A RISK INDEX TO PREDICT ATRIAL FIBRILLATION AFTER
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ABSTRACT
Background: Atrial fibrillation is the most common complication after cardiac surgery and is associated with an increased risk of postoperative adverse events. The objective of this study was to develop a risk index to predict atrial fibrillation after cardiac surgery.
Methods: We performed a prospective cohort study. A total of 405 patients who had undergone adult cardiac surgery from 2015 September to 2016 August at Heart Institute of HCMC and Cho Ray Hospital. 
Results: In the overall, 98 patients developed POAF (24.2%). The risk score included three significant risk factors (age, left atrial diameter > 41mm, Coronary Artery Bypass Graft with concomitant mitral valve replacement or repair). The point values for were 1 for the age  60, 1 for CABG with concomitant mitral valve replacement or repair and 1 for left atrial diameter > 41mm, and the total risk score ranges from 0 to 3 (AUC = 0.69, 95% CI: 0.63 – 0.75), the best cutoff point was 1 The incidences of POAF associated with scores were: patient with a score of 0, predicted probabilities of POAF was 8.6%; a score of 1: 30.1%; a score of 2: 40.8%; a score of 3: 58.3%. Bootstrapping with 5,000 samples confirmed the final model provided consistent predictions.
[bookmark: _Hlk37608543]Conclusions: We developed a simple risk score based on clinical variables and these variables can be collected easily before surgery. This risk score may help accurately stratifies the risk of POAF to identify patients at high risk of POAF before cardiac surgery. 
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Background
Postoperative atrial fibrillation defined as new-onset or acute atrial fibrillation in the immediate period after surgery is considered the most important type of secondary AF.1 POAF represents the most common complication in patients undergoing cardiac surgery, occurring in around 20% - 50%of cardiac surgery cases,2,3,4 the rate of occurrence varies widely of POAF depends on the studied population, the type of surgery performed, the definition of arrhythmia, criteria for diagnosis of arrhythmia, methods used to detect arrhythmia, and observation time (continuous or interrupted).4,5 the incidence of POAF after valvular surgery was in around 30–50%,3,6,7 this incidence is more substantial in combined coronary artery bypass surgery and valvular surgery, going up to (80%).8 POAF is most often detected on a postoperative day 2, with70% of cases occurring by fourth postoperative day.5 POAF associated with independently increase the risk of morbidity and mortality9 and causing substantial increases in medical costs, intensive care unit time and prolonged hospitalization.10 Several risk factors have been associated with the development of POAF such as increasing age, male gender,  genetic predisposition, chronic obstructive pulmonary disease, heart failure, valvular surgery, increased perioperative ischemia, and history of AF.11,12,13,14
POAF is a relatively preventable adverse outcome.15 Although several studies suggest that the use of Class III agents, such as β-blockers and amiodarone, electrolyte control, use of statins, vitamin C, and central venous pressure control are essential to prevent POAF after CABG,16,17,18 and studies have shown that prophylactic treatment with amiodarone and statins decrease the incidence of POAF and postoperative events,19,20 but all therapeutic methods have variable efficacy and some may result in hemodynamic stability adversely.8 Therefore, recognition of patients at high risk of POAF is the key to the prophylactic treatment strategies for POAF and postoperative events. To recognize who will derive the most benefit in designing interventional clinical trials need more on similar studies of prediction rules. Thus, the development of an accurate model predicting the POAF risks may contribute to define this challenging group preoperatively. Our study aimed to develop and validate a simple risk-assessment model of POAF following cardiac surgery, using routinely available pre-operation patient data.
Material and methods
Study population
We conducted a prospective observational study to analyze the data collected from September 2015 to August 2016 at the Heart Institute of HCMC and Cho Ray Hospital, Vietnam. We included all patients ≥ 18 years old who underwent cardiac surgery with CPB including CABG surgery, heart valve surgery, CABG surgery, and combined heart valve, congenital heart surgery, other heart surgery. We excluded patients with any preoperative atrial fibrillation or atrial flutter which is either detected the preoperative examination or previously recorded in the medical record. 
This study was approved by the ethics committee in the biomedical research of the University of Medicine and Pharmacy at Ho Chi Minh City and the hospital's local ethics committee before patients' enrolment. Written informed consent from all participants’ parents or guardians was required upon enrollment.
Statistical analysis and risk prediction model building
We collected preoperative variables (Table1), intraoperative variables (Table 2), and postoperative variables. POAF was defined by ECG tracing had f waves of variable morphology and amplitude with irregular ventricular rhythm.9 POAF was recognized by continuous monitoring of ECG at ICU, by 12-lead ECG daily or when there were any palpitations, tachycardia or angina. Patients with recurrent atrial fibrillation, persistent, or treatment-needed are included in the study. However, patients experienced transient, self-limiting atrial fibrillation is excluded from the study. The differences in the baseline characteristics of the enrolled population were compared using Chi-square tests (or Fisher’s exact test as appropriate) and Student’s t-tests (or Mann-Whitney test as appropriate) for categorical and continuous variables, respectively. An exhaustive list of 13 clinical predictive variables for the development of POAF was compiled from the published literature by the principal investigator (Table 3). These predictive variables will be included in the decision rule derivation. Only the variables selected to build a predictive model of POAF (Table 3) with p < 0.2 in the univariable analysis were considered a candidate for multivariable analysis, using stepwise logistic regression with backward selection. The strength of the association of variables with POAF was estimated by calculating the OR and 95% CI. The model was calibrated using the Hosmer – Lemeshow goodness-of-fit test (higher P values imply that the model fit the observed data better). Model discrimination was evaluated by using the area under the ROC curve. The bootstrap technique was used for model validation.
Score points were derived by the β coefficient from the model is rounded to the nearest integer, then simplifying them to achieve a scoring system. To define an appropriate cut-off point for the continuous risk score for discrimination between high-risk and low-risk individuals, the Youden’s index, a simple measure for which sensitivity and specificity are maximized across a range of possible cut-off values, was used. It is defined as J = sensitivity + specificity –1 and ranges from 0 to 1, with J = 1, implying a perfect separation of diseased and non-diseased by the continuous marker. The optimal cutoff value was chosen at the highest J value.
All tests with 2-sided, P value less than 0.05 indicates statistical significance. We performed statistical analysis through SPSS 22.0 software.
RESULTS
Patient characteristics 
A total of 405 patients undergoing heart surgery at the Heart Institute of Ho Chi Minh City and Cho Ray Hospital were recruited: 198 male (48.9%), 207 female (51.1%), age range was 1881, mean age is 46.51  14.84, patients  60 years old accounted for 21.5%.
Baseline characteristics and univariable analysis
Atrial fibrillation occurred in 98 patients (24.2%), mostly in the first week after surgery (84.7%), especially on the second day after surgery (19.4%) (Figure 1).
The combination of CABG and valve surgery accounted for a significantly higher proportion of POAF (41.9%) compared to CABG (31.4%) or other cardiac surgery (9.8%) (p < 0.001). Preoperative patient characteristics are summarized in Table 1. The proportion of hypertension, diabetes, prior MI, acute MI, COPD, prior stroke, prior cardiac surgery, and mean left ventricular ejection fraction were not different in the POAF group and the non-POAF group. However, mean age, age ≥ 60 rate, mean NYHA degree, mean serum creatinine, and the rate of left atrial diameter > 41mm was significantly higher in the POAF group. Patients with POAF had significantly higher rates of replacement or repair of the mitral valve and CABG + valve surgery, as well as mean CPB time and mean aortic clamp time than patients non-POAF. Otherwise, patients with non-POAF had significantly higher rates of other cardiac surgery than patients non-POAF.  Details of surgical characteristics are summarized in Table 2

 



Table1. Univariate analysis of all variables associated with POAF

	Characteristics
	AF
(n = 98)
	Non-AF
(n = 307)
	P-value

	Age, mean  SD, (year)
	53.06  13.19
	44.42  14.75
	< 0.001

	Age  60, n (%)
	34 (34.7)
	53 (17.3)
	< 0.001

	Gender, n (%): male
	53 (54.1)
	145 (47.2)
	0.23

	BMI, mean SD, kg/m2
	21.69  3.48
	21.65  3.75
	0.72

	Hypertension, n (%)
	37 (37.8)
	87 (28.3)
	0.078

	Diabetes mellitus, n (%)
	12 (12.2)
	23 (7.5)
	0.14

	Smoking, n (%)
	18 (18.4)
	37 (12.1)
	0.11

	COPD, n (%)
	2 (2)
	3 (1)
	0.59

	Prior stroke, n (%)
	6 (6.1)
	10 (3.3)
	0.23

	Acute myocardial infarction  , n (%)
	6 (6,1)
	11 (3.6)
	0.26

	Prior myocardial infarction, n (%)
	12 (12.2)
	23 (7.5)
	0.14

	Prior cardiac surgery , n (%)
	9 (9.2)
	15 (4.9)
	0.11

	Prior PCI, n (%)
	3 (3.1)
	5 (1.6)
	0.4

	Serum creatinine, mean  SD, µmol/L
	96.76  19.65
	93.12  34.85
	0.017

	NYHA, mean  SD
	2.16  0.51
	1.93  0.53
	< 0.001

	Angina, n (%)
	7 (7.1)
	18 (5.9)
	0.64

	Left ventricular ejection fraction, mean  SD, (%)
	62.67  11.62
	64.95  9.67
	0.17

	Left ventricular hypertrophy, n (%)
	47 (48)
	138 (45)
	0.6

	Left atrialdiameter > 41mm, n (%)
	68 (69.4)
	140 (45.6)
	< 0.001



[bookmark: _Hlk22372744]Table2. Univariable analysis of surgery characteristics associated with POAF
	surgery characteristics
	AF
(n = 98)
	Non-AF
(n = 307)
	P-value

	Aortic valve replacement, n (%)
	28 (28.6)
	90 (29.3)
	0.88

	Mitral valve replacement, n (%)
	37 (37.8)
	56 (18.2)
	< 0.001

	Mitral valve repair, n (%)
	40 (40.8)
	72 (23.5)
	0.001

	Tricuspid valve repair, n (%)
	26 (26.5)
	73 (23.8)
	0.58

	CABG, n (%)
	27 (27.6)
	59 (19.2)
	0.079

	CABG + mitral valve replacement or repair, n (%)
	17 (17,3)
	15 (4,9)
	< 0,001

	Other cardiac surgery, n (%)
	12 (9.8)
	110 (90.2)
	  < 0.001

	CPB time, mean  SD, (minutes)
	112.23  63.99
	90.85  51.99
	< 0.001

	Aortic cross-clamp time, mean  SD, (minutes)
	78.45  52.27
	61.68  44.07
	< 0.001

	Emergency surgery, n (%)
	2 (2)
	6 (2)
	1



Table3. Univariable analyses of predictive variables associated with POAF
	Variable
Number
	Variables
	AF
(n = 98)
	Non-AF
(n = 307)
	 P-value

	1 
	Age  60, n (%)
	34 (34.7)
	53 (17.3)
	< 0.001

	2 
	Gender, n (%): male
	53 (54.1)
	145 (47.2)
	0.23

	
	Female
	45 (45.9)
	162 (52.8)
	

	3 
	BMI, mean  SD, kg/m2
	21.69  3.48
	21.65  3.75
	0.72

	4 
	Prior stroke, n (%)
	6 (6.1)
	10 (3.3)
	0.23

	5 
	Prior myocardial infarction, n (%)
	12 (12.2)
	23 (7.5)
	0.14

	6 
	Acute myocardial infarction, n (%)
	6 (6.1)
	11 (3.6)
	0.26

	7 
	Hypertension, n (%)
	37 (37.8)
	87 (28.3)
	0.078

	8 
	Diabetes mellitus, n (%)
	12 (12.2)
	23 (7.5)
	0.14

	9 
	COPD, n (%)
	2 (2)
	3 (1)
	0.59

	10 
	Serum creatinine, mean  SD, µmol/L
	96.76  19.65
	93.12  34.85
	0.017

	11 
	Left ventricular ejection fraction, mean  SD, (%)
	62.67 11.62
	64.95  9.67
	0.17

	12 
	Left atrial diameter > 41mm, n (%)
	68 (69.4)
	140 (45.6)
	     < 0.001

	13 
	CABG + mitral valve replacement or repair, n (%)
	17 (17.3)
	15 (4.9)
	< 0.001



Multivariate analysis and development of clinical decision rule
Multivariate logistic regression analysis identified age  60 years, left atrial size > 41mm, CABG + mitral valve replacement or repair were independent predictors of POAF. However, the most significant predictor of new-onset POAF was left atrial diameter > 41mm with an odds ratio of 2.65 (95% CI: 1.60- 4.38) (Table4).
Table 4. Model Predicting Postoperative Atrial Fibrillation
	Variables
	  β
	OR
	95% CI 
	 P-value

	Age  60 years
	0.834
	2.30
	1.32 – 3.99
	  0.003

	Left atrial diameter > 41mm
	0.976
	2.65
	1.60 – 4.38
	< 0.001

	CABG + mitral valve replacement or repair
	0.971
	2.64
	1.20 – 5.78
	   0.015

	Constant
	 -2.012
	0.134
	
	< 0.001


Hosmer - Lemeshow test, p-values was 0.182, indicating a good model fit between observation and expectation (Figure 2).
To assess the consistency of the model, the bootstrap technique was used with 5000 bootstrap samples, original β coefficients from the model and comparison with the mean β coefficients from bootstrap reveal that the values were comparable, supporting the consistency of the model (Table 5).
Table 5. Mean β coefficient from bootstrap
	
Variables

	β coefficient from model
	Standard error from model
	5000 Bootstraps

	
	
	
	Mean β coefficient from
bootstrap
	Standard error from bootstrap 
	95% CI of bootstrap

	 Bias between  from model and mean β from bootstrap 

	Age  60 years
	0.834
	0.281
	0.834
	0.299
	0.238 – 1.415
	0.002

	Left atrial diameter > 41mm
	0.976
	0.256
	0.976
	0.259
	0.497 – 1.520
	0.022

	CABG + mitral valve replacement or repair
	0.971
	0.400
	0.971
	0.442
	0.100 – 1.843
	0.007


The coefficient β from the model has rounded to the nearest integer converted into a point for variable: The point values for risk factors were 1 for the age  ≥ 60, 1 for CABG + mitral valve replacement or repair, and 1 for left atrial diameter > 41mm.  
The area under the ROC curve of the score points were 0.69, indicating fair discrimination between POAF and non-POAF after cardiac surgery. Accordingly, we built a scoring system to predict POAF ranges from 0 to 3 (Table 6).
The threshold of > 1 point as the optimal cut-off value to define high-risk individuals (Youden’s index, J = 0.31). This threshold revealed a sensitivity of 86.7% and a specificity of
45%.

Table 6. Probabilities of developing postoperative atrial fibrillation associated with the score
	Prediction Score
	 Probability of POAF (%)
	 95% CI for the
Probability (%)
	Sensitivity (%)
	 Specificity (%)

	0
	8.6
	4.1 – 13.1
	100
	0

	1
	30.1
	23.6 – 36.5
	86.7
	45

	2
	40.8
	27.1 – 54.6
	27.5
	88.9

	3
	58.3
	30.4 – 86.2
	7.1
	98.4


DISCUSSION
[bookmark: _Hlk34858586][bookmark: _Hlk34858308][bookmark: _Hlk34858253]The incidence of AF in the general population is approximately 1.8%. In general surgical procedures, the incidence of AF is approximately 5%24. However, in patients undergoing open cardiac procedures, the occurrence of POAF is much higher, with an incidence ranging from 20%- 50%2,3,4 and increases gradually with age.5,7 The incidence of POAF in people < 40 years old is only 5.6%, while in people > 60 years old is 38.5%.11 In this study, the incidence of POAF was 24.2%, which was lower than the incidence reported in previous studies.7,21,22,23 This difference may be due to the lower age in this study.
The time of occurrence of POAF was clustered around the first 6 postoperative days, with 84.7% of the patients developing POAF during those days and POAF was most common on a postoperative day 2 (19.4%), which was similar to the results of previous studies.5,9,11
Although there are several perioperative predictor variables for the development of AF, only a few factors could be considered as a prediction model. These factors can be classified as preoperative, intraoperative (Table 4). Age ≥ 60 is an independent predictor of POAF with OR = 2.3 (95% CI: 1.32 – 3.99). This is in agreement with other reports in which older age consistently is a predictor of POAF.11,22,24 In many elderly patients, the aging process causes degeneration and inflammation of the atrial tissue leading to changes in the structure of the atria such as atrial fibrosis, atrial dilatation, and atrial hypertrophy.3 This change in the structure makes changes the electrophysiological properties of atrial tissue such as Effective shortening of the refractory period, dispersion of refractory periods, automatic anomalies, and deflection conduction direction. This change in electrophysiological properties creates an electrophysiological substrate before the surgery for atrial fibrillation.3
CABG + mitral valve replacement or repair is an independent predictor of POAF with OR = 2.64 (95% CI: 1.20 – 5.78), similar to previous reports24,25 and left atrial enlargement is an independent predictor of POAF with OR = 2.65 (95% CI: 1.60 – 4.38) which is also confirmed with the previous report.26,27 In patients with mitral valve disease and left atrial enlargement found more profound structural changes in the left atrial including hypertrophied cells, degeneration of cells, fibrosis of the atrial interstitium, chronic inflammation, all these changes lead to changes the electrophysiological properties of atrial tissue and creates the electrophysiological substrate before surgery for atrial fibrillation.3,28
When the electrophysiological substrate for atrial fibrillation existed before surgery, in the postoperative context, the addition (superposition) of acute surgery-induced factors such as inflammation, oxidative stress, increased activity sympathetic, causing the developmental substrate to exceed the atrial fibrillation threshold.3,28 In the presence of adverse triggers after surgery such as atrial premature contraction, electrolyte imbalance and or enhanced sympathetic or parasympathetic stimulation will trigger POAF.3
Instead of having clinicians interpret the weight of beta-coefficients, we simplified the
prediction model into a scoring system to facilitate its clinical use. The probabilities of developing POAF for each level of the score are summarized in Table 6. A patient before heart surgery based on the point values for risk factors were 1 for the age ≥ 60, 1 for CABG + mitral valve replacement or repair and 1 for left atrial diameter > 41mm, calculate the total score and after that based on a scoring system to simply predict the probability of developing POAF (Table 6). 
[bookmark: _Hlk36153478]There are many risk prediction models that have been previously proposed to identify patients most likely to develop POAF.11,22,29,30,31 However, all of these prediction models provided controversial results, revealing important limitations, and limiting their widespread adoption in the clinical practice of AF preventive strategies. Some of these prediction models have too many variables, making them difficult to remember and computationally complex.11,22,30 Atrial fibrillation prediction models have included intraoperative or postoperative variables that make unpredictable POAF before surgery.11,30,31 Most existing therapies with proven efficacy to prevent POAF must be started before or during surgery. Other models included preoperative AF variable.11,31 Preoperative AF was already a significant risk factor for developing the arrhythmia. Any models that include this variable are not focusing on the right patient group. Also, there is a model included variables have been statistically driven as opposed to clinical
plausibility.29 Our model consists of only 3 variables, each variable is 1 point and coring system to predict POAF ranges from 0 to 3 (Table 4 and Table 6), these variables collect easily before surgery and allow predicting POAF before surgery, also allow for the opportunity to start prophylaxis in time. This is a simple model, easy to apply in clinical practice. 
Comparing the probabilities of developing POAF from the scoring system with other authors such as Mariscalco,22Trần,26 El-Chami,29 this authors' scoring system at a level score of 3 predict the probability of developing POAF is 30% to 40%. Thus, at this level of the score, our scoring system provides a higher prediction of the probabilities of developing POAF (58.5%) (Table 6). The POAF score is a simple tool to predict postoperative AF. Accordingly, we can select patients at high risk of POAF before surgery and conduct aggressive prophylactic treatment of this group of patients to reduce the incidence of POAF and postoperative events to improve the outcome of the surgery. A score of 1 implies a 30,1 % probability of developing POAF with a corresponding 86.7 % sensitivity and 45% specificity. This is a reasonable threshold to initiate therapy.
CONCLUSION
We developed and validated a simple risk score based on clinical variables and these variables can be collected easily before surgery. This risk score may help accurately stratifies the risk of POAF to identify patients at high risk of POAF before cardiac surgery. Aggressive prophylactic measures should lead to a lower incidence of POAF and reduced morbidity, mortality.
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Figure 1. Day of occurrence for postoperative atrial fibrillation (POAF), this figure represents the percentage of POAF according to the number of days of the occurrence.

Figure 2. The area under the ROC curve for the logistic regression model predicting POAF is 0.69, indicating fair discrimination between POAF and no-POAF
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