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Left atrial enlargement and high uric acid level are risk factors for left atrial thrombus or dense spontaneous echo contrast in atrial fibrillation patients with low to moderate embolic risk assessed by CHA2DS2-VASC score
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Aims: To investigate the correlation and predictive value of left atrial diameter and blood uric acid levels with the occurrence of left atrial thrombus or dense spontaneous echo contrast in atrial fibrillation patients with low to moderate CHA2DS2-VASc scores.



Methods and results: A total of 849 inpatients diagnosed with atrial fibrillation who had low to moderate CHA2DS2-VASc scores and complete transesophageal echocardiography were included in this study. Among them, 66 patients had left atrial thrombus or dense spontaneous echo contrast. When different models were used to correct other known risk factors, acid levels and abnormal left atrial diameter were identified as additional risk factors for left atrial thrombus or dense spontaneous echo contrast. The incidence of left atrial thrombus or dense spontaneous echo contrast was higher in patients with abnormal serum uric acid levels than in the control group (12.4% vs. 5.6%, p < 0.05), and this difference persisted after correcting the baseline data with propensity score matching (10.6% vs. 4.1%, p < 0.05). Abnormal left atrial diameter was another risk factor suggested by regression analysis, with an increased incidence of left atrial thrombus or dense spontaneous echo contrast in the abnormal left atrial diameter group compared to the control group, both before (18.0% vs. 3.5%, p < 0.05) and after (15.5% vs. 5.2%, p < 0.05) propensity score matching. The best predictive value was obtained by adding both abnormal serum uric acid levels and abnormal left atrial diameter.



Conclusion: Left atrial enlargement and high uric acid levels increase the risk of left atrial thrombus or dense spontaneous echo contrast in atrial fibrillation patients with low to moderate CHA2DS2-VASc scores.
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Introduction

Atrial fibrillation (AF) is a common type of rapid supraventricular arrhythmia characterized by uncoordinated atrial excitation and consequently ineffective atrial contraction. Ischemic stroke and embolism of circulatory arteries are major complications in patients with AF, and the risk of ischemic stroke is 5 times higher among these patients. If cardioembolic stroke occurs, it may be followed by high mortality rates (up to 20%) and disability rates (60%) (1–4).

A left atrial thrombus (LAT) may occur if the duration of AF exceeds 48 h. The presence of spontaneous echo contrast (SEC) is an important marker of thrombus formation. Previous studies have shown both dense SEC (Fatkin class 3+ and 4+) and LAT to be prerequisites for thromboembolism in patients with AF, as both have been independently associated with thromboembolic events in these patients (5–9).

Previous studies have shown that hypertension, diabetes, female sex, congestive heart failure, advanced age, left atrial enlargement, renal insufficiency, N-terminal brain natriuretic peptide precursor, left atrial appendage morphology, and blood emptying velocity are independent risk factors for stroke in patients with AF (10–12). Serum uric acid (SUA) level has also been reported to be associated with LAT (13). In addition, endothelial dysfunction (decreased endothelial nitric oxide synthase activity and expression) and changes in blood components (platelet activation, inflammatory response) have been associated with thrombosis in patients with AF (14, 15).

The CHA2DS2-VASc score is currently guideline-recommended for stratifying the risk of thromboembolism in patients with AF. Men with a CHA2DS2-VASc scor ≥2 and women with a CHA2DS2-VASc score ≥3 are considered high-risk patients for whom oral anticoagulant therapy is recommended, and patients with a CHA2DS2-VASc score of 0 or 1 (including women with a score of 2) are considered to be at low to moderate risk of stroke. However, previous studies have shown that a certain percentage of patients with AF who were deemed to be at low to moderate risk still developed thromboembolic stroke, suggesting that unknown factors were contributing to the development of LAT and SEC besides the known risk factors included within the CHA2DS2-VASc score. There are few studies about the risk factors of stroke in patients with AF who are otherwise classified as low risk. In one such study, Yan et al. proposed that a high Lp(a) plasma level and left atrial dilatation might be independent risk factors of thrombotic events for AF patients with a low CHA2DS2-VASc score (16). In a different study, Yao et al. found that an elevated plasma homocysteine level increases the risk of LA/LAA thrombus in AF patients with a low CHA2DS2-VASc score (17). In addition, LAA anatomy could be a risk factor (18). Recently, an increasing amount of research has focused on the relationship between SUA and thromboembolism risk. However, it remains unclear whether SUA can offer sufficient predictive value for LAT/dense SEC in AF patients with a low to moderate CHA2DS2-VASc score.

Identifying patients who are at high risk of LAT or dense SEC from among those who are typically defined as low to moderate risk according to their CHA2DS2-VASc score has important clinical implications. To that end, we retrospectively analyzed the clinical data of 849 AF patients with low to moderate risk CHA2DS2-VASc scores to discern risk factors not included in the CHA2DS2-VASc score that may point to LAT or dense SEC in an effort to help further identify patients at high risk of thromboembolism.



Methods


Study population

Inpatients diagnosed with AF who also had complete transesophageal echocardiography (TEE) performed at Sun Yat-sen Memorial Hospital of Sun Yat-sen University from January 2007 to July 2019 were included in this study. Exclusion criteria were as follows: (1) rheumatic mitral stenosis, post mitral valve repair, or post-mechanical or biological valve replacement; (2) congenital heart disease; (3) severe infectious or autoimmune disease; (4) severe hepatic or renal insufficiency; (5) hyperthyroidism; (6) malignancy; (7) coagulation disorders; (8) those with psychiatric abnormalities; and (9) high CHA2DS2-VASc scores. Clinical data on gender, age, body mass index (BMI), anteroposterior LA diameter (LAD), left ventricular ejection fraction (LVEF), serum uric acid (SUA), hypertension, diabetes mellitus, stroke, peripheral vascular disease, heart failure, and history of gout were collected. Anteroposterior LAD ≥4 cm was defined as LA enlargement (abLAD). Serum uric acid >420 μmol/L was defined as hyperuricemia (abSUA). Patients were divided into a LAT/dense SEC group and a control non-LAT/dense SEC group according to the presence of both LAT and dense SEC.



Assessment of CHA2DS2-VASc score

The CHA2DS2-VASc score was assessed for congestive heart failure (CHF), hypertension, diabetes mellitus, vascular disease (including peripheral vascular disease and myocardial infarction), age (1 point for ages 65–74 years and 2 points for ages ≥75 years), gender (1 point for women), and history of previous stroke/TIA. A score equal to 0 for men or 1 for women was considered low risk, 1 for men or 2 for women was considered moderate risk, and ≥2 for men or ≥3 for women was considered high risk. A total of 849 patients with low- to moderate-risk CHA2DS2-VASc scores were included in this study.



Transesophageal echocardiography (TEE)

All patients with AF routinely undergo TEE 48h before ablation or cardioversion. LAT was defined as an echogenic image in the left atrium that is well-defined, homogeneous in density, and different from the density of adjacent myocardial tissue. SEC was defined as a TEE finding that shows cloudy, swirling, or pre-thrombotic echogenicity in the left atrium. Dense SEC was defined by a Fatkin classification of 3+ and 4+ according to the Fatkin classification of 5 levels of severity (5).



Statistical analysis

Continuous variables were expressed as mean ± standard deviation, and independent sample t-tests were used for comparison between groups. Categorical variables were expressed as frequencies and percentages. Chi-square tests or Fisher's exact method tests were used for comparison between groups. Binary logistic regression analysis was used to screen for risk factors. All statistical tests were performed using SPSS 25.0.

Imbalanced baseline information data were adjusted by using a 1:1 propensity score match (PSM) without replacement. Propensity score matching was used to achieve balance in the baseline exposure group. Propensity scores were obtained using a logistic regression model. The variables used for matching were specifically reported in corresponding tables. The width of the caliper value used was equal to the log standard deviation of a propensity score of 0.02. The degree of balance between the baseline variables was assessed by standardized differences, with a standard deviation of ≤0.1indicating a high level of balance. PSM was performed using R3.6.3.

Receiver operating characteristic (ROC) analysis was used to evaluate the predictive effect of each variable on LAT/dense SEC. ROC analysis was performed using SPSS 25.0. A p-value <0.05 was considered statistically significant.



Baseline information

A total of 849 patients were included in this study, including 31 with LAT and 35 with dense SEC. The LAT/dense SEC group had a lower LVEF; higher creatinine, SUA, LAD, and LVDD values; and a higher proportion of abSUA, abLAD, CHF, and alcohol consumption. The difference in CHA2DS2-VASc scores between the two groups was not statistically significant. The clinical and demographic characteristics of the patients are presented in Table 1.


TABLE 1 Comparison of baseline information between the LAT/dense SEC and non-LAT/dense SEC groups.
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Binary logistic regression analysis of risk factors

Binary logistic regression analysis was used to screen for risk factors other than those included within the CHA2DS2-VASc score (Table 2). Of the included variables, abSUA, abLAD, current alcohol consumption, and LVDD were not included in the final score. Different models were used to correct other known risk factors. In model 1, after correction for age, sex, hypertension, diabetes, and CHF, we found that abSUA and abLAD were risk factors for LAT/dense SEC. In model 2, abSUA and abLAD were identified as risk factors for LAT/dense SEC after correction for age, sex, hypertension, diabetes, CHF, current alcohol consumption, creatinine, LVEF, LVDD, and CHA2DS2-VASc. In model 3, abSUA and abLAD were found to be risk markers for LAT/dense SEC after adjusting for current alcohol consumption, creatinine, LVEF, LVDD, and CHA2DS2-VASc. Overall, abSUA and abLAD were both found to be risk factors for LAT/dense SEC, so further analysis was done to corroborate these findings.


TABLE 2 Association between risk factors and the presence of LAT/dense SEC.
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abSUA is a risk factor for LAT/dense SEC

Because regression analysis suggested abSUA as a risk factor for LAT/dense SEC, further analysis was performed. The incidence of LAT/dense SEC was found to be higher in patients with abSUA than in the control group (12.4% vs. 5.6%, p < 0.05), and this difference persisted after correcting the baseline data with PSM (10.6% vs. 4.1%, p < 0.05) (Table 3).


TABLE 3 Comparison between abSUA and normal patients (PSM).
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abLAD is a risk factor for LAT/dense SEC

abLAD was another risk factor suggested by the regression analysis, with an increased incidence of LAT/dense SEC in the abLAD group compared to the control group, both before (18.0% vs. 3.5%, p < 0.05) and after (15.5% vs. 5.2%, p < 0.05) PSM was performed (Table 4). In conclusion, abSUA and abLAD were both found to be associated risk factors for LAT/dense SEC.


TABLE 4 Comparison between abLAD and normal patients (PSM).
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New predictive models

Based on the above results, we considered abSUA and abLAD as independent risk factors for LAT/dense SEC. After adding these new risk factors to the patients' existing CHA2DS2-VASc scores, the area under the ROC curve was used to clarify the predictive effect of the model for LAT/dense SEC in patients with AF. The results showed that the CHA2DS2-VASc score had no predictive value for the occurrence of LAT/dense SEC in AF patients at low to moderate risk; however, the new prediction model had low to moderate predictive power after the respective addition of abSUA and abLAD. The best predictive value was obtained by adding both abSUA and abLAD (Figure 1).


[image: Figure 1]
FIGURE 1
Receiver operating characteristic analysis for LAT/dense SEC prediction model.





Discussion

By retrospectively analyzing the clinical characteristics, both abSUA and abLAD were identified as risk factors beyond the indicators within CHA2DS2-VASc score for LAT/dense SEC in low to moderate—risk patients with AF. Current guidelines do not explicitly recommend anticoagulants for patients who are deemed low to moderate risk because of their CHA2DS2-VASc score, but a subset of these patients still develop LAT/dense SEC. It is crucial to assess and predict the thromboembolic risk in this group of patients more comprehensively, as well as to provide better dosing guidance and management.

Many previous studies have confirmed the role of uric acid in the development of cardiovascular events. Lazzeroni et al. found that serum uric acid levels could be used to predict mortality and adverse cardiovascular outcomes in patients undergoing myocardial revascularization and/or heart valve surgery, even after correction for age, sex, hypertension, diabetes mellitus, glomerular filtration rate, and medication (19). Several studies have also confirmed uric acid as a risk factor for AF as well as LAT (20). Other research has likewise suggested that uric acid may contribute to the production of LAT/SEC in patients with AF through the following mechanisms. First, uric acid is the end product of purine metabolism by xanthine oxidase, and the oxygen radicals formed during metabolism increase the level of oxidative stress in atrial tissue. At the same time, uric acid inhibits nitric oxide production by endothelial cells and promotes tissue inflammation, leading to endothelial cell damage (15, 21). Secondly, high uric acid levels activate platelets in the body and promote platelet adhesion and aggregation, which leads to thrombosis (14).

To clarify the relationship between abSUA and LAT/dense SEC in patients with AF, we screened patients with AF who had low to moderate—risk CHA2DS2-VASc scores for further analysis and found abSUA to be one of their risk factors. The prevalence of LAT/dense SEC was significantly higher in patients with abSUA than in the control group, and this difference persisted after balancing the baseline data between the two groups using PSM.

The association of LA enlargement with increased risk of stroke and thromboembolism in patients with AF was first proposed in the 1980s (22, 23). Over time, more and more studies have demonstrated that LA enlargement is independently associated with an increased risk of stroke in patients with AF, although the endpoint of some studies has been a surrogate marker of stroke on TEE (10, 24–26). Several mechanisms have been proposed to explain the association of LA enlargement with the risk of thromboembolism in patients with AF. AF can lead to structural and functional changes in the atria that are causally related to LA enlargement. The increased internal diameter of the left atrium reduces its blood flow velocity, while the regular contraction of the atrial muscle is replaced by irregular peristalsis in AF. This makes the blood flow prone to vortex formation and even stasis, leading to the retention of organic fractions in the atria. Severe eddies create a shear-like mechanical force on the atrial wall, which in turn damages the endothelia. The slow blood flow causes the atrial endothelium to become hypoxic and necrotic, depriving it of its ability to synthesize and secrete anticoagulant substances, and produces pro-thrombotic substances such as tissue factor, ultimately leading to thrombosis.

In this study, the prevalence of LAT/dense SEC was significantly higher in patients with abLAD than in the control group, and this difference persisted after balancing the baseline information between the two groups using PSM.

The CHA2DS2-VASc score had no predictive value for the development of LAT/dense SEC in patients with AF who were at low to moderate risk. After the addition of new risk markers using ROC analysis, the results showed that the new model with the respective addition of abSUA and abLAD, especially the combined addition of both abSUA and abLAD, had predictive power for LAT/dense SEC. This finding further suggests that abSUA and abLAD have predictive value for thromboembolic risk in AF patients previously identified as low to moderate risk.

The molecular mechanism of hyperuricemia is a current hot topic of research. Both lifestyle changes and pharmacological interventions can influence uric acid levels. A limitation of this study is that only single measurements of uric acid were included, which provides a somewhat incomplete picture of the long-term uric acid metabolism of patients. In addition, it is unclear whether patients with previous gout or hyperuricemia who were taking uric acid-lowering medication to achieve normal uric acid levels have the same physical impact as patients with naturally-occurring normal uric acid levels. Given the small sample size of this group of patients, a separate analysis could not be performed. The clinical data of this study were obtained from inpatient examination findings of patients. The LAD measured in the hospital was the anterior-posterior LAD, and because of differences in body size and anatomy, the size of the anterior-posterior LAD was often not an accurate assessment of the volumetric size of the left atrium. Some studies have found that the LA volume index better reflects the size of the patient's left atrium (27–29). An association between LAT formation and left auricular morphology and function in AF patients has also previously been found, but given that this study was retrospective, relevant data could not be collected for further analysis (30).

TEE has 100% sensitivity and 99% specificity in detecting LAT as measured by surgical exploration (31), and as such TEE is now considered the gold standard for detecting LAT. In both the present study and previous studies, LAT/dense SEC was present in a certain proportion of patients even at low to moderate risk, and in many centers, TEE is an essential test before invasive treatment in all patients with AF. However, some centers believe that pre-ablation TEE can be reasonably avoided in AF patients without high-risk features. The rate of pre-ablation TEE at Johns Hopkins Hospital was reported to have decreased from 86% in 2010 to 42% in 2015 (32). With the decline in TEE use, risk assessment of LAT in patients with AF becomes critical, especially for patients with AF and a low to moderate—risk score.

In the present study, we found that abSUA and abLAD were risk factors for LAT/dense SEC in AF patients who were previously identified as low to moderate risk according to their CHA2DS2-VASc scores, suggesting the diagnostic and predictive value of these two commonly used clinical parameters. Future studies and evidence are needed to confirm their correlation.
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OR, odds ratio; CI, Confidence Interval; abSUA, Serum uric acid >420 umol/L; abLAD, Anteroposterior LAD >4 cm: LVEF, left ventricular ejection fraction; LVDD, left

ventricular end diastolic diameter; CHF, chronic heart failure.

Model 1: age, sex, hypertension, diabetes and CHF were adjusted
Model 2: age, sex, hypertension, diabetes, CHF, current alcohol drinking, creatinine, LVEF, LVDD and CHA,DS,-VASc were adjusted.

Model 3: current alcohol drinking, creatinine, LVEF, LVDD and CHA,DS,-VASc were adjusted.






OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





OPS/images/fcvm-10-937770-g001.jpg
ROC Curve

Sensitivity

CHA2DS2-VASc Score

—— CHA2DS2-VASc Score_abSUA
CHA2DS2-VASc Score_abLAD
CHA2DS2-VASc Score_abSUA_abLAD

0.4 3 08 L0
1 - Specificity
AUC (95%Cl) P value
CHA2DS2-VASc Score 0.562 (0.495-0.630) 0.092
CHA2DS2-VASc Score_abSUA 0.645 (0.577-0.714) <0.001
CHA2DS2-VASc Score_abLAD 0.720 (0.650-0.791) <0.001
( )

CHA2DS2-VASc Score_abSUA_abLAD 0.762 (0.703-0.821 <0.001






