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Abstract

:

Background: Atrial fibrillation (AF) is a frequent complication of acute myocardial infarction (AMI) and is associated with a worse prognosis. Patients with chronic kidney disease are more likely to develop AF. Whether the association between AF and glomerular filtration rate (GFR) is also true in AMI has never been investigated. Methods: We prospectively enrolled 2445 AMI patients. New-onset AF was recorded during hospitalization. Estimated GFR was estimated at admission, and patients were grouped according to their GFR (group 1 (n = 1887): GFR >60; group 2 (n = 492): GFR 60–30; group 3 (n = 66): GFR <30 mL/min/1.73 m2). The primary endpoint was AF incidence. In-hospital and long-term (median 5 years) mortality were secondary endpoints. Results: The AF incidence in the population was 10%, and it was 8%, 16%, 24% in groups 1, 2, 3, respectively (p < 0.0001). In the overall population, AF was associated with a higher in-hospital (5% vs. 1%; p < 0.0001) and long-term (34% vs. 13%; p < 0.0001) mortality. In each study group, in-hospital mortality was higher in AF patients (3.5% vs. 0.5%, 6.5% vs. 3.0%, 19% vs. 8%, respectively; p < 0.0001). A similar trend was observed for long-term mortality in three groups (20% vs. 9%, 51% vs. 24%, 81% vs. 50%; p < 0.0001). The higher risk of in-hospital and long-term mortality associated with AF in each group was confirmed after adjustment for major confounders. Conclusions: This study demonstrates that new-onset AF incidence during AMI, as well as the associated in-hospital and long-term mortality, increases in parallel with GFR reduction assessed at admission.
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1. Introduction


Atrial fibrillation (AF) is the most common cardiac arrhythmia, and it often complicates acute myocardial infarction (AMI) [1,2,3,4,5,6,7,8]. Although current pharmacologic and mechanical therapeutic strategies have reduced the incidence of AF in this clinical setting, new-onset AF, defined as the arrhythmia occurring during the index event, still ranges between 6% and 12% in AMI patients [1,2,3,4,5,6,7,8]. A systematic review of the published literature demonstrated that new-onset AF in AMI has serious adverse implications regarding both in-hospital and long-term mortality [8]. This seems to prove correct for all AMI populations studied without significant differences regarding treatment and even for transient AF reversed to sinus rhythm before hospital discharge [8].



Patients with chronic kidney disease (CKD) are more likely to develop AF than the general population: The risk of AF progressively increases as renal function worsens [9,10]. Not only is the incidence of AF higher in CKD patients, but it also confers an increased risk of both stroke and overall mortality [9,10,11,12]. Potential explanations for the higher burden of AF in CKD include but are not limited to augmented sympathetic tone, activation of the renin-angiotensin-aldosterone system, and myocardial remodeling, mechanisms that are also enhanced during AMI. Nevertheless, very little is known about the incidence of new-onset AF, its correlates, and its association with short-term and long-term prognosis in AMI patients across glomerular filtration rate (GFR) values. Notably, high serum creatinine (sCr) concentration at hospital admission does not necessarily reflect the presence of CKD in AMI patients, but it may represent a variable combination of CKD and acute kidney injury due to the ongoing hemodynamic impairment [13].



In this study, we aimed to assess the incidence of new-onset AF according to GFR, estimated at hospital admission, and its relationship with short-term outcome and long-term all-cause mortality in a real-world cohort of AMI patients.




2. Methods


This was a prospective observational study. We enrolled all consecutive patients with AMI, both ST-elevation myocardial infarction (STEMI) and non-ST-elevation myocardial infarction (NSTEMI), admitted to the Intensive Cardiac Care Unit (ICCU) of Centro Cardiologico Monzino in Milan, Italy, between June 1, 2010, and May 31, 2018. Patients with permanent AF (n = 86) were excluded from the study. The study complied with the Declaration of Helsinki, and the Ethics Committee of our center approved the study (R519/CCM548). Written informed consent was obtained from all participants.



2.1. Study Protocol


Serum creatinine was measured at hospital admission in all patients, and GFR was estimated using the Modification of Diet in Renal Disease equation [14]. Patients were grouped according to their GFR value: GFR >60 mL/min/1.73 m2 (group 1), GFR 60–30 mL/min/1.73 m2 (group 2), and GFR <30 mL/min/1.73 m2 (group 3). All patients remained under continuous electrocardiographic monitoring during ICCU stay and at least for 72 h for those discharged from ICCU earlier. We considered any documented episode of AF lasting at least 30 min or requiring intervention because of symptoms or hemodynamic compromise. The treatment of AF was left to the discretion of the referring cardiologist. In particular, according to the internal clinical protocol, when AF episodes lasted more than 24 h despite prompt pharmacological therapy, electrical cardioversion was advised.



Study patients received medical treatment and coronary revascularization based on the current standards of care recommended by published guidelines on AMI [15]. Demographical, clinical and biochemical data, and echocardiographic left ventricular ejection fraction (LVEF) were collected at hospital admission. After hospital discharge, all patients were followed up for at least 1 year.



The primary endpoint of the study was the incidence of new-onset AF during AMI hospitalization in the three study groups. In-hospital mortality and long-term (median 5 (1.2–8.5) years) all-cause mortality were the secondary endpoints of the study.




2.2. Statistical Analysis


A sample size of 2250 patients was calculated under the following assumptions: 10% overall incidence of AF (10), 70% of patients with GFR >60 mL/min/1.73 m2 [16], and an expected risk of AF (odds ratio (OR)) increasing by a factor of 2 from group 1 to group 2 and from group 2 to group 3. This sample size allowed a 90% statistical power in assessing a significant difference (α error of 0.05) of the primary endpoint between the three groups. Moreover, this sample size (n = 2250) allowed a 90% statistical power when an overall incidence of 20% of long-term all-cause mortality was considered [17], with an expected long-term mortality risk (hazard ratio (HR)) increasing by a factor of 1.3 from group 1 to group 2 and from group 2 to group 3. A total of 2400 patients represented the final sample size of our study, also considering a potential 7% of patients lacking data on the main variables of interest.



Continuous variables are presented as mean ± standard deviation. Variables with a skewed distribution are presented as median and interquartile ranges. Categorical data are presented as n (%). Trends across GFR groups were assessed by ANCOVA and by Mantel–Haenszel chi-square, as appropriate. The association between GFR groups, AF incidence, and study endpoints was assessed by logistic regression analysis. Results are presented as OR with 95% confidence intervals (CI). Cox proportional hazard model was also used to assess HR and 95% CI for long-term mortality associated with GFR groups.



Kaplan–Meier analysis was used to generate time-to-event curves for long-term mortality in patients with and without AF and stratified according to GFR groups. Log rank test was used to compare strata.



Analyses were adjusted for a model including independent predictors of each endpoint, identified by performing stepwise selection of variables.



All tests were 2-tailed, and a p < 0.05 was required for statistical significance. All analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA).





3. Results


In total, 2445 AMI patients (mean age 68 ± 12 years, 1806 men, 1148 STEMI) were enrolled in the study. Of them, 241 (10%) had new-onset AF (11% of STEMI and 8% of NSTEMI patients; p = 0.01). In 13 (5%) cases, electrical cardioversion was required, and 10 patients were discharged with persistent AF due to contraindication to cardioversion, treatment failure, or early AF recurrence. The baseline clinical characteristics of patients with and without AF are shown in Table 1.



Patients with AF were older and more likely to have comorbidities, prior cardiovascular events, and lower GFR and LVEF. Patients with AF experienced a higher rate of in-hospital complications, including mortality (Table 1).



One thousand eight hundred eighty-seven (77%) patients had an admission GFR >60 mL/min/1.73 m2 (group 1), 492 (20%) had GFR 60–30 mL/min/1.73 m2 (group 2), and 66 (3%) had GFR <30 mL/min/1.73 m2 (group 3). The baseline clinical characteristics and in-hospital complications of the three study groups are reported in Table 2.



The AF incidence increased in parallel with GFR reduction (Figure 1).



Table 3 shows the independent predictors of AF in the entire study population.



Atrial fibrillation was associated with an increased in-hospital mortality risk, even after adjustment for variables (age, AMI type, LVEF, GFR, Killip class, and admission glycemia) found to predict in-hospital mortality at stepwise analysis (adjusted OR 2.49; 95% CI 1.64–3.77; p < 0.0001).



Similarly, long-term mortality was higher in patients experiencing AF during the index event (34% (n = 82) vs. 13% (n = 288); p < 0.0001) with an HR of 1.86 (95% CI 1.52–3.12; p < 0.0001), adjusted for independent predictors (age, diabetes mellitus, AMI type, prior AMI, LVEF, and GFR) of long-term mortality. Figure 2 shows the Kaplan–Meier curves for long-term mortality in patients with and without AF.



In-hospital mortality increased progressively from group 1 to group 2 and to group 3 (1%, 4%, 11%, respectively; p < 0.0001 for trend). In the three groups, in-hospital mortality rate was significantly higher in patients with AF, and its onset was associated with an increased adjusted risk (Figure 3).



Similarly, when considering the overall follow-up period (median 5 (1.2–8.5) years), long-term mortality increased progressively in the three groups (10%, 28%, 58%, respectively; p < 0.0001 for trend). Likewise, the incidence and adjusted risk of long-term mortality were higher in the three groups of patients with AF (Figure 4).



Table 4 shows the adjusted OR for in-hospital mortality and the adjusted HR for long-term mortality in the study population, according to GFR.



The Kaplan–Meier curves for long-term mortality in patients with and without AF in the three study groups analyzed separately are shown in Figure 5.




4. Discussion


The major finding of the present study is that the incidence of new-onset AF during AMI, as well as its associated in-hospital and long-term mortality, increases in parallel with the severity of GFR reduction estimated at hospital admission.



Although current therapeutic strategies have reduced the incidence of AF in AMI patients, new-onset AF still occurs in a sizable number of patients with an incidence reported to vary between 6% and 12% [1,2,3,4,5,6,7,8,18,19,20]. Moreover, the bulk of the evidence demonstrates that AF onset in AMI patients has serious adverse prognostic implications regarding both in-hospital and long-term mortality [8,19]. This seems to apply to all AMI populations without significant differences according to their treatment [8]. On the other hand, several population-based studies evaluating the association between AF and CKD have consistently shown a higher prevalence of AF in CKD patients. Indeed, contemporary data show that about 20% of CKD patients have AF [9,10] and that the risk of AF increases as GFR declines [11,12]. Despite the evidence accumulated in the general population, no specific data are available regarding the relationship between AF and GFR in AMI. Notably, in this clinical setting, sCr value measured at hospital admission, from which GFR is usually estimated, may reflect a variable combination of pre-existing CKD and ongoing acute kidney injury due to hemodynamic instability associated with AMI. Moreover, when renal function acutely decreases, sCr increases slowly, usually within days, or may not even change until kidney function has decreased by about 50%. Thus, the well-known association between GFR and AF observed in the general population may not be directly transferred to AMI patients. Based on these premises, we performed a prospective observational study investigating the incidence of new-onset AF and its relationship with short-term and long-term mortality in a cohort of AMI patients across GFR values.



In our study, the incidence of AF was 10%, a value comparable to that reported in previous series of AMI patients [2,3,10,19]. Moreover, and similarly to previous studies, we found that patients experiencing AF during AMI were older, had more cardiovascular risk factors, and were more likely to have cardiac dysfunction [8,20,21]. As a result, the rate of in-hospital complications, including mortality, was higher than that of patients without AF. Moreover, the in-hospital prognostic power of AF was confirmed in our study also after adjustment for major predictors of in-hospital mortality in AMI, including Killip class, reinforcing the emerging concept that AF in itself can affect early prognosis [8,19,20,21,22]. Indeed, in a large database of 106,708 AMI patients [22], new-onset AF was associated with a 20% higher adjusted in-hospital mortality risk. In contrast, patients with AF at the time of hospital admission had a mortality rate that was not different from that of patients in sinus rhythm, presumably a reflection of persistent or chronic AF as opposed to de novo acute AF. Similarly, in The Optimal Trial in Myocardial Infarction with the Angiotensin II Antagonist Losartan (OPTIMAAL) trial [19], 30-day adjusted mortality risk was significantly higher (OR 3.83) in AMI patients who were admitted in sinus rhythm and developed AF during hospitalization than in those without this arrhythmia. Thus, the identification of other factors that are unique to patients with AF would be of interest.



Although a number of studies evaluated the clinical relevance of AF in AMI patients, to the best of our knowledge this is the first study that specifically investigated the impact of admission GFR on new-onset AF and their relationship in terms of short-term and long-term mortality. We found that the incidence and the risk of AF increase as GFR declines, even after adjustment for major clinical predictors. Moreover, AF patients showed a significant increase in hospital mortality, as compared to their non-AF counterparts, at every GFR level. Again, this was true also when major cofounders were considered, including Killip class. The mechanisms underlying the close association between GFR, AF, and in-hospital clinical outcome during AMI are unclear. However, some speculations can be suggested. Patients with AMI and low GFR are more vulnerable to the acute hemodynamic impairment that has been linked to the development of AF, such as increase in left atrial pressure and volume and left ventricular diastolic dysfunction [23]. Furthermore, disturbances of the reflex autonomic control of heart rate have been associated with a doubling of the likelihood of new AF occurrence in patients with AMI [24]. In this regard, sympathetic over-activity has been demonstrated to occur in both CKD and acute kidney injury, and to be directly associated with the severity of renal failure [25,26]. Recently, inflammation, which is a typical feature of renal insufficiency, has also been shown to be independently associated with AF onset in AMI patients [27]. In agreement with these observations, our study showed that the levels of high-sensitivity C-reactive protein at hospital admission were significantly higher in patients with AF. Taken together, these findings suggest a greater electrical vulnerability, in terms of AF risk, in patients with low GFR also during AMI, which may possibly contribute to worsen clinical prognosis.



We also confirmed the adverse impact of AF during AMI on long-term mortality, even after adjustment for the most relevant prognostic variables [2,3,18,19]. To date, the longest follow-up has been performed in the OPTIMAAL trial, in which the hazard linked to AF in the setting of AMI was assessed over a 3-year period [18]. The authors found that new-onset AF is associated with an almost double mortality risk. Our data further extend these findings, by showing a persistent greater all-cause mortality risk associated with AF in all study groups up to a median follow-up of 5 years. In addition to the well-known negative impact of low GFR on long-term mortality in AMI, even a single episode of AF seems to worsen the prognosis associated with each GFR level. Therefore, the detection of AF episodes during hospitalization, in addition to an early assessment of GFR, allows a more accurate risk stratification of AMI patients. The mechanisms underlying this association cannot be inferred from our data. However, there is recent evidence that AF and CKD may contribute to increased long-term mortality via pro-coagulant and inflammatory pathways [28,29]. Notably, these two conditions are associated with increased levels of C-reactive protein, interleukin-6, plasmin-antiplasmin complex, factor VII, and factor VIII, which by inducing inflammation and hypercoagulability may further promote atherosclerosis progression and thrombosis [28,29].



Our study may have some potential clinical implications. Prolonged continuous electrocardiographic monitoring may be useful in AMI patients, particularly in those with reduced GFR, to detect transient and asymptomatic AF episodes. Indeed, most AF events in AMI patients are asymptomatic, probably because of the high frequency of beta-blocker treatment [20]. In high-risk patients, the potential benefit associated with therapeutic strategies directed towards a reduction of in-hospital AF burden should be investigated, with the ultimate goal of improving prognosis. Moreover, a closer clinical follow-up of these patients should be considered.



The strengths of our study include a large and well-characterized AMI population, adjustment for major risk factors, a special focus on the association between new-onset AF and GFR, and a very long-term follow-up. However, some limitations should be acknowledged. First, unmeasured confounding factors cannot be excluded, and we cannot provide concrete proof of a cause-effect relationship between low GFR and new-onset AF. Second, most AMI patients underwent emergent or urgent percutaneous coronary intervention. In our study, myocardial revascularization was associated with a lower AF risk; this may have influenced our results, and their overall validity in all AMI patients needs to be evaluated. Third, the impact on outcomes of AF timing of onset, its duration, and its recurrence after hospital discharge was not investigated. Finally, we considered only all-cause mortality at long-term follow-up. Therefore, we were unable to evaluate cause-specific mortality, particularly in patients with AF and in those with low GFR.




5. Conclusions


In conclusion, our study demonstrates that the incidence of new-onset AF during the acute phase of AMI increases in parallel with the severity of GFR reduction at hospital admission. New-onset AF is adversely associated with short-term and long-term prognosis, with a negative effect that is additional to that of GFR across all stages of its reduction.







Author Contributions


Cosentino and Marenzi had full access to all of the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis; study concept and design, G.M., N.C., M.B., A.L.B.; acquisition of data, J.C., M.M., V.M., M.D.M., M.R., E.A., I.M., M.G., G.L.; analysis and interpretation of data, G.M., N.C., J.C., A.L.B.; drafting the manuscript, G.M., N.C., M.B., J.C., A.L.B.; critical revision of the manuscript for important intellectual content, S.G., A.L.B.; statistical analysis, A.B., F.V.; obtained funding, G.M.; administrative, technical, or material support, G.M.; study supervision, N.C., G.M., A.L.B. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by the Centro Cardiologico Monzino, Institute of Cardiology, University of Milan, Italy.




Acknowledgments


We acknowledge Michela Palmieri, MA, for her precious help in revising the manuscript.




Conflicts of Interest


We disclose any conflict of interest, including specific financial interests and relationships and affiliations relevant to the subject of this manuscript.




References


	



Saczynski, J.S.; McManus, D.; Zhou, Z.; Spencer, F.; Yarzebski, J.; Lessard, D.; Gore, J.M.; Goldberg, R.J. Trends in atrial fibrillation complicating acute myocardial infarction. Am. J. Cardiol. 2009, 104, 169–174. [Google Scholar] [CrossRef] [PubMed]

	



Crenshaw, B.S.; Ward, S.R.; Granger, C.B.; Stebbins, A.L.; Topol, E.J.; Califf, R.M. Atrial fibrillation in the setting of acute myocardial infarction: The GUSTO-I experience. Global Utilization of Streptokinase and TPA for Occluded Coronary Arteries. J. Am. Coll. Cardiol. 1997, 30, 406–413. [Google Scholar] [CrossRef]

	



Kinjo, K.; Sato, H.; Sato, H.; Ohnishi, Y.; Hishida, E.; Nakatani, D.; Mizuno, H.; Fukunami, M.; Koretsune, Y.; Takeda, H.; et al. Osaka Acute Coronary Insufficiency Study (OACIS) Group. Prognostic significance of atrial fibrillation/atrial flutter in patients with acute myocardial infarction treated with percutaneous coronary intervention. Am. J. Cardiol. 2003, 92, 1150–1154. [Google Scholar] [CrossRef]

	



Lopes, R.D.; Pieper, K.S.; Horton, J.R.; Al-Khatib, S.M.; Newby, L.K.; Mehta, R.H.; Van de Werf, F.; Armstrong, P.W.; Mahaffey, K.W.; Harrington, R.A.; et al. Short- and long-term outcomes following atrial fibrillation in patients with acute coronary syndromes with or without ST-segment elevation. Heart 2008, 94, 867–873. [Google Scholar] [CrossRef]

	



Mehta, R.H.; Dabbous, O.H.; Granger, C.B.; Kuznetsova, P.; Kline-Rogers, E.M.; Anderson, F.A., Jr.; Fox, K.A.; Gore, J.M.; Goldberg, R.J.; Eagle, K.A. GRACE Investigators. Comparison of outcomes of patients with acute coronary syndromes with and without atrial fibrillation. Am. J. Cardiol. 2003, 92, 1031–1036. [Google Scholar] [CrossRef]

	



Wong, C.K.; White, H.D.; Wilcox, R.G.; Criger, D.A.; Califf, R.M.; Topol, E.J.; Ohman, E.M. Significance of atrial fibrillation during acute myocardial infarction, and its current management: Insights from the GUSTO-3 trial. Card Electrophysiol. Rev. 2003, 7, 201–207. [Google Scholar] [CrossRef]

	



Pizzetti, F.; Turazza, F.M.; Franzosi, M.G.; Barlera, S.; Ledda, A.; Maggioni, A.P.; Santoro, L. GISSI-3 Investigators. Incidence and prognostic significance of atrial fibrillation in acute myocardial infarction: The GISSI-3 data. Heart 2001, 86, 27–32. [Google Scholar] [CrossRef]

	



Schmitt, J.; Duray, G.; Gersh, B.J.; Hohnloser, S.H. Atrial fibrillation in acute myocardial infarction: A systematic review of the incidence, clinical features and prognostic implications. Eur. Heart J. 2009, 30, 1038–1045. [Google Scholar] [CrossRef]

	



Soliman, E.Z.; Prineas, R.J.; Go, A.S.; Xie, D.; Lash, J.P.; Rahman, M.; Ojo, A.; Teal, V.L.; Jensvold, N.G.; Robinson, N.L.; et al. Chronic kidney disease and prevalent atrial fibrillation: The Chronic Renal Insufficiency Cohort (CRIC). Am. Heart J. 2010, 159, 1102–1107. [Google Scholar] [CrossRef] [PubMed]

	



Reinecke, H.; Nabauer, M.; Gerth, A.; Limbourg, T.; Treszl, A.; Engelbertz, C.; Eckardt, L.; Kirchhof, P.; Wegscheider, K.; Ravens, U.; et al. Morbidity and treatment in patients with atrial fibrillation and chronic kidney disease. Kidney Int. 2015, 87, 200–209. [Google Scholar] [CrossRef] [PubMed]

	



Olesen, J.B.; Lip, G.Y.; Kamper, A.L.; Hommel, K.; Køber, L.; Lane, D.A.; Lindhardsen, J.; Gislason, G.H.; Torp-Pedersen, C. Stroke and bleeding in atrial fibrillation with chronic kidney disease. N. Engl. J. Med. 2016, 367, 625–635. [Google Scholar] [CrossRef] [PubMed]

	



Jun, M.; James, M.T.; Manns, B.J.; Quinn, R.R.; Ravani, P.; Tonelli, M.; Perkovic, V.; Winkelmayer, W.C.; Ma, Z.; Hemmelgarn, B.R.; et al. The association between kidney function and major bleeding in older adults with atrial fibrillation starting warfarin treatment: Population based observational study. BMJ 2015, 350, h246. [Google Scholar] [CrossRef] [PubMed]

	



Marenzi, G.; Cabiati, A.; Cosentino, N.; Assanelli, E.; Milazzo, V.; Rubino, M.; Lauri, G.; Morpurgo, M.; Moltrasio, M.; Marana, I.; et al. Prognostic significance of serum creatinine and its change patterns in patients with acute coronary syndromes. Am. Heart J. 2015, 169, 363–370. [Google Scholar] [CrossRef] [PubMed]

	



Levey, A.S.; Bosch, J.P.; Lewis, J.B.; Greene, T.; Rogers, N.; Roth, D.; Modification of Diet in Renal Disease Study Group. A more accurate method to estimate glomerular filtration rate from serum creatinine: A new prediction equation. Ann. Intern. Med. 1999, 130, 461–470. [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]

	



Marenzi, G.; Cabiati, A.; Bertoli, S.V.; Assanelli, E.; Marana, I.; De Metrio, M.; Rubino, M.; Moltrasio, M.; Grazi, M.; Campodonico, J.; et al. Incidence and relevance of acute kidney injury in patients hospitalized with acute coronary syndromes. Am. J. Cardiol. 2013, 111, 816–822. [Google Scholar] [CrossRef]

	



Fox, K.A.; Carruthers, K.F.; Dunbar, D.R.; Graham, C.; Manning, J.R.; Manning, J.R.; De Raedt, H.; Buysschaert, I.; Buysschaert, I.; Lambrechts, D.; et al. Underestimated and under-recognized: The late consequences of acute coronary syndrome (GRACE UK-Belgian Study). Eur. Heart J. 2010, 31, 2755–2764. [Google Scholar] [CrossRef]

	



Lehto, M.; Snapinn, S.; Dickstein, K.; Swedberg, K.; Nieminen, M.; OPTIMAAL investigators. Prognostic risk of atrial fibrillation in acute myocardial infarction complicated by left ventricular dysfunction: The OPTIMAAL experience. Eur. Heart J. 2005, 26, 350–356. [Google Scholar] [CrossRef]

	



Zeymer, U.; Annemans, L.; Danchin, N.; Pocock, S.; Newsome, S.; Van de Werf, F.; Medina, J.; Bueno, H. Impact of known or new-onset atrial fibrillation on 2-year cardiovascular event rate in patients with acute coronary syndromes: Results from the prospective EPICOR Registry. Eur. Heart J. Acute Cardiovasc. Care 2019, 8, 121–129. [Google Scholar] [CrossRef]

	



Jons, C.; Jacobsen, U.G.; Joergensen, R.M.; Olsen, N.T.; Dixen, U.; Johannessen, A.; Huikuri, H.; Messier, M.; McNitt, S.; Thomsen, P.E.; et al. The incidence and prognostic significance of new-onset atrial fibrillation in patients with acute myocardial infarction and left ventricular systolic dysfunction: A CARISMA substudy. Heart Rhythm. 2011, 8, 342–348. [Google Scholar]

	



Lopes, R.D.; Elliott, L.E.; White, H.D.; Hochman, J.S.; Van de Werf, F.; Ardissino, D.; Nielsen, T.T.; Weaver, W.D.; Widimsky, P.; Armstrong, P.W.; et al. Antithrombotic therapy and outcomes of patients with atrial fibrillation following primary percutaneous coronary intervention: Results from the APEX-AMI trial. Eur. Heart J. 2009, 30, 2019–2028. [Google Scholar] [CrossRef] [PubMed]

	



Rathore, S.S.; Berger, A.K.; Weinfurt, K.P.; Schulman, K.A.; Oetgen, W.J.; Gersh, B.J.; Solomon, A.J. Acute myocardial infarction complicated by atrial fibrillation in the elderly: Prevalence and outcomes. Circulation 2000, 101, 969–974. [Google Scholar] [CrossRef] [PubMed]

	



Jons, C.; Joergensen, R.M.; Hassager, C.; Gang, U.J.; Dixen, U.; Johannesen, A.; Olsen, N.T.; Hansen, T.F.; Messier, M.; Huikuri, H.V.; et al. Diastolic dysfunction predicts new-onset atrial fibrillation and cardiovascular events in patients with acute myocardial infarction and depressed left ventricular systolic function: A CARISMA substudy. Eur. J. Echocardiogr. 2010, 11, 602–607. [Google Scholar] [CrossRef]

	



Jons, C.; Raatikainen, P.; Gang, U.J.; Huikuri, H.V.; Joergensen, R.M.; Johannesen, A.; Dixen, U.; Messier, M.; McNitt, S.; Thomsen, P.E.; et al. Autonomic dysfunction and new-onset atrial fibrillation in patients with left ventricular systolic dysfunction after acute myocardial infarction: A CARISMA substudy. J. Cardiovasc. Electrophysiol. 2010, 21, 983–990. [Google Scholar] [PubMed]

	



Grassi, G.; Bertoli, S.; Seravalle, G. Sympathetic nervous system: Role in hypertension and in chronic kidney disease. Curr. Opin. Nephrol. Hypertens. 2012, 21, 46–51. [Google Scholar] [CrossRef] [PubMed]

	



Grisk, O. The sympathetic nervous system in acute kidney injury. Acta Physiol. 2019, 14, e13404. [Google Scholar] [CrossRef]

	



Hwang, H.J.; Ha, J.W.; Joung, B.; Choi, E.H.; Kim, J.; Ahn, M.S.; Lee, M.H.; Jang, Y.; Chung, N.; Kim, S.S.; et al. Relation of inflammation and left atrial remodeling in atrial fibrillation occurring in early phase of acute myocardial infarction. Int. J. Cardiol. 2011, 146, 28–31. [Google Scholar] [CrossRef]

	



Chung, M.K.; Martin, D.O.; Sprecher, D.; Wazni, O.; Kanderian, A.; Carnes, C.A.; Bauer, J.A.; Tchou, P.J.; Niebauer, M.J.; Natale, A.; et al. C-reactive protein elevation in patients with atrial arrhythmias: Inflammatory mechanisms and persistence of atrial fibrillation. Circulation 2001, 104, 2886–2891. [Google Scholar] [CrossRef]

	



Floria, M.; Tanase, D.M. Atrial fibrillation type and renal dysfunction: New challenges in thromboembolic risk assessment. Heart 2019, 105, 1295–1297. [Google Scholar] [CrossRef]








[image: Jcm 09 01396 g001 550] 





Figure 1. Incidence of atrial fibrillation (AF) in the three study groups. eGFR = estimated glomerular filtration rate. 
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Figure 2. Kaplan–Meier curve analysis of all-cause mortality stratified according to new-onset AF occurrence during the index event in the entire study population. p value by Log rank test. 
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Figure 3. (Panel A) In-hospital mortality rate in the three study groups according to AF (yes vs. no). (Panel B) Adjusted odds ratio (OR) and 95% confidence intervals for in-hospital mortality according to AF in each study group. Odds ratios were adjusted for independent predictors of in-hospital mortality, identified by logistic regression analysis with stepwise selection of variables (age, acute myocardial infarction type, left ventricular ejection fraction, Killip class, and admission glycemia) in the entire study population. 
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Figure 4. (Panel A) Long-term all-cause mortality rate in the three study groups according to AF (yes vs. no). In particular, the reported mortality rate refers to the events observed during the entire follow-up period (median 5 (1.2–8.5) years). (Panel B) Adjusted hazard ratios (HR) and 95% confidence intervals for long-term mortality according to AF in each study group. Hazard ratios were adjusted for independent predictors of long-term mortality, identified by logistic regression analysis with stepwise selection of variables (age, diabetes mellitus, acute myocardial infarction type, prior myocardial infarction, and left ventricular ejection fraction) in the entire study population. 
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Figure 5. Kaplan–Meier curve analysis for long-term all-cause mortality stratified according to AF in the three study groups. p value by Log rank test. 
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Table 1. Baseline characteristics and in-hospital complications of the study patients according to the occurrence of atrial fibrillation.
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Variable

	
Atrial Fibrillation

	
p Value




	
No (n = 2204)

	
Yes (n = 241)






	
Age (years)

	
66 ± 12

	
75 ± 10

	
<0.0001




	
Male sex, n (%)

	
1647 (75%)

	
159 (66%)

	
0.003




	
Body weight (kg)

	
76 ± 14

	
74 ± 16

	
0.01




	
Diabetes mellitus, n (%)

	
467 (21%)

	
81 (34%)

	
<0.0001




	
Hypertension, n (%)

	
1398 (63%)

	
194 (80%)

	
<0.0001




	
Smokers, n (%)

	
1191 (54%)

	
98 (31%)

	
<0.0001




	
Hyperlipidemia, n (%)

	
1105 (50%)

	
123 (51%)

	
0.80




	
Prior myocardial infarction, n (%)

	
571 (26%)

	
77 (32%)

	
0.004




	
Prior CABG, n (%)

	
255 (12%)

	
39 (16%)

	
0.03




	
Prior PCI, n (%)

	
578 (26%)

	
68 (28%)

	
0.48




	
Left ventricular ejection fraction (%)

	
51 ± 11

	
43 ± 13

	
<0.0001




	
STEMI, n (%)

	
1017 (46%)

	
131 (54%)

	
0.01




	
CA/PCI during hospitalization, n (%)

	
2080 (95%)

	
210 (87%)

	
<0.0001




	
Laboratory values at hospital admission

	

	

	




	
Serum creatinine (mg/dL)

	
1.02 ± 0.44

	
1.23 ± 0.82

	
<0.0001




	
eGFR (mL/min/1.73 m2)

	
79 ± 26

	
68 ± 26

	
<0.0001




	
Hemoglobin (g/dL)

	
13.8 ± 1.8

	
13.2 ± 1.9

	
<0.0001




	
Blood glucose (mg/dL)

	
147 ± 60

	
166 ± 72

	
<0.0001




	
hs-TnI (ng/L)

	
400 (70–2340)

	
1064 (130–6690)

	
0.0001 *




	
hs-CRP (mg/L)

	
3.39 (1.37–10.71)

	
7.06 (2.12–36.41)

	
<0.0001 *




	
Medication before hospital admission

	

	

	




	
Aspirin, n (%)

	
822 (37%)

	
100 (41%)

	
0.2




	
Statins, n (%)

	
747 (34%)

	
99 (42%)

	
0.02




	
Beta-blockers, n (%)

	
772 (35%)

	
104 (43%)

	
0.001




	
ACE/AR blockers, n (%)

	
859 (39%)

	
121 (50%)

	
0.001




	
In-hospital complications

	

	

	




	
In-hospital death, n (%)

	
26 (1.2%)

	
13 (5.4%)

	
<0.0001




	
Cardiogenic shock, n (%)

	
86 (4%)

	
35 (15%)

	
<0.0001




	
Acute pulmonary edema, n (%)

	
150 (7%)

	
76 (32%)

	
<0.0001




	
Mechanical ventilation, n (%)

	
55 (3%)

	
28 (12%)

	
<0.0001




	
VT/VF, n (%)

	
147 (7%)

	
32 (13%)

	
0.0001




	
High-degree AV block, n (%)

	
69 (3%)

	
18 (7%)

	
0.0001




	
Major bleeding, n (%)

	
50 (2%)

	
26 (11%)

	
<0.0001




	
hs-TnI peak value (ng/L)

	
37,442 ± 77,002

	
74,162 ± 168,968

	
<0.0001




	
Medication at hospital discharge #

	

	

	




	
Dual antiplatelet therapy, n (%)

	
2014 (92%)

	
209 (92%)

	
0.66




	
Statins, n (%)

	
2005 (92%)

	
207 (91%)

	
0.50




	
Beta-blockers, n (%)

	
1702 (78%)

	
175 (77%)

	
0.63




	
ACE/AR blockers, n (%)

	
1401 (64%)

	
133 (58%)

	
0.07




	
Oral anticoagulant

	

	

	




	
therapy, n (%)

	
48 (2%)

	
30 (13%)

	
<0.0001








ACE = angiotensin-converting enzyme; AR = angiotensin II receptor; AV = atrio-ventricular; CA = coronary angiography; CABG = coronary artery bypass graft; eGFR = estimated glomerular filtration rate; hs-CRP = high-sensitivity C-reactive protein; hs-TnI = high-sensitivity troponin I; PCI = percutaneous coronary intervention; STEMI = ST-segment elevation myocardial infarction; VF = ventricular fibrillation; VT = ventricular tachycardia. * by Wilcoxon Rank-Sum test. # Percentages are calculated on the number of discharged patients.
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Table 2. Baseline characteristics and in-hospital complications in the three study groups.
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	Variable
	Group 1 (n = 1887)
	Group 2 (n = 492)
	Group 3 (n = 66)
	p Value (for Trend)





	Age (years)
	65 ± 12
	73 ± 11
	75 ± 9
	<0.0001



	Male sex, n (%)
	1450 (77%)
	319 (65%)
	37 (56%)
	<0.0001



	Body weight (kg)
	76 ± 14
	76 ± 16
	73 ± 12
	0.69



	Diabetes mellitus, n (%)
	354 (19%)
	162 (33%)
	32 (48%)
	<0.0001



	Hypertension, n (%)
	1148 (61%)
	387 (79%)
	57 (87%)
	<0.0001



	Smokers, n (%)
	1068 (57%)
	198 (40%)
	23 (36%)
	<0.0001



	Hyperlipidemia, n (%)
	917 (49%)
	268 (54%)
	43 (65%)
	0.0009



	Prior myocardial infarction, n (%)
	431 (23%)
	185 (38%)
	32 (48%)
	<0.0001



	Prior CABG, n (%)
	188 (10%)
	90 (18%)
	16 (24%)
	<0.0001



	Prior PCI, n (%)
	433 (23%)
	188 (38%)
	25 (38%)
	<0.0001



	Left ventricular ejection fraction (%)
	51 ± 11
	48 ± 13
	43 ± 14
	<0.0001



	STEMI, n (%)
	915 (48%)
	211 (43%)
	22 (33%)
	0.002



	CA/PCI during hospitalization, n (%)
	1796 (95%)
	439 (89%)
	55 (83%)
	<0.0001



	Laboratory values at hospital admission
	
	
	
	



	Serum creatinine (mg/dL)
	0.88 ± 0.18
	1.39 ± 0.31
	3.01 ± 1.370
	<0.0001



	eGFR (mL/min/1.73 m2)
	88 ± 21
	48 ± 8
	21 ± 5
	<0.0001



	Hemoglobin (g/dL)
	14.0 ± 1.7
	13.1 ± 1.9
	11.3 ± 1.9
	<0.0001



	Blood glucose (mg/dL)
	143 ± 56
	167 ± 70
	193 ± 92
	<0.0001



	hs-TnI (ng/L)
	430 (76–2460)
	440 (80–2700)
	1087 (80–5024)
	0.12



	Medication before hospital admission
	
	
	
	



	Aspirin, n (%)
	638 (34%)
	242 (49%)
	42 (64%)
	<0.0001



	Statins, n (%)
	587 (31%)
	223 (46%)
	36 (55%)
	<0.0001



	Beta-blockers, n (%)
	604 (32%)
	229 (47%)
	43 (65%)
	<0.0001



	ACE/AR blockers, n (%)
	683 (36%)
	271 (55%)
	26 (39%)
	<0.0001



	In-hospital complications
	
	
	
	



	In-hospital death, n (%)
	14 (0.7%)
	18 (4%)
	7 (11%)
	<0.0001



	Cardiogenic shock, n (%)
	66 (3%)
	44 (9%)
	11 (17)
	<0.0001



	Acute pulmonary edema, n (%)
	118 (6%)
	84 (17%)
	24 (36%)
	<0.0001



	Mechanical ventilation, n (%)
	37 (2%)
	38 (8%)
	8 (12%)
	<0.0001



	VT/VF, n (%)
	128 (7%)
	46 (9%)
	5 (8%)
	0.11



	High-degree AV block, n (%)
	50 (3%)
	34 (7%)
	3 (5%)
	0.001



	Major bleeding, n (%)
	41 (2%)
	26 (5%)
	9 (14%)
	<0.0001



	hs-TnI peak value (ng/L)
	37,001 ± 749,442
	49,503 ± 108,275
	71,774 ± 240,209
	0.65
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Table 3. Adjusted odds ratio (OR) and 95% confidence intervals (CI) for independent predictors of atrial fibrillation found at stepwise analysis in the overall study population.
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	Variable
	OR * (95% CI)
	p Value





	eGFR 60–30 vs. >60 mL/min/1.73 m2
	2.28 (1.70–3.06)
	<0.0001



	eGFR <30 vs. >60 mL/min/1.73 m2
	3.81 (2.12–6.87)
	<0.0001



	STEMI vs. NSTEMI
	1.48 (1.23–3.93)
	0.0001



	Age (every 10-year increase)
	2.12 (1.38–3.66)
	<0.0001



	LVEF (every 10% decrease)
	1.64 (1.37–2.97)
	<0.0001



	Killip class III-IV vs. I-II
	1.98 (1.65–3.13)
	<0.0001



	PCI (no vs. yes)
	1.73 (1.31–3.01)
	<0.0001







eGFR = estimated glomerular filtration rate; LVEF = left ventricular; NSTEMI = non-ST-elevation myocardial infarction; * OR were adjusted for each other.
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Table 4. Adjusted OR for in-hospital mortality and hazard ratio (HR) for long-term mortality between study groups.
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	Variable
	Adjusted OR (95% CI)
	p Value



	eGFR 60–30 vs. >60 mL/min/1.73 m2
	2.69 (1.13–6.37)
	0.003



	eGFR <30 vs. 60–30 mL/min/1.73 m2
	2.53 (1.35–7.68)
	0.0001



	Variable
	Adjusted HR (95% CI)
	p Value



	eGFR 60–30 vs. >60 mL/min/1.73 m2
	1.44 (1.14–1.81)
	0.002



	eGFR <30 vs. 60–30 mL/min/1.73 m2
	2.24 (1.55–3.23)
	<0.0001







CI = 95% confidence intervals; eGFR = estimated glomerular filtration rate.
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