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Preoperative left atrial volume index may be associated with postoperative atrial fibrillation in non-cardiac surgery
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Background: Postoperative atrial fibrillation (POAF) is related to mortality after non-cardiac surgery. Left atrial volume index (LAVI) is known to be associated with prognosis and development of atrial fibrillation, but it has not been fully investigated in patients undergoing non-cardiac surgery.

Materials and methods: A total of 203,787 consecutive adult patients underwent non-cardiac surgery at our institution between January 2011 and June 2019. After identifying those with available LAVI estimated during preoperative echocardiography, we divided them into those with LAVI higher and lower than 34 mL/m2. The primary outcome was incidence of POAF.

Results: A total of 83,097 patients were enrolled in this study. The study patients were divided into the low (57,838 [69.6%]) and high (25,259 [30.4%]) LAVI groups. After an adjustment, higher LAVI was associated with increased incidence of POAF (5.1% vs. 8.1%; odds ratio [OR], 1.33; 95% confidence interval [CI], 1.25–1.41; p < 0.001). In 24,549 pairs of propensity-score-matched population, the result was similar (6.2% vs. 7.9%; OR, 1.30; 95% CI, 1.21–1.39; p < 0.001). The estimated threshold of LAVI associated with POAF was 36.4 mL/m2 with an area under the curve of 0.571. Subgroup analysis in non-thoracic and thoracic surgery showed that the association between preoperative LAVI and POAF significantly interacted with diastolic dysfunction (p for interaction < 0.001), and the observed association was valid in patients without diastolic dysfunction.

Conclusion: Preoperative LAVI was shown to be associated with POAF in non-cardiac surgery. Our result needs verification in further studies.
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Introduction

As average age and risk of surgery increase, postoperative complications have become a major health issue (1). Cardiac complications are closely associated with perioperative mortality (2), and new-onset atrial fibrillation following surgery, commonly referred to as postoperative atrial fibrillation (POAF), has been reported to frequently occur even in non-cardiac surgeries (3). POAF in non-cardiac surgery is now widely accepted to potentially lead to long-term consequences such as increased morbidity, mortality, hospital length of stay, and long-term risk of stroke (4, 5).

Left atrial volume index (LAVI) on echocardiography has been shown to be associated with atrial fibrillation in various clinical situations. In addition, LAVI was shown a predictive marker for the occurrence of atrial fibrillation and recurrence after treatment (6–8). In preoperative echocardiographic evaluation of cardiac surgery, LAVI was associated with POAF in various procedures (9, 10). However, this association remains unclear for non-cardiac surgery and may be related to a wide variety of non-cardiac surgeries or clinical events during surgical procedures because the development of POAF can largely vary depending on these factors. In the present study, consecutive adult patients who underwent non-cardiac surgery in a tertiary center between January 2011 and June 2019 were enrolled and divided into two groups based on preoperative LAVI and the incidence of POAF was compared. In addition, whether the significance of this association differed based on subgroup was evaluated.



Materials and methods

The approval and requirement for written informed consent for this study were waived by the Institutional Review Board of Samsung Medical Center (SMC 2021-06-078) because the registry for this study was curated in de-identified form. The present study was conducted according to the Declaration of Helsinki and reported following the Strengthening the Reporting of Observational Studies in Epidemiology guidelines.


Data curation, study population, and definitions

The Samsung Medical Center-Non-Cardiac operation, KCT 0006363 (SMC-NoCop) registry was used to identify subjects. SMC-NoCop is a large, single-center, de-identified cohort which consists of 203,787 consecutive adult patients who underwent non-cardiac surgery at Samsung Medical Center, Seoul, South Korea between January 2011 and June 2019. The Clinical Data Warehouse Darwin-C was used to extract data from our institutional electronic archive system which allows investigators to search and retrieve de-identified medical information from electronic hospital records of more than 4 million patients with more than 900 million laboratory findings and 200 million prescriptions. In this system, the mortality outside our institution is verified by a unique personal identification number and consistently updated according to the National Population Registry of the Korea National Statistical Office. From the entire population, we excluded the patients with preoperative atrial fibrillation or those without LAVI estimated from preoperative echocardiography. The patients were divided into high LAVI (≥34 mL/m2) and low LAVI (<34 mL/m2) groups according to current updated cut-off value (11).

Preoperative variables such as demographic data, preoperative medication, underlying disease, and blood laboratory tests were recorded based on preoperative evaluation by independent investigators. The International Classification of Diseases-10 codes were also used to estimate preoperative Charlson comorbidity index (12). The risk of surgical procedure was stratified according to the European Society of Cardiology/European Society of Anesthesiology guidelines on non-cardiac surgery (13). The diagnosis of heart failure was made by our cardiologists using Framingham criteria and other relevant clinical information (14). These included a history of dyspnea and symptomatic exercise intolerance with signs of pulmonary congestion or peripheral edema, the presence of moist rales on auscultation, or left ventricular enlargement or dysfunction by chest X-ray or echocardiography (15). The patients with heart failure were categorized into heart failure with preserved ejection fraction (HFpEF; ejection fraction > 40%) and heart failure with reduced ejection fraction (HFrEF; ejection fraction ≤ 40%) groups (16).

In our institution, preoperative transthoracic echocardiography including Doppler imaging was selectively obtained for non-cardiac surgery patients. An echocardiographic evaluation is recommended for moderate- to high-risk surgery or for patients with at least one major cardiovascular risk factor such as history of ischemic heart disease, heart failure, stroke, including transient ischemic attack, diabetes mellitus patients on insulin therapy, or chronic kidney disease, based on current guidelines (13). In patients with minor risk factors, transthoracic echocardiography was obtained at the discretion of the attending clinician based on older age or recent presentation of cardiovascular symptoms. Echocardiographic parameters were calculated according to current guidelines (17, 18). Left atrial volume was assessed by the biplane area-length method from apical 4- and 2-chamber views (19). Measurements were obtained in end systole from the frame preceding mitral valve opening, and the volume was indexed for body surface area. The normal value of indexed left atrial volume has been reported to be 20 ± 6 mL/m2 (20). The left atrium is directly exposed to left ventricle pressure during diastole, so left atrium size reflects the duration and severity of diastolic dysfunction (21).



Study endpoints

The primary endpoint was the occurrence of POAF during hospitalization. We followed-up the patients during this period, considering that the risk for POAF peaks at around 48 h after surgery (22). We used postoperative diagnosis based on the International Classification of Diseases-10 codes and reviewed electrocardiogram reading, in-hospital progress notes, nursing charts, discharge notes, and replies for cardiologist consultation. The secondary outcome was POAF that required interventional treatment such as intravenous administration of antiarrhythmic agents such as propafenone, flecainide, amiodarone, diltiazem, or verapamil or patients who required electrical cardioversion for rhythm or rate control.



Statistical analysis

Baseline characteristics of study patients are presented by number and percentage for categorical variables and the mean ± standard deviation (SD) or median with interquartile range (IQR) for continuous variables. Difference between groups was compared using the chi-square, Fisher’s exact test, t-test, or the Mann–Whitney test, as applicable. The incidence of POAF was compared using the logistic regression analysis and reported with odds ratio (OR) and 95% confidence interval (CI). The multivariable adjustment included age, hypertension, diabetes, chronic kidney disease, coronary aery disease, heart failure, general anesthesia, and preoperative use of beta blocker and calcium channel blocker. In addition, a propensity score matching to generate 1:1 individually matched populations without replacement was performed. Patients were matched on all variables, and propensity score using a nearest-neighbor matching technique. The propensity score was calculated using the logistic regression model with patients with high LAVI as the dependent variable. A greedy matching technique was employed to match patients using the logit of the propensity-score matching with a caliper width of 0.1 difference of the logit of the propensity score. After propensity score matching, 24,549 pairs were obtained with an absolute standard mean deviation (ASD) of <10% which was deemed a successful balance between the groups. Based on the sample size, the power of the analysis was 0.79 when OR was 1.1, and 0.99 when OR was >1.2 (23). In addition, the effects of unmeasured confounding factors were calculated. In this method, we evaluated the significance of the observed association between LAVI and POAF assuming the prevalence of unmeasured confounding factor was 40% (24). Subgroup analysis was performed in non-thoracic and thoracic surgery to evaluate whether the observed association interacted with relevant variables such as age, sex, hypertension, diabetes, coronary artery disease, chronic kidney disease, general anesthesia, emergency operation, intraoperative blood transfusion, intraoperative infusion of inotropic drugs, and diastolic dysfunction. The receiver operating characteristic (ROC) curve was constructed to estimate the threshold of LAVI associated with POAF and compute its specificity and sensitivity. The difference between two areas under the ROC curves was tested with the z test. All analyses were performed using R 4.1.11 (Vienna, Austria).




Results


Baseline characteristics

A total of 203,787 patients are in the SMC-NoCop registry, and 1,923 (0.9%) patients with preoperatively detected atrial fibrillation and 118,767 (58.3%) patients without estimated LAVI during preoperative evaluation were excluded from the present study. The remaining 83,097 patients were enrolled in the study and divided into two groups based on LAVI: low LAVI [<34 mL/min2, n = 57,838 (69.6%)] and high LAVI [≥ 34 mL/min2, n = 25,259 (30.4%)] groups (11). The baseline characteristics of the two groups are summarized in Table 1. Subjects in the high LAVI group were more frequently male, older, and had higher incidence of comorbidities. Other parameters on preoperative echocardiography are summarized in Table 2.


TABLE 1    Preoperative variables according to left atrial volume index (LAVI).

[image: Table 1]


TABLE 2    Echocardiographic parameters.

[image: Table 2]



Postoperative atrial fibrillation

The overall incidence of POAF was 6.0% (4,998/83,097) and 4.9% (4,087/83,097) needed interventional treatment. Subjects in the high LAVI group showed increased incidence of POAF (5.1 vs. 8.1%; OR, 1.63; 95% CI, 1.54–1.73; p < 0.001; Table 3). After adjustment, the high LAVI group consistently showed an increased incidence of POAF (OR, 1.33; 95% CI, 1.25–1.41; p < 0.001). The risk of POAF that required interventional treatment was also increased in the high LAVI group (4.1 vs. 6.7%; OR, 1.32; 95% CI, 1.23–1.41; p < 0.001; Table 3).


TABLE 3    Incidence of postoperative atrial fibrillation.

[image: Table 3]

After propensity score matching, 24,549 pairs of patients with well-balanced variables were generated. The high LAVI group was consistently associated with increased incidence of POAF (6.2 vs. 7.9%; OR, 1.30; 95% CI, 1.21–1.39; p < 0.001 for overall POAF and 5.2 vs. 6.5%; OR, 1.28; 95% CI, 1.18–1.38; p < 0.001 for treatment required; Table 3). The observed association between LAVI and POAF remained significant under any circumstance regardless of unmeasured confounding factors (Supplementary Table 1).

Subgroup analysis in non-thoracic surgery showed that the association between preoperative LAVI and POAF significantly interacted with diastolic dysfunction (p for interaction < 0.001) (Figure 1). The observed association was valid in patients without diastolic dysfunction but was non-significant in subjects who had diastolic dysfunction. This trend in diastolic dysfunction was also retained in subgroup analysis for thoracic surgery (p for interaction = 0.023) (Figure 2).
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FIGURE 1
Forest plot of subgroup analysis in non-thoracic surgery.
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FIGURE 2
Forest plot of subgroup analysis in thoracic surgery.


In the ROC analysis, the estimated threshold of LAVI associated with POAF in entire cohort was 36.4 mL/min2 with an area under the curve (AUC) of 0.571. Using this threshold, the sensitivity and specificity were 33.9 and 77.6%, respectively (Figure 3). We also evaluated the predictive performance of LAVI in different subgroups. In patients with heart failure, the ROC analysis showed that AUC value was 0.611 for HFpEF (cut-off 46.3 mL/min2, sensitivity 59.3%, specificity 63.0%) and 0.606 for HFrEF (cut-off 36.9 mL/min2, sensitivity 100%, specificity 37.8%) (Supplementary Figure 1). The AUC value in non-thoracic and thoracic surgery was 0.590 (cut-off 37.3 mL/min2, sensitivity 34.7%, specificity 79.4%) and 0.543 (cut-off 36.6 mL/min2, sensitivity 24.2%, specificity 83.4%), respectively (Supplementary Figure 2). The AUC calculated for LAVI in non-thoracic surgery was significantly higher than that in thoracic surgery (P < 0.001).
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FIGURE 3
Receiver operating characteristic (ROC) curves for left atrial volume index (LAVI) associated with postoperative atrial fibrillation (POAF) in non-cardiac surgery.





Discussion

In the present study, high preoperative LAVI showed association with POAF in patients undergoing non-cardiac surgery. The overall incidence of POAF was 6.0% and 4.9% needed interventional treatment. Subgroup analysis based on perioperative variables showed this association was valid only in patients without diastolic dysfunction in non-thoracic and thoracic surgery.

Left atrial volume index is a reliable and readily measurable indicator for the burden of cardiovascular disease. In cardiac surgery, LAVI was shown the strongest predictor of POAF (25). Although an exact mechanism how left atrial enlargement affects development of atrial fibrillation remains unclear, a possible explanation may be associated with atrial stretch which activates atrial fibrosis and increases the atrial effective refractory period leading to atrial arrhythmia (26, 27). In non-cardiac surgery, the association between LAVI and POAF has been evaluated in several studies; however, those studies were limited by surgery type and showed conflicting results (28, 29). Furthermore, most of the previous studies predate recently accepted upper normal value of LAVI (34 mL/m2) and analysis performed based on a significantly lower value (11). In the present study, LAVI was assessed with a revised reference value and preoperatively increased LAVI was associated with POAF in a broad non-cardiac surgical population.

Preexisting conditions such as older age, male sex, and history of cardiovascular disease have been previously reported association with POAF (30, 31). However, these are rather general risk factors for cardiac complications and are difficult to apply in a clinical practice to predict POAF. Clinically, LAVI is a value that can be measured objectively and reflects pathophysiologic change directly associated with atrial fibrillation. Furthermore, in the present study, LAVI showed association with the development of POAF that requires an intervention. POAF that requires urgent treatment is a commonly found clinical situation for patients with significant heart disease. Clinically, the results of this study indicate the possibility that LAVI can be used as a relatively more specific marker for POAF prediction compared with other general cardiac risk factors.

The estimated LAVI threshold associated with POAF was 36.4 mL/min2, close to the revised reference limit of LAVI (11). However, the overall predictive accuracy was low (AUC = 0.571) compared with the results from cardiac surgeries (32, 33). Also, the predictive performance of LAVI in HFpEF (AUC = 0.611) and HFrEF (AUC = 0.606) were similar, although HFpEF and HFrEF represent two distinct disease entities in the heart failure spectrum (34, 35). These results are possibly because development of POAF involves multifactorial mechanisms in non-cardiac surgeries and indicate the limitation of predicting POAF solely by preoperative echocardiographic findings.

To evaluate the usefulness of single value of LAVI in non-cardiac surgery, we divided the surgery type into non-thoracic and thoracic surgery and investigated the cut-off value of LAVI associated with POAF. The non-thoracic group showed a larger cut-off value with significantly higher AUC than the thoracic group. This discrepancy may be attributed to the fact that the two types of surgeries have different incidence and risk factors for POAF (36, 37). Therefore, LAVI may have a different threshold and predictive accuracy in each subgroup. Nevertheless, the optional cut-off value of LAVI for predicting POAF in non-cardiac surgery has yet to be evaluated well, so further multicenter and larger cohort studies are required to verify our results.

In addition, subgroup analysis was conducted in non-thoracic and thoracic surgery based on perioperative factors. The association between LAVI and POAF was significantly affected by diastolic dysfunction, and the association was not observed in patients with diastolic dysfunction in both types of surgeries. Diastolic dysfunction is associated with an increasing stretch in pulmonary veins due to increased left atrial pressure (38), which elevates the arrhythmogenic activity of the pulmonary veins (39). These effects may have outweighed the effect of preoperative left atrial volume, so the observed association might have been significant only in patients without diastolic dysfunction. The subgroup analysis results need further verification in prospectively collected data.

Left atrial volume index is not the only echocardiographic parameter associated with diastolic dysfunction and higher incidence of POAF (40). Therefore, other parameters were compared between the two groups, and the indicators of diastolic dysfunction such as E/e’ ratio and deceleration were significantly higher in the high LAVI group. In previous studies, LAVI was also reportedly not an independent predictor of POAF in patients with well-preserved left ventricular ejection fraction (29–41). In the present study, the association between LAVI and POAF was significant although the ejection fraction tended to be preserved in both groups. Therefore, other echocardiographic parameters also need further investigation regarding the development of POAF in non-cardiac surgery.

The present study had several limitations that should be considered when interpreting the results. First, because this was a retrospective study, unmeasured confounding factors may have affected the results despite rigorous statistical adjustment using propensity score matching. Despite our effort to exclude patients with preoperative atrial fibrillation, the patients with paroxysmal atrial fibrillation not specified in medical records may have been included in this study. Second, only patients who had echocardiography before surgery were included. Therefore, the study cohort may have had more cardiovascular disease which may have caused selection bias and overestimation of the incidence of POAF in non-cardiac surgery. Third, echocardiography was not performed after the surgery; thus, there is no information regarding postoperative LAVI, which may have contributed to the development of POAF. Fourth, we only observed POAF that occurred during a short period of hospitalization after surgery. However, surgical stress can persist even after patients are discharged and induce POAF for a long-term period. This short-term follow-up may have underestimated the risk of POAF. Despite these limitations, an association was found between preoperative LAVI and POAF using large real-world data. Preoperative echocardiographic measures could be used to identify patients who are at a high risk for developing POAF and may provide useful prognostic information for individual patients. Also, for these high-risk populations, proven perioperative interventions aimed at reducing POAF might be very cost-effective in non-cardiac surgery.



Conclusion

The present study results showed the increased preoperative LAVI on echocardiography was associated with the development of POAF in non-cardiac surgery. Preoperative LAVI may be helpful in predicting POAF; however, further verification is needed.
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SUPPLEMENTARY FIGURE 1
Receiver operating characteristic (ROC) curves for left atrial volume index (LAVI) associated with postoperative atrial fibrillation (POAF) in (A) HFpEF and (B) HFrEF subgroups.

SUPPLEMENTARY FIGURE 2
Receiver operating characteristic (ROC) curves for left atrial volume index (LAVI) associated with postoperative atrial fibrillation (POAF) in (A) non-thoracic and (B) thoracic surgery.
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