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Abbreviations 
 

AF: atrial fibrillation, AMI: acute myocardial infarction, aOR: adjusted Odds Ratio, BP: 

Blood Pressure, BNP: B-type natriuretic peptide, CABG: Coronary Artery Bypass Graft, 

CAD: Coronary Artery Disease, CCU: Coronary Care Unit, CHF: Congestive Heart Failure, 

CK: Creatine Kinase, CKD: Chronic Kidney Disease, COPD: Chronic Obstructive 

Pulmonary Disease, CRP: C-reactive protein, E: mitral inflow, peak velocity of early filling, 

E’: early diastolic mitral annular velocities, E/E’: index for predicting an elevated left 

ventricular filling pressure, eGFR: estimated Glomerular Filtration Rate, CV: 

Cardiovascular, FBG: Fasting Blood Glucose, FMR: Functional Mitral Regurgitation, Hb: 

Haemoglobin, HF: Heart Failure, HDL: High Density Lipoprotein, HR: Hazard Ratio, hs-

CRP: high-sensitive C-reactive protein, IQR: interquartile range, LA: Left Atrium, LAD: 

LA diameter, LAVI: Left Atrial Volume Indexed, LBBB: Left Bundle Branch Block, LVEF: 

Left Ventricular Ejection Fraction, LVWMSI: Left Ventricular Wall Motion Score Index, 

MCV: Mean Corpuscular Volume, MHR: Monocyte to High-density lipoprotein Ratio, MI: 

Myocardial infarction, MPV: Mean Platelet Volume, NLR: Neutrophil to Lymphocyte Ratio, 

NOAF: new-onset atrial fibrillation, NT-proBNP: N-terminal prohormone of brain 

natriuretic peptide, PCI: Percutaneous Coronary Intervention  PPCI: Primary PCI, QMI: Q-

wave MI, RBBB: Right Bundle Branch Block, RCA: Right Coronary Artery, RDW: Red cell 

Distribution Width, RR: Relative Risk, SD: Standard Deviation, TnI: troponin I, UA: Uric 

Acid, VF: Ventricular Fibrillation, VT: Ventricular Tachycardia, WBC, white blood cell 
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Abstract 
 

Background: AF is a widespread health problem in the general population, especially in the 

elderly. It can have negative impacts on patients’ health and quality of life. AF is not an 

uncommon finding in AMI and it has been shown to have serious consequences with 

increased risk of all-cause mortality both in the short-term and long-term, as well as higher 

stroke risk compared to patients without AF. However, an overview concentrating 

exclusively on New-onset AF (NOAF) in AMI has not been published yet. 

Objectives: Determining the incidence of NOAF during hospitalization for AMI. Are there 

predictors for NOAF in this group of patients and how does NOAF influence the prognosis 

for these patients? 

Methods: Search in PubMed and additional selection of publications from the reference lists. 

A total of 27 studies were included.  

Results: A mean of 7.1% developed NOAF during the hospitalization for AMI. Multiple 

demographic, clinical, blood and echocardiographic parameters have been studied for 

predicting NOAF in these patients. The strongest predictors were higher age and factors 

associated with HF such as higher Killip class, NT-proBNP and BNP levels and LA size and 

reduced LVEF. NOAF patients show also increased risk for in-hospital mortality and other 

morbidities after discharge such as recurrence of AF and stroke.  

Conclusions: There is some evidence that describes the predictors and prognosis for NOAF 

during hospitalization for AMI. However, there is a need for further investigations, especially 

prospective studies and analyses to optimize treatment for this group of patients. 

 

 

 

 

 

 

 

 

 



	   4	  

Introduction 
 

Atrial fibrillation (AF) is a widespread health problem in the general population. It affects 

especially patients from western countries, and it has been showed that AF has a prevalence 

of approximately 3% in persons over 20 years old with a higher prevalence in the elderly and 

patients with morbidities such as hypertension, diabetes, heart failure and others. AF-related 

costs represent a major part of healthcare spending nowadays in developed countries and this 

group of patients is at higher risk of death and stroke. In addition, AF can be the cause of 

considerable reduction in quality of life.(1) 

AF can also have a serious impact in the course of acute myocardial infarction (AMI). There 

has been an increasing interest for AF in the setting of AMI with the publishing of several 

studies in the late 1990’s and early 2000’s, some of which were also large studies including 

many patients such as the GUSTO I trial (2), GUSTO III trial (3) or the work of Rathore et al. 

in 2000 (4) to name a few. 

The frequently cited systematic overview of Schmitt et al. published in 2009, which gathered 

information from 20 studies, found an incidence of AF ranging 2.3% to 21% in the setting of 

AMI. The same study also listed increased age, presence of heart failure symptoms, higher 

heart rates at admission, and left ventricular dysfunction as predictors of AF in AMI and 

these were independent from the chosen method for revascularisation. Furthermore, the same 

authors also demonstrated that AF in AMI increased all-cause mortality during 

hospitalization, in the short-term and long-term. This fact seems again to be true 

independently of treatment for AMI. AF in AMI also increased the risk of stroke during 

hospitalization and after discharge.(5) 

 

However, the studies included in the above-mentioned systematic overview showed a relative 

wide heterogeneity in terms of patients studied and timing of AF. Some included patients 

with a history of AF prior to AMI while others exclusively included subjects with certainty of 

no history of AF. Other studies also use the term new-onset AF even if certainty of absent 

previous AF was not guaranteed. The fact that some studies concentrated on development of 

AF during hospitalisation compared to others, which focussed on onset of AF during follow-

up after an AMI constitutes as well a major difference.  
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In order to enhance the homogeneity in my project thesis I turned my attention towards New-

onset AF during hospitalization for AMI. 

AF is defined by the European Society of Cardiology (ESC) as follows: “Absolutely irregular 

RR intervals and no discernible, distinct P waves. (...) An episode lasting at least 30 s is 

diagnostic“.(1) Although the definition of AF is clear, there are variations in the definition of 

NOAF in some of the studies.  

 

Questions to answer: 

How many patients develop AF for the first time during the hospital stay for an AMI? 

Are there known predictors? 

Has NOAF a negative impact on the patient’s prognosis? 

 

Aetiology of NOAF in AMI: 

The aetiology of NOAF in AMI is not fully understood yet and the mechanisms are complex 

and multifactorial. Different mechanisms have been proposed such as pericarditis, atrial 

ischaemia or infarction, increased catecholamines, metabolic abnormalities, inflammation 

and increased atrial pressures. In experimental studies it has been shown that atrial stretch can 

shorten the atrial refractory time and thus increases the vulnerability to AF. On the other 

hand, AF is often associated with HF in clinical studies.(6) 
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Methods 
 

I started my search in PubMed with an unspecific search strategy by using (Atrial fibrillation) 

AND (myocardial infarction). This search resulted in 4205 matches. After going through a 

certain number of titles and abstracts, I observed that articles of interest all contained the 

words “new-onset atrial fibrillation” and “acute myocardial infarction” in the title. 

Consequently, I attempted a more systematic way for literature search and implemented 

exclusion criteria as follows: certainty about NOAF not warranted; study with focus on AF in 

a post-CABG setting; full english article not accessible or not for free through the network of 

the University of Oslo; less than 100 participants; article published before 1996; review 

papers. 

The final selection of the studies was performed in 2 steps: 

1. Advanced search in title/abstract with “new-onset atrial fibrillation” AND “myocardial 

infarction” resulted in 125 matches. 106 studies were excluded based on lack of relevance or 

exclusion criteria and 19 studies were included.  

 
2. I went through the references of the included studies in step 1 and selected 8 additional 
publications. 
 
A total of 27 publications were used for this work. 
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Results and Discussion 
Incidence of NOAF during hospitalization for AMI 
Overall incidence 
Table 1 groups all the included studies and describes the incidence of NOAF during 

hospitalization. The highest incidence was 13.7% whereas the lowest incidence has been at 

2%. A mean incidence of 7.1% was found by inverse variance weighted estimate (see 

supplemental information).  

Timing of NOAF 
Consuegra-Sanchez et al. 2015 studied a total sample of 4284 admitted for STEMI and 

divided the NOAF subjects into 2 groups. The first one had time of onset of NOAF within 24 

hours of admission (≤ 24 h) and the second one after 24 hours of admission (> 24 h). There 

were respectively 251 (5.9%) and 167 (3.9%) patients in these groups.(7) 

An article of Asanin et al. published in the European Journal of Heart Failure in 2005 found 

320 (10%) NOAF patients out of 3210 AMI patients. There were 208 (65%) with NOAF ≤ 24 

h, while the rest developed NOAF after 24 hours of admission during hospitalization.(8)  

In a third study, the admissions were due to STEMI and each individual was treated with 

PPCI. The NOAF patients were classified into 3 groups: 1) NOAF within 24 hours of 

admission/41 cases; 2) NOAF 24 to 72 hours after admission and during hospitalization/14 

cases; 3) NOAF 72 hours to 30 days after admission/18 cases. Group 1) and 2) occurred with 

certainty during hospitalization time and constitute in total 55 cases out of the total 984 with 

STEMI. 18 were in group 3). If we consider that NOAF must certainly have occurred during 

hospitalization, then NOAF ≤ 24 h represents 75% of the total NOAF. If we add group 3) to 

the calculation, the incidence of NOAF ≤ 24 h is still 56%.(9) 

Trends for NOAF incidence	  
A study conducted in the thrombolytic era describes a gradual reduction in the incidence of 

NOAF in non Q-wave/Q-wave between 1990 and 1997. The crude incidence rates were 

18.1% in 1990, 11.2% in 1993 and 10.9% in 1997. They also calculated adjusted ORs for 

each year and a progressive decline can be seen yearly. They concluded with an 

approximately 44% lower risk of NOAF in 1997 compared to 1990 or an aOR of 0.56 

(adjusted for age, sex, history of hypertension, acute myocardial infarction associated 

characteristics, development of heart failure, and cardiogenic shock during hospitalization 

and hospital survival status).(10) 
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Consuegra-Sanchez et al. 2015 recruited a STEMI population between January 1998 and 

January 2008. They summarized the trends of several parameters over the 10-year period in 

figure 1. The rates for NOAF stayed constant in the entire study period just below 10%. 

Although the rates of NOAF remained stable, the rates of angioplasty increased drastically 

from 33.3% to 88.2% (P<0.001 for trend).(7) 

 
Figure 1: Trends in the rate of new-onset atrial fibrillation during hospitalization, heart failure during 

hospitalization, and reperfusion therapy. AF, atrial fibrillation. P values are presented for the trend test. AF, 

atrial fibrillation. *Composite of primary angioplasty and angioplasty performed during hospitalization (delayed 

angioplasty or angioplasty the day after successful fibrinolysis).(7) 
Siu et al. 2007 described the same trend between 1997 and 2005 in a population with acute 

inferior STEMI and preserved LVEF>45%. They used the term transient AF, which was 

defined as the occurrence of any new-onset AF that occurred during acute MI with 

subsequent spontaneous reversion to sinus rhythm prior to hospital discharge. Despite a 

significant increase of PCI use between 2001 and 2005 compared to 1997 to 2000 

(respectively 13.5% and 0.5%, p<0.05) the incidence of NOAF was not significantly changed 

(2001 to 2005, 13.6%; 1997 to 2001, 13.8%; p>0.05). (11) 
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Figure 2: trends in incidence of transient AF and use PCI in acute inferior STEMI and LVEF > 45%.(11) 

 

Predictors of NOAF in AMI 
Demographics 

Age 
12 out of the 14 studies in Table 2 inserted age in multivariate analysis. 9 found higher age to 

be an independent predictor of NOAF during hospitalization.(12) (8) (6) (13) (14) (15) (16) 

(17) (18) (19) At baseline, these studies respectively had following data about age in NOAF 

versus no AF expressed as mean±SD or median (IQR): 67.3±9.4 vs 59.3±11.7, 80 (70–86) vs 

64 (53–77), 69 ± 12  vs 60±12, 69±12 vs 61±13, 65.7±12.2 vs 56.4 ± 11.7, 77 (73–83) vs 70 

(56–79), 70 ± 10 vs 61 ± 12,72.72±5.21 vs 62.89±10.37, 74±10 vs 66±12. 

Gender and obesity 
Although the presented studies in Table 2 did not find an association between gender and 

NOAF, the study of Guenancia et al. published in 2014 revealed major differences in the risk 

factors of NOAF according to gender. Only in men, obesity was an independent predictor of 

NOAF. The significant adjusted OR for both genders are: In women, age (OR 1.06 95% CI 

(1.02-1.10); p = 0.003) and LVEF < 40% on admission (OR 2.69 95% CI (1.11-6.50); 

p = 0.03). In men, age (OR 1.07 95% CI (1.04-1.10); p < 0.001), CRP > 10 mg/L (OR 2.80 

95% CI (1.49-5.26); p = 0.001), LA indexed volume (OR 1.03 95% CI (1.01-1.05); 

p = 0.011) and obesity (OR 2.51 95% CI (1.26-4.99); p = 0.009).(13) 
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Clinical features 

Heart failure and Killip class 
Asanin et al. published in 2005 in the European Journal of Heart Failure that HF was an 

independent predictor of NOAF with an adjusted OR 2.48 (95% CI (1.74-3.54); p < 0.0001). 

(8) 2 years later, in 2007, Aronson et al. studied the relation between CRP levels and NOAF 

in a NSTEMI/STEMI cohort and could also conclude that Killip class > 1 is an independent 

predictor of NOAF. The adjusted OR for development of NOAF during hospital course was 

1.6 (95% CI (1.1-2.5); p = 0.017).(14) And in 2010, Bahouth et al. supported these 

conclusions and found an adjusted OR for Killip class > 1 of 1.7 (95% CI (1.2-2.4)) p=0.006. 

(6) 6 other studies did not find these clinically identified features to be independent 

predictors.  

CHADS2 score 
The retrospective, single center, study of Zhang et al. in 2014 with a total of 1035 Chinese 

patients with NSTEMI/STEMI demonstrated that the CHADS2 score could be used as a 

predictor of NOAF, adjusted OR 1.339 (95% CI (1.002-1.789)). In this study, the mean 

CHADS2 score for NOAF was 2.17 ± SD 1.41 against 1.45 ± SD 1.24 in AF free patients, 

p<0.001.(20) 

Blood tests	  

CRP 
A systematic overview and meta-analysis published by Ren et al. in 2015 in the International 

Journal of Cardiology suggested that increased CRP levels were associated with the 

development of NOAF in AMI. They started with an analysis of 6 studies, these showed 

marked heterogeneity (p < 0.00001; I2 = 80.4%) and they reviewed the studies for possible 

causes for this heterogeneity. The reason for the heterogeneity was attributed to small sample 

size, location of MI (anterior) and the method of measurement of CRP for the first one and 

lack of description of method of measurement of CRP levels in the second one. After 

excluding 2 studies, 4 remained (19) (17) (14, 21) and the heterogeneity became low 

(p = 0.35; I2 = 8%) but non significant.(22)  

The levels of CRP found in the 4 studies were as follows, NOAF versus no AF (mean ± SD 

or median (IQR)): 14.5 mg/L (6.0-75.7) vs 6.5 mg/L (1.8-26.4); p=0.01(17), day 2-4th of 

hospital stay 12.6 ± 9.4 mg/dL vs 4.7 ± 5.3 mg/dL; p < 0.001(19), 26.1 mg/L (10.4-70.8) vs 

13.3 mg/L (4.8-35.9); p < 0.0001(14), 3.5 mg/L (1.1-7.7) vs 1.9 mg/L (0.7-4.3); p < 0.001 
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NT-‐pro-‐BNP	  and	  BNP	  
2 studies studied the correlation between NT-pro-BNP and NOAF in a NSTEMI/STEMI 

population. The larger study of Parashar et al. 2015 with in total 2370 patients describes that 

for each 2-fold increase in NT-pro-BNP there is an increase of 18% in the rate of NOAF 

(adjusted OR 1.18 95% CI (1.03-1.35)).(21) In a comparable AMI type population of total 

268 patients, Dorje et al. 2013 found that LogNT-pro-BNP had a strong predictive value for 

NOAF with an adjusted OR 5.133 (95% CI (1.697-15.521); p = 0.004). Additionnally, they 

performed a ROC curve analysis and described NT-pro-BNP levels ≥ 796 pg/mL as the most 

useful cut-off level to predict NOAF. At this level, the sensitivity was 100% and specificity 

53.4%.(18) 

Asanin et al. 2012 analysed BNP levels in 180 patients with STEMI and treated with primary 

PCI within 12 hours of symptom onset. In multivariate analysis, aOR was 3.70 (95% CI 

(1.40-9.77), p = 0.008). In ROC analysis, a plasma level of BNP ≥ 720 pg/mL was the most 

powerful predictive factor of NOAF, with the sensitivity of 77.8% and specificity of 

84.8%.(23) 

Other blood parameters 
Some single studies also present other independent predictors of NOAF in AMI. Such as 

Distelmaier et al. 2014 showed that increased Hb levels was an independent predictor aOR 

3.82 (95% CI (1.7-8.54); p = 0.001) with baseline values of 14.2 g/dL IQR (12.4-15) in 

NOAF versus 12.9 g/dL IQR (11.7-13.); p < 0.001. Increased erythrocyte count was also an 

independent predictor aOR 3.79 (95% CI (1.73-8.33)) and baseline values were median 4.6 

T/L (IQR 4.1-5) in NOAF versus 4.2 T/L IQR (3.9-4.65) no AF; p = 0.0008.(24) 

Karatas et al. 2016 analysed several parameters in patients treated by primary PCI with 

STEMI and MHR, NLR, UA, MPV and RDW were independent predictors of NOAF. They 

also performed a ROC curve analysis to find cut-off values for each of the parameters. 

Admission MHR levels higher than 25.81 predicted NOAF with a sensitivity of 75% and a 

specificity of 80%, NLR levels higher than 3.75 showed a sensitivity of 90% and a specificity 

of 33%, UA above 6.51 predicted NOAF with a sensitivity of 68% and a specificity of 61%, 

MPV levels higher than 8.2 had a sensitivity of 89% and a specificity of 32%, and RDW 

levels higher than 13.4 predicted NOAF with a sensitivity of 73% and a specificity of 

53%.(15) 
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Echocardiographic and ECG parameters 

LA size 
8 of the studies in Table 2 addressed the correlation of LA dimension and NOAF in AMI in a 

multivariate analysis. 6 found that increased LA size was an independent predictor of NOAF.  

Bahouth et al. 2010 state that LA diameter > 4cm is an independent predictor of NOAF, 

adjusted OR was 1.6 (95% CI (1.1-2.3); p = 0.008).(6) Zhang et al. 2014 (20) and Dorje et al. 

2013 (18) support this. Their adjusted ORs are respectively 1.116 (95% CI (1.051-1.184); p < 

0.001) and 1.097 (95% CI (1.019-1.181); p = 0.014). At baseline, the diameters were 

respectively 41.35 ± 7.90 in NOAF versus 36.65 ± 5.65 no AF group; p < 0.001 and 

44.62 ± 8.50 versus 39.48 ± 5.09; p < 0.001. 

Guenancia et al. 2014 found that increased indexed LAVI was a predictor of NOAF, the 

adjusted OR was 1.02 (95% CI (1.01-1.04); p = 0.014). At baseline, the NOAF group had a 

median volume (mL/m2) of 32.2 IQR (24.9-44.7) versus 25.1 IQR (18.8-34.1).(13) And 

Hwang et al. 2011 published that for LAVI ≥ 32 mL/m2, the adjusted OR was 2.47 (95% CI 

(1.08-5.65); p = 0.032).(17) 

Finally, Karatas et al. 2016 obtained an adjusted OR of 1.16 (95% CI (1.08-1.23); p < 0.001) 

for higher LA volume. At baseline, median LA volume (mL) was 32.4 IQR (21.7) in NOAF 

versus 27.1 IQR (5.8) in the no AF group.(15) 

LVEF 
10 of the 14 studies in Table 2 inserted LVEF in multivariate analysis and 4 got a significant 

result. Bahouth et al. 2010 (6), Guenancia et al. 2014 (13) and Aronson et al. 2007 (14) 

found, respectively, that LVEF<45%, LVEF<40% and LVEF<45% were independent 

predictors of NOAF in the setting of AMI with adjusted ORs of 2.1 (95% CI (1.2-3.6)) 

p=0.007, 2.03 (95% CI (1.14-3.62)) p=0.017 and 1.5 (95% CI (1.0-2.2)).(13, 14) Karatas et 

al. 2016 showed also that higher LVEF is associated with less risk of developing NOAF in 

their population of STEMI patients treated by PPCI with an ajdusted OR of 0.94 (95% CI 

(0.92-0.99); p = 0.01). Baseline values for LVEF were median 35 (IQR 10) in NOAF versus 

45 (IQR 10) no AF.(15) 

Functional Mitral Regurgitation (FMR) 
Bahouth et al. 2010 tested if the hypothesis that FMR in setting of AMI is a predictor of 

NOAF. FMR is not uncommon in AMI and it can produce LA volume overload and initiate 

LA remodelling. Mitral regurgitation was considered mild when the regurgitated jet area 

occupied less than 20% of the left atrial area in the absence of a wall jet, moderate in patients 
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with a jet area between 20% and 40%, and severe in patients in whom the jet area was greater 

than 40% of the LA area. Compared with patients with no/trivial FMR, the adjusted OR for 

NOAF was 1.5 in patients with mild FMR (95% CI (1.1-2.2)) p=0.03 and 1.9 in patients with 

moderate or severe FMR (95% CI (1.1-3.2); p = 0.01). In stratified analyses though, mild 

FMR was only an independent predictor of NOAF in patients with reduced LVEF (< 45%), 

adjusted OR 2.5 (95% CI (1.4-4.4); p = 0.001), but not in patients with preserved LVEF (≥ 

45%).(6) 

ECG changes 
Van Diepen et al. 2010 investigated the value of ECG changes in predicting NOAF in a 

STEMI population. There was only one ECG criteria for atrial infarction, named Liu minor 

criterion 1, that revealed to be an independent predictor of NOAF. The adjusted OR was 1.68 

(95% CI (1.03-2.73); p = 0.038).  Liu minor criterion 1 appears as an abnormal P wave on 

ECG. An example is showed in figure 3. 

 

 
Figure 3: example of Liu minor criterion 1. (12) 

	  

Prognosis  
Mortality 

In-hospital mortality 
Table 3 shows 4 studies assessed the impact of NOAF on in-hospital mortality. Half of those 

found NOAF being an independent predictor of death in their final adjustment model. 

Consuegra-Sanchez et al. 2015 (all STEMI patients) (7) and Laurent et al. 2005 (all NSTEMI 

patients) (16) had respectively adjusted ORs of 1.55 (95% CI (1.08-2.22)) and 2.23; p < 

0.001. The latter also included VF and VT. On the other hand, Asanin et al. 2005 (8) and 

Goldberg et al. 2002 (10) did not find a significant association between NOAF during 
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hospitalization and a higher risk of in-hospital death. Final adjusted ORs were respectively 

0.70 (95% CI (0.41-1.20); p = 0.163) and 1.36 (95% CI (0.93-1.98)). 

Mortality after discharge and long-term mortality 
Only the study of Wi et al. 2016 concluded that NOAF during hospitalization was an 

independent predictor of mortality after discharge with an adjusted HR 1.87 (95% CI (1.22-

2.85)). The median follow-up duration was 50.4 months (0–121.6 months).(25) The 5 other 

studies in Table 2 could not conclude with a significant association in the final adjustment 

model. 

Mortality according to heart rhythm at discharge 
The studies of Batra et al. 2016 and Van Diepen et al. 2010 analysed the impact of AF 

discharge compared to patients without AF at discharge on mortality after discharge. The first 

one adjusted for CHA2DS2-VASc score, CHF, hypertension, age, diabetes mellitus, prior 

ischaemic stroke, transient ischaemic attack and systemic embolism, vascular disease, 

gender, and also admission year, hospital, in-hospital revascularisation, anticoagulants and 

antiplatelets at discharge and the adjusted HR between NOAF, AF at discharge and NOAF, 

no AF was 1.74 (95% CI (1.15-2.64)) in 90-day follow-up.(26) A similar finding was 

described in the study of Van Diepen et al. 2010 where NOAF, no AF at discharge had lower 

90-day mortality of 8.1% (95% CI (4.7-11.5)) versus 40.5% (95% CI (25.6-55.3)); p < 0.001. 

Although, this was not proven in an adjusted model.(12) 

Mortality related to duration of NOAF 
Asanin et al. 2007 looked at the difference in in-hospital and long-term mortality with respect 

to the duration of NOAF. The separation was made at NOAF duration 7 hours, which was 

selected by ROC analysis. After adjusting for age, previous MI, time to treatment, 

thrombolytic therapy, Killip class in-hospital mortality was not anymore significantly 

different in both groups. In contrast, long-term mortality was still significant after adjustment 

with a RR 2.04 (95% CI (1.39-2.99); p = 0.0002). The follow-up period was of mean 7 years 

(ranging from 5.5 to 8.5 years).(27)  

Mortality related to recurrences of AF 
 Asanin et al. 2006 did an interesting study on how recurrences of AF influenced mortality in 

AMI. Recurrences of AF influenced both in-hospital and long-term mortality negatively 

compared to patients with a single episode of NOAF. They adjusted for age, gender, history 

of diabetes mellitus, history of angina pectoris, previous MI, time to treatment, anterior acute 

MI  location, thrombolytic therapy, peak CK level, CHF, VT, VF, and beta-blocker therapy. 
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Recurrences during hospitalization increased death and adjusted OR for in-hospital death was 

3.08 (95% CI (1.45-6.53); p = 0.001). The patients were followed up for mean 7 years (from 

5.5 to 8.5 years) and the RR was 1.52 (95% CI (1.00-2.31); p = 0.026).(28)  

Mortality according to timing of NOAF 
In the study of Consuegra-Sanchez et al. 2015, patients with NOAF > 24 hours had increased 

long-term mortality; p = 0.032. There was not difference between NOAF < 24 hours and 

NOAF > 24 hours for in-hospital mortality; p = 0.321.(7)  

Long-term mortality was also significantly higher for NOAF > 24 hours in the study of 

Asanin et al. 2005. After adjusting for age, gender, history of hypertension, history of 

diabetes mellitus, previous myocardial infarction, history of angina pectoris, thrombolysis, 

peak CK level, and beta blocker therapy the RR was 2.48 (95% CI (1.26-4.87); p = 0.008). 

No comparison for in-hospital mortality was given.(8) 

AF recurrences 
	  
In the study of Zusman et al. 2012, AF recurred in 22 cases (22%) with NOAF and was 

diagnosed in 9 controls (4.5%) without AF, making annual incidence rates of 7.4 and 1.3% 

respectively; p < 0.01. After controlling for age, gender, prior stroke, HF, diabetes, 

hypertension, left ventricular function and Killip class, the HR for recurrent AF for cases 

versus controls was 6.2 (95% CI (2.7–14.1); p < 0.01). (29) 

Asanin et al. 2009 also found that NOAF during hospitalization for AMI was associated with 

increased risk of subsequent AF occurence RR 3.15 (95% CI (1.42-7.00); p = 0.004) in Cox 

regression analysis. (30) 

Finally, Siu et al. 2007 also performed a Cox regression analysis and supports the findings of 

the 2 studies mentioned above with HR 5.1 (95% CI (2.4-11.2); p < 0.01).(11) 

Stroke 
	  
Zusman et al. 2012 also analysed the consequences of NOAF during hospitalization for 

NSTEMI/STEMI on development of stroke over a mean of 41 months. After adjustment for 

age, gender, prior stroke, HF, diabetes, hypertension, left ventricular function and Killip 

class, NOAF was an independent predictor of stroke with an adjusted HR of 34.6 (95% CI 

(4.6-296.8)). In this case-control study, 13% of the NOAF versus 0.5% of the no AF group 

had a stroke during follow-up.(29) 

The study of Siu et al. 2007 also found that NOAF was an independent predictor of stroke 

during follow-up and the HR was 5.1 (95% CI (2.4-11.2); p < 0.01).(11) 
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Asanin et al. 2009 had a mean follow-up time of 7 years (range, 5.5–8.5 years) after 

discharge. In the Cox analysis, NOAF during AMI was not a predictor of stroke in the 

follow-up period. Although, NOAF during hospitalization was not a predictor, AF recurrence 

was found to be one with a RR of 5.08 (95% CI (1.92-13.42); p = 0.001).(30)  

 

Discussion 
	  
In this work, I focussed on several clinical aspects regarding patients with a first time episode 

of AF, named new-onset AF (NOAF), during hospitalization for AMI. To my knowledge, 

there has not been published a comparable overview earlier. 

First, I had a look at the incidence of NOAF during hospital stay and found a mean incidence 

of 7.1% by inverse variance weighted estimate. Source of errors were variable durations of 

hospitalization between the different studies. Furthermore, 2 of the studies did only account 

for NOAF during the first 24 hours and 1 other during the first 72 hours (see Table 1). 

However, these 3 studies were rather small and through the weighted stastistical analysis the 

significance of this differences could be reduced. The highest incidence was 13.7% whereas 

the lowest incidence was at 2%. These results are in accordance with those in the systematic 

overview of Schmitt et al. 2009, which found incidences between 2.3% to 21%. As I 

expected, Schmitt et al. found somewhat higher incidences, which probably can be explained 

by the fact that many of the studies included patients with pre-existing AF.(5) Goldberg et al. 

2002 described a reduction in the incidence of NOAF between 1990 and 1997. The reason for 

this trend remained unknown, but may be explained by improved use of coronary treatment 

by thrombolysis. They used serum enzymes as biomarkers for MI without further 

specification; these were assumably CK and CK-MB.(10) However, the definition of MI has 

constantly been evolving since the first definition by the World Health Organisation (WHO) 

in 1971. Especially the progressive introduction of the highly sensitive and specific troponins 

from the late 1980s and early 1990s (31) modified the definition of MI markedly and makes 

the relevance of a such trend questionable.  

Secondly, I examined, which factors can be used to predict the development of NOAF. There 

is a wide agreement that higher age is an independent predictor, but no clear cut-off age has 

been given. It seems like age 70 to 75 could be a reasonable cut-off. There is also evidence 

supporting that Killip class > 1 and HF are independent predictors for NOAF. But, the studies 

did not mention the time relation between the two (8) (14) (6), which raises the question 
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whether NOAF aggravates or starts development of HF or vice-versa. Other factors, which 

are associated with HF too, have also been found to be independent predictors. There is 

strong evidence that increased LA size is associated with the development of NOAF. Other 

parameters such as reduced LVEF and elevated NT-proBNP and BNP levels have also been 

shown to be independent predictors, but further analysis are necessary to confirm this and 

find clear cut-off levels. The meta-analysis of Ren et al. 2015 could not conclude clearly that 

elevated CRP levels are predictors of NOAF, even if the heterogeneity I2 = 8% was low, the 

result was not significant p = 0.35.(22) Other factors and parameters such as CHADS2, FMR, 

ECG changes with Liu minor criterion 1 and a multitude of blood count parameters have 

been shown to be independent predictors in single studies. Additionally, these studies were 

also based on a single center. Further investigations are needed to confirm or reject these 

hypotheses.  

Finally, the opinions whether NOAF has a negative impact on in-hospital mortality are 

divided, but long-term mortality seems not to be affected by NOAF during hospitalization for 

AMI. 2 interesting studies found though that NOAF duration > 7 hours and recurrence of AF 

were associated with increased long-term mortality.(27) (28) In addition, patients discharged 

with sustained AF had higher 90-day mortality than those without AF at discharge. (26) (12) 

All these results raise questions about the need for further studies, which divide the group of 

NOAF into subgroups. In addition the management of these patients has to be discussed. To 

my knowledge, there is no RCT or good study focussing on the management of this patient 

group. In my eyes, there is a need for more investigations for the treatment of this group of 

patients, especially since significant increase in use of PCI has not reduced the numbers of 

NOAF patients significantly and the above mentioned studies show an increase death risk for 

certain subgroups. (7) (11) More effort has also to be put into understanding the 

pathophysiology for finding alternative and good treatment. Finally, the occurrence of NOAF 

during hospitalization is associated with higher risk of subsequent recurrence of AF (29) (11), 

which is associated with increased risk of stroke. (30) (29) (11) There is some evidence that 

NOAF during hospitalization is an independent predictor of stroke. (29) (11) 

Limitations to this work are obviously associated with the fact that I was the only author of 

this work, which could have caused errors in selection and interpretation of articles. 

Secondly, my search strategy was restricted to titles and abstracts and specific search terms 

were used, which could have caused loss of relevant studies. Use of the reference lists can 

have corrected this weakness to some degree. Even if NOAF was defined as no history of 

AF, it is not possible to exclude undiagnosed previous AF or silent AF. The different studies 
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adjusted for different confounders, this can also be part of some of the variation in the results. 

Finally, the vast majority of the studies were retrospective observational and did not separate 

NSTEMI and STEMI patients, which is probably necessary for more accurate results. 
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Conclusion 
	  
NOAF is not an uncommon finding in the setting of AMI with a mean incidence of 7.1 %. 

Higher age and factors associated with HF such as higher Killip class, NT-proBNP and BNP 

levels and LA size and reduced LVEF are the strongest predictors of NOAF during 

hospitalization for AMI. NOAF patients show also increased risk for in-hospital mortality 

and other morbidities after discharge such as recurrence of AF and stroke. 
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Table 1: Incidence of NOAF during hospitalization for AMI 
Study/ 

Authors 

Total of  

patients 
Incidence 

of NOAF 

(%) 

Type of 

AMI 

Treatment 

For AMI 

Other  

information 

Batra et al. 

2016(26) 

178761 11 742 

(7.6) 
NSTEMI/ 

STEMI 

PCI, 

aspirin/Clopidogrel/warfarin 
 

Van Diepen 

et al. 2010 

(12) 

5745 333 (5.8) STEMI Primary	  PCI	    

Consuegra-

Sanchez et 

al. 2015 (7) 

4284 418 (9.8) STEMI Thrombolysis,	  
PTCA,surgical revascularisation Primary 

angioplasty or 

during 

hospitalization 
Distelmaier 

et al. 2014 

(24) 

3324 66 (2) NSTEMI/ 

STEMI 

PPCI, not further specified NOAF within 

48hrs after 

admission 

Asanin et al. 

2005 (8), 

Asanin et al. 

2006 (28), 

Asanin et al. 

2007 (27), 

Asanin et al. 

2009 (30) 

3210 320 (10) Non Q-

wave/Q-

wave 

Thrombolysis,	  
not further specified  

Podolecki et 

al. 2012 (32) 

2980 109 (3.7) NSTEMI/ 

STEMI 
PCI without delay  

Goldberg et 

al. 2002 (10) 

2596 343 (13.2) Non Q-

wave/ 

Q-wave 

Cardiac	  
Catheterization,	  
Thrombolysis,	  PTCA,	  
CABG 

 

Zusman et 

al. 2012 (29) 

2409 100 (4.1) NSTEMI/ 

STEMI 
PPCI, catheterization, 

CABG  
 

Parashar et 

al. 2013 (21) 

2370 114 (4.8) NSTEMI/ 

STEMI 
In-hospital reperfusion and 
revascularization,  
antithrombotics 
 

LEVF>40% in 

approx. 80% of 

NOAF and AF free 
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Wi et al. 

2016 (25) 

2188 150 (7.1) NSTEMI/ 

STEMI 
Aspirin/thienopyridine, 

Not further specified 
 

Bahouth et 

al. 2010 (6) 

1920 162 (8.4) NSTEMI/ 

STEMI 
Thrombolysis, primary 

angioplasty, coronary 

revascularisation 
 

Guenancia 

et al. 2014 

(13) 

1123 91 (8) NSTEMI/ 

STEMI 
PCI, not further specified  

Aronson et 

al. 2007 (14) 

1072 137 (11.3) NSTEMI/ 

STEMI 
Coronary	  
revascularization/	  
Reperfusion therapy 

 

Zhang et al. 

2014 (20) 

1035 77 (7.4) NSTEMI/ 

STEMI 
Thrombolysis,	  
PCI, not further specified  

Gal et al. 

2016 (9) 

861 55 (6.4) STEMI PPCI 
NOAF < 72 

hrs after 

admission 

Karatas et 

al. 2016 (15) 

621 40 (6.4) STEMI PPCI  

Laurent et 

al. 2005 (16) 

504 39 (7.7) NSTEMI N.A NOAF: 

development of 

AF < 24 hours 

after MI onset 

Siu et al. 

2007 (11) 

431 59 (13.7) STEMI Thrombolysis/	  
PCI 

Inferior	  MI,	  
LEVF>45% 

Hwang et al. 

2011 (17) 

401 33 (8.2) NSTEMI/ 

STEMI 

PTCA, CABG, aspirin NOAF<24 hrs 

after symptom 

onset 

Maagh et al. 

2011 (33) 

375 16 (4.3) NSTEMI/ 

STEMI 
N.A  

Dorje et al. 

2013 

(18) 

268 36 (13.4) NSTEMI/ 

STEMI 
Revascularization  

Asanin et al. 

2012 (23) 

180 9 (5) STEMI PPCI  

Yoshizaki et 

al. 2012 (19) 

176 24-8 post-

CABG 

STEMI PCI  
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(9.1) 
Ren et al. 

2015  

(22) 

N.A N.A N.A N.A  
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Table 2: Predictors of NOAF during hospitalization for AMI 
Study Independent 

predictors of NOAF  
aOR (95% CI) 

Confounders adjustment Comments 

Van 
Diepen et 
al. 2010 
(12) 

Liu minor criterion 1 1.68 
(1.03-2.73) p=0.038; 
other parameters N.A. 
See page 13 for definition 
of Liu minor criterion 1. 

systolic BP, Killip class, history of CHF Matched cases and 
controls for age, 
inferior MI and time 
from symptom onset 
to baseline ECG 

Distelmaier 
et al. 2014 
(24) 

Hb 3.82 (1.7-8.54) 
p=0.001; erythrocyte 
count 3.79 (1.73- 8.33) 
P=0.001 

Gender, age, diabetes, hypertension, 
hyperlipidaemia, location of MI, LVEF, 
LA size 

The ORs refer to an 
increase of one 
interquartile range of 
the respective 
parameter in controls 

Asanin et 
al. 2005 
(8) 

HF 3.03 (2.08–4.43) 
p<0.0001; age 2.48 (1.74-
3.54) p<0.0001; elevated 
CK level 1.82 (1.26-2.62) 
p=0.001 

Age, hypertension, previous infarction, 
previous angina, time from symptom 
onset to therapy, systolic BP, diastolic 
BP, anterior QMI, CK;  
In-hospital complications: CHF, Killip 
class, VF, VT, pericarditis, RBBB, 
LBBB, CCU stay duration, hospital 
stay duration, LA size, LVEF, 
LVWMSI 

 

Parashar 
et al. 2013 
(21) 

For every 2-fold increase 
in: 
NT-proBNP 1.17 (1.02-
1.34) p<0.02; 
hs-CRP 1.15 (1.02-1.30); 
 

age, gender, Caucasian, currently 
smoking, History of: hypertension, 
CAD, diabetes, CHF, CKD, lung 
disease; systolic BP, LVEF, STEMI vs 
NSTEMI, primary PCI, Killip class, 
BNP, CRP, troponin  

 

Bahouth et 
al. 2010 
(6) 

Age>60 2.8 (1.8-4.1) 
p<0.001; Killip class>I 
1.7 (1.2-2.4) p=0.006; 
LVEF<45% 2.1 (1.2-3.6) 
p=0.007; LAD>4cm 1.6 
(1.1-2.3) p=0.008; mild 
FMR 1.6 (1.1-2.3); 
moderate or severe FMR 
2.1 (1.2-3.6) 

age, gender, eGFR, history of 
hypertension, Killip class on admission, 
LA dimension, LVEF 

 

Guenancia 
et al. 2014 
(13) 

age 1.06 (1.04-1.09) 
p<0.001; obesity 2.28 
(1.33-3.91) p=0.003; 
LAVI 1.02 (1.01-1.04) 
p=0.014; LVEF < 40% 
2.03 (1.14-3.62) p=0.017; 
CRP > 10 mg/L 1.67 
(1.01–2.75) p=0.046 

age, hypertension, obesity, CV history, 
LVEF, LAVI, CRP > 10 mg/l 

 

Aronson et 
al. 2007 
(14) 

CRP level 3rd tertile 2.0 
(1.2-3.3) p=0.008; age 
≥60 years 2.9 (1.9-4.5); 
Killip class >I 1.6 (1.1-
2.5); LVEF <45% 1.5 
(1.0-2.2) 

age, gender, history of: CHF, previous 
infarction, diabetes, hypertension; 
smoking status, baseline creatinine, 
peak CK, Killip class on admission, 
hypotension (systolic BP <100 mm Hg) 
on admission, STEMI, anterior location 
of infarction, coronary 
revascularization, LVEF 

3rt tertile for CRP not 
indicated. Median 
CRP in NOAF group 
was 26.1 mg/L (IQR 
10.4-70.8) 

Zhang et 
al. 2014 
(20) 

CHADS2 score 1.339 
(1.002-1.789) p=0.048; 
LAD 1.116 (1.051-1.184) 
p<0.001  

CHADS2 score, killip class, LAD, 
LVEF, creatinine, UA, statins, primary 
PCI 

PPCI decreased the 
risk of new-onset AF 
(OR, 0.666, 95% CI: 
0.325–0.912, 
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P = 0.033) for 
CHADS2 score < 3. 

Karatas et 
al. 2016 
(15) 

Age 1.05 (1.01-1.09) 
p=0.034, admission heart 
rate 1.02 (1.01-1.05) 
p=0.004, LVEF 0.94 
(0.92-0.99) p=0.01, LA 
volume 1.16 (1.08-1.23) 
p<0.001, MPV 1.51 
(1.07-2.13) p=0.02, UA 
1.29 (1.02-1.62) p=0.032, 
CRP 1.008-1.02) 
p=0.046, NLR 1.11 (1.01-
1.21) p=0.022, MHR 
1.013 (1.004-1.022) 
p=0.003, RDW OR 1.55 
(1.20-2.01) p=0.001 

age, admission heart rate, Killip class, 
LVEF, LA volumes, right coronary 
artery involvement, multivessel disease, 
admission levels of MPV, RDW, NLR, 
CRP, UA, creatinine, glucose, MHR 

 

Laurent et 
al. 2005 
(16) 

Age > 75 years (n.a) 
p=0.038 

age, Killip class, COPD, not smoking, 
hypertension 

 

Hwang et 
al. 2011 
(17) 

Multivessel involvement 
2.51 (1.08-5.86) p=0.032; 
LAVI ≥ 32 cm3/m2 2.47 
(1.08-5.65) p=0.032; 3rd 
tertiles hsCRP 2.24 (0.99-
5.05) p=0.05, old age 1.06 
(1.01-1.11) p=0.01  

Age, previous coronary disease, NT-
proBNP, LAVI, E’, E/E’, hsCRP  

 

Dorje et al. 
2013 
(18) 

Age 1.127 (1.051-1.207) 
p=0.001, eGFR 0.979 
(0.958-1.000) p=0.048, 
LogNT-proBNP 5.133 
(1.697-15.521) p=0.004, 
LAD 1.097 (1.019-1.181) 
p=0.014  

gender, age, admission heart rate, Hb, 
eGFR, LogNT-proBNP, Loghs-CRP, 
FBG, triglycerides, HDL-C, LVEF, 
LAD 

 

Asanin et 
al. 2012 
(23) 

Log BNP 3.70 (1.40-9.77) LogBNP, Log TnI, Loghs-CRP, WBC 
count, age, gender, hypertension, 
diabetes, anterior wall infarction, killip 
class on admission, LVEF, eGFR 

 

Yoshizaki 
et al. 2012 
(19) 

Multi-vessel disease 7.53 
(1.18-47.91) p=0.02, age 
1.10 (1.01-1.20) p=0.02, 
elevated day 2-4th CRP 
1.15 (1.04-1.27) 
p=0.0025, increased day 
5-7th WBC 1.48 (1.04-
2.1) p=0.023 

Culprit lesion:RCA, Multi-vessel 
disease, Killip class, LA dimension, 
age, day 2-4th CRP, day 5-7th WBC 
 

 



	   28	  

Table 3: all-cause mortality during hospitalization and after 
discharge 
Study In-hospital mortality After discharge mortality 

 
 Adjusted 

OR 
(95% CI) 

Confounders Adjusted 
HR/RR 
(95%CI) 

Confounders 

Bahouth et al. 
2010 
(6) 

N.A N.A HR 
1. 1.6 
(1.1-2.5) 
2. 1.3 
(1.0-1.9) 
3. 1.4 
(0.9-2.1) 

Median duration of follow-
up was 17 months (range 8–
35 months). 
1. age, gender, previous 
infarction, hypertension, 
diabetes, estimated 
glomerular filtration rate 
(eGFR), anterior infarction, 
coronary revascularisation, 
Killip class at admission 
2. 1.+ LA size and LVEF 
3. 2.+ FMR 

Consuegra-
Sanchez et al. 
2015 
(7) 

1. 2.81 
(2.16-3.66) 
2. 2.91 
(2.22-3.81) 
3. 1.81 
(1.26-2.59) 
4. 1.84 
(1.28-2.63) 
5. 1.55 
(1.08-2.22) 

1.age, sex, BMI, CV risk factors 
(family history of IHD, diabetes, 
hypertension, current smoking, 
dyslipidemia),  
2. 1. + comorbidities (chronic kidney 
failure, COPD, neoplasia, baseline 
NYHA class ≥ II, IHD, previous stroke 
and PAD) 
3. 2. + hemodynamic variables (at 
admission: HR, systolic BP, Killip 
class), LVEF 
4. 3. + thrombolysis and 
revascularization by angioplasty 
5. 4. + HF during hospitalization 
(within the first 24 h) 

HR 
1. 1.16 
(0.95-1.42) 
2. 1.16 
(0.95-1.43) 
3. 1.01 
(0.82-1.24) 
4. 1.02 
(0.83-1.26) 
5. 0.98 
(0.80-1.21) 

Median follow-up 
time 7.2 years (IQR 
2.7-10.3). 
Same confounders as 
for in-hospital 
mortality. 
 

Asanin et al. 
2005 
(8) 

1. 1.41 
(0.87-2.27) 
2. 0.70 
(0.41-1.20) 
p=0.163 
 

1. age, history of hypertension, 
diabetes and angina pectoris, 
previous MI 
2. 1. + HF 

RR 
compared to 
no AF 
1. 1.26 
(0.82-1.95, 
p=0.283 
2. 1.14 
(0.72-1.79, 
p=0.568) 

7-year mortality. 
1. age, gender, history of 
hypertension, diabetes 
and angina pectoris, 
previous MI, 
thrombolysis, peak CK 
level, and beta blocker 
therapy 
2. 1. + HF 

Podolecki et 
al. 2012 
(32) 

N.A N.A HR 
1.26 (0.76–
1.76) 

Median follow-up time of 
41.5 months. 
Age, Shock on admission, 
Diabetes, Previous stroke, 
Smokers, anterior STEMI, 
Multivessel disease, 
Incomplete 
revascularization, LVEF,  
GFR<60 ml/min/1.73 m2 
, Contrast-induced 
nephropathy 

Goldberg et 
al. 2002 
(10) 

1. 1.71 
(1.27- 
2.31) 
2. 1.38 
(0.98- 
1.94) 
3. 1.36 
(0.93-1.98) 

1. age, sex, study year, and 
history of hypertension 
2. HF 
3. use of thrombolytic agents, 
ACE inhibitors, anticoagulants, 
antiarrhythmic agents, aspirin, 
beta blockers, calcium channel 
blockers, and digoxin 

HR 
1.23 
(0.99- 
1.52) 

5 year mortality. 
age, sex, history of 
hypertension, HF and 
shock during the 
index hospitalization 
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Wi et al. 2016 
(25) 

N.A N.A HR 
1.87 
(1.22-
2.85) 

Median follow-up 
duration of 50.4 months 
(0–121.6 months). Age, 
sex, hemodynamic status, 
LV systolic and diastolic 
function, baseline renal 
function, and 
comorbidities  

 
Laurent et al. 
2005 
(16) 

2.23 
(p<0.001) 
(VF/VT 
included) 

age, Killip class, cardiogenic 
shock, and LVEF  

N.A N.A 
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Supplemental information 
 
AMI: “Detection of a rise and/or fall of cardiac biomarker values (preferably cardiac troponin 
(cTn)) with at least one value above the 99th percentile upper reference limit (URL) and with 
at least one of the following: 

- Symptoms of ischaemia 
- New or presumed new-significant ST-segment-T wave (ST-T) changes or new left 

bundle branch block (LBBB) 
- Development of pathological Q waves in the ECG 
- Imaging evidence of new loss of viable myocardium or new regional wall motion 

abnormality 
- Identification of an intracoronary thrombus by angiography or autopsy”(34) 

 
AMI patients are classified into 2 main groups STEMI (ST elevation MI) and NSTEMI 
(Non-ST elevation MI) according to ECG changes. STEMI is defined as new ST elevation at 
the J point in 2 contiguous leads with the cut-points: ≥0.1 mV in all leads other than V2–V3 
where the following cut points apply: ≥0.2 mV in men ≥ 40 years; ≥0.25 mV in men < 40 
years, or ≥0.15 mV in women.  (34)  
The first choice of treatment in STEMI is primary PCI, which is PCI procedure without 
previous fibrinolytic treatment. This should happen within 120 minutes after first medical 
contact. Fibrinolysis becomes an important reperfusion strategy when PPCI cannot be 
performed due to the timeline. If unsuccessful, fibrinolysis can be followed by an invasive 
strategy.(35)  
In NSTEMI, immediate invasive treatment (< 2 hours) is recommended in patients with at 
least one very-high-risk criterion: haemodynamic instability or cardiogenic shock; recurrent 
or ongoing chest pain refractory to medical treatment; life-threatening arrhythmias or cardiac 
arrest; mechanical complications of MI; acute heart failure with refractory angina or ST 
deviation; recurrent dynamic ST- or T-wave changes, particularly with intermittent ST 
elevation. Invasive strategies can also be performed later in course of NSTEMI. Aspirin and 
parenteral anticoagulation are recommended in all NSTEMI patients. Additional P2Y12 
inhibitor is recommended for conservative treatment once the diagnosis of NSTEMI is 
established. Ideal timing for use of P2Y12 inhibitor in invasive treatment has not been 
revealed yet.(36) 
 
Heart failure: “HF is a clinical syndrome characterized by typical symptoms (e.g. 
breathlessness, ankle swelling and fatigue) that may be accompanied by signs (e.g. elevated 
jugular venous pressure, pulmonary crackles and peripheral oedema) caused by a structural 
and/or functional cardiac abnormality, resulting in a reduced cardiac output and/or elevated 
intracardiac pressures at rest or during stress.”(37) 
The table below presents the definitions of heart failure with preserved (HFpEF), mid-range 
(HFmrEF) and reduced ejection fraction (HFrEF). 

 
BNP = B-type natriuretic peptide; HF = heart failure; HFmrEF = heart failure with mid-range ejection fraction; 
HFpEF = heart failure with preserved ejection fraction; HFrEF = heart failure with reduced ejection fraction; 
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LAE = left atrial enlargement; LVEF = left ventricular ejection fraction; LVH = left ventricular hypertrophy; 
NT-proBNP = N-terminal pro-B type natriuretic peptide. 
a Signs may not be present in the early stages of HF (especially in HFpEF) and in patients treated with diuretics. 
b BNP>35 pg/ml and/or NT-proBNP>125 pg/mL.(37) 
 
The diagnosis of HFpEF is more challenging than the diagnosis of HFrEF. Patients with 
HFpEF generally do not have a dilated LV, but instead often have an increase in LV wall 
thickness and/or increased left atrial (LA) size as a sign of increased filling pressures.(37) 
 
Killip class: The Killip classification categorizes patients with an AMI based upon the 
physical examination findings that suggest LV dysfunction and heart failure.(38)  

 
 
Calculation of mean by inverse variance weighted estimate (39): 
 
Mean=∑wi×pi/∑wi, where i is the number of studies. 
 
Weight: Wi=1/(var(pi)) 
 
Variance: var (pi)=(pi×(1-pi))/ni, where pi is the percentage of patients with NOAF and ni is 
the total number of patients included in the study. 
	  


