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Purpose: Left atrial thrombus (LAT)/left atrial spontaneous echo contrast (LASEC) still exists in CHA,DS,-VASc score-defined low/
borderline risk population. The purpose of this study is to explore the risk factors that associate with LAT/SEC and to create
a nomogram to predict LAT/SEC risk in NVAF patients with low/borderline CHA,DS,-VASc scores.

Patients and Methods: A total of 834 NVAF patients with complete data on transesophageal echocardiography (TEE) were included
in this study. Univariate and multivariate logistic regression analyses were performed to identify the risk factors that associate with
LAT/SEC, and a nomogram was established based on the results. Receiver operating characteristic curve (ROC), calibration curve and
decision curve analysis were performed to verify the predictive power of nomogram.

Results: The rates for LAT/SEC for the training and validation cohorts were 84 (14.7%) and 30 (11.4%), respectively. Independent
factors including age, left ventricular ejection fraction (LVEF), left atrial diameter (LAD), smoke, non-paroxysmal AF (NPAF), and E/
e’ were considered to construct the nomogram for LAT/SEC. The AUC for nomogram was 0.839 and 0.811 in the training and
validation cohorts, respectively. The calibration and decision curve analysis showed that the nomogram had a good prediction capacity
and would be clinically useful.

Conclusion: Age, LVEF, LAD, smoke, NPAF, and E/e’ are independently associated with LAT/SEC in NVAF patients with low/
borderline CHA,DS,-VASc scores. The nomogram that incorporates these six variables effectively predict LAT/SEC risk in NVAF
patients with low/borderline CHA,DS,-VASc scores.
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Introduction

Atrial fibrillation (AF), one of the most common arrhythmia, is increasingly reported to associate with lethal cardiovas-
cular conditions such as cardioembolic stroke which is a subtype of ischemic stroke with poor prognosis compared to
other ischemic stroke subtypes.' Besides, AF is also found to be associated with a higher in-hospital mortality both in
cardioembolic and atherothrombotic stroke patients.” Several risk factors have been reported to be associated with AF
and AF-related coronary vascular disease (CVD) complications. Of these risk factors, left atrial thrombus (LAT) and left
atrial spontaneous echo contrast (LASEC) have been stated as significant factors that associate with cardiogenic

embolism in AF.>7
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The CHA,DS,-VASc score is used to determine future stroke risk and guide anticoagulant therapy for non-valvular
atrial fibrillation (NVAF) patients. Recently, the CHA,DS,-VASc score has also been reported as a significant indepen-
dent predictor of prosthetic valve thrombosis (PVT) in patients with prosthetic valve.® Current guidelines recommend
anticoagulation as a class Ia indication for all AF individuals with 1 non-sex-related CHA,DS,-VASc risk factor.”
Interestingly, patients with low/borderline CHA,DS,-VASc scores have been found to experience LAT/SEC.*?
Therefore, it would be of great clinical significance to identify the high-risk subgroup among the CHA,DS,-VASc score-
defined low/borderline stroke risk population. A powerful model can help estimate LAT/SEC presence among AF
patients with low/borderline CHA,;DS,-VASc scores and aid clinicians in identifying high-risk patients, thereby leading
to a more tailored treatment choice.

In the past, efforts on the prediction of LAT/SEC have been made'®'? but, none of these studies focused on AF
individuals with low/borderline CHA,DS,-VASc scores. Indeed, transesophageal echocardiography (TEE) has been
considered as the gold standard for diagnosing LA/LAA thrombus. Nonetheless, TEE is often intolerable without
conscious sedation and sometimes accompanied by a risk of complications which limits its clinical applications.
Besides, as an invasive test, it requires special skills and interpretation. Therefore, a potentially non-invasive and
effective risk stratifying model that can be used to detect LAT/SEC would be of crucial importance in clinical settings.

The objectives of this study were to (1) identify the risk factors of LAT/SEC and (2) establish a nomogram to estimate
LAT/SEC risk in NVAF patients with low/borderline CHA,DS,-VASc scores.

Methods

Study Participants

A total of 2189 consecutive NVAF patients were retrospectively enrolled in the First Affiliated Hospital of Dalian
Medical University (FAHDMU) from January 2016 to September 2021. Patients who were referred for direct current
cardioversion or catheter ablation who underwent TEE were included in the study. Of the recorded patients, those with
organic valvular heart diseases and congenital heart diseases were excluded. Likewise, patients with missing/incomplete
data were excluded. Finally, 834 patients with low/borderline CHA,DS,-VASc scores (male <I; female <2) were
included in this study. The flow chart of the included patients is summarized in Figure 1. The study was approved by
the institutional review board of FAHDMU and the requirement for informed consent was waived. The research was
conducted according to the Helsinki declaration guidelines and all procedures were carried out in accordance with the
approved guidelines.

Definition of the Explanatory Variables

Demographic, clinical, and laboratory data were retrieved from the electronic medical record of FAHDMU. Diabetes
mellitus (DM) was defined as serum fasting blood glucose level >126 mg/dL, use of antidiabetic medication or previous
diagnosis by a physician.'? Coronary artery disease (CAD) was defined if patients have any of the following character-
istics: history of physician-diagnosed CAD, use of medications for CAD, the presence of >50% luminal stenosis in at
least one major coronary artery in coronary angiography.'* Hypertension (HTN) was defined as systolic blood pressure
>140 mmHg or diastolic blood pressure >90 mmHg at two or more visits or a history of hypertension and use of anti-
hypertensive drugs.'> Dyslipidemia was defined as having one or more of the following conditions: TC >6.22 mmol/L
(240 mg/dL), LDL-C >4.14 mmol/L (160 mg/dL), HDL-C <1.04 mmol/L (40 mg/dL), TG >2.26 mmol/L (200 mg/dL),
or use of anti-dyslipidemia medication.'® The left ventricular mass index (LVMI) was assessed based on the definition of
the American Society of Echocardiography (ASE); briefly, LVMI >115 g/m? for men and >95 g/m* for women was
considered as left ventricular hypertrophy (LVH).!” AF was defined and classified according to the previously published
guideline. Briefly, non-paroxysmal AF (NPAF) was composed of persistent, long-standing persistent, and permanent AF.’

Assessment of CHA,DS,-VASc Score and Risk Classification

The CHA,DS,-VASc score was evaluated according to previous description.'® According to current guidelines, men with
a CHA,DS,-VASc score of 2 or greater or women with a CHA,DS,-VASc score of 3 or greater were categorized into
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Figure | The overview of the selection of study participants.
Abbreviation: LAT/SEC, left atrial thrombus/spontaneous echo contrast.

high-risk patients. Men with a CHA,DS,-VASc score of 1 or women with a CHA,;DS,-VASc score of 2 were considered
as borderline risk groups. Men with a CHA,;DS,-VASc score of 0 or women with a CHA,DS,-VASc score of 0—1 were
classified as low-risk groups.’

Transesophageal Echocardiography Evaluation

TEE was performed before catheter ablation or direct current cardioversion for all patients as described in a previous
study.'® Prior to the TEE examination, the details of the procedure were explained for every patient, and all patients
provided written informed consent. Thrombus was defined as a circumscribed, uniformly echo dense mass distinct from
the underlying left atrial endocardium and pectinate muscles detected in more than 1 imaging plane. Spontaneous
echocardiographic contrast (SEC) was defined as dynamic “smoke-like” echoes with a characteristic swirling motion that
could not be eliminated despite optimized gain settings.’ All the procedures were performed by well-trained observers
who were blind to the study.

Statistical Analysis

All statistical analyses were performed using R software, version 4.0. Continuous data with a normally distributed nature
were compared using Student’s s-test and results were expressed as mean and standard deviation (SD). These variables
with a skewed distribution were compared using the Mann—Whitney test and expressed as the median and interquartile
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range (IQR). The categorical data were presented as frequencies and percentages and analyzed by »* test or Fisher's exact
test.

To identify the independent risk factors associated with LAT/SEC, we run a univariate logistic regression analysis.
We further performed stepwise multivariate analysis for all the variables that have shown significant association with
LAT/SEC with P-value <0.1 in univariate analyses. Then, a nomogram was constructed by incorporating the independent
risk factors in the multivariate logistic regression analysis. The nomogram was established by assigning each variable
a risk score. The points of the variables were added up to calculate the total points, which were eventually transformed to
LAT/SEC probabilities. The area under curve (AUC) was computed to evaluate the predictive performance of the
nomogram. To decrease the overfit bias, calibration with 1000 bootstrap samples was executed. We also conducted the
decision curve analysis to evaluate the clinical utility of the nomogram using the R library rmda package.

Receiver operating characteristic curve analysis was performed and the optimal cutoff values were calculated according
to the Youden index (sensitivity + specificity-1). We finally evaluated the predictive values, likelihood ratios, sensitivity, and
specificity to observe the accuracy of the optimal cutoff value. P-value <0.05 was considered statistically significant.

Results

A total of 834 NVAF patients were enrolled in the study. The patients were divided into the training (571, 68.5%) and
validation cohorts (263, 31.5%). There was no significant difference in the baseline data between the two cohorts. LAT/
SEC was found in 84 (14.7%) and 30 (11.4%) in the training and validation cohorts, respectively. The baseline
characteristics of the patients are described in Table 1.

Table | Baseline Characteristics

Variable Cohort P value
Overall (n=834) Training (n=571) | Validation (n=263)
Age, years 60(53-64) 60 (53-63) 60 (53-64) 0.488
Male, n (%) 561(67.3) 390 (68.3) 171 (65.0) 0.390
Smoke, n (%) 137(16.4) 93(16.3) 44(16.7) 0.952
Drink, n (%) 97(11.6) 61(10.7) 36(13.7) 0.254
DBP, mmHg 83(74-90) 82(75-90) 84(74-90) 0.801
SBP, mmHg 128(116—140) 128(117-140) 128(116—140) 0.874
Medical history
HTN, n (%) 228(27.3) 157 (27.5) 71 (27.0) 0.947
DM, n (%) 34(4.1) 23 (4.0) 11 (4.2) 1.000
Previous stroke /TIA, n (%) 0(0) 0(0) 0(0) -
Vascular disease, n (%) 2(0.2) 2 (0.4) 0 (0) 0.842
Dyslipidemia, n (%) 455(54.6) 311(54.5) 144(54.8) 0.998
NPAF, n (%) 481(57.7) 339 (59.4) 142 (54.0) 0.166
CAD, n (%) 93(11.2) 64 (11.2) 29 (11.0) 1.000
CHE, n (%) 57(6.8) 47(8.2) 10(3.8) 0.027
CHA,DS,-VASc Score 1(0-1) 1(0-1) 1(0-1) 0510
Laboratory data
Uric Acid, umol/L 363(304-430) 364(305-431) 359(304-423) 0.718
eGFR, mL/(min =1.73 m?) 91(81-102) 91 (80-102) 91 (82-102) 0.955
PT-INR 1.07(1.00-1.24) 1.07 (1.00-1.24) 1.06 (1.01-1.25) 0.667
D-dimer, pg/L 120(90-230) 120(90-240) 130(90-230) 0.765
Fibrinogen, g/L 2.56(2.28-2.88) 2.56(2.28-2.85) 2.56(2.29-2.92) 0.889
Echocardiographic parameters
LAT/SEC, n (%) 114(13.7) 84 (14.7) 30 (11.4) 0.237
LAD, mm 39(37-43) 39 (37-43) 39 (37-43) 0.997
LVEDD, mm 48(44-50) 48(44-50) 48 (45-51) 0.702
(Continued)
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Table 1 (Continued).

Variable Cohort P value
Overall (n=834) Training (n=571) | Validation (n=263)

LVEF, % 58(55-59) 58 (55-59) 58(55-59) 0.650
Ele’ 7.7(6.0-9.8) 7.5(6.0-9.6) 8.0(6.0-10.0) 0.119
LVMI, g/m? 87.7(78.0-101.5) 87.1(77.5-101.8) 88.5(78.8-100.6) 0.419
LVH, n (%) 138(16.5) 90(15.8) 48(18.3) 0.425
Medication

Amiodarone, n (%) 574(68.8) 387(67.8) 187(71.1) 0.377
Antiplatelet, n (%) 45(5.4) 28(4.9) 17(6.5) 0.446
Warfarin 245(29.4) 163(28.5) 82(31.2) 0.488
NOAC 589(70.6) 408(71.5) 181(68.8) 0.488
Diuretic 104(12.5) 75(13.1) 29(11.0) 0.457

Abbreviations: CAD, coronary artery disease; CHF, congestive heart failure; DBP, diastolic blood pressure; DM, diabetes mellitus; HTN, hypertension; LAD,
left atrium diameter; LAT, left atrial thrombus; LVEDD, left ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; LVH, left ventricular
hypertrophy; LVMI, left ventricular mass index; NOAC, new oral anticoagulants; NPAF, non-paroxysmal AF; SBP, systolic blood pressure; SEC, spontaneous

echo contrast; TIA, transient ischemic attack.

Table 2 shows the results of the univariate and multivariate logistic regression analyses. Patients with LAT/SEC were

older and had a higher prevalence of congestive heart failure (CHF), non-paroxysmal AF (NPAF), left ventricular
hypertrophy (LVH), left ventricular end-diastolic diameter (LVEDD) and larger left atrial diameter (LAD). Likewise, the
LAT/SEC group had higher values of E/e’, PT-INR, but a lower left ventricular ejection fraction (LVEF). However, there
was no significant difference in the prevalence of hypertension, dyslipidemia, DM, and CAD between the two cohorts.
The multivariate analysis showed that age (OR 1.08 95% CI 1.04-1.12, P = 0.001), LAD (OR 1.16 95% CI 1.09-1.24,
P =0.001), LVEF (OR 0.95 95% CI 0.91-0.98, P = 0.005), E/e’ (OR 1.13 95% CI 1.06-1.21, P = 0.001), smoke (OR

Table 2 Univariate and Multivariate Logistic Regression Analysis of LAT/SEC Presence Based on Peri-Procedural Data in

the Training Cohort

Variable Univariate Analysis Multivariate Analysis
OR(95% CI) P value OR(95% CI) P value
Age, years 1.04(1.01-1.08) 0.007 1.08(1.04-1.12) 0.001
Male sex 0.92(0.56-1.52) 0.727
Smoke 1.92(1.09-3.30) 0.021 2.46(1.25-4.78) 0.008
Drink 2.31(1.21-4.25) 0.009
DBP 1.02(1.00-1.04) 0.037
SBP 1.01(0.99-1.02) 0.393
Medical history
HTN 1.06(0.63—1.76) 0.8l1
DM 0.25(0.01-1.24) 0.184
Dyslipidemia 1.35(0.84-2.18) 0.214
NPAF 6.20(3.27-13.04) 0.001 5.99(2.77-14.67) 0.001
CAD 1.39(0.68-2.66) 0.335
CHF 3.46(1.76-6.59) 0.001
Laboratory data
UA 1.01(0.99-1.02) 0.053
eGFR, mL/(min =1.73 m?) 0.99(0.98-1.01) 0.447
PT-INR 1.37(1.04-1.81) 0.024
(Continued)
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Table 2 (Continued).

Variable Univariate Analysis Multivariate Analysis
OR(95% CI) P value OR(95% CI) P value

D-D 1.01(0.98-1.02) 0.236

Fibrinogen 1.02(0.67-1.51) 0.924

Echocardiographic parameters

LAD, mm 1.19(1.13-1.26) 0.001 1.16(1.09-1.24) 0.001

LVEDD, mm 1.08(1.03-1.13) 0.001

LVEF, % 0.94(0.92-0.97) 0.001 0.95(0.91-0.98) 0.005

Ele’ 1.15(1.09-1.22) 0.001 1.13(1.06—1.21) 0.001

LVMI 1.02(1.01-1.03) 0.001

LVH 2.36(1.35-4.04) 0.002

Medication

Amiodarone 1.00(0.62—-1.67) 0.986

Antiplatelet 2.46(1.05-5.78) 0.039

Warfarin 0.81(0.47-1.36) 0.436

NOAC 1.23(0.74-2.14) 0.436

Diuretic 2.06(1.12-3.65) 0.017

Abbreviations: CAD, coronary artery disease; CHF, congestive heart failure; DBP, diastolic blood pressure; DM, diabetes mellitus; HTN, hypertension; LAD,
left atrium diameter; LAT, left atrial thrombus; LVEDD, left ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; LVH, left ventricular
hypertrophy; LVMI, left ventricular mass index; NOAC, new oral anticoagulants; NPAF, non-paroxysmal AF; SBP, systolic blood pressure; SEC, spontaneous
echo contrast; TIA, transient ischemic attack.

2.46 95% CI 1.25-4.78, P = 0.008) and NPAF (OR 5.99 95% CI 2.77-14.67, P = 0.001) were independently associated
with LAT/SEC.

Initially, we evaluated the predictive capacity of the CHA,;DS,-VASc score in terms of LAT/SEC using ROC curve
analysis. The results demonstrated a AUC of 0.581 for the CHA,DS,-VASc score. Furthermore, we developed
a nomogram to predict LAT/SEC according to the results of the multivariate logistic analysis (Figure 2). The nomogram
had a good discriminative performance with an AUC of 0.839. Moreover, the AUC of the nomogram for LAT/SEC risk
was 0.811 in the validation cohort. Also, the nomogram showed a good calibration curve for the risk estimation in both
training and validation cohort (Figure 3A-D). Importantly, the analysis of the final decision curve displayed that the
nomogram had a higher net benefit than CHA,DS,-VASc scores at a threshold probability of 0.1-0.8 (Figure 3E and F).

The optimal cutoff value of the sum scores of the constructed nomogram was 181.5. The sensitivity, specificity,
positive predictive value, and negative predictive value were 71.4%, 85.0%, 45.1%, and 94.5%, respectively, in the
training cohort, and 83.3%, 71.2%, 27.2%, and 97.1%, respectively, in the validation cohort (Table 3).

Discussion

In this study, we demonstrated that age, smoke, LAD, LVEF, E/e’, and NPAF were closely associated with LAT/SEC and
a nomogram composed of these variables was established to estimate LAT/SEC risk in NVAF patients with low/
borderline CHA,DS,-VASc scores. The new model performed better in terms of LAT/SEC prediction compared to
CHA,DS,-VASc score, suggesting the model can be used as a noninvasive parameter in predicting the risk of LAT/SEC
in NVAF patients with low to borderline CHA,DS,-VASc scores.

LAT/SEC prevalence among AF patients with low/borderline CHA,DS,-VASc scores has been varied across different
studies.®?" In the present study, the LAT/SEC prevalence was 13.7%. Furthermore, we noticed that LAD, E/e’, and
NPAF were the top three predictors of LAT/SEC. Importantly, these variables are not included in the CHA,DS,-VASc
score. Therefore, among NVAF patients with low/borderline CHA,DS,-VASc scores, more intensive follow-up for
patients with the enlarged left atrium, higher E/e’, and NPAF type is highly recommended. Significant association
between these factors and LAT/SEC was previously reported.’'* Left atrial (LA) dilatation characterized by the LA
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Figure 2 Nomogram for Estimation of LAT/SEC Risk in NVAF patients with low to borderline CHA,D,VASc score.
Abbreviations: LAD, left atrium diameter; LVEF, left ventricular ejection fraction; NPAF, non-paroxysmal AF.

structural remodeling has been found to be associated with LAT/SEC, which is a classic stroke risk factor.'®*' The
plausible mechanism for the LAT/SEC involves changes in hemodynamics caused by enlarged left atrial, including
turbulences, increased blood stasis, decreased flow velocity and endothelial injury.**

In the present study, NPAF remained a significant risk factor of LAT/SEC, a consistent finding with other studies.?**’
However, the current ESC guidelines do not list AF type as a factor of LAA thrombus formation. AF usually starts as
paroxysmal AF and transforms into NPAF.*® In the past, persistent AF has been reported to be associated with the
existence of an advanced atrial structural, electrical remodeling, and fibroelastosis of the LA/LAA, all of which
predispose patients to thrombosis.?”-**

E/e’, a parameter to evaluate LV diastolic function,?® can be used as a surrogate marker of the left atrial pressure.*”
The possible explanation for the relationship between LV diastolic function and left atrial pressure completes a vicious
circle. An elevated left atrial pressure due to left ventricular diastolic dysfunction may amplify left atrial wall stress

which could further result in advanced electrical and structural remodeling of the left atrial.>'

On the contrary, the dilated
left atrium may influence systolic and diastolic function negatively, which could lead to an increased left atrial pressure.
Consequently, the decreased LA/LAA hemodynamic function eventually leads to LAT/SEC.?***?

Nomogram is a kind of scoring system, which predicts an individual’s probability of a clinical event using individual
factors. Like many other scoring systems,”” the nomogram as a noninvasive technique that provides advantages of
simplicity, effectiveness, convenience and a lower cost. In the present study, we found several predictors of LAT/SEC
and established a nomogram by combining these predictors. Interestingly, the new model, which is composed of both
clinical and echocardiographic parameters, showed a good predictive ability to detect patients with high LAT/SEC risk.
From our results, the nomogram had a stronger discriminatory performance compared with the CHA,DS,-VASc score.
This suggests that there exists a potential of utilizing the model for clinical use. Based on the analysis of our data, we
endorse 181.5 as the cutoff value, and those patients with a score of more than 181.5 should be recognized as a high-risk
group for LAT/SEC. According to our results, the nomogram might be used as an alternative to TEE among NVAF
patients with low/borderline CHA,DS,-VASc scores. Also, the model may provide an insight into whether to stop
anticoagulants after the TEE procedure during the follow-up.
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models in predicting LAT/SEC in the training cohort and validation cohort. (C and D) Calibration curves for the nomogram in the training cohort and validation cohort. The
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Abbreviation: AUC, area under ROC curve.
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Table 3 Comparison of Predictive Accuracy Between the Nomogram and CHA,;DS,-VASc Score for
Estimating the Risk of LAT/SEC

Variable Nomogram CHA,DS,-VASc Score
Training Cohort Validation Cohort Training Cohort Validation Cohort

AUC 0.84 0.8l 0.58 0.52
Cutoff score 181.45 169.26 0.5 1.5

Specificity, % 85.01 71.24 31.21 77.25
Sensitivity, % 7143 83.33 80.95 30.00
NPV, % 94.52 97.08 90.48 89.55
PPV, % 45.11 27.17 16.87 14.52

Abbreviations: AUC, area under ROC curve; LAT/SEC, left atrial thrombus/spontaneous echo contrast; NPV, negative predictive
value; PPV, positive predictive value.

Owing to the lack of a accurate and useful predictive model, developing a new model that incorporates clinical and
echocardiographic features associated with LAT/SEC becomes desirable. Therefore, this is the first study to identify the high-
risk subgroup among the CHA,DS,-VASc score-defined low stroke risk population. However, limitations can be stated for
this study. Our study is limited due to single-centre data, thus it is essential to confirm the findings through multi-center data
in the future. Second, due to the retrospective nature of the study, some indicators such as left atrial appendage (LAA) flow
velocity, LAA morphology, mean platelet volume (MPV)** and whole blood viscosity (WBV)* which might be related to
LAT/SEC were not available in the study. Finally, only NVAF with low/borderline CHA,DS,-VASc score patients were
included in the present study, therefore our findings may not be representative of all patients with NVAF.

Conclusions

Our study showed that age, smoke, LAD, LVEF, E/e’, and NPAF were associated with LAT/SEC in AF patients with
low/borderline CHA,DS,-VASc scores. The nomogram constructed by combining these risk factors effectively predicts
LAT/SEC risk in non-valvular atrial fibrillation patients with a low/borderline CHA,DS,-VASc score.

Abbreviations
LAT, left atrial thrombus; LASEC, left atrial spontaneous echo contrast; NPAF, non-paroxysmal AF; NVAF, non-valvular
atrial fibrillation; TEE, transesophageal echocardiography.
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