. Percutaneous coronary angioplasty versus coronary artery bypass ing in treatment of unprotected left main stenosis (NOBLE): A prospective, randomised, open-label, non-inferiority trial. Lancet 2016, 388, 2743–2752. [Google Scholar] [CrossRef]

	



Holm, N.R.; Mäkikallio, T.; Lindsay, M.M.; Spence, M.S.; Erglis, A.; A Menown, I.B.; Trovik, T.; Kellerth, T.; Kalinauskas, G.; Mogensen, L.J.H.; et al. Percutaneous coronary angioplasty versus coronary artery bypass grafting in the treatment of unprotected left main stenosis: Updated 5-year outcomes from the randomised, non-inferiority NOBLE trial. Lancet 2020, 395, 191–199. [Google Scholar] [CrossRef]

	



Ranucci, M.; Castelvecchio, S.; Menicanti, L.; Frigiola, A.; Pelissero, G. Risk of assessing mortality risk in elective cardiac operations: Age, creatinine, ejection fraction, and the law of parsimony. Circulation 2009, 119, 3053–3061. [Google Scholar] [CrossRef] [PubMed]

	



Neumann, F.J.; Sousa-Uva, M.; Ahlsson, A.; Alfonso, F.; Banning, A.P.; Benedetto, U.; Byrne, R.A.; Collet, J.P.; Falk, V.; Head, S.J.; et al. 2018 ESC/EACTS Guidelines on myocardial revascularization. Eur. Heart J. 2019, 40, 87–165. [Google Scholar] [CrossRef] [PubMed]

	



Conley, M.J.; Ely, R.L.; Kisslo, J.; Lee, K.L.; McNeer, J.F.; A Rosati, R. The prognostic spectrum of left main stenosis. Circulation 1978, 57, 947. [Google Scholar] [CrossRef]

	



Nerlekar, N.; Ha, F.J.; Verma, K.P.; Bennett, M.R.; Cameron, J.D.; Meredith, I.T.; Brown, A.J. Percutaneous Coronary Intervention Using Drug-Eluting Stents Versus Coronary Artery Bypass Grafting for Unprotected Left Main Coronary Artery Stenosis: A Meta-Analysis of Randomized Trials. Circ. Cardiovasc. Interv. 2016, 9, e004729. [Google Scholar] [CrossRef]

	



Sabatine, M.S.; A Bergmark, B.; A Murphy, S.; O’Gara, P.T.; Smith, P.K.; Serruys, P.W.; Kappetein, A.P.; Park, S.-J.; Park, D.-W.; Christiansen, E.H.; et al. Percutaneous coronary intervention with drug-eluting stents versus coronary artery bypass grafting in left main coronary artery disease: An individual patient data meta-analysis. Lancet 2021, 398, 2247–2257. [Google Scholar] [CrossRef]

	



Testa, L.; Latib, A.; Bollati, M.; Montone, R.A.; Colombo, A.; Crea, F.; Bedogni, F. Unprotected left main revascularization: Percutaneous coronary intervention versus coronary artery bypass. An updated systematic review and meta-analysis of randomised controlled trials. PLoS ONE 2017, 12, e0179060. [Google Scholar] [CrossRef]

	



Athappan, G.; Patvardhan, E.; Tuzcu, M.E.; Ellis, S.; Whitlow, P.; Kapadia, S.R. Left main coronary artery stenosis: A meta-analysis of drug-eluting stents versus coronary artery bypass grafting. JACC Cardiovasc. Interv. 2013, 6, 1219–1230. [Google Scholar] [CrossRef]

	



Stone, G.W.; Kappetein, A.P.; Sabik, J.F.; Pocock, S.J.; Morice, M.-C.; Puskas, J.; Kandzari, D.E.; Karmpaliotis, D.; Brown, W.M.; Lembo, N.J.; et al. Five-year outcomes after PCI or CABG for left main coronary disease. N. Engl. J. Med. 2019, 381, 1820–1830. [Google Scholar] [CrossRef]

	



Giacoppo, D.; Colleran, R.; Cassese, S.; Frangieh, A.H.; Wiebe, J.; Joner, M.; Schunkert, H.; Kastrati, A.; Byrne, R.A. Percutaneous Coronary Intervention vs Coronary Artery Bypass Grafting in Patients With Left Main Coronary Artery Stenosis: A Systematic Review and Meta-analysis. JAMA Cardiol. 2017, 2, 1079–1088. [Google Scholar] [CrossRef]

	



Lee, C.W.; Ahn, J.-M.; Cavalcante, R.; Sotomi, Y.; Onuma, Y.; Suwannasom, P.; Tenekecioglu, E.; Yun, S.-C.; Park, D.-W.; Kang, S.-J.; et al. Coronary Artery Bypass Surgery Versus Drug-Eluting Stent Implantation for Left Main or Multivessel Coronary Artery Disease: A Meta-Analysis of Individual Patient Data. JACC Cardiovasc. Interv. 2016, 9, 2481–2489. [Google Scholar] [CrossRef] [PubMed]

	



Hildick-Smith, D.; Egred, M.; Banning, A.; Brunel, P.; Ferenc, M.; Hovasse, T.; Wlodarczak, A.; Pan, M.; Schmitz, T.; Silvestri, M.; et al. The European bifurcation club Left Main Coronary Stent study: A randomized comparison of stepwise provisional vs. systematic dual stenting strategies (EBC MAIN). Eur. Heart J. 2021, 42, 3829–3839. [Google Scholar] [CrossRef] [PubMed]

	



Serruys, P.W.; Ono, M.; Garg, S.; Hara, H.; Kawashima, H.; Pompilio, G.; Andreini, D.; Holmes, D.R.; Onuma, Y.; Iii, S.B.K. Percutaneous Coronary Revascularization: JACC Historical Breakthroughs in Perspective. J. Am. Coll. Cardiol. 2021, 78, 384–407. [Google Scholar] [CrossRef] [PubMed]

	



Head, S.J.; Kaul, S.; Mack, M.J.; Serruys, P.W.; Taggart, D.P.; Holmes, J.D.R.; Leon, M.B.; Marco, J.; Bogers, A.J.J.C.; Kappetein, A.P. The rationale for Heart Team decision-making for patients with stable, complex coronary artery disease. Eur. Heart J. 2013, 34, 2510–2518. [Google Scholar] [CrossRef] [PubMed]








[image: Life 12 00347 g001 550] 





Figure 1. Study flowchart. CABG, coronary artery bypass grafting; LM, left main; MACE, major cardiac adverse events; MI, myocardial infarction; PCI, percutaneous coronary intervention. 
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Figure 2. Kaplan–Meier estimates of MACE according to the type of invasive treatment strategy (A) in all patients, (B) when the choice of invasive treatment between PCI and CABG was performed according to the decision of the heart team/ patient preference (S0) and (C) when the choice of invasive treatment between PCI and CABG was performed in accordance with current guidelines (S1). CABG, coronary artery bypass grafting; MACE, major cardiac adverse events; PCI, percutaneous coronary intervention. 
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Figure 3. Kaplan–Meier estimates of each end-point (A) cardiac death, (B) myocardial infarction, (C) repeat revascularization, (D) stroke) according to the type of invasive treatment strategy in all patients. The number at risk is that reported for all types of MACE. CABG, coronary artery bypass grafting; MACE, major cardiac adverse events; PCI, percutaneous coronary intervention. 
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Figure 4. Kaplan–Meier estimates of each end-point according to the type of invasive treatment strategy, (A) when the choice of invasive treatment between PCI and CABG was performed in accordance with current guidelines (S1) and (B) when the choice of invasive treatment between PCI and CABG was performed according to the decision of the heart team/patient preference (S0). The number at risk is that reported for all types of MACE, according to each subgroup. CABG, coronary artery bypass grafting; MACE, major cardiac adverse events; PCI, percutaneous coronary intervention. 
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Figure 5. Forest plot of MACE according to subgroups. HR is calculated for the end-point of cardiac death, repeat revascularization, myocardial infarction and stroke. The p values for interaction were obtained by likelihood ratio tests between each variable and the treatment. ACS, acute coronary syndrome; CABG, coronary artery bypass grafting; CKD, chronic kidney disease; MACE, major cardiac adverse events; PCI, percutaneous coronary intervention. 
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Figure 6. Difference between LVEF on admission and on follow-up according to each type of procedure and S0/1. CABG, coronary artery bypass grafting; LVEF, left ventricular ejection fraction; PCI, percutaneous coronary intervention. 
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Table 1. Baseline characteristics of the patients according to the type of invasive treatment.
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Variable

	
All Patients

(n = 296)

	
PCI Group

(n = 201) 68%

	
CABG Group

(n = 95) 32%

	
p Value






	
Age, years, mean ± SD

	
66 ± 9.6

	
66.5 ± 9.9

	
65.4 ± 9.1

	
0.35




	
Male sex, n (%)

	
223 (75.6)

	
145 (72.1)

	
78 (82.1)

	
0.044




	
Hypertension, n (%)

	
256 (87.4)

	
179 (89)

	
77 (81)

	
0.108




	
Diabetes, n (%)

	
102 (34.8)

	
75 (37.3)

	
27 (28.4)

	
0.157




	
Dyslipidemia, n (%)

	
236 (80.5)

	
173 (86.1)

	
63 (66.3)

	
0.0002




	
Smoking, n (%)

	
37 (12.7)

	
29 (14.4)

	
8 (8.4)

	
0.162




	
Obesity, n (%)

	
72 (24.7)

	
58 (28.9)

	
14 (14.7)

	
0.008




	
Chronic kidney disease, n (%)

	
45 (15.4)

	
38 (18.9)

	
7 (7.4)

	
0.011




	
Prior ischemic stroke, n (%)

	
25 (8.6)

	
17 (8.45)

	
8 (8.42)

	
0.96




	
Prior MI—treated conservative, n (%)

	
50 (17.1)

	
32 (16)

	
18 (18.9)

	
0.48




	
Prior PCI

	

	

	

	




	
Bare metal stent, n (%)

	
11 (3.8)

	
8 (4)

	
3 (3.16)

	
0.746




	
Drug-eluting stent (%)

	
27 (9.2)

	
20 (10)

	
7 (7.37)

	
0.496




	
Clinical presentation

	

	

	

	




	
Stable angina, n (%)

	
179 (60.5)

	
95 (47.5)

	
83 (87.4)

	




	
Unstable angina, n (%)

	
89 (30.1)

	
85 (42.5)

	
4 (4.2)

	
<0.0001




	
NSTEMI, n (%)

	
18 (6.1)

	
13 (6.5)

	
5 (5.3)




	
STEMI, n (%)

	
10 (3.4)

	
7 (3.5)

	
3 (3.1)

	




	
LV dilatation, n (%)

	
47 (16.3)

	
32 (16)

	
15 (15.8)

	
0.856




	
Hipokinesia, n (%)

	
216

	
154 (76.6)

	
62 (65.3)

	
0.186




	
LVEF on admission, %, mean ± SD

	
49.3 ± 8.3

	
49.24 ± 7.87

	
49.5 ± 9.18

	
0.808




	
SYNTAX II score

	

	

	

	




	
0, n (%)

	
107 (36.1)

	
71 (35.3)

	
36 (37.9)

	
0.392




	
1, n (%)

	
189 (63.9)

	
130 (64.7)

	
59 (62.1)




	
Other coronary artery stenosis, n (%)

	
172 (50.7)

	
105 (52.2)

	
75 (79)

	
<0.0001




	
No. of supplementary coronary stenoses

	

	

	

	




	
1, n (%)

	
76 (26.4)

	
48 (24)

	
28 (29.5)

	




	
2, n (%)

	
40 (13.9)

	
20 (10)

	
20 (21)

	
0.09




	
3, n (%)

	
52 (18.1)

	
41 (20.4)

	
11 (11.6)




	
4–5, n (%)

	
7 (2.4)

	
7 (3.5)

	
7 (7.4)

	




	
Complete revascularization, n (%)

	
189 (63.9)

	
138 (68.7)

	
51(53.7)

	
0.012




	
LVEF on follow-up, %, mean ± SD

	
49.7 ± 7.1

	
47.4 ± 8.4

	
52 ± 5.8

	
0.0001




	
Follow-up event

	

	

	

	




	
Cardiac death, n (%)

	
18 (6.1)

	
9 (4.5)

	
9 (9.5)

	




	
MI, n (%)

	
18 (6.1)

	
13 (6.5)

	
5 (5.3)

	
0.002




	
Stroke, n (%)

	
7 (2.4)

	
3 (1.5)

	
4 (4.2)




	
Repeat revascularization, n (%)

	
29 (9.8)

	
12 (6)

	
17 (17.9)

	








CABG, coronary artery bypass grafting; LV, left ventricular; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NSTEMI, non-ST-elevation acute myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST-elevation acute myocardial infarction.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
MACE

OF  HR = 1.20 (95%Cl 0.74-1.96)
logrank p = 0.45
65 | og P
60 B . 1 1 . 1 1 1 L 1
0 2 4 6 8 10 12
Time (months)
Number at risk
Group: CABG
95 87 85 77 74 66 0
Group: PCI
197 103 87 75 69 66 0
MACE
100
9% i TR .
%0} = |
I I E
85 |- r
— CABG ‘
80 |- ------ PCI
75
HR = 1.18 (95%CI 0.5-2.75)
70 |- logrank p=0.7
65 1 1 | 1 | 1 . 1
0 P 4 6 8 10 12
Time (months)
S0
Number at risk
Group: CABG
36 32 32 30 29 25 0
Group: PCI
71 41 36 31 28 28 0
MACE

65 HR=1.13 (95%CI1 0.6-2.1)
60 k- logrank p = 0.69
55 o . 1 1 1 . 1 1 . 1
0 2 4 6 8 10 12
Time (months)
S1
Number at risk
Group: CABG
51 47 46 40 39 35 0
Group: PCI
123 60 49 42 39 36 0





nav.xhtml


  life-12-00347


  
    		
      life-12-00347
    


  




  





media/file2.png
Consecutive cases with LM coronary artery disease undergoing revascularization between 2018-2020
304 cases

8 patients excluded

— 2 patients with prior CABG

5 patients with severe comorbitities

1 patient who died before revascularization

v

Calculation of the SYNTAX II Score and classification of patients according to risk class
(low-, intermediate-, high-risk)

!

Decision on type of revascularization according to SYNTAX II Score risk
- low SYNTAX score (£22) — PCI or CABG, according to Heart Team decision or patient preference
- intermediate SYNTAX score (23-32) —-PCI or CABG, according to Heart Team decision or patient
preference
— high SYNTAX score (>32) - CABG

Revascularization with PCI
—P| 130 cases with low SYNTAX (62.7%)
71 cases with intermediate SYNTAX (37.3%)

Revascularization with CABG
59 cases with low or high SYNTAX (53.7%)
) 36 cases with intermediate SYNTAX (46.3%)

v

Follow-up at 1-year (72 MACE)
- 18 Cardiac deaths
- 18 Myocardial infarction
- 29 Repeat revascularization

- 7 Stroke






media/file5.jpg





media/file3.jpg





media/file1.jpg
Consecutvecases wilh L coronary artery disease undergoing revasclarizaion beeen 2015-2020
Dicsses

S patents excluded
2 patents with prior CABG
5 patent with severe comorbiti
1 ptient who died beore revascularization

Cleulaton of the SYNTAX I Scor nd dasifcaion o patints accordin o ik s
low, nemediae, Ngh-risk)

!

Decison oty of revasculrzation sccordin 1o SYNTAX 1 Score sk
= low SYNTAX sore (<22 - PClor CABG, acording o Hese Teamdecision o ptient preference
- intermediste SYNTAX scor (23-32) Pl or CABG,according o Heart Tea decson o patient
prefrence
- Ngh SYNTAX scor (:32)- CABG.

Revascalaization with PCL
130 caes with o SYNTAX (627%)
71 cases with ntermediste SYNTAX (7:3%)

Revasclarizaion with CABG
59 cass with low or high SYNTAX (53.7%)
36 cases with inermodiate SYNTAX (16.3%)

Follow-up at Lyear (2 MACE)
238 Cardine deths

18 Myocardialnfarction
= 29 Repontrvasculrzaton
- 7smoke






media/file7.jpg





media/file10.png
PCI
No. events/
Total patients

CABG
No.events/
Total patients

HR (95%CI)

No. of patients
Sex

Male

Female
Dyslipidemia
Yes

No

Obesity

Yes

No

CKD

Yes

No

SYNTAX

Complete
revascularization
Yes

No

37/201 (18.4%)

27/145
10/56

31/173
6/28

12/58
25/143

14/39
23/162

12/71
24/130

20/105
17/96

24/138
9/53

35/95 (36.8%)

26/78
9/17

22/63
13/32

5/14
30/79

2/7
33/88

11/36
20/59

ST )
30/83

19/51
9/34

1.06(0.5-2.27)
0.94(0.44-2)

0.88(0.37-2.1)
1.14(0.48-2.7)

1.33(0.63-2.8)
0.75(0.35-1.58)

5.43 (2.2-13.35)
0.18(0.079-0.45)

0.74(0.36-1.45)
1.36(0.68-2.68)

0.99(0.5-1.93)
1.01(0.51-1.97

0.87(0.39-1.96)
1.14(0.51-2.56)

male

female
dyslipidemia

no dyslipidemia
obesity

no obesity
CKD

no CKD
SYNTAXO
ACS

CCs

complete revascularization

incomplete revascularization

1 Illllll 1

+

1 lllllll 1

] lllllll

L

1 llllll]

1
0.01

4
<

0.1
favors PCI

1

10
favors CABG

s,
i

100






media/file12.png
2

p=003

o

p = 0.0002

51

-
T

it ittt e 1
LVEF on admission

p=0.39

—
LVEF after PCI

.

1
LVEF on admission

p=0.14 |

e
LVEF after PC1

LJ
LVEF on admission

LVEF after CABG

L
LVEF on admission

L
LVEF afier CABG





media/file9.jpg
s mesan
@ wm e
o e e
me s G






media/file0.png





media/file8.png
Cardiac death
20 -
HR = 1.49 (95%CI 0.4-5.42)
logrank p = 0.54
15
10
i L ]
5k
I = e 1 A 1 1
0 "'_l 1 1 1 1 1 1
0 2 4 6 8 10 12
Time (months)
S1
Myocardial infarction
201
HR = 2.8 (95%CI 0.8-9.4)
| logrank p = 0.09
]
15 i
-
10
!
5 B : ] 1 1 1 1
?. ........
!
‘L__...._.'
0 b—t—a——— i | A
0 < 4 6 10 12
Time (months)
S1
Repeat revascularization
20
HR = 1.7 (95%Cl 0.65-4.4)
logrank p = 0.27
15} ]
1 [ [ S Se—— 1
10}
l,. .......
i
i
] 1 1 i
" M L 1 " 1 M 1 " 1
0 2 4 & 8 10 12
Time (months)
S1
Stroke
20
HR = 1.86 (95%Cl 0.31-11.07)
logrank p = 0.49
15
10
5k
Il L L i} |
I 1 L 1 I || é
0 : : I | L | | | |
0 2 4 ] 8 10 12
Time {months)
S1
Number at risk
Group: CABG
51 47 46 40 39 35 0
Group: PCI
123 60 49 42 39 36 0

— CABG
— PCl

Cardiac death
] =
HR = 1.28 (95%Cl 0.25-6.55)
logrank p = 0.76
5k
— CABG
2k | o R PCI
! ] ]
5|
b Jol
________ AT
2 'I_‘ 1 . 1 2 1 L 1 . 1 2 1
0 2 4 6 8 10 12
Time {(month)
S0
Myocardial infarction
ol
HR = 1.51 (95%CIl 0.29-7.97)
H logrank p = 0.62
5
— CABG
e AR S s — | —=rO
51
|} J L I AL |
0k i - I t 1 . i ]
0 2 B ] 8 10 12
Time (months)
S0
Repeat revascularization
20k
HR = 1.76 (95%Cl 0.5-6.2)
logrank p = 0.37
15
—— CABG
10 PCI
i L
1
i N 1 M 1 2 1 M 1 " ]
0 2 4 6 8 10 12
Time (months)
S0
Stroke
20 :
HR = 1.21 (95%Cl 0.08-18.65)
logrank p = 0.89
15}
— CABG
L - S Bl E S G T G o PCI
5
[ L 1 1 J ]
0 pyeebemet | ————————
0 2 4 6 8 10 12
Time (months)
S0
ber at risk
p: CABG
ar 33 33 Ky 30 26 0
p: PCI

7 4 36 3 28 28 0





media/file11.jpg
s

pe0o =002
TVEF o i VEF s Pt VEF o amiion T Pl
TVEF on adeimion TVEF af CABG. TVEF on admsin TVEF shr CABG.






media/file6.png
Cardiac death

HR = 1.48 (gs%m 0.553.9)

logrank p =

¥ _______ - [— | CA— =
}_-_____i

Ir L L 1 L L L
0 "_l 1 1 1 & 1 1 M L

0 2 4 6 8 10 12

Time (months)
B Myocardial infarction
20 |-
HR=2 (QS%CI 0.78-5.2)
logrank p = 0.1
15
|
10}
5 B L 1 L l L L E
b
!_____ ,.:
{ L !

0 H—i  ar m— —— l ) \

0 2 4 6 8 10 12

Time (months)
‘ Repeat revascularization

20 -

HR = 1.7 (95%CI 0.81-3.6)
logrank p = 0.16

Time (months)

D Stroke
20
HR = 1.52 (95%Cl 1.15-2.93)
logrank p = 0.58
15
10k
5| ’_l
I 1 1 |
} 1 L | i |
________ VRS
0 : l i - 1 L ! 1 1 1
0 2 4 6 8 10 12
Time (months)
Number at risk
Group: CABG
95 87 85 77 74 66 0
Group: PCI
197 103 87 75 69 66 0






