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Abstract 

Objectives  To investigate the relationship between serum uric acid (SUA) and left atrial spontaneous echo contrast (LA-SEC) in 

non-valvular atrial fibrillation (AF) patients. Methods  We retrospectively screened 1,476 consecutive hospitalized patients with AF who 

underwent transesophageal echocardiography prior to radiofrequency catheter ablation, left atrial appendage closure and electric cardiover-

sion at Guangdong General Hospital. Data on the clinical baseline characteristics of all patients were collected from electronic medical re-

cords and analyzed. Results  After exclusion of patients with left atrial thrombus, 1,354 patients entered into present study and 57 were 

LA-SEC. The mean female SUA level (380.88 ± 94.35 μmol/L vs. 323.37 ± 72.19 μmol/L, P < 0.001) and male SUA level (416.97 ± 98.87 

μmol/L vs. 367.88 ± 68.50 μmol/L, P = 0.008) were both significantly higher in patients with LA-SEC than in the controls. The mean left 

atrial dimension (41.32 ± 5.12 mm vs. 36.12 ± 5.66 mm, P < 0.001) was markedly larger in patients with LA-SEC. In multivariate regression 

analysis, SUA level was an independent risk factor for LA-SEC (OR: 1.008, P < 0.001). In receiver operating characteristic curve analysis, 

the corresponding area under the curve for SUA predicting LA-SEC in female and male were 0.670 and 0.657, respectively. SUA level is 

significantly higher in non-valvular AF patients with LA-SEC. Conclusion  SUA level is an independent risk factor and has a moderate 

predictive value for LA-SEC among non-valvular AF patients in Southern China. 
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1  Introduction 

Atrial fibrillation (AF) is the most common cardiac ar-
rhythmia in clinical practice and represents an independent 
and important risk factor for thromboembolic events. Left 
atrial spontaneous echo contrast (LA-SEC) and left atrial 
appendage/chamber thrombus (LA-TH) on transesophageal 
echocardiography (TEE) account for at least one fifth of 
ischemic stroke events in non-valvular AF patients. Without 
anticoagulant therapy, LA-SEC would largely develop into 
LA-TH and sequentially progress to thromboembolic events, 
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such as ischemic stroke or transient ischemic attack (TIA). 
Recently, an increasing number of studies have focused 

on the relationship between serum uric acid (SUA) and 
thrombo-embolism risk.[1–3] Although SUA has been identi-
fied as an independent risk factor for LA-TH in non-val-
vular AF patients,[4] it remains unclear whether SUA can 
offer sufficient predictive value for LA-SEC in non-valvular 
AF patients, especially in the population of Southern China. 
The aims of the present study were to investigate the rela-
tionship between SUA and LA-SEC and to examine 
whether SUA plays a role in predicting LA-SEC in 
non-valvular AF patients. 

2  Methods 

2.1  Patient population 

We retrospectively screened 1,476 consecutive hospital-
ized patients with AF who underwent transthoracic echo-
cardiography (TTE) or TEE prior to radiofrequency catheter 
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ablation (RFCA), left atrial appendage closure (LAAC) and 
electric cardioversion at Guangdong General Hospital be-
tween July 2007 and October 2014. The presence of AF was 
determined by patient medical history, serial electrocardio-
gram (ECG), and/or ambulatory ECG monitoring. The ex-
clusion criteria were as follows: (1) definite medical history 
of structural heart disease and valvular abnormalities, such 
as rheumatic heart disease, infective endocarditis, and mitral 
valve prolapse syndrome; (2) history of cardiac surgery, 
such as valve replacement or valvuloplasty, coronary-artery 
bypass graft; (3) end-stage hepatic or renal dysfunction; and 
(4) drugs that affect SUA levels such as uric acid lowering 
agents. 

Data on the clinical baseline characteristics of all patients 
including age, gender, type of AF, laboratory data, indices 
of echocardiography, and medical history were collected 
from electronic medical records and analyzed. Patients were 
categorized into an LA-SEC group and a normal group ac-
cording to the TEE results. The Ethics Study Committee at 
Guangdong General Hospital approved the study protocols 
and agreed that informed consent was not necessary because 
of the observational nature of the study. Patient data were 
anonymized and de-identified prior to analysis. 

2.2  Measurement by transthoracic echocardiography 
and transesophageal echocardiography 

All patients consented to the TTE examination. Cardiac 
dimensions were measured by M-mode and two-dimensio-
nal echocardiography according to the recommendations of 
the American Society of Echocardiography.[5] Left atrial 
dimensions were obtained in the parasternal long axis view 
in M-mode at end systole. Left ventricular ejection fraction 
(LVEF) was calculated using the biplane method of discs 
(modified Simpson’s rule) in the apical four- and 
two-chamber views at end diastole. Measurements were 
obtained as the mean value from the apical four- and 
two-chamber views. Data were acquired in three beats in 
patients with normal sinus rhythm and in five beats in atrial 
fibrillation and the mean was used for the analysis. 

TEE was performed after TTE on the same day in all 
cases. All patients received local pharyngeal anesthesia (1% 
lidocaine spray), or/and intravenous diazepam, 2–5 mg 
when necessary. The transesophageal probe was introduced 
with the patient lying supine in the left lateral position. 
LA-SEC was diagnosed by the presence of dynamic 
smog-like echoes in the left atrial cavity and left atrial ap-
pendage with a characteristic swirling motion distinct from 
a white noise artefact after properly adjusting the gain set-
ting.[6] 

2.3  Clinical assessment 

The CHA2DS2-VASc score was recorded as a baseline 
characteristic. The CHA2DS2-VASc score was based on a 
point system,[7] in which two points were assigned for a 
history of stroke/TIA and age older than 75 years and one 
point was assigned for congestive heart failure (CHF), hy-
pertension, age 65–75 years, diabetes mellitus (DM), vas-
cular disease, and female gender. In the present study, cor-
onary arterial disease, peripheral arterial disease and acute 
myocardial infarction were defined as “vascular disease”. 

2.4  Statistical methods  

All continuous variables were expressed as the mean ± 
SD. Categorical variables were expressed as percentages or 
ratios. The Student’s t-test and the Mann-Whitney U-test 
were used to compare parametric and nonparametric con-
tinuous variables, respectively. The Chi-square test was 
used to compare categorical variables. Multivariate regres-
sion analysis was used to identify the potential independent 
predictors for LA-SEC and the predictive value of SUA for 
LA-SEC. Receiver operating characteristic (ROC) curve 
analysis was performed to estimate the diagnostic ability of 
SUA according to the area under the curve (AUC) statistic. 
AUC and the associated 95% CI were calculated. A 
two-tailed P value < 0.05 was considered to indicate statis-
tical significance. All statistical analyses were performed 
using IBM SPSS Statistics 19.0 (IBM Inc., NY, USA). 

3  Results 

3.1  Baseline characteristics of the LA-SEC and normal 
groups 

After applying the exclusion criteria, 1,419 patients with 
non-valvular AF were examined at the in-patient department 
of Guangdong General Hospital and underwent TEE. The 
results of TEE examination identified 122 (8.3%) patients 
with abnormalities, of which 65 were LA-TH and 57 were 
LA-SEC. After exclusion of patients with LA-TH, 1,354 
patients were enrolled in the present study, including 910 
men and 444 women with a mean age of 56.21 ± 12.24 
years. There were 401 patients on warfarin or aspirin ther-
apy. The baseline characteristics of patients in the LA-SEC 
and normal groups are summarized in Table 1.  

Patients with LA-SEC were markedly older (mean age: 
60.74 ± 10.76 vs. 56.01 ± 12.26 years, P = 0.004). The 
mean female SUA level (380.88 ± 94.35 μmol/L vs. 323.37 
± 72.19 μmol/L, P < 0.001) and male SUA level (416.97 ± 
98.87 μmol/L vs. 367.88 ± 68.50 μmol/L, P = 0.008) were  
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Table 1.  Baseline characteristics. 

LA-SEC group Normal group
Variables 

n = 57 n = 1297 
P Value

Male 33 (57.9) 877 (67.6) 0.126

Age, yrs 60.74 ± 10.76 56.01 ± 12.26 0.004*

Serum uric acid, μmol/L 401.77 ± 97.80 353.46 ± 72.74 0.001*

Female 380.88 ± 94.35 323.37 ± 72.19 < 0.001*

Male 416.97 ± 98.87 367.88 ± 68.50 0.008*

Plasma fibrinogen, g/L 3.44 ± 0.90 3.08 ± 0.72 0.009*

LDL-cholesterol, mmol/L 2.94 ± 0.92 2.87 ± 0.80 0.617

Hemoglobin A1c, % 6.00 ± 0.40 5.81 ± 0.49 0.036*

Blood urea nitrogen,  

mmol/L 
5.62 ± 1.24 5.54 ± 1.18 0.617

Creatinine, μmol/L 76.67 ± 20.30 84.26 ± 29.89 0.099

AF history, yrs 4.86 ± 3.74 4.24 ± 3.18 0.226

Per-AF 27 (47.4) 210 (16.2) < 0.001*

Congestive heart failure 10 (17.5) 138 (10.6) 0.102

Hypertension, 27 (47.4) 494 (38.1) 0.159

Diabetes mellitus 14 (24.6) 178 (13.7) 0.022*

Previous Stroke/TIA 4 (7.0) 19 (1.5) 0.014*

Age ≥ 65, yrs 24 (42.1) 346 (26.7) 0.011*

Age ≥ 75, yrs 3 (5.3) 47 (3.6) 0.464

Vascular disease 8 (14.0) 75 (5.8) 0.020*

CHA2DS2-VASc Score   

0 3 (5.3) 388 (29.9) < 0.001*

1 18 (31.6) 414 (31.9) 0.957

≥ 2 36 (63.2) 496 (38.2) < 0.001*

LVDd, mm 46.00 ± 5.71 45.83 ± 4.50 0.786

LAd, mm 41.32 ± 5.12 36.12 ± 5.66 < 0.001*

LVEF, % 64.51 ± 6.52 65.78 ± 6.90 0.174

Warfarin use 16 (28.1)  258 (19.9) 0.133

Aspirin use,  6 (10.5) 122 (9.4) 0.777

Data are presented as mean ± SD or n (%). *With statistical significance. 

AF: Atrial fibrillation; LAd: Left atrial dimension; LA-SEC: left atrial 

spontaneous echo contrast; LDL: Low-density lipoprotein; LVDd: Left ven-

tricular diastolic dimension; LVEF: Left ventricular ejection fraction; Per- 

AF: persistent/permanent atrial fibrillation; TIA: Transient ischemic attack. 

 
both significantly higher in patients with LA-SEC than in 
the controls (Figure 1). And mean plasma fibrinogen (3.44 ± 
0.90 g/L vs. 3.08 ± 0.72 g/L, P = 0.009) and mean Hemo-
globin A1c (6.00% ± 0.40% vs. 5.81% ± 0.49%, P = 0.036) 
were significantly higher in patients with LA-SEC. The 
mean left atrial dimension (LAd) (41.32 ± 5.12 mm vs. 
36.12 ± 5.66 mm, P < 0.001) was markedly larger in pa-
tients with LA-SEC. Patients with LA-SEC had a signifi-
cantly higher proportion of CHA2DS2-VASc score ≥ 2 
(63.2% vs. 38.2%, P < 0.001) and a lower proportion of 
CHA2DS2-VASc score = 0 (5.3% vs. 29.9%, P < 0.001). 

 

Figure 1.  SUA levels between LA-SEC group and normal 
group. (A): The mean female SUA level (380.88 ± 94.35 μmol/L 
vs. 323.37 ± 72.19 μmol/L, P < 0.001), and (B) male SUA level 
(416.97 ± 98.87 μmol/L vs. 367.88 ± 68.50 μmol/L, P = 0.008) 
were both significantly higher in patients with LA-SEC than in the 
controls. LA-SEC: left atrial spontaneous echo contrast; SUA: 
serum uric acid. 

According to the medical history, the proportion of pa-
tients with persistent/permanent AF (47.4% vs. 16.2%, P < 
0.001), DM (24.6% vs. 13.7%, P = 0.022), previous 
stroke/TIA (7.0% vs. 1.5%, P = 0.014) and vascular disease 
(14.0% vs. 5.8%, P = 0.020) was markedly higher among 
patients with LA-SEC than among the controls. 

3.2  Predictive value of SUA for LA-SEC in non-valvu-
lar AF patients 

Multivariate regression analysis was performed to iden-
tify the relationship between the potential risk factors for 
LA-SEC as screened by TEE in the study population. The 
odds ratios (OR) of these potential risk factors for LA-SEC 
are summarized in Table 2. In the multivariate regression 
analysis after adjustment for persistent/permanent AF, age, 
CHA2DS2-VASc score, LAd, LVEF, and warfarin and aspi-
rin therapy, SUA level was an independent risk factor for 
LA-SEC (OR: 1.008, 95% CI: 1.004–1.011, P < 0.001) 
(Table 2). Excluding all patients who had received warfarin  
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Table 2.  Multivariate regression analysis for LA-SEC. 

 Multivariate analysis 

 OR (95% CI) P Value

Per-AF 4.659 (2.7137.998) < 0.001* 

Age 1.036 (1.0111.061) 0.005* 

LAd 1.129 (1.0861.173) < 0.001* 

LVEF 0.977 (0.9461.010) 0.172 

Aspirin 1.133 (0.4772.694) 0.777 

Warfarin 1.572 (0.8682.845) 0.136 

Congestive heart failure 1.787 (0.8833.616) 0.107 

Hypertension 1.463 (0.8592.490) 0.161 

Diabetes mellitus 2.047 (1.0973.818) 0.024* 

Previous stroke/TIA 5.076 (1.66915.445) 0.004* 

Vascular disease 2.660 (1.2165.820) 0.014* 

Female 1.519 (0.8862.602) 0.128 

Serum uric acid 1.008 (1.0041.011) < 0.001* 

*With statistical significance. AF: atrial fibrillation; LAd: left atrial dimen-

sion; LA-SEC: left atrial spontaneous echo contrast; LVEF: left ventricular 

ejection fraction; Per-AF: persistent/permanent AF; TIA: transient ischemic 

attack. 

 
or aspirin therapy, after adjustment for persistent/permanent 
AF, age, CHA2DS2-VASc score, LAd, and LVEF, SUA 
remained significantly associated with LA-SEC (OR: 1.005, 
95% CI: 1.001–1.009, P = 0.024). 

The ROC curve and AUC statistical method were used to 
examine the diagnostic value of SUA levels for the detec-
tion of LA-SEC. The corresponding AUC for SUA predict-
ing LA-SEC in female was 0.670 (95% CI: 0.624–0.714) 
and the best cut-off point for SUA predicting LA-SEC was 
371 μmol/L; AUC in male was 0.657 (95% CI: 0.625–0.688) 
and the best cut-off point for SUA predicting LA-SEC was 
400 μmol/L, as shown in Figure 2.  

4  Discussion 

4.1  Main findings 

In the present study, we explored the relationship be-
tween SUA and LA-SEC screened by TEE in a total of 
1,345 non-valvular AF patients using a single-center data-
base. The main findings were as follows: (1) Patients in the 
LA-SEC group had significantly higher SUA levels than 
those in the TEE normal group; (2) SUA was an independ-
ent risk factor for LA-SEC in non-valvular AF patients; and 
(3) SUA might have a moderate predictive value for 
LA-SEC in non-valvular AF patients. 

4.2  Pathophysiological mechanisms between SUA and 
LA-SEC in non-valvular AF patients 

Stasis of blood in the left atrium plays an important role 
in the occurrence of thromboembolic events. LA-SEC is a 
dynamic smog-like echo with a characteristic swirling mo-
tion of the fluid that is detected by TEE. LA-SEC is com-
monly screened in the left atrium/appendage and in patients 
with AF.[8,9] 

Several pathophysiological mechanisms of LA-SEC are 
widely accepted. Manjunath, et al.[10] suggested that 
LA-SEC is mainly attributed to low velocity of the blood 
stream, erythrocyte aggregation in the blood plasma, or a 
combination of both. Sigel, et al.[11] revealed that erythro-
cyte aggregation in the blood plasma predominantly results 
in echogenicity of LA-SEC. Similarly, a relationship be-
tween inflammatory status and prothrombotic status has 
been described in previous studies.[1,12–14] Conway, et al.[15] 
demonstrated that inflammatory markers including C-reac-
tive protein (CRP) and interleukin-6 are associated with 
indices of LA-SEC/LA-TH in patients with AF. Akpek,  

 

Figure 2.  ROC curve for SUA level in predicting LA-SEC. (A): The corresponding AUC for SUA predicting LA-SEC in female was 
0.670 (95% CI 0.624–0.714) and the best cut-off point for SUA predicting LA-SEC was 371 μmol/L; and (B): AUC in male was 0.657 (95% 
CI 0.625–0.688) and the best cut-off point for SUA predicting LA-SEC was 400 μmol/L. AUC: area under the curve; LA-SEC: left atrial 
spontaneous echo contrast; ROC curve: receiver operator characteristic curve; SUA: serum uric acid. 
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et al.[16] confirmed that high sensitive-CRP, which is indica-
tive of inflammatory status, is independently associated with 
LA-SEC in patients with valvular AF. 

Uric acid is a by-product of normal purine catabolism 
that is excreted mostly in the urine, but also through the 
gastrointestinal tract. Xanthine oxidase catalyzes the con-
version of hypoxanthine to xanthine and xanthine to uric 
acid. SUA has been shown to be associated with left ven-
tricular diastolic (LVD) dysfunction,[17] essential hyperten-
sion,[14] insulin resistance,[18] arterial atherosclerosis,[19] and 
ischemic stroke in previous studies.[1,3] Hypertension can 
cause left ventricular hypertrophy and impairment of the left 
ventricular diastolic function, which can lead to CHF, insu-
lin resistance leading to DM, and arterial stiffness and ca-
rotid atherosclerosis leading to vascular disease. These dis-
orders are components of the CHA2DS2-VASc scheme and 
directly or indirectly induce prothrombotic status and throm-
boembolic events. AF patients with abnormally elevated 
SUA and concomitant disorders such as hypertension and 
LVD dysfunction frequently show elevated LVD pressure 
and intra-atrial pressure. Elevated LVD and intra-atrial 
pressure results in low velocity of the blood stream, blood 
cell aggregation in the plasma, left atrial stretch impulses, 
and maintenance of AF, which might exacerbate blood sta-
sis and the impairment of the left atrial endocardium. The 
relationship between SUA and endothelial or endocardial 
dysfunction, oxidant stress, and excessive inflammation has 
been widely examined in in vitro studies, animal models, 
and human studies. SUA is considered as a trigger or a 
danger signal that results in the activation of inflammatory 
markers and the interleukin-1 pathway, such as C-reactive 
protein and interleukin-6, which may promote left atrial cell 
apoptosis and fibrosis. Therefore, elevated SUA might in-
duce cardiac structural remodeling to directly increase the 
left atrial dimensions and indirectly increase LVD and in-
tra-atrial pressure. This could result in the generation of an 
atrial arrhythmogenic substrate, reduce the antithrombotic 
ability, exacerbate blood stasis, and promote the LA-SEC 
status. Consequently, elevated SUA could be an indicator of 
the risk of LA-SEC in non-valvular patients. 

In the present study, we showed that SUA is independ-
ently associated with LA-SEC in non-valvular AF patients. 
Several recent studies showed that allopurinol  and colchi-
cine,[20–22] which are urate lowering agents, effectively sup-
press the onset and development of AF and prevent atrial 
endocardium impairment. Moreover, maintenance of AF 
and atrial endocardial dysfunction are regarded as critical 
factors for LA-SEC formation. Accordingly, AF patients 
with elevated SUA who are not under anticoagulant therapy 
have an increased susceptibility to LA-SEC, and even 

thromboembolic events. 
If the relationship between SUA and LA-SEC in AF pa-

tients is confirmed, SUA could be regarded as a therapeutic 
target for the prevention of thromboembolic events and as 
an efficient indicator for antithrombotic decision-making. 
Our results suggest that SUA plays an essential role in 
LA-SEC formation and has independent predictive value for 
LA-SEC in non-valvular AF patients. 

4.3  Limitations 

The present study had three main limitations. First, the 
number of patients was relatively insufficient to determine 
the real predictive value of SUA for LA-SEC. Furthermore, 
the study population was mainly selected from the popula-
tion of Southern China. Second, owing to most of the pa-
tients were eligible for RFCA, there were few non-valvular 
AF patients in poor conditions, such as few patients aged ≥ 
75 years (3.7%) or ≥ 65 years (27.3%), with a history of 
stroke/TIA (1.7%) and CHF (10.9%). Therefore, selection 
bias may have limited the present statistical analysis, and 
the results may not be representative of all non-valvular AF 
patients. Finally, the diagnostic ability of intracardiac echo-
cardiography might be better than that of TEE for LA-SEC 
or LA-TH. Therefore, rather than a gold standard, TEE just 
is a good standard. In consideration of the retrospective de-
sign of the present study, further prospective clinical trials 
are warranted to validate the predictive value of SUA for 
LA-SEC or/and thromboembolic events in different popula-
tions and for making anticoagulant decisions.  

4.4  Conclusion 

SUA level is significantly higher in non-valvular AF pa-
tients with LA-SEC. SUA level is an independent risk factor 
and has a moderate predictive value for LA-SEC among 
non-valvular AF patients in Southern China. 
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