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Predictors and outcomes of new-onset atrial fibrillation in patients with acute coronary syndromes 

Abstract 
Background/Aim. Atrial fibrilation (AF) may develop during the acute coronary syndrome (ACS). The aim of this study was to determinate predictors of new-onset AF in patients with  ACS as well as short- and long-term mortality depending on the AF presentation. Patients and Methods. 600 patients with ACS were included in the study and follow up 48 moths. Results. New-onset AF was registered in 48 patients (8%). After adjustment by logistic regression model the strongest predictor of new-onset AF during the ACS was older age, particularly more than 70 years (odds ratio 2,37, CI 1,23-4,58, p=0,010), followed by increased of Body Mass Index (BMI) (odds ratio 1,17, CI 1,04-1,33, p=0,012), enlarged diameter of left atrium (LA) (odds ratio 1,18, CI 1,03-1,33, p=0,015) and presentation of mitral regurgitation (MR) (odds ratio 3,56, CI 1,25-10,32, p=0,018).  Patients with new-onset AF had higher mortality during the hospital course than patients without it, but this difference was not statistically significant (10,4% vs 5,6%) p=0,179. Patients with new-onset AF also had higher mortality during follow up period of 48 months than patients without it (33,3 % vs 17,8%, p=0,009). Namely, new-onset AF is independent predictor of mortality (odds ratio 1,972, CI 1,162-3,345, p=0,012) even after adjustment for clinical and echo variables (odds ratio 0,554, CI 0,308-0,995, p=0,048) such as Killip class (odds ratio 1,637, CI 1,208-2,218, p<0,001), ejection fraction of left ventricle (LV-EF) (odds ratio 0,908, CI 0,864-0,955, p<0,001), ventricular tachycardia (VT) during the hospital course (odds ratio 3,666, CI 2,404-5,591, p<0,001) as well as BMI (odds ratio 1,259, CI 1,170-1,355, p<0,001). 
Conclusion. AF developed during the hospital course in patients with ACS is independent predictor of mortality during the follow-up period of 4 years. 
Sažetak
 Uvod. Atrijalna fibrilacija (AF) može se javiti u toku akutnog koronarnog sindroma (AKS). Cilj našeg istraživanja bio je da ispitamo prediktore njenog javljanja, kao i kratkotrajni odnosno dugotrajni mortalitet u odnosu na prezentaciju AF. Pacijenti i metodologija. 600 pacijenata sa AKS uključeno je u istraživanje i oni su praćeni 48 mjeseci.  Rezultati. Novonastala AF je registrovana kod 48 pacijenata (8%). Nakon multivarijantne analize najsnažniji prediktor novonastale AF su godine, naročito preko 70 godina starosti (odds ratio 2,37, CI 1,23-4,58, p=0,010), potom povišeni Body Mass Index (BMI) (odds ratio 1,17, CI 1,04-1,33, p=0,012), uvećana lijeva pretkomora (LP) (odds ratio 1,18, CI 1,03-1,33, p=0,015), kao i mitralna insuficijencija (MR), (odds ratio 3,56, CI 1,25-10,32, p=0,018).  Pacijenti sa novonastalom AF imali su povišeni intrahospitalni mortalitet u odnosu na pacijente bez atrijalne fibrilacije, ali ova razlika nije bila statistički značajna (10,4% vs 5,6%) p=0,179. Pacijenti sa novonastalom AF imali su povišeni mortalitet tokom perioda praćenja od 48 mjeseci (33,3 % vs 17,8%, p=0,009). Naime, novonastala AF je nezavisni prediktor mortaliteta (odds ratio 1,972, CI 1,162-3,345, p=0,012), čak i nakon multivarijantne analize i prilagodjavanja eho i kliničkih parametara (odds ratio 0,554, CI 0,308-0,995, p=0,048) kao što su Killip klasa (odds ratio 1,637, CI 1,208-2,218, p<0,001), ejekciona frakcija lijeve komore (LV-EF) (odds ratio 0,908, CI 0,864-0,955, p<0,001), ventrikularna tahikardija (VT) u toku hospitalizacije (odds ratio 3,666, CI 2,404-5,591, p<0,001) odnosno BMI (odds ratio 1,259, CI 1,170-1,355, p<0,001). 
Zaključak. AF koja se javlja kod pacijenata sa AKS je nezavisni prediktor mortaliteta u periodu praćenja od 4 godine.
Introduction

Atrial fibrillation (AF) develop in the course of acute coronary syndrome (ACS) is usually registered with an incidence of 6-21%1,2. 

The large epidemiological studies demonstrated that AF is correlated with high mortality and adverse events in patients with ACS1-7. However, the answer of this association is still unclear. Thrombo-embolic complications is one of the known mechanisms 1-7. Patients with AF develop during the hospital period are older as well as with higher rate of hypertension (HTA) and heart failure (HF) which may contribute to worse outcome1-7. AF may precipitate the occurrence of severe ventricular arrhythmias which may lead to sudden death in these patients8.  The large number of research has been done in patients with ACS and ST segment elevation (STEMI), but some studies have also included patients without ST segment elevation (NSTEMI) 3,7,9. However, there is a small number of research that examined association between AF develops during the hospitalization  and clinical outcomes among patients with both STEMI and NSTEMI2.
Furthermore, some studies have not observed increased mortality during the hospitalization as well as follow up period in patients with ACS and AF develop during the hospital period compared to those without this rhythm disorder10-12. This was the reason why we do this research and check this association in our interviewees.
Namely, the aim of our research was to assess the impact of AF develop during the hospitalization on both mortality during the hospital period  as well as after follow up of 4 years in patients with ACS, but after attenuating other important co-morbidities and state that may affect the results. In order to investigate we get an answer whether AF develops during the hospital period was independent predictor of high mortality and adverse events in patients after ACS. We also analyzed the variable and outcomes in patients with both STEMI and NSTEMI. 
Methods

This prospective study included 600 patients with both STEMI and NSTEMI admitted in Coronary Care Unit (CCU) Department of Cardiology Clinical Center of Montenegro, after approval by the local Ethics Committee. 

The patients were divided into two groups: the experimental group including the patients with AF develop during the hospitalization and control group without AF during the hospital period. All patients included in the study written informed consent. 
Inclusion criteria implied patients with ACS both STEMI and NSTEMI on admission, age of 18 or older. AF on admission, less than 18 years, congenital cardiac disease, organic mitral regurgitation  and healed endocarditis were exclusion criteria. 

Troponin I concentration more than the normal value in patients with ischemic symptoms and elevation of ST segment in 2 or more consecutive leads > 0.2 mV in leads V1, V2, or V3 as well as > 0.1 mV in the other leads or left bundle branch block was defined STEMI. Troponin I concentration more than the normal value in patients with ischemic symptoms, but without elevation of ST segment or left bundle branch block was defined NSTEMI.
The irregular rhythm on ECG with lack of discernible P waves and duration more than 30 seconds not presented at hospital admission was defined AF. All patients were continuously monitored by ECG during the whole period in Coronary Care Unit (CCU). In patients with palpitations after CCU period stay ECG was performed to confirmed or excluded AF.  
Echocardiography also was performed but with delay of least 5 days of admission due to minimize the impact of myocardial stunning 13-15. Simpsons method was used to assess ejection fraction of left ventricular (LV-EF). Mitral regurgitation (MR) was estimated as mild when jet area was under than 20%, moderate in patients in whom jet area was  between 20-40% and severe with jet area more than 40% of the left atrial area16. Left atrial diameter (LA) was determined by parasternal long axis view use a systolic frame in M-mode imaging.

Thrombolytic therapy is applied or primary percutaneous coronary intervention (PCI) is performed within 24 hours of onset of symptoms in patients with STEMI as well as other therapy regimen which is also performed in NSTEMI such as aspirin, heparin, angiotensin converting enzyme (ACE) inhibitors, ß-blockade and statins.

The patients were followed up to 4 years after being discharged from hospital. Assessment were made 1 month after discharge and thereafter every 6 months until the study was completed.
Statistical analysis 
Continuous variables are presented as either means (+/-SD) or median values and categorical variables as numbers or percentages. Unpaired t test was used for comparing continuous variables of the groups as well as χ2 and Fisher and Mann-Whitney test for categorical variables of baseline characteristics.
Relationship between patient variables and AF developed during the hospital period was determined by univariable and multivariable logistic analysis. Crude cumulative incidence of mortality according AF status was illustrated by Kaplan Meier plot and functions of survival wasassessed by Log Rank test. Results was expressed as odds ratio (OR) with 95% confidence intervals (CI). P value < 0,05 was considered as significant. Statistical analyses were performed using SPSS statistical software version 17.0 (SPSS Inc., Chicago, Illinois, USA).
Results 
A total of 600 patient with ACS were enrolled in this study. During the hospitalization 48 patients (8%) developed AF. The baseline characteristics of patients in regards to the presence or absence of AF during the hospitalization are listed in table 1.
Table 1. Baseline characteristics in regards to the presence or absence of AF during the hospitalization
	Characteristics
	AF group
	No AF group
	p Value

	
	n= 48
	n=552
	

	Age (years), ±sd
	69,9±9,4
	63,1±11,4
	<0,001

	Gender, n (%)

   male
   female
	32 (66,7%)

16 (33,3%)
	393 (71,2%)

159 (28,8%)
	0,508

	ACS, n (%)

   STEMI

   Non-STEMI
	26 (54,2%)

22 (45,8%)
	264 (47,8%)

288 (52,2%)
	0,399

	Previous ACS, n (%)
	14 (29,2%)
	120 (21,7%)
	0,236

	Previous CABG, n (%)
	4 (8,3%)
	48 (8,7%)
	1,000

	Killip, n (%) 

   I

   II

   III

   IV
	35 (72,9%)

9 (18,8%)

3 (6,3%)

1 (2,1%)
	486 (88,0%)

55 (10,0%)

7 (1,3%)

4 (0,7%)
	0,002

	Previous HF
	6 (12,5%)
	33 (6,0%)
	0,116

	Diabetes mellitus
	15 (31,3%)
	152 (27,5%)
	0,582

	Diabetic neuropathy
	15 (31,3%)
	119 (21,6%)
	0,122

	COPD
	14 (29,2%)
	166 (30,1%)
	0,889

	CKD
	17 (35,4%)
	170 (30,8%)
	0,507

	BMI
	28,0±2,6
	26,7±2,6
	0,001

	Dyslipidemia
	17 (35,4%)
	180 (32,6%)
	0,691

	Smoking
	23 (47,9%)
	273 (49,5%)
	0,838

	Previous CVI
	3 (6,3%)
	24 (4,3%)
	0,469

	HTA
	26 (54,2%)
	268 (48,6%)
	0,455

	LV-EF (%) ±sd
	41,7±4,6
	43,9±4,9
	0,003

	LA (mm)
	43,6±3,9
	40,4±3,6
	<0,001

	MR, n (%)

None
Mild
Moderate-severe
	8 (16,7%)

28 (58,3%)

12 (25,0%)
	303 (55,0%)

208 (37,7%)

40 (7,3%)
	<0,001

	Heart rate on admission (bpm), 

median (range)
	85,5 (55,0-122,0)
	77,0 (43,0-125,0)
	<0,001

	Localization of ACS
anterior
inferior
	14 (53,8%)

12 (46,2%)
	113 (42,8%)

151 (57,2%)
	0,279

	PCI during the hospital course
	30 (62,5%)
	322 (58,3%)
	0,574

	VT during the hospital course
	9 (18,8%)
	42 (7,6%)
	0,014


CABG- Coronary artery bypass graft, COPD-chronic obstructive pulmonary disease, CKD- chronic kidney disease, BMI-body mass index, CVI-cerebrovascular insult, VT-ventricular tachycardia
The reperfusion therapy application in patient with STEMI was showed in table 2. 
Table 2. The reperfusion therapy application according to the presence or absence of AF during the hospitalization in patients with STEMI
	Therapy

	AF group
	No AF group
	p Value

	Thrombolytic therapy
	17 (65,4%)
	192 (72,7%)
	0,930

	Primary PCI 
	4 (15,4%)
	49 (18,6%)
	0,720


Predictors of new-onset AF during the hospital course

The strongest predictor of new-onset AF during the hospital course was older age, particularly more than 70 years, followed by enlarged diameter of left atrium as well as presentation of moderate to severe MR and increased of BMI.  The other parameters such as heart rate above more than 80 bpm on admission, Killip class and LV-EF after adjustment by logistic regression model were not independent predictors of new-onset AF. Nevertheless, the other parameters such as gender, STEMI, localization of ACS, thrombolytic therapy, PCI as well as CABG during hospitalization, previous ACS, HF and CVI, Diabetes Mellitus, Diabetic neuropathy, COBP, CKD, smoking and HTA are not included in the multivariable logistic regression analyses because univariable  logistic regression analyses not shown statistical significance. The predictors of new onset AF during the hospital course are listed in table 3.
Table 3. The predictors of AF developed during the hospitalization in patients with ACS
	Independent variable
	Unadjusted logistic
Regression model
	Adjusted logistic
Regression model

	
	OR (95% CI)
	p
	OR (95% CI)
	p

	Age (more than 70 years)
	3,32 (1,82-6,04)
	<0,001*
	2,37 (1,23-4,58)
	0,010*

	Heart rate on admission (bpm)
	
	
	
	

	   To 80
	reference category
	reference category

	   81-100
	2,33 (1,21-4,50)
	0,012*
	0,70 (0,28—1,72)
	0,438

	More than 100
	6,37 (2,60-15,60)
	<0,001*
	1,71 (0,40-7,29)
	0,469

	Killip class
	1,97 (1,27-3,06)
	0,003*
	0,72 (0,34-1,51)
	0,386

	LV-EF
	0,92 (0,87-0,97)
	0,003*
	1,06 (0,97-1,17)
	0,205

	LA diameter 
	1,26 (1,16-1,37)
	<0,001*
	1,18 (1,03-1,33)
	0,015*

	MR
	
	
	
	

	   None
	  reference category
	   reference category

	   Mild
	11,36 (4,38-29,48)
	<0,001*
	3,32 (0,72-15,365)
	0,124

	   Moderate to severe
	5,10 (2,28-11,41)
	<0,001*
	3,56 (1,25-10,32)
	0,018*

	BMI
	1,22 (1,09-1,37)
	0,001*
	1,17 (1,04-1,33)
	0,012*


* statistically significant predictors
Impact of AF on mortality during the hospital period
A total of  36 (6,0%) patients died during the hospital course. A total of 5 patients (10,4%) with AF  died during the hospital course as well as 31 patients (5,6%) without AF, but this difference was not statistically significant (p=0,179). A total of 3 (11,5%) patients with STEMI and AF died during the hospital course as well as 2 (9,1%) patients with NSTEMI, but without statistically significance (p>0,05).
Impact of AF on mortality during the follow-up period of 48 month
A total of 486 (81.0%) survived during the follow-up period of 48 months. A total of 16 (33,3%)  patients with AF developed during the hospitalization as well as  98 (17,8%) without AF died during the follow up period, Figure 1 (p=0,009). Patients with AF developed during the hospitalization had higher mortality during the follow up period even after adjustment for clinical and echo variables such as Killip class, LV-EF, VT during the hospitalization  as well as BMI, the risk associated with AF remained statistically significant, table 4 (p=0,048). A total of 16 patients with AF developed during the hospitalization that died during the follow up period, 8 (30,8%) patient had STEMI and 8 (36,4%) patients had NSTEMI but without  statistically significance (p>0,05).
Figure 1. Crude cumulative incidence of mortality during the follows up period of 48 months presented by Kaplan-Meier plots
Cumulative probability of  survival                                  (p=0,009)
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Table 4. Cox's proportional hazards model for mortality during the follow-up period of 48 months 
	

	           Variable
	B
	SE
	Wald
	df
	Sig.
	Exp(B)
	95,0% CI for Exp(B)

	
	
	
	
	
	
	
	Lower
	Upper

	Age
	.124
	.202
	.376
	1
	.540
	1.132
	.762
	1.681

	Killip
	.493
	.155
	10.097
	1
	.001
	1.637
	1.208
	2.218

	LV-EF
	-.096
	.025
	14.345
	1
	.001
	.908
	.864
	.955

	LA diameter
	.000
	.045
	.000
	1
	.994
	1.000
	.915
	1.094

	None MR 
	
	
	2.826
	2
	.243
	
	
	

	Mild MR 
	.422
	.296
	2.028
	1
	.154
	1.525
	.853
	2.725

	Moderate to severe MR
	.707
	.427
	2.747
	1
	.097
	2.028
	.879
	4.679

	BMI
	.230
	.037
	38.024
	1
	.001
	1.259
	1.170
	1.355

	VT during the hospital course
	1.299
	.215
	36.406
	1
	.001
	3.666
	2.404
	5.591

	  AF unadjusted
	.679
	.270
	6.340
	1
	.012
	1.972
	1.162
	3.345

	AF  adjusted for clinical and echo variables 
	.591
	.299
	3.910
	1
	.048
	.554
	.308
	.995


Correlation between AF developed during the hospital period and recurrent cardiovascular events during the follow-up period of 48 month
Patients with AF developed during the hospital period had more recurrent cardiovascular events: ACS, revascularization: CABG and PCI and CVI during the follow-up period of 48 month, but without statistically significance (p>0,05), table 4.
Table 4. Recurrent cardiovascular events during the follow-up period of 48 month
	Recurrent cardiovascular events

	AF group
	No AF group
	p Value

	ACS
	8 (16,7%)
	67 (12,1%)
	0,363

	CABG 
	5 (10,4%)
	39 (7,1%)
	0,384

	PCI 
	7 (14,6%)
	70 (12,7%)
	0,705

	CVI
	7 (14,6%)
	41 (7,4%)
	0,093


Discussion
In our study we presented the incidence of new-onset AF in STEMI as well as NSTEMI. In accordance with other previous studies the AF developed during the hospital course was frequent in STEMI group, but this finding was not statistically significant1,2. The reason of higher incidence of AF in the STEMI population is still undetermined. The incidence of AF in ACS with and without ST-segment elevation was also compared and published at RICO study, but result was without statistically significance (7,6 vs. 7,7%, p=0.334) 13. 

We identified the several important baseline predictors of new onset AF in setting of ACS. Namely, except age this study is one of the first which emphasized that the obesity is independent predictor of AF developed during the hospital course in patients with both STEMI and NSTEMI. The correlation between obesity and AF during the hospital course in patient with ACS remain unclear. However, according to data from large German AF registry obesity was present in 25% of patients with AF with the mean body mass index of 27.5 kg/m214. Recent data from a Danish cohort indicates that BMI are incrementally associated with volume of left atrium which leads to more pronounced trigger activity provoked by a more profound stretching of the pulmonary veins15. Enlarged volume of LA also may lead to prolongation of ectopic signals with easier perpetuation of AF15,16. Higher BMI is associated with inflammation which is supported by a recent study demonstrating that gene coding for the interleukin-6 receptor polymorphism is related to AF17. Obesity is a major risk factor for obstructive sleep apnea which also may predisposes to AF18. MR in ACS may also lead to acute overload of left atrial volume as well as enlargement of LA which through the described mechanisms may initiate and perpetuate AF 15,19-22. In addition, in accordance with previous study we also observed a positive graded association between MR severity and AF developed during the hospital period23.
In our study we also presented the incidence of AF developed during the hospital course in STEMI according the reperfusion regimens. In accordance with a recently published study there was no significant differences in the development of AF according to reperfusion regimens (PCI vs. thrombolysis)24,25. 
In present study we demonstrated a positive association between AF in patients with ACS and complications developed during the hospital course such as HF and cardiogenic shock, but after adjustment for clinical and echo variables the risk associated with AF was attenuated and not statistically significant. AF also was not independent predictor of mortality during the hospital course after controlling the clinical parameter such as Killip class, LV-EF, VT registered during the hospital period as well as BMI. This finding was observed in both STEMI and NSTEMI groups for all of the studied outcomes. In spite of previous studies there was no significant differences in mortality during the hospital period according the treatment modalities as well as application of reperfusion therapy with fibrinolytic agents or primary coronary intervention1-7. 
In spite of this data, AF is independent predictor of mortality during the follow up period of 4 year. Namely, AF is associated with higher long-term mortality even after adjustment for clinical and echo variables. The risk associated with AF after attenuated the clinical parameter such as Killip class, LV-EF, VT during the hospital course as well as BMI remained statistical significant. However, although patients with AF developed during the hospital course were associated with more recurrent ACS as well as PCI, CABG and CVI after adjustment for clinical and echo variables the risk associated with AF was attenuated and not statistically significant. This finding was observed in both STEMI and NSTEMI groups for all of the studied outcomes. This data is in accordance with data in GUSTO I study which showed  significantly higher 1 year mortality in patients with AF in regards to ones without the arrhythmia, but no difference during the hospitalization25. 
Conclusion

In our study we presented that AF is common in both patients with STEMI and those with NSTEMI and difference in incidence of new-onset AF was not statistically significant. The strongest predictor of new-onset AF during the hospital course was older age, enlarged diameter of left atrium as well as presentation of moderate to severe MR and increased of BMI.  This study also demonstrated the impact of obesity on the incidence AF during the hospital course in patients with ACS which has poor data in published literature.  There was no significant differences of in-hospital mortality in patient after ACS with and without new-onset AF according the treatment modalities as well as application of reperfusion therapy with fibrinolytic agents or primary coronary intervention. Therefore, new-onset AF during the hospital course in patients with ACS is independent predictor of mortality during the follow-up period of 4 year.
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