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Abstract

:

This review was conducted to emphasize the complex interplay between atrial fibrillation (AF) and myocardial infraction (MI). In type 1 (T1) MI, AF is frequent and associated with excess mortality. Moreover, AF after hospital discharge for T1MI is not rare, suggesting the need to improve AF screening and to develop therapeutic strategies for AF recurrence. Additionally, AF is a common trigger for type 2 MI (T2MI), and recent data have shown that tachyarrhythmia or bradyarrhythmia could be a causal factor in, respectively, 13–47% or 2–7% of T2MI. In addition, AF is involved in T2MI pathogenesis as a result of severe anemia related to anticoagulants. AF is also an underestimated and frequent cause of coronary artery embolism (CE), as a situation at risk of myocardial infarction with non-obstructive coronary arteries. AF-causing CE is difficult to diagnose and requires specific management. Moreover, patients with both AF and chronic coronary syndromes represent a therapeutic challenge because the treatment of AF include anticoagulation, depending on the embolic risk, and ischemic heart disease management paradoxically includes antiplatelet therapy.
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1. Introduction


Acute or chronic coronary syndrome (CCS) and atrial fibrillation (AF) are common conditions with mutual interplay. Patients with AF often suffer from CCS, with a prevalence ranging from 36 to 86%, and there is an increased risk of AF in patients with acute myocardial infarction (MI) [1].



Elevated cardiac troponin (cTn) levels indicate myocardial cell damage/death but do not reflect the underlying etiology. The current universal definition of MI proposes a classification for MI subgroups including: type 1 MI (T1MI) and type 2 MI (T2MI) [2,3]. The classification of T1MI and T2MI has varied widely among studies and a standardized approach with clear definitions is needed to avoid misclassification and ensure appropriate patient care. T1MI is due to plaque rupture with thrombus, while T2MI is a result of myocardial supply/demand mismatch. Thus, two sub-types of relationships may occur between AF and MI: (a) in T1MI, a number of patients have a history of AF or experience AF as a complication, and (b) in T2MI, not only AF per se, whether tachyarrhythmias or bradyarrhythmias, but also AF treatments such as drug-induced bradycardia or anticoagulant-related anemia are major causes of myocardial oxygen mismatch (Figure 1). The objective of this review was to emphasize the complex interplay between AF and MI, supported by most recent findings from the literature, including frequency and prognosis.




2. Eligibility Criteria and Data Extraction


All observational studies that analyzed presenting symptoms, baseline characteristics, interventions, and mortality outcomes between atrial fibrillation and myocardial infraction, published after 1 January 2010, were identified by a search conducted in the databases of PubMed, EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL) and MEDLINE using the MeSH terms “atrial fibrillation”, “myocardial infarction”, “type-1 myocardial infarction”, “type-2 myocardial infarction”, and “coronary embolism”. Studies were included if they met the following criteria: (1) included a comparison of AF versus non-AF in patients with MI and (2) had data for outcome variables of interest.



2.1. AF and T1MI


Many studies have shown a high prevalence of CCS (30–40%) in AF patients based on medical history, angina symptoms, and ECG abnormalities [4]. In patients with non-valvular AF, data from randomized controlled trials (RCTs) comparing warfarin and oral anticoagulants (OACs) showed similar results [5]. AF was associated with a history of MI in 14–18% of patients, and the follow-up of patients taking OACs or warfarin showed an incidence of MI per year ranging from 0.51 to 1.1% [5]. Overall, a lower rate of MI has been reported in RCT than in registries (0.4–1.3%/year) [6].



A history of permanent or paroxysmal AF is common in acute MI. Meta-analyses have consistently reported an incidence of prior AF ranging from 2 to 13% [7,8,9,10,11,12,13,14,15,16] (Table 1). The largest cohort (155,071 patients) found an incidence of 7.9%, including 4.9% of patients with a history of paroxysmal AF (defined by sinus rhythm (SR) on admission and discharge ECG) and 3% with chronic AF (defined by AF on both admission and discharge ECG) [16]. After adjustment, prior AF was associated with in-hospital major bleeding but was not associated with in-hospital adverse outcomes such as death, re-infarction, or heart failure [16] (Table 1).



In contrast, patients with prior AF and MI had poorer long-term prognoses than patients with SR. A meta-analysis from 2011 found an increased long-term mortality risk in patients with prior AF [7]. In addition, MI patients with prior AF had a higher risk of cardiovascular (CV) events (all-cause mortality, recurrent MI, or ischemic stroke), with an event rate/100 persons of 84.0 (prior paroxysmal AF), 115 (prior persistent/permanent AF), and 45.2 (SR) [7]. When compared with SR patients, the adjusted HR was found to be 1.26 (95%CI (1.1–1.4)) for prior paroxysmal AF and 1.31 (95% CI (1.1–1.5)) for chronic prior FA [7].



The pathophysiology of acute MI and reperfusion, notably the temporal and spatial evolution of ischemic and reperfusion injury, is multifactorial in relationship with the different modes of cell death and the resulting coronary microvascular dysfunction. The remodeling of the left atrium includes a series of morphological and functional changes that occur as an adaptive response to factors that lead to AF, and MI is one of the major pathophysiological conditions that promote the onset of AF [17]. Between 2 and 25% of patients without prior AF will develop it during or after acute MI [7,8,9,10,11,12,13,14,15,16] (Table 1). In addition, new-onset AF (NOAF) is an independent, long-term risk predictor of stroke, major adverse cardiac and cerebrovascular events, and all-cause mortality, even if normal rhythm is restored prior to discharge [7,8,9,10,11,12,13,14,15,16,17,18].



This was shown in Lau’s study, which included 3393 patients (755 ST segment elevation MI (STEMI), 1942 with high-risk non-ST segment elevation MI and 696 with intermediate risk non-ST segment elevation MI) [12]. While 387 patients (11.4%) had history of AF before ACS, 149 patients (4.4%) had their first episode of AF during acute MI. Compared to patients without an episode of AF, patients with NOAF had an increase in mortality (HR 2.2, 95% CI (1.0–4.6), p = 0.04) and an increase in major bleeding (HR 5.8, 95% CI (3.1–10.6), p < 0.001) at one year of follow-up after adjustment.



There is currently some controversy as to whether the appearance of NOAF during acute MI is an indication for long-term anticoagulation therapy. To our knowledge, no RCT on the indication of anticoagulation in the event of new onset AF has been published. Moreover, these data must be considered along with the concept of “reversible AF” and the impact of early-AF or late-AF in the acute phase.



Asanin et al. followed acute MI patients with NOAF but sinus rhythm at hospital discharge for a seven-year period [19]. Patients with NOAF had more frequent AF than those without NOAF (10.4% vs. 2.7%, respectively; p < 0.0001), and AF recurrence during follow-up and no anticoagulation at discharge were independent predictors of stroke. A cut-off duration of 3.5 h-long AF within the first 48 hours of acute MI had the highest sensitivity for the prediction of low long-term risk of stroke obtained by receiver operating characteristic (ROC) curve analysis. Among patients who did not receive anticoagulants at discharge, the patients with short-duration AF (<3.5 h) were less likely to experience stroke and AF recurrence during follow-up, while those in the other group were more likely to develop these complications (10.8%, p = 0.038 and 13.5%, p = 0.019, respectively) [19].



In 2020, Axelrod et al. published a study that included 7061 patients with NOAF during acute MI, excluding patients with pre-existing AF and those who underwent coronary artery bypass grafting (CABG) surgery or who died during hospitalization [20]. The cohort was divided into three groups: 1: acute MI without AF; 2: AF onset and resolution within the first 24 h of admission and no further AF events during the index hospitalization (1.4%); and 3: late AF either starting or continuing beyond the first 24 h of admission (2.5%). With a median follow-up of six years, stroke rates were only higher in the late-AF group versus the no-AF group but not in the early-AF group (10.6% vs. 4.2% and 5.3%, respectively) (p < 0.001). In addition, unadjusted death rates were higher in the late-AF and early-AF groups versus the no-AF group (55.3%, 43.2%, and 29.2%, respectively) (p < 0.01).




2.2. Silent AF


Silent or subclinical asymptomatic atrial fibrillation (SAF) has gained extensive interest in the epidemiologic, neurologic, and cardiovascular areas. The electrophysiological and mechanical effects of symptomatic and SAF are equivalent. Therefore, SAF should be considered when estimating the prevalence of the disease and its impact on morbidity, mortality, and quality of life.



New-onset symptomatic AF is common within the first days after MI, but silent AF is three-times more frequent [21]. Using continuous ECG monitoring (CEM) ≥ 48 h after admission for MI, Stamboul et al. demonstrated that 135/849 patients (16%) developed silent AF while only 45/849 patients developed symptomatic AF (5%) [21]. Compared to patients without AF, patients with silent AF were significantly older, more frequently women, and less likely to be smokers. In addition, like symptomatic AF, silent AF is associated with a poor prognosis at one year post-ACS, with a significant increase in CV mortality and hospitalizations for heart failure compared to patients without AF, respectively, at 5.7% vs. 2.0% (p < 0.001) and 6.6% vs. 1.3% (p < 0.001). Transient NOAF was considered by Wi et al. as AF occurring within acute MI without a prior history and not documented for one month after discharge (4.8% of patients). Transient NOAF was associated with the poorest clinical outcomes and was a significant independent predictor of major adverse cardiac events (MACEs) and death in acute MI patients at one month, two years, and five years [22].




2.3. AF in Post MI


An acute coronary occlusion results in marked electrophysiological alterations that can induce ventricular tachycardia or ventricular fibrillation, often heralding sudden cardiac death. However, it is important to remember that during the infarct-healing stage, hemodynamic and structural changes can lead to left ventricular dilatation and dysfunction, whereas the accompanying fibrosis forms the substrate for re-entrant circuits sustaining frequent dysrhythmias such as AF. The incidence of AF in patients with a history of acute MI is higher than in the general population, with a cumulative incidence of 6–21% at five years after acute MI compared with an incidence of only 3% in the general population [23,24,25]. AF episodes after acute MI generally occur within the first year [14].



The Rochester Epidemiology Project (3220 patients from 1983 to 2007) was the first important registry to assessed AF occurrence after MI [14]. AF was identified before MI in 304 patients, while 729 developed AF after MI (218 (30%) within 2 days, 119 (16%) between 3 and 30 days, and 392 (54%) > 30 days post-MI. The cumulative incidence of AF after MI at five years was 19% and did not change over the calendar year of MI (the incidence of AF was the same regardless of when the MI occurred). During a mean follow-up of 6.6 years, 1638 deaths occurred. AF was associated with an increased risk of death independently of clinical characteristics at the time of MI and heart failure. This risk was the greatest for AF occurring >30 days post MI (HR 1.63 (1.37–1.93) for AF within 2 days, HR 1.81 (0.45–2.27) for AF between 3 and 30 days, and 2.58 (2.21–3.00) for AF > 30 days post MI) [24].



A meta-analysis by Jabre et al. that was published in 2011 and included 43 studies and 278,854 patients demonstrated an increased risk of mortality associated with the presence of AF in the stetting of MI [7]. AF was associated with an increased mortality risk of at least 40% compared with sinus rhythm (HR 1.46 (1.35–1.58)). In addition, the poor prognosis persisted regardless of the timing of AF, and the odds ratio of mortality for new AF with no prior history of AF was 1.37 ((1.26–1.49); I(2) = 28% (nine studies)), and the odds ratio for prior AF was 1.28 ((1.16–1.40); I(2) = 24% (four studies)). The sensitivity analysis for new AF studies adjusting for confounding factors did not show a decrease in the risk of death [7].



In conclusion, the risk of AF after hospital discharge is not an epiphenomenon, which suggests a need to develop monitoring and therapeutic strategies for screening AF recurrence after acute MI.




2.4. AF and T2MI


As we previously reported, T2MI is defined as MI whereby a condition other than atherosclerotic coronary artery disease creates an imbalance between myocardial oxygen supply and demand. Observational studies have shown that compared with patients with T1MI, patients with T2MI were older and more often female, had more hypertension, and had diabetes mellitus.



Though the studies described in the previous chapters are relevant, they preceded the universal definition of MI established in 2018. It is therefore important to highlight that an unknown number of patients presenting T2MI were thus included in the analyses. To our knowledge, no study has specifically addressed AF as a trigger for T2MI. T2MI may occur with or without obstructive coronary artery disease, and the threshold for T2MI is lower in patients with fixed obstructive CCS [5,13]. A modest revision for classifying myocardial infarction T2MI, splitting it into type 2A with and type 2B without fixed obstructive CCS, has recently been proposed [25]. AF can lead to a T2MI through either increased oxygen demand due to tachyarrhythmia or reduced supply via bradyarrhythmia related or not to drugs with bradycardic effects or anemia related to anticoagulants [3] (Figure 1).



Among studies using the 2007 and 2012 universal definition of MI, the prevalence of T2MI in patients with acute MI ranged from 2% to 58% [3]. Wide variations in the prevalence of T2MI were also observed between sites in the same study (0–13%) [25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44] (Table 2, Table 3 and Table 4). This variation was likely influenced by many factors including patient populations, sensitivity, and diagnostic thresholds of cTn assays, rate and types of additional cardiac investigations, limitations of diagnostic criteria, and the interpretation of these criteria by adjudicators of MI subtypes. In most studies, both short- and long-term mortality were higher among patients with T2MI than in patients with T1MI, and differences in T2MI mortality between studies are likely explained by patient selection [25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44]. Two recent meta-analyses provided major information on this subject. First, in 2016, Gupta et al. included 25,872 patients, of whom 2683 (10%) had T2MI [45]. Compared to T1MI, patients with T2MI had significantly higher in-hospital, 30-day, and 1-year mortality rates, respectively, of 4.7% vs. 15%, 5.3% vs. 17.6%, and 13% vs. 27%. In addition, the most common triggers of T2MI were stress (20%), sepsis (19%), arrhythmia (19%), heart failure (15%), and anemia (12%) [45,46].



2.4.1. AF as a Trigger for T2MI


There are diverse underlying mechanisms that can cause T2MI [26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44] (Table 2, Table 3 and Table 4), and the co-existence of multiple triggers is frequent (24–33% of cases). AF can induce T2MI either through an increase in myocardial oxygen demand (as in the case of tachyarrhythmia), through reduced supply (in the case of bradyarrhythmia) or as a result of severe anemia related to anticoagulants. Moreover, in patients with tachyarrhythmia, an increased heart rate reduces ventricular filling time, which results in a decreased coronary artery perfusion during diastole. Table 2, Table 3 and Table 4 summarize the various triggers for T2MI and indicate that tachyarrhythmia could occur in 13–47% of T2MI cases. Anticoagulant treatment is the leading cause of bleeding, and the rate of major bleeding established by the International Society on Thrombosis and Hemostasis (ISTH) ranges from 2.3% to 4.5% per year [47]. The prescription rate for anticoagulants ranges from 4 to 15% for T1MI and from 9.7–27% for T2MI (Table 2 and Table 3) [32,35,36,37,38]. The two studies that addressed anemia as a trigger for T2MI found this condition in 7% and 13% of cases (Table 2 and Table 3) [32,38].



Prospective or retrospective studies are thus urgently needed to address this important issue, both in the acute phase of MI and in the long term.




2.4.2. AF-Related Risk Factors and T2MI Prognosis


Due to clearly identified risk factors (i.e., anemia related to anticoagulation), AF therefore associated with non-cardiovascular excess mortality in the long term after MI. Further studies are urgently needed to identify the impact of underlying heart disease, heart rhythm disorders, and/or therapeutics on T1MI or T2MI, as well as to determine cut-off values for hemoglobin and heart rate.



Only two articles have provided information on the prognostic impact of the T2MI trigger. In a recent study including 5460 MI patients, 1054 were classified as T2MI. The age- and sex-adjusted rates of all-cause mortality at five years were significantly higher after T2MI versus after T1MI (52% versus 31%, respectively, p < 0.001) [48]. In addition, after adjustment for age, sex, and baseline comorbidities, T2MI remained an independent predictor of all-cause mortality but not CV mortality. Over five years of follow-up, rates of all-cause mortality with arrhythmia, anemia, or hypoxia as trigger were, respectively, 52%, 70%, and 80%. Only one study provided a prognostic score (Troponin Assessment for Risk stRatification of patients without Acute COronary atherothrombosis (TARRACO) risk score) for major adverse CV events at 180 days in patients with T2MI or non ischemic myocardial injury (NIMI) [49]. The score included six variables: (1) age, (2) hypertension, (3) lack of chest pain, (4) dyspnea, (5) anemia, and (6) troponin > 5 upper reference limit (URL). Patients were classified into low-risk (score 0–6) and high-risk (score ≥ 7) categories. Rates of major adverse CV events were five times higher in high-risk patients compared to low-risk patients, respectively, at 78.9 vs. 15.4 events/100 patient-years. Anemia, whether linked to anticoagulants or not, is therefore a major prognostic factor after T2MI. In addition, in the 611 patients of the TARRACO derivation cohort (median age of 78 years; 55% men), the authors reported that 33.5% had AF. Though this study did not provide any information on anemia related to anticoagulants for AF, there was an increased risk of bleeding in AF patients receiving an anticoagulant in combination with one-to-two antiplatelet agents. RCTs have shown that patients receiving triple antithrombotic therapy (TAT) or dual antiplatelet therapy (DAPT) have clinically significant bleeding rates ranging from 9 to 26%, depending on the dosage, molecule, and treatment duration.




2.4.3. T2MI and CAD


As we previously reported, when compared with patients with MT1I, patients with T2MI are older, more frequently female, and more likely to have chronic kidney disease and comorbidities. Patients with T2MI are also less likely to have significant coronary artery disease (CAD) and to undergo coronary angiography, percutaneous coronary intervention, and CABG surgery.



The prognostic significance of underlying CAD during the management of T2MI is a key issue. In a study by Chapman et al., the authors demonstrated that the presence of CAD is an independent predictor of MACE at five years in patients who presented with T2MI [36]. To our knowledge, there are no specific data regarding the efficacy of validated therapies to prevent T2MI. In the latest universal definition of MI in 2018, the authors advise managing the triggering factor first in an acute setting. If this is demonstrated, routine screening for CAD after T2MI would be justified, especially in the case of an FA trigger.





2.5. AF Patients and Coronary Embolism


A coronary artery embolism (CE) is recognized as a major cause of MINOCA (myocardial infarction with non-obstructive coronary arteries). Though AF is one of the most frequent causes of ischemic stroke, MI related to CE is rare. The prevalence, clinical features, and prognosis of CE remain insufficiently characterized. Among 1776 consecutive patients who presented with de novo acute MI, CE was diagnosed based on histological, angiographic, and other criteria linked to diagnostic imaging. The prevalence of CE was found to be 2.9% (n = 52), including eight (15%) patients with multi-vessel CE. AF was by far the most common cause (n = 38, 73%). Only 39% of patients with CE were treated with vitamin-K antagonists, and the median international normalized ratio (INR) was 1.42 (range of 0.95–1.80) [50]. During a median follow-up of 49 months, five AF patients had relapses for CE and thromboembolism [50]. CE is an under-recognized etiology of MI, and it is associated with significant morbidity and mortality. Cardiac magnetic resonance imaging (MRI) can identify ischemic myocardial sequelae when there is a suspicion of CE, in particular without obstructive CCS.





3. Conclusions


AF is a frequent complication that is associated with an increased mortality in patients with all types of MI. However, only few studies have specifically addressed the acute management of AF with invasive and/or pharmacological strategies. AF is also an underestimated and frequent cause of coronary artery embolism (CE) as a situation at risk of myocardial infarction with non-obstructive coronary arteries. Moreover, AF is difficult to diagnose and requires specific management. In addition, patients with AF and CCS represent a particular therapeutic challenge because of the diverse antithrombotic therapies: the treatment of AF should include anticoagulation, but depending on the embolic risk, antiplatelet therapy may also be considered for ischemic heart disease management. Further studies are necessary to further clarify the risks and benefits of oral anticoagulants in CAD without aspirin medication.
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Figure 1. Multifaceted interplay between atrial fibrillation and myocardial infarction. 
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Table 1. Major studies published regarding the acute coronary syndrome-atrial fibrillation relationship: major finding [7,8,9,10,11,12,13,14,15,16].
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Authors

	
Nb

	
Atrial Fibrillation (AF) Incidence

	
Follow-Up

	
Event




	
Any AF

	
Prior AF

	
NOAF






	
Jabre et al.; Meta-analysis [7]

- AF vs. sinus rhythm

- AF before MI vs. sinus rhythm

- New Onset AF vs. sinus rhythm

	
43 studies

278,854 patients

	
4–25%

	
2–13%

	
6–17%

	
Hospitalization to 8 years

	
Mortality

1.46 (1.35–1.58)

1.27 (1.16–1.40)

1.37 (1.26–1.49)




	
He et al.; Meta-analysis [8]

	
11 studies

9570 patients

	

	

	
4.8–20.7%

	

	




	
Luo et al.; Meta-analysis [9]

- AF vs. sinus rhythm

	
14 studies

292,774 patients

	

	

	
4.5–13.7%

	
Hospitalization to 3 years

	
Ischemic stroke

2.84 (1.91–4.23)




	
Kundu et al.; Registry [10]

- New onset AF vs. sinus rhythm

	
Registry

6384 patients

	

	
7.7%

	
10.8%

	

	
In-hospital death

19.6% vs. 7.9%

2.3 (1.9–2.9)

In hospital stroke

3.6% vs. 1.4%

2.5 (1.6–4.1)

30 day post-discharge death

8.3% vs. 5.1%

1.5 (1.2–1.8)




	
Guenancia et al. [11]

	
Registry

1621 patients

	
25%

	
11%

	
17%

- Silent AF: 13%

- Symptomatic AF: 4%

	

	
1 year mortality

21% vs. 7%

1 year stroke

0.9% vs. 1%




	
Lau et al. [12]

	
3393 SCA NSTEMI

	
15.8%

	
4.4%

	
11.4%

	
1 year mortality

New onset vs. None AF: 1.36 (0.84–2.20)

Previous AF vs. no AF: 1.42 (1.01–1.99)

1 year MI

New onset vs. None AF: 1.80 (1.13–2.86)

Previous AF vs. no AF: 0.82 (0.54–1.24)

1 year stroke

Previous AF vs. no AF: 1.01 (0.21–4.78)

1 year MCE

New onset vs. None AF: 1.66 (1.18–2.33)

Previous AF vs. no AF: 1.13 (0.86–1.49)




	
Congo et al. [13]

- New Onset AF vs. sinus rhythm

	
6957 patients

	
14%

	
8%

	
5%

	
STEMI

	
In hospital mortality

13.4% vs. 3.8%

1.19 (0.62–2.27)




	
Jabre et al. [14]

	
3220 patients

	
32.1%

	
8.5%

	
Early AF ≤ 2 days: 6.8%

Intermediate AF 2 < AF ≤ 30 days: 3.7%

Late AF > 30 days: 12.1%

	

	




	
Hofer et al. [15]

	
1372 patients

	
17.5%

	
6.6%

	
10.9%

	

	
Long term cardiovascular mortality

Do novo AF vs. no AF 1.45 (1.19–2.57)

Preexisting AF vs. no AF 0.70 (0.35–0.98)




	
Pokorney et al. [16]

	
155,071 patients

	
15.5%

	
7.9%

- History of Paroxysmal AF (sinus rhythm on arrival and discharge ECG): 4.9%

-Persistent/Permanent AF (AF on both arrival and discharge ECG): 3.0%

	
7.6%

- New Onset (AF on arrival ECG but sinus rhythm on discharge ECG): 3.7%

- New Onset (AF on discharge ECG): 3.9%

	
CV at 90 days (all-cause mortality, MI or ischemic stroke):

- New Onset (AF on arrival ECG but sinus rhythm on discharge ECG): 1.23 (1.1–1.4)

- New Onset (AF on discharge ECG): 1.36 (1.2–1.6)

- History of Paroxysmal AF (sinus rhythm on arrival and discharge ECG): 1.36 (1.1–1.4)

- Persistentt/Permanent AF (AF on both arrival and discharge ECG): 1.31 (1.1–1.5)

All AF: 1.28 (1.2–1.4)











[image: Table] 





Table 2. Major studies published regarding the type 1 MI/type 2 MI (T1MI/T2MI) regarding known AF, known chronic coronary syndrome (CCS), and triggers of T2MI [25,26,27,28,29,30,31]. MACE: major adverse cardiac event.
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Authors

	

	
N (%)

	
Age (Years) T2

	
Known CCS before MI (%)

	
Known AF

before MI

	
Anticoagulant at Admission

	
Triggers for Type 2 MI

	
Outcomes






	
Landes et al. [26]

	
T1MI

	
107 pts

	
72 ± 12.5

	
46.7%

	
ND

	
ND

	

	
All-cause mortality T2MI vs. matched T1MI (HRadj-95% CI)

30 days 7.17(131–38.9) p = 0.023

1 year 3.42 (1.51–7.75) p = 0.003

5 years 2.08 (1.14–3.81) p = 0.17

MACE T2MI vs. matched T1MI (HRadj-95% CI)

30 days 1.07(0.49–2.31) p = 0.871

1 year 1.05 (0.51–2.17) p = 0.895

5 years 1.02 (0.59–1.76) p = 0.950




	
T2MI

	
107 pts matched *

	
74 ± 10.4

	
63.6%

	
ND

	
ND

	
1. Sepsis 36%

2. Tachyarrhythmia AF: 30%

3. Post-surgically: 25%

Bradyarrhythmia: ND

Multiple provoking conditions: ND




	
Smilowitz et al. [27]

	
T1MI

	
137 pts

	
70.9 ± 12.7

	
19.0% (MI)%

	
ND

	
ND

	

	
In-hospital mortality T1MI vs. T2MI

Cardiovascular death: 5.8% vs. 2.1% p = 0.18

Non-cardiovascular death: 7.3% vs. 9.6% p = ND

In-hospital or 30-day mortality T1MI vs. T2MI

Cardiovascular death: 6.6% vs. 4.1% p = 0.45

Non-cardiovascular death: 8.0% vs. 10.3% p = ND




	
T2MI

	
146 pts

	
74.3 ± 12.2

	
19.2% (MI)

	
ND

	
ND

	
1. Tachyarrhythmia: 29.5%

2. Severe Hypertension: 19.9%

3. Severe Anaemia 19.9%

Bradyarrhythmia: 6.8%

Multiple provoking conditions: 42.5%




	
Sandoval et al. [28]

	
T1MI

	
77 pts

	
61 ± 14

	
31%

	
9%

	
ND

	

	
180 day all-cause mortality T1MI vs. T2MI

8% vs. 13% p = NS

180 day post-discharge MACE T1MI vs. T2MI

10% vs. 16% p = NS




	
T2MI

	
140 pts

	
60 ± 15

	
17%

	
11%

	
ND

	
1. Tachyarrhythmia: 47.1%

2. Severe Hypertension: 42.1%

3. Respiratory Failure: 40.7%

Bradyarrhythmia: 3.6%

Multiple provoking conditions: ND




	
Smilowitz et al. [29]

	
T1MI

	

	

	

	

	
ND

	

	
In hospital death: 6%




	
T2MI

	
255

	
76 ± 13

	
50%

	
38%

	
ND

	
1. Surgery: 35%

2. Anemia: 32%

3. Sepsis: 31%

Bradyarrhythmia: 2%

Multiple provoking conditions: 8%




	
Sabby et al. [30]

	
T1MI

	
397 pts

	
71 ± 14

	
24% (MI)

	
12.6%

	
ND

	

	
ND




	
T2MI

	
144 pts

	
75 ± 15

	
27.1% (MI)

	
23.6%

	
ND

	
1. Anemia: 21%

2. Respiratory Failure: 21%

3. Tachyarrhythmia: 19%

Bradyarrhythmia: 3%

Multiple provoking conditions: 10%




	
Stein et al. [31]

	
T1MI

	
2691 pts

	
64 ± 13

	
28.1% (MI)

	
ND

	
ND

	

	
1-year mortality T1MI vs. T2MI

8.6% vs. 23.9% p < 0.0001




	
T2MI

	
127 pts

	
75 ± 12

	
44.4% (MI)

	
ND

	
ND

	
1. Anaemia: 31%

2. Sepsis: 24%

3. Tachyarrhythmia: 17%

Bradyarrhythmia: ND

Multiple provoking conditions: 24%








*: matching for sex, ST segment elevation.
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Table 3. Major studies published regarding the T1MI/T2MI regarding known AF, known CCS, and triggers of T2MI [32,33,34,35,36,37,38].
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Authors

	

	
N (%)

	
Age (Years) T2

	
Known CCS before MI (%)

	
Known AF

before MI

	
Anticoagulant at Admission

	
Triggers for Type 2 MI

	
Outcomes






	
Baron et al. [32]

	
T1MI

	
17,488 pts

	
71 ± 12

	
30.4% (MI)

	
ND

	
5.3%

	

	
1-year mortality T1MI vs. T2MI

13.5% vs. 23.7% p < 0.001




	
T2MI

	
1403 pts

	
76 ± 11

	
40.1% (MI)

	
ND

	
10.2%

	
1. Tachyarrhythmia: 24%

2. Respiratory Failure: 19%

3. Sepsis: 18%

4. Anemia: 13%

Bradyarrhythmia: ND

Multiple provoking conditions: ND




	
Lambrecht et al. [33]

	
T1MI

	
360 pts

	
70 ± 13

	
ND

	
8.9%

	
ND

	

	
All-cause mortality at 3 years T1MI vs. T2MI

31.7% vs. 62.2% p < 0.0001




	
T2MI

	
119 pts

	
75 ± 11

	
ND

	
21.0%

	
ND

	
ND




	
Cediel et al. [34]

	
T1MI

	
376 pts

	
66

	
ND

	
31.9%

	
ND

	

	
2-year mortality T1MI vs. T2MI

19.7% vs. 39.7% p < 0.001




	
T2MI

	
194 pts

	
79

	
ND

	
21.1%

	
ND

	
1. Heart failure: 28%

2. Tachyarrhythmia: 19%

3. Respiratory Failure: 19%

Anaemia: 0%

Bradyarrhythmia: 0%

Multiple provoking conditions: ND




	
Shah et al. [35]

	
T1MI

	
1171 pts

	
68 ± 14

	
45%

	
ND

	
4%

	

	
1-year mortality T1MI vs. T2MI

16% vs. 37% p < 0.001




	
T2MI

	
429 pts

	
75 ± 13

	
45%

	
ND

	
10%

	
ND




	
Sarkisian et al. [25]

	
T1MI

	
2673 pts

	
ND

	
ND

	
ND

	
ND

	

	
ND




	
T2MI

	
1089 pts

	
71 ± 14

	
17% (MI)

	
29%

	
ND

	
1. Sepsis: 30%

2. Heart Failure: 16%

3. AF: 10%

Anaemia: ND

Bradyarrhythmia: 7%

Multiple provoking conditions: 33%




	
Chapman et al. [36]

	
T1MI

	
1171 pts

	
68 ± 14

	
45%

	
ND

	
4.5%

	

	
5-year mortality T1MI vs. T2MI

31.0% vs. 56.1% p < 0.001




	
T2MI

	
429 pts

	
75 ± 14

	
45%

	
ND

	
9.7%

	
1. Arrhythmia: 19%

2. Pneumonia: 13%

3. Heart Failure: 12%

Anaemia: ND

Bradyarrhythmia: ND

Multiple provoking conditions: ND




	
Putot et al. [37]

	
T1MI

	
2036 pts

	
67 ± ND

	
20%

	
7.9%

	
7.9%

	

	
In-hospital mortality T1MI vs. T2MI

6.1% vs. 14%, p < 0.001




	
T2MI

	
947 pts

	
81 ± ND

	
31%

	
23.7%

	
23.7%

	
1. Acute infection: 36%

2. Heart Failure: 34%

3. Anemia: 7.8%

Bradyarrhythmia: ND

Multiple provoking conditions: ND




	
Putot et al. [38]

	
T1MI

	
365 pts

	
72 ± ND

	
30%

	
ND

	
15%

	

	
In-hospital mortality T1MI vs. T2MI

7% vs. 15%, p < 0.001




	
T2MI

	
254 pts

	
82 ± ND

	
15%

	
ND

	
27%

	
ND
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Table 4. Major studies published regarding the T1MI/T2MI regarding known AF, known CCS, and triggers of T2MI [39,40,41,42,43,44].
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Authors

	

	
N (%)

	
Age (Years) T2

	
Known CCS before MI (%)

	
Known AF

before MI

	
Anticoagulant at Admission

	
Triggers for Type 2 MI

	
Outcomes






	
Arora et al. [39]

	
T1 MI

	
775 pts

	
65 ± ND

	
ND

	
ND

	
ND

	

	
In-hospital mortality T1MI vs. T2MI

4.7% vs. 17.4%, p < 0.001

30 days mortality after hospital discharge T1MI vs. T2MI

2.2% vs. 11.9%, p < 0.001

1 year mortality after hospital discharge T1MI vs. T2MI

12.4% vs. 34.8%, p < 0.001




	
T2 MI

	
264 pts

	
73 ± ND

	
ND

	
ND

	
ND

	
1. Acute infection: 46%

2. Heart Failure: 11%

3. Anemia: 7%

Bradyarrhythmia: ND

Multiple provoking conditions: ND




	
Guimaraes et al. [40]

	
T1 MI

	
11,647 pts

	
64 ± ND

	
ND

	
ND

	
ND

	

	
2-year mortality T1MI vs. T2MI

HR (95% IC): 11.82 (5.71–24.46) p < 0.0001




	
T2 MI

	
847 pts

	
66 ± ND

	
ND

	
ND

	
ND

	
1. AF: 22.4%

2. Anemia: 21.1%

3. Hypotension: 14.5%

Bradyarrhythmia: ND

Multiple provoking conditions: ND




	
Lopez-Cuenca et al. [41]

	
T1 MI

	
707 pts

	
68 ± 13

	
36% (MI)

	
15%

	
ND

	

	
1 year mortality T1MI vs. T2MI

Adjusted HR (95% IC): 0.88 (0.50–1.53) p = 0.692




	
T2 MI

	
117 pts

	
72 ± 12

	
50% (MI)

	
44%

	
ND

	
ND




	
Javed et al. [42]

	
T1 MI

	
143 pts

	
65.9 ± 1.6

	
ND

	
ND

	
ND

	

	
ND




	
T2 MI

	
64 pts

	
64.2 ± 2.5

	
ND

	
ND

	
ND

	
1. Sepsis: 20%

2. Heart Failure: 14.5%

3. Tachyarrthythmia: 13.2%

Anaemia: 4%

Bradyarrhythmia: ND

Multiple provoking conditions: ND




	
El-Haddad et al. [43]

	
T1 MI

	
512 pts

	
62 (30–97)

	
ND

	
ND

	
ND

	

	
In-hospital mortality T1MI vs. T2MI

5.5% vs. 12.5%, p < 0.001




	
T2 MI

	
295 pts

	
64 (22–90)

	
ND

	
ND

	
ND

	
1. Sepsis: 26%

2. Hypentensive emergency: 15%

3. Gastrointestinal bleeding: 14.5%

4. Tachyarrthythmia: 14.5%

Bradyarrhythmia: ND

Multiple provoking conditions: ND




	
Putot et al. [44]

	
T1 MI

	
3710 pts

	
67 (56–79)

	
ND

	
9%

	
ND

	

	
In-hospital mortality T1MI vs. T2MI

5% vs. 11%, p < 0.001

In-hospital cardiovascular mortality T1MI vs. T2MI

5% vs. 9%, p < 0.001




	
T2 MI

	
862 pts

	
77 (65–84)

	
ND

	
19%

	
ND

	
1. Sepsis: 36.5%

2. Tachyarrthythmia: 13%

3. Acute Heart failure: 10%

Anaemia: 3%

Bradyarrhythmia: 2.5%

Multiple provoking conditions: ND
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