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Background: Postoperative atrial fibrillation (POAF) results in a longer hospital stay and excess mortality. However, whether POAF would increase stroke rate has been debated for years. When and how long should anticoagulation be used to prevent stroke are unknown. In the study, we planned to investigate the clinical demographics and long-term outcomes of POAF after cardiac surgery in a single-center cohort.

Methods: The cohort study used a database from National Taiwan University Hospital, a single tertiary medical center in Taiwan, between 2007 and 2017, to identify patients with prior normal sinus rhythm developing POAF after cardiac surgery. Patients without POAF after cardiac surgery were used as controls. Propensity score matching with 1:1 ratio and Cox regression models were employed to estimate the risk of transient ischemic accident (TIA) or ischemic stroke.

Results: From 2007 to 2017, a total of 8,374 patients received open-heart surgery, in which 1,585 patients with a history of AF were excluded. The overall incidence of TIA/ischemic stroke was 3.9% in a median 9.2-years of follow-up. After propensity matching, 1,965 matched paired subjects were included for analysis. Postoperative atrial fibrillation was associated with an increased risk of future AF [Hazard ratio (HR) 1.40, 95% confidence interval (95%CI) = 1.09–1.79, p = 0.008] and heart failure (HF) hospitalization (HR 1.58, 95%CI 1.23–2.04, p < 0.001); however, POAF did not significantly correlate with the risk of TIA/ischemic stroke (HR 1.17, 95%CI 0.85–1.60, p = 0.043). Kaplan-Meier analysis showed that POAF was a significant predictor for future AF, HF hospitalization, and overall mortality, but not for TIA/ischemic stroke.

Conclusion: In the Asian population, POAF after cardiac surgery increased the risk of future AF, HF, and overall mortality, but was not associated with future TIA/ischemic stroke.
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INTRODUCTION

Atrial fibrillation (AF) is the most common perioperative arrhythmia, with an incidence of 3% in major non-cardiac surgery. The incidence was estimated to be 11–40% in patients receiving coronary artery bypass grafting (CABG) and even higher (>50%) after valvular surgery (1, 2). New-onset AF during the perioperative period could be provoked by physiological stress and sepsis and were considered to be associated with both short and long-term risks of stroke (3). Nevertheless, cardiac operations-associated AF, so-called Postoperative atrial fibrillation (POAF), appears to be a consequence of direct response of pericardial inflammation and is often believed to be self-limiting and probably has little impact on long-term outcome since the majority of patients return to normal sinus rhythm within a few weeks after surgery (4). Even though some studies have shown that new-onset POAF following CABG was associated with a significantly higher risk of short and long-term mortality, the long-term stroke risk remained controversial (5, 6). Some reported no association (7, 8), while some advocated increased risk of stroke after cardiac surgery (9–11).

Despite lack of strong evidence, the consensus of AHA/ACC/HRS guidelines recommended anticoagulation therapy for patients with prolonged duration of POAF (>48 h) and concomitant multiple stroke risk factors (12). The 2017 EACTS guidelines also recommended giving anticoagulation therapy to patients who developed POAF after cardiac surgery to avoid early stroke (13).

Since POAF is usually transient, when the sinus rhythm restores, whether the long-term stroke risk increases is still not known. In this study, we plan to investigate the long-term outcomes of the patients with POAF after cardiac surgery.



METHODS


Data Collection

The study database was from National Taiwan University Hospital integrated Medical Database (NTUH-iMD) which was composed of detailed medical and procedural information from a tertiary medical center in Taiwan. Atrial fibrillation and its occurrence time were identified by the diagnosis of electronic health records and the electrocardiograms. Comorbidities including hypertension (HTN), diabetes mellitus (DM), hyperlipidemia, heart failure (HF), coronary artery disease (CAD), myocardial infarction (MI), chronic obstructive pulmonary disease (COPD), peripheral arterial occlusive disease (PAOD), chronic kidney disease (CKD) were also coded from the records. Prescription information were categorized into antiarrhythmic agents, beta-blockers, angiotensin-converting enzyme inhibitors (ACEI), angiotensin receptor blockers (ARB), mineralocorticoid-receptor antagonists (MRA), and anticoagulants including direct oral anticoagulants (DOAC) and warfarin. The open heart procedures included CABG, valvuloplasty, and valve replacement. The echocardiographic data and outcomes including TIA, ischemic stroke, HF hospitalization, and mortality were also obtained from the electronic health records. The study was approved by the Institutional Review Board (IRB) of National Taiwan University Hospital.



Patient Selection

In this study, all patients above 18 years of age undergoing first-time open-heart surgery at the National Taiwan University Hospital from February 1, 2007, to February 30, 2017 were included for analysis. Patients with previous documented AF, who received anticoagulant therapy within 6 months before the open-heart surgery or during the follow-up period, could not survive the open-heart procedures, could not receive regular follow-up at the out-patient clinics were all excluded. The definition of POAF was new-onset AF, which sustained for over 30 s, detected by either continuous telemetry in the intensive care unit, standard 12-lead electrocardiogram, or implanted devices. Future AF was defined as documented AF 1 month after surgery or discharge. All medical records were followed until their last clinical visit, repeat cardiac surgery, or death. The index date of outcomes was defined as the date of diagnosis.



Statistical Analysis

Continuous variables were denoted as mean (SD) while categorical variables were presented as numbers and percentages. Baseline demographics between groups were compared by using Student's t-test for continuous variables and Chi-square test for categorical variables.

Missing data for variables of interest were handled by multiple imputations with chained equations before propensity score matching. Propensity score matching was used to adjust for potentially confounding variables. We calculated the propensity scores by hierarchical logistic regression. Covariates included in the logistic model were age, gender, HTN, DM, hyperlipidemia, COPD, CHF, CAD, CKD, CHA2DS2-VASc score, echocardiography parameters, and medications. Considering the statistical power and distribution of sample size, patients with POAF were matched 1:1 to non-POAF patients, using the nearest neighbor method without replacement and with caliper 0.2 which was statically optimal width (14, 15). The matching result was estimated by calculating the absolute standard differences of baseline characteristics between patients with POAF and non-POAF. A value of <10% was considered well-matched. A Cox proportional hazard model was used to estimate the association between POAF and outcomes. Results were expressed as hazard ratios (HRs) with 95% confidence intervals (CIs). Factors that were statistically significant in univariate analysis would be put into multivariate analysis. Survival analyses were illustrated by the Kaplan-Meier curve. A two-tailed p-value of <0.05 was considered statistically significant. All statistical analyses were performed using SPSS V.25.0 (SPSS, Inc., Chicago, Illinois) and R software (R software version 3.3.3).




RESULTS


Baseline Characteristics

A total of 8,374 patients received cardiac surgery between 2007 and 2017, of which 1,585 patients were excluded because of pre-existing AF. After excluding patients with anticoagulant, a total of 6,267 patients was enrolled to this cohort. As shown in Table 1, before propensity matching, patients with POAF were elder (65.2 ± 13.6 vs. 60.5 ± 13.5, p < 0.001), more often female (25.5 vs. 22.0%, p = 0.002), had fewer comorbidities including HTN (66.9 vs. 69.6%, p = 0.035), hyperlipidemia (44.0 vs. 62.0%, p < 0.001), and CAD (81.1 vs. 87.7%, p < 0.001). The prevalence of other comorbidities such as COPD (10.2 vs. 8.8%, p = 0.037), CHF (26.8 vs. 14.3%, p < 0.001), CKD (26.9 vs. 17.5%, p < 0.001), together with the average CHA2DS2-VASc score (2.64 ± 1.60 vs. 2.15 ± 1.49, p < 0.001) were significantly higher in POAF group. The echocardiographic parameters including left ventricular ejection fraction (LVEF) (54.00 ± 12.38 vs. 59.62 ± 12.38, p < 0.001) was lower while the left ventricular mass (LVM) (231.94 ± 84.13 vs. 209.50 ± 70.96, p < 0.001) and the left atrial size (3.89 ± 0.73 vs. 3.64 ± 0.67 mm, p < 0.001) were larger in patients with POAF. The chances of taking MRA (11.3 vs. 6.8%, p < 0.001) and anti-arrhythmic agents (1.0 vs. 0.4%, p < 0.001) were higher in patients with POAF while less patients in the POAF group taking beta-blockers (44.8 vs. 62.2%, p < 0.001) and ACEI/ARBs (ACEIs 6.0 vs. 9.1%, p < 0.001; ARBs 30.7 vs. 41.0%, p < 0.001). After propensity matching, 1,965 paired matched patients were included for analysis. As demonstrated in Table 1, all of the absolute standard differences of the demographic and clinical characteristics between groups were within 10% and the p-value of the overall balance test (Hansen&Bowers) was 0.962, which was suggestive of well-matched. After PS matching, only echocardiographic parameters remained significantly different between groups. Multiple regression would be further applied to adjust all these confounders.


Table 1. Basic characteristics of enrolled patients before and after propensity score matching.
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Outcomes

In the matched cohort, the overall TIA/ischemic stroke rate was 3.9% in the POAF group and 3.8% in the control group during a median of 9.2-year follow-up. The incidence of future AF was higher in patients with POAF (13.1 vs. 8.1%, p < 0.001). Other outcomes including the rates of CHF hospitalization (7.3 vs. 4.9%, p < 0.001), and overall mortality (0.9 vs. 0.2%, p < 0.001) were significantly higher in patients with POAF. Univariate cox regression analysis revealed that POAF, CHA2DS2-VASc score, COPD, CKD, poorer LVEF, larger LA size were significant predictors for future AF. Multivariate analysis showed that POAF (HR 1.33, 95%CI 1.04–1.71, p = 0.025), CHA2DS2-VASc score (HR 1.18, 95%CI 1.18–1.39, p < 0.001), CKD (HR 2.08, 95%CI 1.60–2.69), poorer LVEF (HR 0.98, 95%CI 0.97–0.99, p < 0.001), and larger LA size (HR 1.34, 95%CI 1.14–1.57, p = 0.001) were predictors for future AF (Table 2). For TIA/ischemic stroke, univariate, and multivariate analysis showed that CHA2DS2-VASc score (HR 1.63, 95%CI 1.42–1.87), hyperlipidemia (HR 1.68, 95%CI 1.08–2.61), CKD (HR 1.56, 95%CI 1.01–2.40), and higher LV mass were significantly associated with TIA/ischemic stroke (HR 1.003, 95%CI 1.000–1.006, p = 0.027). Of noted, POAF was not significantly associated with future TIA/ischemic stroke (HR 1.17, 95%CI 0.85–1.60, p = 0.343). For HF hospitalization, univariate analysis showed that POAF (HR 1.58, 95%CI 1.23–2.04, p < 0.001), CHA2DS2-VASc score (HR 1.14, 95%CI 1.06–1.24), COPD (HR 1.52, 95%CI 0.97–2.37), CKD (HR 3.08, 95%CI 2.39–3.95), poorer LVEF (HR 0.98, 95%CI 0.96–0.99, p < 0.001), and higher LV mass (HR 1.002, 95%CI 1.000–1.004, p = 0.039) were associated with HF hospitalization, in which POAF (HR 1.82, 95%CI 1.29–2.56, p = 0.001), CKD (HR 2.76, 95%CI 1.94–3.91), and poorer LVEF (HR 0.98, 95%CI 0.97–0.99, p < 0.001) were predictors in multivariate analysis. As for overall mortality, univariate analysis revealed that POAF (HR 3.73, 95%CI 1.39–10.06, p = 0.009), CKD (HR 3.29, 95%CI 1.45–7.46), and poorer LVEF (HR 0.96, 95%CI 0.93–0.99, p = 0.008) were significant predictors, but after adjustment, only CKD (HR 2.95, 95%CI 1.14–7.65) and poorer LVEF (HR 0.967, 95%CI 0.939–0.996, p = 0.025) remained significant. Kaplan-Meier analysis showed that the chance of future AF was significantly higher in patients with POAF both before (Log-rank p < 0.001) (Figure 1A) and after (Figure 1B) propensity matching (Log-rank p < 0.001), while the risk of future TIA/ischemic stroke was significantly higher in patients with POAF before matching (Log-rank p = 0.021) (Figure 2A) but became non-significant after matching (Log-rank p = 0.342) (Figure 2B). Kaplan-Meier analysis also demonstrated that patients with POAF had higher chances of HF hospitalization and mortality both before and after matching (all Log-rank p < 0.001) (Figures 3, 4).


Table 2. Univariate and multivariate Cox regression models in patients with postoperative atrial fibrillation in matched cohort.
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FIGURE 1. The Kaplan-Meier curve of (A) atrial fibrillation (crude) and (B) atrial fibrillation (matched).
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FIGURE 2. The Kaplan-Meier curve of (A) TIA/Ischemic stroke (crude) and (B) The Kaplan-Meier curve of atrial fibrillation (matched).



[image: Figure 3]
FIGURE 3. The Kaplan-Meier curve of (A) HF hospitalization (crude) and (B) HF hospitalization (matched).
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FIGURE 4. The Kaplan-Meier curve of (A) overall mortality (crude) and (B) overall mortality (matched).





DISCUSSION

In this study, we investigated the development of future AF and TIA/ischemic stroke after cardiac surgery during a long-term follow-up. We found that POAF increased the risk of future AF, HF hospitalization, and overall mortality, but was not associated with TIA/ischemic stroke.

In a large cohort study, the rate of new-onset perioperative AF during index hospitalization was 1.43% and the cumulative 1-year ischemic stroke rate was 1.47% after non-cardiac surgery and 0.99% after cardiac surgery. Perioperative AF was found to be significantly correlated with ischemic stroke, with a HR of 2.0 and 1.3 in non-cardiac and cardiac surgery, respectively (3). A very recent study reported a significantly increased risk of stroke, MI, and death at 1 year in patients with POAF following non-cardiac surgery (16). In cardiac surgery, another large cohort study revealed that the incidence of post-CABG AF was around 30%, which was much higher than non-cardiac surgery and the incidence varied little over time (9, 17–19). Post-CABG AF occurs most commonly 24–72 h after surgery, with a peak incidence on the second postoperative day. The onset is typically within 6 days after operation with 15–20% of episodes spontaneously converting to sinus rhythm within several hours (19, 20). It seems that although POAF is easier to develop in cardiac surgery but it carries a higher risk of stroke in non-cardiac surgery. One reason leading to this discrepancy might be attributed to different underlying pathophysiologies. For cardiac surgery, POAF tends to be triggered by direct irritation of the atrial tissues while in non-cardiac surgery, intrinsic atriopathy might be the leading cause and thus result in higher stroke risk. As a whole, the mechanisms of POAF are complex, including atrial ischemia, inflammation, hypoxia, acidosis, oxidative stress, electrolyte abnormalities, and intra-atrial conduction delay and dispersion of refractoriness of the atrial tissue (21). Interestingly, a small study showed that pulmonary vein isolation does not decrease the incidence of POAF or its clinical impact, suggestive of non-pulmonary vein mechanisms (22). In our study, the incidence of POAF was 32.1% which was compatible with previous studies.

Our study showed that patients with POAF were elder, had a higher prevalence of CKD, higher CHA2DS2-VASc score, and poorer echocardiographic profile, all of which are compatible with previous studies (23–26). Also noted, patients in POAF group were less frequently taking ACEI/ARBs and beta-blockers, both medications were proved to be able to prevent the development of POAF (27, 28).

Patients with secondary AF following clinical events such as surgery, infection, acute MI, or thyrotoxicosis, were found to carry higher long-term risks of stroke and mortality (19). Postoperative atrial fibrillation is a secondary AF, but it should be considered as an independent entity. Previous studies have shown that patients with POAF have taken a 3- to 8-time risk of developing future AF and have higher risks of cerebrovascular events and cardiovascular mortality (10, 11). However a cohort study demonstrated that AF developing late after operation, rather than POAF, is independently associated with long-term mortality (29). Another study also showed that patients with new-onset POAF after CABG had a lower long-term thromboembolic risk than those who had non-valvular AF (30). These findings are in accord with ours that POAF is not a predictor for future TIA/ischemic stroke. Since most studies focused on the early risk of ischemic stroke after cardiac surgery, our study is unique because it provided the first Asian long-term and large sample cohort data.

Given that POAF might not be associated with long-term prognosis, patients with POAF might be prone to late AF. Nevertheless, the long-term data for late AF in POAF patients remains sparse. Some studies have reported that one- to two-thirds of patients had late AF after CABG when closely monitoring (31–33). The incidence of late AF in our study was 15.9%, which was much lower than previous reports. The reasons are not unclear but might probably be related to differences in patients' characteristics or AF detection methods. The current guideline recommends anticoagulation therapy for patients with POAF for at least 4 weeks, but when to discontinue anticoagulants is still uncertain. Since the CHA2DS2-VASc score itself represented the risk factors for AF incidence, the mean CHA2DS2-VASc score in our patients receiving open heart surgery was above score 2 in both POAF and non-POAF group, suggesting that all patients should be aware of AF occurrence. Furthermore, the average of CHA2DS2-VASc score was 2.6 in our POAF group, which reached the criteria for anticoagulation therapy once late AF developed. As a result, for patients with POAF who are at high risk for late AF, physicians should carefully monitor those patients to start anticoagulation therapy at the right time.



LIMITATION

The study has some limitations. First, this is a retrospective analysis from an integrated database from a single medical tertiary center in Taiwan. Second, AF was identified by diagnostic code, electrocardiogram, and medical history, not by long-term recorder, some patients with AF might be underdiagnosed.



CONCLUSION

In conclusion, in this large Asian cohort, POAF after cardiac surgery increased the risk of future AF, HF, and overall mortality, but was not associated with future TIA/ischemic stroke.
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Absolute standard differences are defined as the difference in means, proportions, or ranks divided by the mutual standard deviation. DM, diabetes melitus; COPD, chronic obstructive
pulmonary disease; CHEF, congestive heart failure; CAD, coronary artery disease; CKD, chronic kidney diseass; TIA, transient ischemia accident; LVEF, left ventricular ejection fraction; LV
mass, left ventricular mass; LA size, left atrium size; ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; MRA, mineralocorticoid-receptor antagonists;
AF, atrial fibrillation; HF hospitalization, heart failure hospitalization.
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HR, hazard ratio, with 95% confidence interval (Cl), p < 0.05 statistically significant.
COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; LVEF, left ventricular ejection fraction; LV mass, left ventricular mass; LA size, left atrium size; ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin

receptor blockers.
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