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Background: Left atrial thrombus (LAT) is the main cause of ischemic stroke in patients with atrial fibrillation. Left atrial thrombus
or spontaneous echo contrast (SEC) can be best displayed by transesophageal echocardiography (TEE). This study aimed to evaluate
non-valvular atrial fibrillation (NVAF) patients with LAT/SEC confirmed by transesophageal echocardiography compared with those
without LAT/SEC, using residual cholesterol inflammatory index (RCII) as a sensitive biomarker.

Methods: This study was a retrospective study of 967 NVAF patients who underwent transesophageal echocardiography at a single
center. Patients were divided into two groups based on the presence or absence of LAT/SEC on TEE. The levels of RCII and left
atrium diameter (LAD) were compared.

Results: RCII was identified as an independent variable in patients with LAT/SEC detected by transesophageal echocardiography.
(OR: 1.232, CI:1.159-1.309, p < 0.001) The combination of RCII, LAD, and CHA2DS2-VASc scores had the highest area under the
curve (AUC) value (AUC:0.787 CI:0.748-0.826 p <0.001).

Conclusion: Our study demonstrates that RCII and LAD are risk factors for LAT/SEC. CHA2DS2-VASc score combined with RCII
and LAD can significantly improve the predictive ability of LAT/SEC.

Keywords: nonvalvular atrial fibrillation, left atrial thrombus, spontaneous echo contrast, residual cholesterol inflammatory index,
transesophageal echocardiography

Introduction

Atrial fibrillation (AF) is the most common persistent arrhythmia in clinical practice, and its incidence is increasing with
the improvement of chronic disease survival rate and population aging.' Left atrial thrombosis (LAT) is significantly
associated with stroke in patients with nonvalvular atrial fibrillation (NVAF). Early assessment of stroke risk and timely
anticoagulant therapy are critical to reduce thromboembolic events and mortality.” In addition, spontaneous echo contrast
(SEC) in patients with AF indicates the pre-thrombotic state, which can lead to further thrombosis and is therefore an
indication of anticoagulation therapy.’

At present, the CHA,DS,-VASc scores are mainly used in clinical practice to assess stroke risk in patients with AF,
and anticoagulation therapy is guided according to the score.* Current clinical guidelines recommend anticoagulation
therapy for AF patients with high CHA,DS,-VASc scores, while there is still debate about whether to give anticoagulant
therapy to patients with low CHA,DS,-VASc scores (women:1-2 points; men:0—1 point), who are therefore at risk for
LAT/SEC and thromboembolism.>®
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Residual cholesterol (RC) is a triglyceride-rich lipoprotein cholesterol composed of very low-density lipoprotein
(VLDL), medium-density lipoprotein (IDL), and chylomicron residues.’ It is not only closely related to the occurrence
and development of atherosclerosis but also a risk factor for hypertension, aortic stenosis, stroke, and death from
cardiovascular disease.® "' RC can be deposited in the lining of blood vessels, leading to endothelial dysfunction and
vascular inflammation. In addition, the triglycerides in RC can be broken down into free fatty acids and monoacylgly-
cerol, thus aggravating the body’s inflammatory response.'>'? Studies have shown that elevated levels of RC and highly
sensitive C-reactive protein (hs-CRP) can reflect low-grade inflammation in the body.'*'* Elevated RC levels, combined
with persistent low-grade inflammation, may promote the development of LAT/SEC in patients with NVAF and further
influence stroke development.

Residual cholesterol inflammatory index (RCII), calculated by RC and hs-CRP, provides a comprehensive assessment
of residual cholesterol and low-grade inflammation.'® Therefore, the purpose of this study was to evaluate the predictive
ability of RCII for LAT/SEC in patients with NVAF with low CHA,DS,-VASc scores, to identify patients whose CHA,
DS,-VASc scores failed to detect thrombosis, give timely anticoagulant therapy, and improve their prognosis.

Materials and Methods

Study Design and Participants

This study was a single-center retrospective cohort study. This study collected data from 2681 patients with NVAF
through the inpatient electronic medical record system, all of whom were admitted to the cardiology Department of the
Second Hospital of Hebei Medical University between January 2022 and December 2023 and underwent transesophageal
echocardiography (TEE) and transthoracic echocardiography (TTE). TEE was performed in all study participants,
primarily as a clinical requirement to exclude LAT or SEC before catheter ablation or cardioversion.

Inclusion criteria: 1) age>18 years old; 2) transthoracic and transesophageal echocardiography were completed, and
the relevant clinical data were complete; 3) non-valvular atrial fibrillation. Exclusion criteria: 1) patients with high CHA,
DS,-VASc scores (women>3; men>2); 2) patients with heart valve disease or who have previously undergone valve
replacement or remodeling surgery; 3) patients with congenital heart disease; 4) Patients with cardiomyopathy; 5)
patients with autoimmune diseases, hyperthyroidism, and other systemic diseases; 6) patients with severe hepatic and
renal insufficiency or malignant tumor; 7) complicated with acute myocardial infarction or acute heart failure; 8) patients
with incomplete clinical data. Eventually, 967 patients were enrolled in the study. All relevant information, including
general clinical data, echocardiogram results, and laboratory test results, was collected from the electronic medical record
system. Figure 1 shows the flow chart of the study. Ethical approval was obtained from the Ethics Committee of The
Second Hospital of Hebei Medical University (Ethical Review number:2025-R528). The research was conducted
according to the Helsinki Declaration guidelines.

The diagnosis of AF is based on the ECG characteristics of AF on the routine 12-lead electrocardiograms, the
persistent event of atrial fibrillation > 30s on the 24-hour Holter electrocardiogram, or the presence of a previous episode
of AF. Hypertension is defined as systolic blood pressure >140 mmHg and/or diastolic blood pressure 290 mmHg, or the
use of antihypertensive drugs. To diagnose diabetes, fasting serum glucose levels of at least 7.0 mmol/L and/or random
glucose levels of at least 11.1 mmol/L were required. Congestive heart failure is diagnosed based on characteristic
symptoms and subsequently confirmed by a physician’s diagnosis. Peripheral artery disease (PAD) was diagnosed using
vascular Doppler ultrasound or past medical history. The diagnosis of ischemic stroke is based on imaging evidence or
ischemic stroke history. The diagnosis of coronary heart disease is based on relevant clinical guidelines or coronary heart
disease history. Transthoracic echocardiography and transesophageal echocardiography were examined and measured by
experienced senior sonographers, in which the left ventricular ejection fraction (LVEF) was measured by the modified
Simpson method, and the left atrial diameter (LAD) was measured by the anterior and posterior diameters of the left
atrium.'” RC (mg/dL) was calculated as: RC=TC-(HDL-C+LDL-C). RCII was calculated by multiplying RC by hs-CRP,
RCII=RC(mg/dL)xhs-CRP(mg/L)/10."°
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NVAF patients underwent TEE during hospitalization between
January 2022 and December 2023
(N=2681)

Exclusion criteria:

1) Patients with high CHA2DS>-
VASc scores (women 23; men 22);

2) Patients with heart valve
disease or who have previously
undergone valve replacement or
remodeling surgery;

3) Patients with autoimmune
diseases, hyperthyroidism and
other systemic diseases;

4) Patients with incomplete clinical

data.
A total of 967 patients were
enrolled in the study
\ 4
Non-LAT/SEC (N=849) LAT/SEC (N=118)

Figure | Flowchart for the study.
Abbreviations: NVAF, non-valvular atrial fibrillation; TEE, transesophageal echocardiography; LAT/SEC, left atrial thrombus/spontaneous echo contrast.

CHA2DS2-VASc Scores

Based on the collected clinical information, the CHA,DS,-VASc scores were recalculated. 1 point is assigned for each
risk variable, including congestive heart failure or left ventricular dysfunction, hypertension, diabetes, and vascular
disease. Patients aged 65—74 years scored 1 point, and patients aged >75 years scored 2 points. Females get an extra
point, 2 for stroke or transient ischemic attack. Low CHA,DS,-VASc scores included scores of 1-2 in female patients
and 01 in male patients.'®

Echocardiographic Examination

All patients underwent transesophageal echocardiography to determine the presence of LAT or SEC. The diagnostic
criteria for LAT are mobile, independent, round, or irregular in shape, uniform in density but different from that of the
surrounding myocardial tissue, and can be detected in multiple parts of the left atrial lumen.'® The diagnostic criteria for
SEC are smoke, swirl, or pre-thrombotic states in the left atrium, but are distinct from the illusion caused by high-gain
and near-field artifact changes.”® Data related to cardiac cavity size and ventricular wall motion were collected by
completing TTE. The echocardiogram is performed by two professional ultrasound physicians, one of whom is
responsible for completing the procedure and making the diagnosis, while the other is responsible for reviewing the
results. Neither doctor was aware of the patient’s clinical condition before the examination.

Statistical Analyses
Statistical analysis was performed using SPSS (Version 26.0, SPSS Inc., Chicago, IL, USA). Categorical variables were
compared between groups using the x> test and expressed as numbers (%). Continuous variables were first tested for
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normality by Kolmogorov—Smirnov, continuous variables with normal distribution were analyzed by #-test, and expressed

as mean * standard deviation, and continuous variables with non-normal distribution were analyzed by Mann—Whitney

U-test. Logistic regression analysis was used to explore the influencing factors of LAT/SEC formation in patients with

NVAF. The predictive power of RCII and other risk variables was analyzed by mapping receiver operating characteristics
(ROC). With two-sided P<0.05, the difference was considered to be statistically significant.

Results

Characteristics of the Study Population

A total of 967 patients with NVAF were enrolled, with a mean age of 55.82+9.81 years. According to the results of
transesophageal echocardiography, they were divided into the non-LAT/SEC group (n=849) and the LAT/SEC group
(n=118). In the LAT/SEC group, 75 patients developed LAT, of which 25 patients combined with SEC, and only 43
patients developed SEC. The incidence of LAT and SEC accounted for 7.76% and 4.45% of the population, respectively.
As shown in Table 1, heart failure (HF) (16.95% vs. 2.24%) was more prevalent in the LAT/SEC group, with higher body
mass index (BMI) levels [27.12 + 3.77 kg/rn2 vs. 26.15 + 3.67 kg/mz, P<0.01], total cholesterol (TC) levels[181.72
(156.70-208.29) mg/dL vs. 166.32 (145.15-190.19) mg/dL, P<0.01], and lipoprotein(a) (Lp(a)) levels [15.63

Table | Baseline Characteristics of NVAF Patients with/Without LAT/SEC

Variable Total (n=967) Non-LAT/SEC (n=849) LAT/SEC (n=118) P-value
Male, n (%) 651(67.32) 562(66.20) 89(75.40) 0.058
Age (years old) 57.00 (51.00-62.00) 57.00 (51.00-62.00) 57.50 (53.00-62.00) 0.170
BMI (kg/m?) 26.27 £ 3.69 26.15 + 3.67 27.12 £ 3.77 0.008*
SBP (mmHg) 126(117-135) 126(117-135) 125(113-133) 0.186
DBP (mmHg) 80.00 (75.00-89.00) 80.00 (75.00-89.00) 80.00 (74.00-91.00) 0.881
CHA;,DS,-VASc score 1(0-1) 1(0-1) 1(0-1) 0.941
LAD (mm) 37.00 (34.00-39.00) 37.00 (33.00-39.00) 39.50 (38.00—41.00) <0.001*
LVEDD (mm) 47.00 (45.00-50.00) 47.00 (45.00—49.00) 47.00 (46.00-52.25) 0.007*
LVEF (%) 61.00 (58.50-65.00) 61.40 (59.10-65.40) 60.00 (51.75-61.70) <0.001*
Ele’ 10.29 (8.14-11.85) 10.19 (8.10-11.85) 11.45 (8.86—12.68) 0.012%
FPG (mmol/L) 4.98 (4.54-5.35) 4.99 (4.53-5.35) 4.92 (4.55-5.35) 0.734
TG (mg/dL) 108.98(80.63-159.48) 110.75 (80.63—160.37) 101.89 (78.85-147.96) 0.371
TC (mg/dL) 167.09 (146.69—192.12) 166.32 (145.15-190.19) 181.72 (156.70-208.29) <0.001*
HDL-C (mg/dL) 42.57 (35.22-48.38) 42.57 (35.60-48.38) 41.41 (34.44-48.38) 0.647
LDL-C (mg/dL) 101.01 +£30.57 101.39 +£30.57 97.52 £30.96 0.175
Lp(a) (mg/L) 12.48 (6.31-24.19) 11.91 (6.11-23.42) 15.63 (7.09-26.13) 0.023*
SCr (umol/L) 72.00 (61.00-82.00) 72.00 (61.00-82.00) 73.00 (61.00-82.00) 0.683
SUA (umol/L) 344.03 + 94.30 340.83 + 94.38 367.10 + 90.81 0.005*
ALT (UL) 20.70 (14.25-28.95) 20.25 (14.00-28.60) 21.40 (16.15-29.90) 0.059
AST (U/L) 19.00 (15.30-23.00) 18.65 (15.20-23.00) 20.00 (16.30-26.00) 0.006*
hs-CRP (mg/L) 1.80 (1.00—4.00) 1.70 (1.00-3.98) 2.00 (1.48—4.48) <0.001*
WBC (10°/L) 5.90 (4.90-6.96) 5.90 (4.90-6.92) 5.72 (491-7.22) 0.833
Neutrophil count (10%/L) 3.38 (2.67-4.29) 3.37 (2.63-4.27) 3.40 (2.72-4.40) 0.638
Lymphocyte count (10%/L) 1.91 £ 0.62 1.93 + 0.63 1.75 + 0.49 0.003*
Monocyte count (10%/L) 0.55 (0.42-0.70) 0.54 (0.41-0.70) 0.60 (0.43-0.80) 0.021*
RBC (g/L) 4.57 (4.25491) 4.54 (4.23-4.89) 4.67 (4.38-5.03) 0.004*
RDWSD (fl) 42.90 (41.30—44.60) 42.90 (41.10-44.60) 43.80 (42.00-45.03) 0.017%*
PLT (10°/L) 208.00 (175.00-244.00) 209.40 (177.00-246.00) 201.00 (169-233.75) 0.139
PDW (fl) 16.40 (13.10-16.90) 16.40 (13.10-16.90) 16.40 (13.65-17.00) 0.734
MPV (fl) 9.20 (8.30-10.20) 9.20 (8.30-10.20) 9.33 (8.50-10.20) 0.112
RCII 4.58 (2.23-8.81) 3.81 (2.00-7.84) 9.04 (5.18-16.90) <0.001*
(Continued)
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Table | (Continued).

Variable Total (n=967) Non-LAT/SEC (n=849) LAT/SEC (n=118) P-value
Paroxysmal AF, n (%) 813(84.07) 747 (88.00) 66 (55.90) <0.001*
Smoke, n (%) 181 (18.72) 153 (18.02) 28 (23.73) 0.136
Alcohol consumption, n (%) 161 (16.65) 134 (15.78) 27 (22.88) 0.052
HE n (%) 39 (4.03) 19 (2.24) 20 (16.95) <0.001*
Hypertension, n (%) 327 (33.82) 291 (34.28) 36 (30.51) 0418
Diabetes, n (%) 36 (3.72) 32 3.77) 4 (3.39) 0.838
Ischemic stroke, n (%) 3(0.3) 2(0.2) 1(0.8) 0.813
PAD, n (%) 19 (1.96) 14 (1.65) 5(4.24) 0.123
Hyperlipidemia, n (%) 140 (14.48) 129 (15.2) 11(9.3) 0.089
CKD, n (%) 11 (1.14) Il (1.30) 0 (0.00) 0.435
Prehospital medication, n (%)

Warfarin 14 (1.45) 12 (1.4) 2 (1.7) 0.810
NOAC I51(15.62) 134 (15.78) 17(14.41) 0.700
Antiplatelet agent 116 (12.00) 104 (12.25) 12 (10.17) 0.515
Statins I51 (15.62) 133 (15.7) 18 (15.3) 0.908

Note: * indicates statistically significant difference (p < 0.05).

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; LAD, left atrium diameter; LVEDD, left ventricular end-diastolic
dimension; LVEF, left ventricular ejection fraction; FPG, fasting plasma glucose; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; SCr, serum creatinine; SUA, serum uric acid; ALT, alanine aminotransferase; AST, aspartate aminotransferase; hs-CRP, high-sensitivity C-
reactive protein; WBC, white blood cell count; RBC, red blood cell count; RDWSD, red cell distribution width standard deviation; PLT, platelet count; PDWV, platelet
distribution width; MPV, mean platelet volume; RCII, residual cholesterol inflammatory index; HF, heart failure; PAD, peripheral vascular disease; AF, atrial fibrillation; CKD,
chronic kidney disease; NOAC, new oral anticoagulants; Lp(a), lipoprotein(a).

(7.09-26.13) mg/L vs. 11.91 (6.11-23.42) mg/L, P=0.023]compared to the non-LAT/SEC group. In addition, serum uric
acid (SUA) [367.10 = 90.81 umol/L vs. 340.83 £ 94.38 umol/L, P <0.005], aspartate aminotransferase (AST) [20.00
(16.30-26.00) U/L vs. 18.65 (15.20-23.00) U/L, P=0.006], high-sensitivity C-reactive protein (hs-CRP) [2.00
(1.48-4.48) mg/L vs. 1.70 (1.00-3.98) mg/L, P<0.01], monocyte count [0.60 (0.43-0.80)x10°/L vs. 0.54
(0.41-0.70)x10°/L, P=0.021], red blood cell count (RBC) [4.67 (4.38-5.03) g/L vs. 4.54 (4.23-4.89) g/L, P=0.004],
red cell distribution width standard deviation (RDWSD) [43.80 (42.00-45.03) fl vs. 42.90 (41.10-44.60) fl, P=0.017],
and residual cholesterol inflammatory index (RCII) [9.04 (5.18-16.90) vs. 3.81 (2.00-7.84), P<0.01] were also higher in
this group. Left ventricular ejection fraction (LVEF) [60.00 (51.75-61.70) % vs. 61.40 (59.10-65.40) %, P<0.01],
Lymphocyte count [1.75 + 0.49x10°%/L vs. 1.93 + 0.63x10°/L, P=0.003], and paroxysmal atrial fibrillation (AF) (55.90%
vs. 88%) in the LAT/SEC group were lower. No statistical differences were observed in terms of gender, age, systolic
blood pressure, diastolic blood pressure, CHA,DS,-VASc scores, fasting plasma glucose (FPQ), triglyceride (TG), high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), serum creatinine (SCr), alanine
aminotransferase (ALT), white blood cell count (WBC), neutrophil count, platelet count (PLT), platelet distribution width
(PDW), mean platelet volume (MPV), smoke, alcohol consumption, previous diabetes, ischemic stroke, peripheral
vascular disease (PAD), hyperlipidemia, chronic kidney disease (CKD), and pre-hospitalization medication.

Variables with P<0.05 in the baseline table were selected to be included in univariable logistic regression to determine
the risk factors for the formation of LAT/SEC, and multivariate logistic regression analysis was performed. The results
showed that LAD, lipoprotein(a), hs-CRP, lymphocyte count, monocyte count, history of heart failure, non-paroxysmal
atrial fibrillation, and RCII were all predictors of LAT/SEC (Table 2).

Subjects were divided into four groups according to the quartile of RCII and LAD levels. Multivariate logistic
regression analysis showed that RCII level was correlated with LAT/SEC (Table 3). Specifically, patients with the highest
quartile array showed a higher incidence of LAT/SEC compared to the lowest quartile array. After adjusting for age and
gender in Model 1 and other confounding factors including gender, age, body mass index, left ventricular ejection

fraction, left ventricular end-diastolic dimension, E/e’, total cholesterol, lipoprotein(a), serum uric acid, alanine
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Table 2 Univariable and Multivariate Logistic Regression for Risk Factors of LAT/SEC

Variable Univariable Multivariate
OR 95% CI P-value OR 95% CI P-value

BMI 1.072 1.018-1.129 0.008* 1.067 1.000-1.138 0.050
LAD 1.180 1.130-1.231 <0.001* 1.100 1.034-1.169 0.003
LVEDD 1.093 1.050-1.137 <0.001* 1.007 0.952—-1.065 0.810
LVEF 0.929 0.908-0.951 <0.001* 0.999 0.962—-1.036 0.938
Ele’ 1.080 1.027-1.136 0.003* 0.984 0.922-1.050 0.632
TC 1.010 1.005-1.016 <0.001* 0.999 0.992-1.007 0.839
Lp(a) 1.012 1.004-1.020 0.003* 1.012 1.001-1.023 0.031
SUA 1.003 1.001-1.005 0.005* 1.001 0.998-1.003 0.627
AST 1.002 0.996-1.008 0.562 - - -
hs-CRP 1.060 1.017-1.104 0.006* 0.552 0.457-0.666 <0.001
Lymphocyte count 0.596 0.422-0.842 0.003* 0.584 0.375-0.909 0.017
Monocyte count 4.067 2.075-7.970 <0.001* 4.238 1.753-10.241 0.001
RBC 1.792 1.230-2.611 0.002* 1.533 0.905-2.599 0.112
RDWSD 1.067 1.012-1.125 0.017* 1.046 0.977-1.121 0.194
RCII 1.049 1.033-1.066 <0.001* 1.232 1.159-1.309 <0.001
Paroxysmal AF 0.173 0.114-0.263 <0.001* 0.259 0.153-0.439 <0.001
HF 8915 4.599-17.281 <0.001* 3.178 1.240-8.150 0.016

Note: * indicates statistically significant difference (p < 0.05).

Abbreviations: BMI, body mass index; LAD, left atrium diameter; LVEDD, left ventricular end-diastolic dimension; LVEF, left
ventricular ejection fraction; TC, total cholesterol; SUA, serum uric acid; ALT, alanine aminotransferase; AST, aspartate amino-
transferase; hs-CRP, high-sensitivity C-reactive protein; RBC, red blood cell count; RDWSD, red cell distribution width standard
deviation; RCII, residual cholesterol inflammatory index; HF, heart failure; AF, atrial fibrillation; Lp(a), lipoprotein(a); LAT/SEC left
atrial thrombosis/spontaneous echo contrast.

Table 3 The relationship of RCIl and LAD to LAT/SEC

Variable Crude Model | Model Il
OR (95% CI) P OR (95% CI) P OR (95% CI) P

RCII 1.05 (1.03-1.07) <0.001* 1.04 (1.03-1.06) <0.001* 1.04 (1.02-1.06) <0.001*
Ql ref. ref. ref. ref. ref. ref.
Q2 7.96 (1.80-35.22) <0.006* 6.53 (1.46-29.14) <0.014* 7.98 (1.55—41.04) 0.013*
Q3 23.88 (5.70-100.03) <0.001* 20.82 (4.92-88.11) <0.001* 23.21 (4.61-116.92) <0.001*
Q4 40.22 (9.71-166.64) <0.001* 31.86 (7.62-133.17) <0.001* 18.93 (3.47-103.23) <0.001*
LAD 1.18 (1.13-1.23) <0.001* 1.17 (1.12-1.22) <0.001* 1.10 (1.04-1.17) <0.001*
Ql ref. ref. ref. ref. ref. ref.
Q2 6.89 (2.28-20.81) <0.001* 6.85 (2.24-20.96) <0.001* 7.11 (1.55-41.04) 0.003
Q3 13.47 (4.73-38.31) <0.001* 11.58 (4.01-33.44) <0.001* 11.78 (3.37-41.20) <0.001*
Q4 25.19 (8.99-70.56) <0.001* 20.75 (7.31-58.95) <0.001* 12.71 (3.52-45.89) <0.001*

Note: * indicates statistically significant difference (p < 0.05). Model | adjusted for gender and age. Mode Il adjusted for gender, age, body mass
index, left ventricular ejection fraction, left ventricular end-diastolic dimension, E/e’, total cholesterol, lipoprotein(a), serum uric acid, alanine
aminotransferase, aspartate aminotransferase, high-sensitivity C-reactive protein, heart failure, and paroxysmal atrial fibrillation. For the RCII group:
QI: RCII = 2.23; Q2: 2.23 < RCII £4.58; Q3: 4.58 < RCII <8.81; Q4: RCIl > 8.81. For the LAD group: QI: LAD < 34 mm; Q2: 34 < LAD < 37mm;
Q3: 37 < LAD < 39 mm; Q4: LAD > 39 mm.

Abbreviations: RCIl, residual cholesterol inflammatory index; LAD, left atrial diameter; LAT/SEC, left atrial thrombosis/spontaneous echo
contrast; OR, odds ratio; Cl, confidence interval.

aminotransferase, aspartate aminotransferase, high-sensitivity C-reactive protein, heart failure, and paroxysmal atrial
fibrillation in Model II, the association between RCII and LAT/SEC formation remained consistent.

Regardless of adjusting for confounding factors, the incidence of LAT/SEC increased significantly with the enlarge-
ment of the left atrium. As shown in Figure 2, the ROC curve was drawn to analyze the prediction efficiency of RCII and
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Figure 2 Receiver operating characteristic (ROC) curves for the prediction of left atrial thrombus/spontaneous echo contrast (LAT/SEC) of residual cholesterol
inflammatory index (RCII) (A) and left atrial diameter (LAD) (B).
Abbreviations: AUC, area under the curve.

LAD for LAT/SEC. The results showed that the area under the curve (AUC) of RCII was 0.746 (95% CI 0.705-0.787,
P<0.01), while that of LAD was 0.736 (95% CI 0.707-0.764, P<0.01).

Increased RCII and left atrial enlargement are risk factors for LAT/SEC formation. RCII and LAD were incorporated
into the new forecast model. As shown in Table 4 and Figure 3, the CHA,DS,-VASc scores had poor predictive power
for LAT/SEC (AUC = 0.502, P>0.05). After the inclusion of RCII (Model A), the prediction efficiency was significantly
improved (AUC difference=0.248, Z=7.350, P<0.01). After combining RCII and LAD (Model B), the model prediction
efficiency was improved (AUC difference=0.285, Z=8.589, P<0.01). The prediction efficiency of Model B was higher
than that of Model A, and the difference was statistically significant (AUC difference=0.037, Z=2.061, P=0.039).

Discussion

Atrial fibrillation (AF) is the most common arrhythmia, and because there are usually no obvious symptoms, it
significantly increases the risk of stroke and all-cause death.”' Studies have shown that SEC and LAT are significantly
correlated with AF-related embolism.*? Early identification of high-risk patients and timely anticoagulation therapy are
of great significance for improving patient prognosis. Current clinical guidelines recommend anticoagulation therapy for
patients with high CHA,DS,-VASc scores, while there is still controversy over whether patients with low CHA,DS,-
VASc scores (0—1 in men and 1-2 in women) should be treated with anticoagulation.'® Many studies have shown that the
CHA,DS,-VASc scores have limited predictive power in clinical practice, especially for patients with low thrombosis
scores and poor sensitivity to LAT.?**** Previous studies have shown that patients with NVAF with low CHA,DS,-VASc
scores will still have thromboembolic events, among which the annual stroke rate of women with a score of 2 and men
with a score of 1 is about 3%, while the incidence of thrombotic events is as high as 11.4% in patients with a score of
0-1.%°-*% However, the CHA,DS,-VASc scores may be delayed to some extent for low-risk patients without previous

Table 4 Comparison Between the Prediction Models

Variable AUC 95% CI pt z p*
CHA,DS,-VASc score 0.502 0.470-0.534 0.940 0.075 -
CHA,DS,-VASc score+ RCII 0.750 0.709-0.791 <0.001 7.350% <0.001*
CHA;DS,-VASc score+ RCIl + LAD 0.787 0.748-0.826 <0.001 8.589* <0.001*
2.06 1%+ 0.039%*

Note: TP-value for each ROC curve analysis; ¥The P-value when comparing between the two models; *Compared to the CHA,
DS,-VASc score group; **Compared to the CHA,DS,-VASc score + RCII group.

Abbreviations: AUC, area under the receiver operating characteristic curve; Cl, confidence interval, LAD, left atrial diameter;
RCII, residual cholesterol inflammatory index.
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Figure 3 Receiver operating characteristic (ROC) analysis of each prediction model.
Abbreviations: RCII, residual cholesterol inflammatory index; LAD, left atrial diameter.

embolic events, only after the occurrence of embolic events, and this scoring system mainly takes stroke as the main
outcome event rather than left atrial thrombosis.?’

In patients with NVAF, LAT may occur when atrial fibrillation lasts longer than 48 hours, and SEC is an important
marker of thrombosis.”® LAT and SEC were independently associated with thromboembolic events in patients with atrial
fibrillation.”® Previous studies have shown that the average incidence of LAT in patients with NVAF is about 9.8%.%°
Another study showed that the incidence of LAT and SEC in 481 NVAF patients was 12.47% and 11.43%, respectively.?’
However, the incidence rates of SEC and LAT in this study were 4.45% and 7.76%, respectively, lower than those
reported in previous studies. This difference between the results of the studies may be related to demographic differences
in the included populations and potential selection bias in the studies. Therefore, this study was designed to evaluate
patients at high risk of thromboembolism with low CHA,DS,-VASc scores, to provide references for clinical treatment to
improve patient outcomes.

Residual cholesterol (RC) refers to the cholesterol content in all triglyceride-rich lipoproteins (TRL), including the
sum of the cholesterol in fasting very low-density lipoprotein (VLDL) and intermediate density lipoprotein (IDL), and
the cholesterol in non-fasting chylomicron.*! It is calculated by subtracting high-density lipoprotein cholesterol (HDL-C)
and low-density lipoprotein cholesterol (LDL-C) from total cholesterol (TC).** Recent studies have found that residual
cholesterol (RC) is associated with an increased risk of cardiovascular diseases such as myocardial infarction, atrial
fibrillation, and ischemic stroke.** > Results from a genetic study show that RC has a greater effect on cardiovascular
risk than LDL-C.*® Compared with LDL-C, RC can carry more cholesterol and is more easily captured by macrophages,
so RC has a stronger ability to cause arteriosclerosis.>’ In addition, RC can promote the expression of cytokines
interleukin and other inflammatory mediators, leading to chronic low-grade inflammation, and then promote the
formation and progression of atherosclerosis.>® Another study showed that in the LDL-C quartile group, the highest
group had a significantly lower cumulative incidence of atrial fibrillation than the lowest group.’® However, there is
currently a cholesterol paradox, and there is still little evidence for a relationship between RC and thromboembolic risk in
AF, so this study aimed to evaluate the relationship between RC and LAT/SEC in NVAF.

Atrial remodeling caused by inflammatory states is the basis for the occurrence and maintenance of atrial
fibrillation.** C-reactive protein (CRP), as a commonly used clinical indicator of inflammation, is associated with the
occurrence of AF.*! Previous studies have shown that CRP is slightly elevated in patients with AF, which may reflect the
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chronic inflammatory state of the body to a certain extent, which can lead to the remodeling of the heart and blood
vessels, and thus promote the occurrence of AF.** In addition, previous studies have shown that elevated CRP increases
the risk of atrial myocyte calcium influx.*> A retrospective study showed that IL-6, highly sensitive C-reactive protein
(hs-CRP), and white blood cell count were positively correlated with the occurrence of AF in elderly patients.** CRP, as
an inflammatory marker, can predict the recurrence of AF after electrocardioversion.*’

The Residual Cholesterol Inflammation Index (RCII), calculated by RC and hs-CRP, provides a comprehensive
assessment of residual cholesterol and low-grade inflammation. Therefore, this study aimed to evaluate the predictive
power of RCII for LAT/SEC in NVAF patients with low CHA2DS2-VASc scores. The study structure shows that RCII
has a good predictive ability for LAT/SEC, the area under the curve is 0.746, and the optimal critical value is 4.46
(sensitivity 86.44%, specificity 54.48%). In this study, in addition to RCII, left atrial diameter (LAD) was also found to
be a predictor of LAT/SEC. Changes in atrial structure, such as atrial cardiomyocyte hypertrophy and fibrosis, and atrial
dilation, can lead to shortened action potential, reduced electrical connections between cells, and altered Ca®"
processing.*

This study showed a significant increase in LAD in the LAT/SEC group compared to the non-LAT/SEC group (39.50
(38.00-41.00) vs. 37.00 (33.00-39.00), P<0.001). After combining RCII and LAD, the ability of the CHA,DS,-VASc
scores to predict LAT/SEC was significantly improved (AUC difference =285, Z=8.589, P<0.001). Therefore, in
assessing the risk of thrombosis in NVAF patients with low CHA,;DS,-VASc scores, when RCII>4.46 and LAD
>36.5 mm indicate an increased likelihood of LAT formation, TEE should be actively performed to detect intra-atrial
thrombosis.

At present, there are few studies on the incidence of LAT/SEC in NVAF patients with low CHA,DS,-VASc scores.
This study was the first to establish the predictive efficacy of RCII for the occurrence of LAT/SEC in patients with
NVAF, with an optimal cut-off value of 4.46. In addition, left atrial enlargement was found to be an independent risk
factor for LAT/SEC, which was consistent with previous studies. This study found that the combination of RCII, LAD,
and CHA,DS,-VASc scores could significantly enhance the prediction efficiency of LAT/SEC. Therefore, RCII and LAD
should be combined to assess thromboembolic risk in NVAF patients with low CHA,DS,-VASc scores. This helps to
assess and identify patients with potential thrombosis as early as possible, and perform TEE examination promptly to
improve patient outcomes.

Limitations

However, there are some limitations in this study. First of all, TEE is not routinely performed in all patients with NVAF,
and TEE is mainly performed in patients undergoing ablation or cardioversion to rule out LAT/SEC, so there may be
selection bias in patients enrolled in the study. In addition, the relevant clinical data collected in this study were limited,;
only LAD was used to evaluate left atrial structure, and no other indicators of left atrial function were collected.
Therefore, elevated RCII may indicate higher biological risk, but its role in guiding anticoagulation strategies must be
verified by future large-scale, multicenter prospective trials.

Conclusions

In conclusion, increased RCII and LAD were independent risk factors for LAT/SEC in NVAF patients with low CHA,
DS,-VASc scores. CHA,;DS,-VASc scores combined with RCII and LAD can significantly improve their prediction
efficiency. Therefore, RCII, LAD, and CHA,DS,-VASc scores should be combined for comprehensive analysis in
assessing thromboembolism risk in patients with NVAF.

Data Sharing Statement
The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable
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