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Background: The availability of advanced technologies for mechanical support in hospitals with on-site cardiac surgery (CS), along with the ability to perform urgent coronary artery bypass graft (CABG) surgery, may result in improved clinical outcomes in patients with acute coronary syndrome (ACS).



Methods: We conducted a retrospective analysis of the bi-annually Acute Coronary Syndrome Israeli Survey (ACSIS) registry from the year 2000 to 2020, performed in hospitals with and without CS. Mortality rates and major adverse cardiac and cerebrovascular events (MACCE) rates are reported. We evaluated two periods of the study—early (2000–2010) vs. late (2011–2020). Propensity score matching was performed to reduce bias between the two groups.



Results: The study included 16,979 patients (52.3% in the on-site CS group). Patients in the on-site CS group were more likely to undergo percutaneous coronary intervention (PCI), (odds ratio [OR], 1.26 [95% CI, 1.18–1.35]; p < 0.001) and CABG [OR, 1.91 (95%CI, 1.63–2.24); P < 0.001], and patients in hospitals without on-site CS had higher 30-day MACCE [OR, 1.17 (95% CI, 1.07–1.27); p < 0.0005]. Overall, there was no difference in 1-year mortality (hazard ratio [HR], 0.98 [95% CI, 0.89–1.08]; p = 0.71) between the groups. During the late period of the study, patients in the group without on-site CS had lower 30-day mortality [OR, 0.69 (95% CI, 0.49–0.97); P = 0.04], yet with no difference in 1-year mortality [HR, 0.81 (95% CI, 0.65–1.01); p = 0.07].



Conclusions: The availability of on-site CS resulted in variations in treatment modality, yet it did not affect the clinical outcomes of ACS. A trend to a better short-term outcomes was noted in hospitals without CS during the late period of the study, which warrants further investigation.
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1. Introduction

Acute coronary syndrome (ACS) continues to be a leading cause of morbidity and mortality worldwide. The mainstay therapy of ACS is based on medications to limit ischemia along with coronary revascularization by percutaneous coronary intervention (PCI) or coronary artery bypass graft (CABG) (1–3). Routine use of radial approach together with advances in PCI techniques and new generation of drug-eluting stents (DES) had led to improvement in clinical outcomes overtime (4). Guideline-directed medical therapy, including wide-spread use of statins and antiplatelet drugs have also contributed to a significant reduction of 1-year mortality from 22% to 11% during the last two decades (5).

Previous studies showed that the outcome of elective and non-elective PCI in hospitals without on-site cardiac surgery (CS) is non-inferior to that in hospitals with on-site CS (6–14). Accordingly, on-site surgical backup is no longer mandatory for performing PCI. However, having on-site CS means more than just being able to perform urgent CABG when indicated. Advanced technologies for mechanical support such as extracorporeal membrane oxygenation (ECMO), left ventricular assist device (LVAD) or Impella device, may potentially improve clinical outcomes of mechanical or procedural complications and acute heart failure in patients with ACS. Therefore, the whole decision-making process in the management of ACS may be influenced by the availability of on-site CS.

The Acute Coronary Syndrome Israeli Survey (ACSIS) is a nationwide registry conducted every two years in all Israeli hospitals in patients hospitalized with ACS in cardiology departments and intensive cardiac care units since 2000. Since only half of the hospitals have on-site CS backup, we decided to assess differences and trends in outcomes of patients with ACS in centers with and without on-site CS (15).



2. Methods


2.1. Study subjects

The study is based on data from the ACSIS registry. The survey prospectively collects prespecified data on patients admitted with the diagnosis of ACS including unstable angina pectoris, non-ST-segment elevation myocardial infarction (NSTEMI) and ST-segment elevation myocardial infarction (STEMI) to Intensive Cardiac Care Units (ICCU) and cardiology departments in 26 public hospitals in Israel. All patients enrolled in the ACSIS registry between 2000 and 2020 were included in the study. The study was approved by the Institutional Review Board of each site. All patients signed an informed consent.



2.2. Data collection and definitions

During the survey, demographics, laboratory data, and clinical outcomes have been entered at each site on a standardized case report form. Follow-up information was collected by nurses and study-coordinators by telephone interview at 30 days. Data on 1-year survival were obtained from the Israeli National Population Registry. The diagnosis of myocardial infarction was determined by attending physicians based on a pattern of rise and/or fall of cardiac troponin with at least one value above the 99th percentile along with other clinical, electrocardiographic, and imaging modalities, consistent with the acceptable criteria for the diagnosis of myocardial infarction (16, 17). Obstructive coronary artery disease (CAD) was defined as stenosis of ≥70% in at least 1 of the main epicardial coronary arteries or its major branches by visual estimation. Chronic renal failure was defined as an estimated glomerular filtration rate (eGFR) of <60 ml/min/1.73 m2, calculated at baseline by the CKD-EPI equation.



2.3. Outcomes

Major adverse cardiac and cerebrovascular events (MACCE), 30-day mortality, and 1-year mortality rates were obtained. MACCE was defined as cardiovascular death, non-fatal myocardial infarction, cerebrovascular accident, and urgent revascularization. To identify trends, we evaluated the outcomes in the early (2000–2010) and late (2011–2020) periods of the study.



2.4. Statistical analysis

Patient characteristics are presented with percentages for categorical variables and mean ± standard deviation (SD) or median with interquartile range (IQR) for normal/non-normal distributed continuous variables (normality was assessed using Shapiro-Wilk test). The study groups were tested with chi-square for categorical variables and with t-test or Mann–Whitney–Wilcoxon test for normal/non-normal distributed continuous variables. To assess relationship between study groups and 1-year mortality, survival curves were presented, using Kaplan-Meier log rank test. To reduce bias between the groups, we performed a propensity score matching with the following variables: age, sex, dyslipidemia, hypertension, current smokers, diabetes mellitus (DM), family history of CAD, prior CABG, prior PCI, prior cerebrovascular accident (CVA) or transient ischemic attack (TIA), peripheral arterial disease (PAD), history of congestive heart failure (CHF), admission KILLIP class and primary diagnosis (STEMI/NSTEMI). A 1:1 matching was conducted with a 0.013 caliper (area under the curve of the model was 0.56), with total of 15,122 patients. Univariable models were performed in the matched cohort for the outcomes mentioned above. All tests were conducted at a two sided overall 5% significance level (α = 0.05). All analyses were performed using R (R-studio, V.4.0.3, Vienna, Austria).




3. Results


3.1. Patient characteristics

A total of 16,979 patients with ACS [median age, 64 years (IQR, 54–74 years); 77% male] were included in the study. Of them, 8,095 (47.7%) were treated in hospitals without on-site CS. The final diagnosis was STEMI in 45.4%, NSTEMI in 38.8%, and unstable angina pectoris (UAP) in 15.8%. Diagnostic coronary angiography was performed in 87.3% of the patients. Overall, 61% of the patients underwent PCI, 5.8% referred for CABG while conservative approach was adopted in 33.2%. Patients in the group without on-site CS were younger with high prevalence of tobacco use, high body mass index (BMI), DM, CHF, and a history of CVA/TIA. The baseline characteristics of the study population are presented in Table 1.


TABLE 1 Baseline characteristics of the study population.

[image: Table 1]

During the index hospitalization, patients in the on-site CS group were more likely to undergo PCI regardless of the category of ACS (STEMI/NSTEMI/UAP) and had higher rate of bleeding and blood transfusions (Table 2).


TABLE 2 Clinical course and treatment strategy during the index hospitalization.
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The baseline characteristics and clinical course in the matched cohort are provided in the Supplementary Material.

In Table 3 we summarize the medical therapy and recommendation for cardiac rehabilitation at discharge and 30 days post ACS.


TABLE 3 Medications at discharge and at 30-day follow-up.
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3.3. Thirty-day and 1-year outcomes

The 30-days MACCE rate was higher in the group without on-site CS [OR, 1.17 (95% CI, 1.07–1.27); p < 0.0005]. However, there was no difference in mortality rates after one month [OR, 1.08 (95% CI, 0.94–1.24); p = 0.3] or one year [OR, 0.98 (95% CI, 0.89–1.08); p = 0.71]. Table 4 presents the breakdown of 30-day MACCE between CS and no-CS groups. Only “urgent revascularization” (due to recurrent angina) was significantly higher in the group without on-site CS, with no other differences in hard outcomes. Survival curves of the study population are given in Figure 1. Survival curve stratified by diagnosis on arrival (STEMI vs. NSTEMI/UAP) is presented in Figure 2.


TABLE 4 Study outcomes (30-days MACCE).
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FIGURE 1
Kaplan-Meier survival curve, onsite and non-onsite CS groups.
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FIGURE 2
Kaplan-Meier survival curve, onsite and non-onsite CS groups according to clinical presentation and presence or absence of CS.




3.4. Early vs. late periods

In order to identify trends in outcomes in the matched cohort, we also evaluated two periods of the study, early (2000–2010) and late (2011–2020). Overtime, the percentage of patients treated by PCI increased in the two groups and was similar during the late period [OR on-site vs. without on-site CS, 1.07 (95% CI, 0.94–1.21); p = 0.31]. Referral to CABG was also similar in the two groups during the late period [OR, 1.22 (95% CI, 0.9–1.66); p = 0.2]. Bleeding events have also decreased in both groups [OR, 1.57 (95% CI, 0.99–2.53); p = 0.07]. Surprisingly, the group without on-site CS had lower 30-day mortality [OR, 0.69 (95% CI, 0.49–0.97); p = 0.04]. Yet, there was no difference in 1-year mortality rate [HR, 0.81 (95% CI, 0.65–1.01); p = 0.07]. The main outcomes of the study population are summarized in Table 5. Using multivariate analysis, 30-days mortality was not different between the groups [HR 0.95, (95% CI 0.81–1.13); p = 0.59]. Yet, 1-year mortality was still lower in hospitals without on-site CS, albeit not significantly [HR 0.91, (95% CI 0.81–1.01); p = 0.08]. The 30-days MACCE was significantly higher in those sites [HR 1.12 (95% CI 1.01–1.24), p = 0.03].


TABLE 5 Summary of outcomes in the complete period (A), and during the late period (B).
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4. Discussion

In this nationwide study, we found that having an on-site CS may alter decision-making with respect to treatment strategy but does not affect 1-year outcomes in patients with ACS. To our knowledge, this is the largest study aimed to investigate the differences in clinical outcomes of patients with ACS (including those who were medically managed) in hospitals with and without on-site CS backup. In contrast to other large registry studies, such as the ORPKI registry (14), most of the studies evaluated only the outcomes of primary PCI in centers with and without on-site CS.

Since an invasive approach (PCI or referral to CABG) was more prevalent in the on-site CS group, we assumed that decision-making by the treating physician may be affected by the availability of on-site CS. The dilemma in decision-making may predominantly be crucial in special populations such as the elderly and those with complex coronary anatomy. Elderly patients with severe comorbidities and poor functional capacity are often offered medical therapy rather than PCI to avoid potential PCI-related complications and the need for emergent transfer for surgical treatment. Patients with complex coronary anatomy in hospital without on-site CS may be treated more often by PCI rather than CABG due to the lack of on-site heart-team collaborative decisions (18–20). In hospitals without on-site CS, the potential paucity of various mechanical support devices (such as ECMO, LVAD) may limit treatment options and alter decision-making in complex cases or when a mechanical complication occurs. The disparity in medical support devices is further complicated by the baseline severe co-morbidities of patients in certain low-income regions. The inaccessibility to medical facilities in those low-income regions, along with poor awareness of the patients to their medical condition may explain some of these differences (21, 22). In our study population, patients in the group without on-site CS had higher prevalence of obesity, diabetes, history of CVA/TIA, tobacco use and CHF. Also, they were more likely to be admitted to the hospital by private vehicle rather than mobile ICCU units. Bleeding events were more common in the on-site CS group, and more blood transfusions were needed, albeit it was not translated to higher mortality rates. We assume that most bleeding events and blood transfusions in this group are mostly CABG-related, yet the data on bleeding sites is not available.

In the short term, a higher rate of 30-day MACCE and readmissions were observed in the group without on-site CS. One of the important predictors of clinical outcomes in ACS is the quality of medical therapy and the adherence to medications prescribed at discharge (23, 24). In addition, patients in the group without on-site CS were less likely to be referred to rehabilitation programs, which have also been proven to reduce mortality after ACS (25).

Despite the variations in invasive strategy, there was no difference in 1-year mortality between the groups. These results were consistent after propensity score matching and when the study population was stratified by ACS category (STEMI vs. NSTEMI). The analysis of clinical outcomes in the two periods (early vs. Late) aimed to reflect the changes in therapeutic approach, advances in techniques, and the cumulative experience of the medical staff. We observed an increase in PCI in the two groups overtime along with a decrease in the rate of MACCE and 1-year mortality. The consistent increase in PCIs overtime is contributed mainly to referring more elderly patients and patients with unprotected left main coronary artery disease or multivessel coronary disease to an invasive approach (26–30).

An unexpected finding of higher 30-day mortality was observed in the group with on-site CS during the late period. This may be related to the overall decrease in the volume of CABG operations (since PCI is now being performed in patients with more complex anatomy), possibly leading to lower expertise of cardiac surgeons and related CS staff (31).

Regardless of the trend in the late period, our findings reinforce the non-inferiority of hospitals without on-site CS backup in managing ACS. In accordance with our unexpected results, Noaman et al. described the outcomes of patients with ACS complicated by cardiogenic shock treated at hospitals with on-site CS compared to hospitals without on-site CS and found no difference in in-hospital MACCE and mortality rates (32). Since there was no difference in the mortality rate between the two groups, we conclude that the quality of decision-making process was not affected by the availability of CS on-site. Nevertheless, we cannot determine what was driving the higher 30-day mortality in the late period in the on-site CS group—either CABG-related death or PCI-related death, non-cardiac death or heart failure related death.

There was a discrepancy between guideline-recommended therapies vs. real world clinical practice, ie. more patients in the non-CS group were supposedly to receive medical therapy, but in actual fact, they were less likely to be discharged on optimal pharmacotherapy. Yet, as we look the 30 days treatments (Table 3) we can see that there is no significant difference between the groups (except for a lower use of beta blockers). Therefore. we do not believe that this is a main contributor to our unexpected findings.


Limitations

Our study carries some limitations. The study is not randomized and thus carries the limitations of a retrospective analysis. Yet, it reflects a non-biased real-world data. Therefore, we performed a propensity score matching to reduce selection bias. The study lacks long-term follow-up of cardiovascular events beyond 1 year. We do not provide coronary anatomy complexity data (such as using SYNTAX score). Yet, we provided the crude results in real world population.




Conclusion

Our study emphasizes the non-inferiority of hospitals without on-site CS backup in managing patients with ACS. The absence of on-site CS led to variations in treatment modality but did not jeopardize the outcomes of the patients. Furthermore, a trend of better short-term outcomes was noticed in the group without on-site CS during the late period of the study, which warrants further investigation.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by All IRBs in all hospital in Israel. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.



Author contributions

All authors have read and approved the paper and have fulfilled the criteria for authorship. Each author has contributed to, read and approved the manuscript. All author contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2023.1207473/full#supplementary-material



References

1. Collet JP, Thiele H, Barbato E, Barthélémy O, Bauersachs J, Bhatt DL, et al. 2020 ESC guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation. Eur Heart J. (2021) 42(14):1289–367. doi: 10.1093/eurheartj/ehaa575

2. Thielmann M, Wendt D, Slottosch I, Welp H, Schiller W, Tsagakis K, et al. Coronary artery bypass graft surgery in patients with acute coronary syndromes after primary percutaneous coronary intervention: a current report from the north-rhine westphalia surgical myocardial infarction registry. J Am Heart Assoc. (2021) 10(18):e021182. doi: 10.1161/JAHA.121.021182

3. Ram E, Sternik L, Klempfner R, Iakobishvili Z, Peled Y, Shlomo N, et al. Outcomes of different revascularization strategies among patients presenting with acute coronary syndromes without ST elevation. J Thorac Cardiovasc Surg. (2020) 160(4):926–35. e6. doi: 10.1016/j.jtcvs.2019.08.130

4. Asano T, Ono M, Dai Z, Saito A, Kanie T, Takaoka Y, et al. Temporal trends in clinical outcomes after percutaneous coronary intervention: a systematic review of 66,327 patients from 25 all-comers trials. EuroIntervention. (2022) 17(16):1318–29. doi: 10.4244/EIJ-D-21-00192

5. Szummer K, Jernberg T, Wallentin L. From early pharmacology to recent pharmacology interventions in acute coronary syndromes: jACC state-of-the-art review. J Am Coll Cardiol. (2019) 74(12):1618–36. doi: 10.1016/j.jacc.2019.03.531

6. Aversano T, Lemmon CC, Liu L. Outcomes of PCI at hospitals with or without on-site cardiac surgery. N Engl J Med. (2012) 366(19):1792–802. doi: 10.1056/NEJMoa1114540

7. Akasaka T, Hokimoto S, Sueta D, Tabata N, Oshima S, Nakao K, et al. Clinical outcomes of percutaneous coronary intervention for acute coronary syndrome between hospitals with and without onsite cardiac surgery backup. J Cardiol. (2017) 69(1):103–9. doi: 10.1016/j.jjcc.2016.01.012

8. Lee JM, Hwang D, Park J, Kim KJ, Ahn C, Koo BK. Percutaneous coronary intervention at centers with and without on-site surgical backup: an updated meta-analysis of 23 studies. Circulation. (2015) 132(5):388–401. doi: 10.1161/CIRCULATIONAHA.115.016137

9. Hannan EL, Zhong Y, Racz M, Jacobs AK, Walford G, Cozzens K, et al. Outcomes for patients with ST-elevation myocardial infarction in hospitals with and without onsite coronary artery bypass graft surgery: the New York state experience. Circ Cardiovasc Interv. (2009) 2(6):519–27. doi: 10.1161/CIRCINTERVENTIONS.109.894048

10. Simard T, Hibbert B, Pourdjabbar A, Ramirez FD, Wilson KR, Hawken S, et al. Percutaneous coronary intervention with or without on-site coronary artery bypass surgery: a systematic review and meta-analysis. Int J Cardiol. (2013) 167(1):197–204. doi: 10.1016/j.ijcard.2011.12.035

11. Goel K, Gupta T, Kolte D, Khera S, Fonarow GC, Bhatt DL, et al. Outcomes and temporal trends of inpatient percutaneous coronary intervention at centers with and without on-site cardiac surgery in the United States. JAMA Cardiol. (2017) 2(1):25–33. doi: 10.1001/jamacardio.2016.4188

12. Singh M, Holmes DR, Dehmer Jr GJ, Lennon RJ, Wharton TP, Kutcher MA, et al. Percutaneous coronary intervention at centers with and without on-site surgery: a meta-analysis. JAMA. (2011) 306(22):2487–94. doi: 10.1001/jama.2011.1790

13. Waldo SW, Hebbe A, Grunwald GK, Doll JA, Schofield R. Clinical and anatomic complexity of patients undergoing coronary intervention with and without on-site surgical capabilities: insights from the veterans affairs clinical assessment, reporting and tracking (CART) program. Circ Cardiovasc Interv. (2021) 14(1):e009697. doi: 10.1161/CIRCINTERVENTIONS.120.009697

14. Dziewierz A, Brener SJ, Siudak Z, Plens K, Rakowski T, Zasada W, et al. Impact of on-site surgical backup on periprocedural outcomes of primary percutaneous interventions in patients presenting with ST-segment elevation myocardial infarction (from the ORPKI Polish national registry). Am J Cardiol. (2018) 122(6):929–35. doi: 10.1016/j.amjcard.2018.05.047

15. Klempfner R, Barac YD, Younis A, Kopel E, Younis A, Ronen G, et al. Early referral to coronary artery bypass grafting following acute coronary syndrome, trends and outcomes from the acute coronary syndrome Israeli survey (ACSIS) 2000-2010. Heart Lung Circ. (2018) 27(2):175–82. doi: 10.1016/j.hlc.2017.01.017

16. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD, et al. Third universal definition of myocardial infarction. J Am Coll Cardiol. (2012) 60(16):1581–98. doi: 10.1016/j.jacc.2012.08.001

17. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, et al. Fourth universal definition of myocardial infarction (2018). Circulation. (2018) 138(20):e618–51. doi: 10.1161/CIR.0000000000000617

18. Kumar S, McDaniel M, Samady H, Forouzandeh F. Contemporary revascularization dilemmas in older adults. J Am Heart Assoc. (2020) 9(3):e014477. doi: 10.1161/JAHA.119.014477

19. Paradies V, Waldeyer C, Laforgia PL, Clemmensen P, Smits PC. Completeness of revascularisation in acute coronary syndrome patients with multivessel disease. EuroIntervention. (2021) 17(3):193–201. doi: 10.4244/EIJ-D-20-00957

20. Ram E, Goldenberg I, Kassif Y, Segev A, Lavee J, Shlomo N, et al. Comparison of patients with multivessel disease treated at centers with and without on-site cardiac surgery. J Thorac Cardiovasc Surg. (2018) 155(3):865–73. e3. doi: 10.1016/j.jtcvs.2017.09.144

21. Rosengren A, Smyth A, Rangarajan S, Ramasundarahettige C, Bangdiwala SI, AlHabib KF, et al. Socioeconomic status and risk of cardiovascular disease in 20 low-income, middle-income, and high-income countries: the prospective urban rural epidemiologic (PURE) study. Lancet Glob Health. (2019) 7(6):e748–60. doi: 10.1016/S2214-109X(19)30045-2

22. Abdalla SM, Yu S, Galea S. Trends in cardiovascular disease prevalence by income level in the United States. JAMA Netw Open. (2020) 3(9):e2018150. doi: 10.1001/jamanetworkopen.2020.18150

23. Greenland M, Knuiman MW, Hung J, Nedkoff L, Arnet I, Rankin JM, et al. Cardioprotective medication adherence in Western Australians in the first year after myocardial infarction: restricted cubic spline analysis of adherence-outcome relationships. Sci Rep. (2020) 10(1):4315. doi: 10.1038/s41598-020-60799-5

24. Mathews R, Wang W, Kaltenbach LA, Thomas L, Shah RU, Ali M, et al. Hospital variation in adherence rates to secondary prevention medications and the implications on quality. Circulation. (2018) 137(20):2128–38. doi: 10.1161/CIRCULATIONAHA.117.029160

25. Goel K, Lennon RJ, Tilbury RT, Squires RW, Thomas RJ. Impact of cardiac rehabilitation on mortality and cardiovascular events after percutaneous coronary intervention in the community. Circulation. (2011) 123(21):2344–52. doi: 10.1161/CIRCULATIONAHA.110.983536

26. Mohammad MA, Persson J, Buccheri S, Odenstedt J, Sarno G, Angerås O, et al. Trends in clinical practice and outcomes after percutaneous coronary intervention of unprotected left main coronary artery. J Am Heart Assoc. (2022) 11(7):e024040. doi: 10.1161/JAHA.121.024040

27. Elbadawi A, Elgendy IY, Ha LD, Mahmoud K, Lenka J, Olorunfemi O, et al. National trends and outcomes of percutaneous coronary intervention in patients ≥70 years of age with acute coronary syndrome (from the national inpatient sample database). Am J Cardiol. (2019) 123(1):25–32. doi: 10.1016/j.amjcard.2018.09.030

28. Kataruka A, Maynard CC, Kearney KE, Mahmoud A, Bell S, Doll JA, et al. Temporal trends in percutaneous coronary intervention and coronary artery bypass grafting: insights from the Washington cardiac care outcomes assessment program. J Am Heart Assoc. (2020) 9(11):e015317. doi: 10.1161/JAHA.119.015317

29. Damluji AA, Resar JR, Gerstenblith G, Gross AL, Forman DE, Moscucci M. Temporal trends of percutaneous coronary interventions in older adults with acute myocardial infarction. Circ Cardiovasc Interv. (2019) 12(5):e007812. doi: 10.1161/CIRCINTERVENTIONS.119.007812

30. Khera S, Kolte D, Aronow WS, Palaniswamy C, Subramanian KS, Hashim T, et al. Non-ST-elevation myocardial infarction in the United States: contemporary trends in incidence, utilization of the early invasive strategy, and in-hospital outcomes. J Am Heart Assoc. (2014) 3(4):e000995. doi: 10.1161/JAHA.114.000995

31. Alkhouli M, Alqahtani F, Cook CC. Association between surgical volume and clinical outcomes following coronary artery bypass grafting in contemporary practice. J Card Surg. (2019) 34(10):1049–54. doi: 10.1111/jocs.14205

32. Noaman S, Vogrin S, Dinh D, Lefkovits J, Brennan AL, Reid CM, et al. Percutaneous coronary intervention volume and cardiac surgery availability effect on acute coronary syndrome-related cardiogenic shock. J Am Coll Cardiol Intv. (2022) 15(8):876–86. doi: 10.1016/j.jcin.2022.01.283



OPS/xhtml/Nav.xhtml




Contents





		Cover



		The impact of on-site cardiac surgical backup on clinical outcomes of acute coronary syndrome—analysis of the ACSIS national registry

		1. Introduction



		2. Methods



		2.1. Study subjects



		2.2. Data collection and definitions



		2.3. Outcomes



		2.4. Statistical analysis











		3. Results



		3.1. Patient characteristics



		3.3. Thirty-day and 1-year outcomes



		3.4. Early vs. late periods











		4. Discussion



		Limitations











		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Cardiovascular Medicine

The impact of on-site cardiac surgical
backup on clinical outcomes of acute
coronarysyndrome—analysis of the
ACSIS national registry









OPS/images/fcvm-10-1207473-t001.jpg
Overall i i P value Missing (%)

16979 8,095
Age, Years [median (IQR)] 64 [54-74] 64 [55-74] 63 [55-74]
Male 13,112 (77.2%) 6,933 (78.0%) 6,179 (76.3%)
BMI (Kg/m’), [Mean (IQR)]* 27.04 [2457,3007] 26,83 [24.49,29.75] 27.18 [24.62,3030]
Dyslipidemia 11,09 (65.2%) 5,767 (65.2%) 5,52 (653%)
Hypertension 10,091 (59.7%) 5,32,060.1%) 4771 (59.2%)
Diabetes mellitus 6,123 (36.2) 3,145 (35.5) 2,978 (37.0)
Current smoker 6,330 (37.5) 3,142 (35.6) 3,188 (39.7)
Family history of CAD 4,088 (26.0) 2,168 (26.2) 1920 (25.8)
Chronic renal failure” 1,853 (11.0) 970 (10.9) 883 (11.0)
Prior MI 5312 (31.4) 2,753 (31.1) 2,559 (31.7)
Prior PCI 4,792 (28.3) 2,585 (29.2) 2,207 (27.4)
Prior CABG 1,668 (9.9) 921 (104) 747 (93)
Prior CVA/TIA 1383 (82) 665 (7.5) 718 (89)
History of heart failure 1,370 (8.1) 624 (7.0) 746 (9.3)
PAD 1,405 (8.3) 765 (8.6) 640 (7.9)
Prior
Aspirin 7,043 (47.9) 3,696 (47.3) 3,347 (48.5)
Antiplatelets® 1,362 (9.4) 743 (9.6) 619 (92)
Beta blockers 5346 (37.2) 2,843 (37.4) 2,503 (37.1)
Statins 6,623 (47.4) 3,579 (48.5) 3044 (462)
ACEi 3,170 (31.2) 1,590 (29.5) 1,580 (33.2)
ARB 1218 (12.5) 705 (13.6) 513 (11.2)
ccB 2,999 (21.6) 1,596 (21.6) 1,403 (21.5)
Diuretics 2,072 (17.5) 1,080 (17.0) 992 (18.0)
Transportation mode?
Private car 7AT75 (44.5) 3,698 (42.0) 3,777 (47.2)
Mobile ICCU 6217 (37.0) 3514 (39.9) 2,703 (33.8)
Regular ambulance 2,210 (13.1) 997 (113) 1213 (15.2)
Not relevant (inpatient) 913 (5.4) 605 (69) 308 (38)
Dx at arrival
STEMI 7,710 (45.4) 4,123 (46.4) 3,587 (443)
NSTEMI 6,587 (38.8) 3470 (39.1) 3,117 (3855)
UAP 2,682 (15.8) 1,291 (14.5) 1,391 (17.2)
KILLIP class®
1 13,963 (84.3) 7,293 (84.3) 6,670 (84.2)
1 1,512 (9.1) 795 (92) 717 (9.1)
s 814 (49) 387 (45) 427 (54)
v 280 (17) 176 (2.0) 104 (1.3)
Heart rate (bpm) [median (IQR)] 78.00 [67.00, 91.00] 77.00 [67.00, 90.00] 79.00 [68.00, 92.00] <0.001 18

ACE I, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blocker, BMI, body mass index; CABG, coronary artery bypass grafting; CCB, calcium channel

blocker; CVA, cerebrovascular accident; ICCU, intensive cardiac care unit; CAD, coronary artery disease: IGR, Interquartle range: PAD, peripheral arteral disease; PC,
D, ; STEM, ST-seg) I myocardial infarction; TIA, ttack; UAP, pectoris

Cakcuated 28 weight in kilograms divided by height in meters squared.

"Defined as estimated glomerular filtration rate less than 60 ml/min/ 173 m®

“Including either clopidogrel, ticagrelor, or prasugrel

“The facility used to transfer the patient to the emergency room.

“Applied in cases of myocardial infarction as: I, no clinical signs of heart failure; I, signs of mild congestion like rales, S3 gallop, or jugular venous distention; il frank

oulmonary edema: IV, cardiogenic shock.
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Aspirin 15,635 (94.4) 8,226 (949) 7,409 (93.8) 0001 24

Other antiplatelet® 11,962 (72.8) 6,412 (745) 5,550 (7L.1) <0.001 33
Statins 14,005 (85.2) 7,349 (855) 6,656 (84.9) 0275 32
ACEi/ARB 12,075 (74.1) 6,527 (765) 5,548 (71.4) <0001 40
Beta blockers 12,925 (79.8) 6,941 (81.8) 5,984 (77.7) <0.001 47

30-day follow-up
Cardiac rehabil 4,681 (49.5) 2,778 (56.9) 1,903 (41.7) <0001 443
Aspirin 7,084 (95.6) 3,689 (95.8) 3,395 (95.4) 0402 564
Other antiplatelet 4050 (61.2) 2,093 (60.0) 1,957 (62.5) 0039 610
Statins 7,074 (95.4) 3,645 (95.4) 3,429 (95.4) 0982 563
ACEi 4,643 (67.5) 2,443 (67.8) 2,200 (67.2) 0609 595
ARBs 923 (146) 511 (15.2) 412 (139) 0148 627
Beta Blockers 5,880 (82.7) 3,120 (84.1) 2,760 (81.2) 0001 58.1

ACEi, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor blocker.

‘Including either clopidogrel, ticagrelor, or prasugrel.

D{efarred 10 patient refemal to the rehebilitstion progrsn et 16 ths aciisl parScpEton:
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Overall On-site CS Without on-site CS P value Missing (%)

16,979 8,884 8,095
Heart rate (bpm) [median (IQR)] 78.00 [67.00, 91.00] 77.00 [67.00, 90.00] 79.00 [68.00, 92.00]
SBP 140.00 [123.00, 160.00] 140.00 [122.00, 160.00] 140.00 [123.00, 160.00] 0372 97
KILLIP class® 24
1 13,963 (84.3) 7,293 (84.3) 6,670 (84.2)
1 1,512 (9.1) 795 (92) 717 (9.1)
m 814 (49) 387 (4.5) 427 (5.4)
v 280 (17) 176 (2.0) 104 (1.3)
EF < 40% 2,992 (205) 1511 (19.8) 1481 (21.3) 0028 142
LDL cholesterol (mg/dl) [median (IQR)] 1060 [81.0,134.0] 105.0(80.0,132.0] 107.0 [81.0,135.0] 0014 363
HDL cholesterol (mg/dl) [median (IQR)] 39.0 [32.0,46.0] 39.0 [33.0,46.0] 38.0 [32.0,46.0] 0.001 344
Creatinine (mg/dl) [median (IQR)] 10 [0.86,1.22] 1.0 [0.86,1.24] 10 [086,1.2] 0071 143
(g/dl) [median (IQR)] 137 [124,149] 137 [124-149] 13.7 [124,149) 0549 129
Acute renal failure® 1,018 (6.0) 543 (6.1) 475 (59) 0556 04
Bleeding 241 (1.4) 152 (1.7) 89 (1.1) 0001 02
Blood transfusion 172 (3.1) 107 (3.6) 65 (25) 0025 67.2
Coronary angiography 11470 (87.3) 6,079 (88.4) 5,391 (86.0) <0.001 00
PpCI 10352 (61.0) 5,656 (63.7) 4696 (58.0) <0001 2
‘Time to PCI (minutes) (median) [IQR]* 195.0 [132.0,331.0] 2000 [135.0,338.5] 1880 [130.0,330.0] 0.094 182
CABG! 724 (58) 456 (69) 268 (45) <0001 25
ACUTE CVA/TIA 105 (0.6) 55 (0.6) 50 (0.6) 1.0 03
VSR 21 (0.1) 12 (0.1) 9(0.1) 0828 03
Hemodynamically significant RVI® 87 (08) 47(08) 40 (08) 0891 350
Stent thrombosis” 80 (0.7) 45(08) 35(07) 0.601 35.1
Primary VF 314 (19) 168 (1.9) 146 (1.8) 0733 02
AV block (2d/3d) 388 (23) 223 25) 165 (2.0) 0.049 03
New-onset AF 901 (53) 489 (5.5) 412 (5.1) 0258 02
Asystole 365 (22) 182 (2.1) 183 (2.3) 0354 02
Pericarditis 108 (0.6) 52 (0.6) 56 (0.7) 043 02
ACE, angiotensin converting enzyme: AF, atrial fibrillation; ARB, blocker; AV block, block: CABG, bypass grafting; CVA,

cerebrovascular accident; EF, ejection fraction; HDL, high-density lipoprotein; LDL, low-density lipoprotein; RVI, right ventricular infarction; SBP, systolic blood pressure;
TIA, transient ischemic attack; PCI, percutaneous coronary intervention; VF, ventricular fibrillation; VSR, ventricular septal rupture.

*Applied in cases of myocardial infarction as: I, no clinical signs of heart failure; Il signs of mild congestion like rales, 3 gallop, or jugular venous distention: I, frank
pulmonary edema; IV, cardiogenic shock

*Defined as increase in serum creatinine by >0.3 ma/dl or a percentage increase of more than 50%.

“refers to time from symptom onset to wire-crossing in STEML

“In the no on-site CS group, the number refers to patients who were transferred to hospitals with on-site surgical backup.

“When diagnosis was confirmed by echocardiography and ECG changes associated with hypotension requiring intravenous fluids or inotropic support

‘Definite, probable, or possible.
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A. Complete study period Bleeding day mortality | 1-year mortality

With vs. Without on-site CS

OR with 95% CI 126 (118, 135) | 191 (1.63,224) | 153 (L15,205) | 085 (079, 094) 0.93 (0.8-1.06) 0.98 (0.89- 1.08)
P<0.001 P <0001 P=0.004 P=00005 | P03 [ P=071
B. Late period
104 (091, 117) | 123 091,167) | 149 (095,239) | 116 (094,143) |  145(1.03,204) | 123(0.99, 154)
P=059 | P=019 |  P=000 |  P=016 P-0.04 [ P=007

CABG, coronary artery bypass graft; Cl, confidence interval; MACCE, major adverse cardiac and cerebrovascular events; OR, odds ratio; PCI, percutaneous coronary
intervention.
OR are presented as with vs. without on-site CS.
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Study cohort With Without
(16,979)

on-site CS | on-site CS
(8,884) (8,095)

MACCE 2402 (141) | 1176 (133) | 1,226 (15.2)
All-cause mortality | 822 (4.8) 415 (47) 407 (5.1)
Non-fatal MI 286 (1.9) 144 (1.9) 142 (20)
Stroke 82 (05) 45 (06) 37 (0.5)
Recurrent angina 798 (4.7) 358 (4.0) 440 (55) | <0001
Stent thrombosis* 84(12) 46(12) 38 (L1) 083
Urgent PCI 178 (1.2) 86 (1.1) 92 (1.3) 0319
Urgent CABG® 183 (1.2) 65 (08) 18 (17) | <0001

“Defined as definite, probable, or possible.

°In centers without on-site CS, this refers to patients transferred urgently to a
center with CS for surgical revascularization

CABG. coronary artery bypass grafting; MACCE, major adverse cardiac and
cerebrovascular events; MI, myocardial infarction; PCI, percutaneous coronary
intervention.

CABG, coronary artery bypass graft; CI, confidence interval: MACCE, major adverse
cardiac and cerebrovascular events; OR, odds ratio; PCI, percutaneous coronary
e s
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