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Background: Atrial fibrillation (AF) is one of the most frequently encountered arrhythmias in clinical
practice, with stroke triggered by detachment of left atrial appendage thrombus (LAAT) after AF being its
most critical complication. The purpose of this study was to construct a nomogram model for forecasting left
atrial appendage (LAA) dense spontaneous echo contrast (SEC) and LAAT to accurately identify patients at
high risk for stroke.

Methods: A retrospective analysis was conducted on 433 patients with AF receiving transesophageal
echocardiography (TEE) in the First Affiliated Hospital of Soochow University from October 2019 to July
2022. These patients were assigned into a non-dense SEC/LAAT group or a dense SEC/LAAT group. We
constructed a nomogram model dependent on the odds ratios (ORs) of logistic regression and subsequently
compared its performance with two models, CHADS, and CHA,DS,-VASc.

Results: Female gender, high D-dimer level, low left ventricular ejection fraction, low left atrial ejection
fraction, and low left atrial reservoir strain rate were found to be independent factors for predicting LAA
SEC/LAAT, with OR values and 95% confidence intervals of 2.811 (1.445-5.469), 2.460 (1.230-4.921),
0.961 (0.927-0.996), 0.950 (0.932-0.967), and 0.173 (0.035-0.848), respectively. The consistency statistic
of the nomogram based on these given predictive factors was 0.921, and the calibrated consistency statistic
was 0.903. According to receiver operation curve analysis and decision curve analysis, the nomogram was
demonstrated to be superior to the CHADS, and CHA,DS,-VASc models in predicting LAA dense SEC/
LAAT. The net reclassification improvement and integrated discrimination improvement of the nomogram
were 0.449 (0.324-0.575) and 0.461 (0.408-0.515), when compared with the CHADS, model, and were 0.521
(0.411-0.632), and 0.432 (0.400-0.504), respectively, when compared with the CHA,DS,-VASc models.
Conclusions: The nomogram model constructed in this study demonstrated excellent performance in
predicting LAA dense SEC/LAAT, displaying a superior ability to that of the CHADS, and CHA,DS,-VASc

models.
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Introduction

Atrial fibrillation (AF) is clinically one of the most
frequently occurring arrhythmias, and due to the aging
population of the planet, is increasing in incidence annually
on a global scale. It has been reported that by 2020, the total
number of patients with AF worldwide may be as high as 50
million (1,2). In patients with AF, orderly atrial contractions
are transited into rapid and disordered AF, and in addition
to that of palpitations, the incidences of stroke and heart
failure in patients with AF are also markedly higher (3). In
particular, AF-associated stroke has garnered widespread
attention owing to its high fatality and disability rates (4).

It has been reported that patients with AF have a 4- to
5-fold increased risk of stroke (5). Therefore, the prevention
of stroke is a key concern in AF treatment (6). At present,
the major preventive measure against AF-associated stroke
is anticoagulant therapy, yet the application of anticoagulant
drugs can also cause an increase in bleeding events (7).
Therefore, it is particularly crucial to identify those
patients with AF at high risk of stroke and offer targeted
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* We constructed a nomogram to accurately predict left atrial
appendage (LAA) dense spontaneous echo contrast (SEC) or LAA
thrombus (LAAT).

What is known and what is new?

* 90% of atrial fibrillation (AF) related strokes were caused by the
detachment of LAAT. Female gender, left ventricular ejection
fraction (LVEF), left atrial ejection fraction (LAEF) can be used to
predict LAA dense SEC or LAAT.

* Left atrial reservoir strain rate (LASRS) also has an important
value in predicting LAA dense SEC or LAAT. The nomogram,
which included indicators of female gender, D-dimer level, LVEF,
LAEF, and LASRS, had a higher clinical value in predicting LAA
SEC/LAAT than traditional prediction models.

What is the implication, and what should change now?

®  We can accurately identify patients at high risk of stroke with AF
through non-invasive examination means, thereby reducing the
pain caused by transesophageal cardiac ultrasound. We need a
larger sample size and external validation population to further
verify the application value of the model.
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anticoagulation therapy for these patients. In current
guideline recommendations and clinical practice, the
CHA,DS,-VASc (congestive heart failure or left ventricular
dysfunction hypertension, age >75 years, diabetes, stroke,
vascular disease, age 65-74 years, sex) model is the main
stroke prediction model (6). In the CHA,DS,-VASc model,
population characteristics and medical history serve as
the principal variables, making it amenable to clinical
application. However, many studies have also shown the
limited predictive value of this model (8,9). Detachment of left
atrial appendage thrombus (LAAT) is known to be the cause
of stroke occurring in patients with AF, while thrombosis
is not only associated with systemic factors but also highly
relevant to the local hemodynamics of the heart (10).
These left atrial function variables are not included in
the CHA,DS,-VASc predictive model, which may partly
account for its low predictive performance.

Patients with AF exhibit local hemodynamic changes
in the left atrium, manifesting as a slower local blood flow
velocity and blood stasis. As an attachment structure of
the left atrium, the left atrial appendage (LAA) is often
more prone to blood stasis and thrombosis, which also
underlies the high risk of stroke in patients with AF (11).
Currently, patients with AF and LAA dense spontaneous
echo contrast (SEC) and LAAT are often regarded as a
high-risk population for stroke, and these factors adopted in
the relevant guidelines (6). It is recommended that patients
without sufficient anticoagulation therapy, such as those
in need of emergency restoration of sinus rhythm, should
undergo transesophageal echocardiography (TEE) and
other examinations to exclude LAAT (12).

With the advancement of echocardiography (ECGQG),
ultrasound speckle tracking technology has been extensively
applied in clinical practise, displaying high application value
in cardiac function assessment (13). A related study has
shown that extensive left atrial strain rate can be used for
left atrial function assessment and that left atrial strain can
be used to predict SEC and LAAT in clinical practise (14).
However, the study is limited to examining the relationship
between ECG variables and LAA dense SEC or LAAT, with
other clinical data rarely being included.

In this study, we selected patients with nonvalvular atrial
fibrillation (NVAF) as the participants, with those with
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LAA dense SEC or LAAT being considered the high-risk
population for AF stroke. Based on medical history data,
clinical baseline data, and ECG variables, among other
factors. We constructed a clinical prediction model for LAA
dense SEC/LAAT. This prediction model, encompassing
both structural variables of the left atrium and variables
reflecting left atrial function, which are relatively clinically
accessible, was expected to identify those patients with AF
at high risk of stroke. We present this article in accordance
with the TRIPOD reporting checklist (available at https://
jtd.amegroups.com/article/view/10.21037/jtd-24-288/rc).

Methods
Study participants

We enrolled patients with NVAF who underwent TEE
examination at the First Affiliated Hospital of Soochow
University between October 2019 and July 2022. The
sample size was not calculated beforehand and this was a
convenience sample. Depending on the presence or absence
of dense SEC/LAAT in TEE imaging, patients were
assigned into a dense SEC/LAAT group or a non-dense
SEC/LAAT group. The inclusion criteria were (I) patients
with NVAF and (II) those aged over 18 years. Meanwhile,
the exclusion criteria were the following: (I) congenital
heart disease; (II) hypertrophic cardiomyopathy; (I1I)
myocardial amyloidosis; and (IV) unclear ECG data. The
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). This study was granted
by the Ethics Committee of the First Affiliated Hospital
of Soochow University (ethics approval No. 2024-010).
Individual consent for this retrospective analysis was waived.

Clinical data acquisition

Data on age, gender, body mass index (BMI), medical
history including smoking, drinking, and the presence or
absence of anticoagulant therapy were recorded.
Comorbidities included hypertension, stroke, transient
ischemic attack, systemic embolism, diabetes, congestive
heart failure (CHF), vascular diseases (coronary heart
disease, old myocardial infarction, peripheral vascular
stenosis of more than 50%, aortic plaque), and persistent
AF. The diagnosis of the aforementioned diseases complied
with the relevant guidelines (6,15-17). The data from
laboratory tests were also collected and included platelet
count, D-dimer level, serum creatinine, and hemoglobin.
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And whether patients received adequate anticoagulant
therapy was also collected. All laboratory tests were
conducted by taking peripheral venous blood in the
morning on an empty stomach. Moreover, the CHADS,
and CHA,DS,-VASc scores were computed for all cases.

Transthoracic ECG

ECG was implemented for all participants with a Vivid E9
or Vivid E95 device (GE HealthCare, California, USA) and
the assistance of a 2.5-MHz transducer. Left ventricular
ejection fraction (LVEF) was assessed with Simpson’s
biplane method. The Simpson’s biplane method was used to
gain the maximum left atrial volume (LAV,,) and minimum
left atrial volume (LAV,,,) in apical two- and four-chamber
views, and the maximum left atrial volume index (LAVi,,,,)
and minimum left atrial volume index (LAVi,;,) were
exponentially standardized based on body surface area.
Accordingly, the total left atrial ejection fraction (LAEF)
was computed.

Two-dimensional speckle tracking ECG

The optimized apical four- and two-chamber views of
the left atrium were subjected to offline analysis using
EchoPAC software version 201 (GE HealthCare). With the
left ventricular end-diastolic as the zero reference point for
left atrial strain, this study measured the left atrial reservoir
strain rate (LASRS) and left atrial strain rate during rapid
ventricular filling (LASRE) in apical four- and two-chamber
views during three cardiac cycles. Left atrial reservoir strain
(LASR), LASRS, and LASRE measured in the apical four-
and two-chamber views were averaged for analysis.

TEE examination

Fasting for at least 6 hours before TEE, ECG and TEE
were performed at the same time. TEE examination was
carried out for all study participants on GE Vivid E9 or
GE Vivid E95 devices (GE HealthCare) with the assistance
of a multiplane 6VT (3.0-8.0 MHz) probe. The condition
of the LAA was assessed from multiple angles (at least
45°, 60°, 90°, and 135° views of the middle segment of the

esophagus).

SEC/LAAT definition and classification

SEC was defined as follows: despite the gain adjustment,
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dynamic smoke-like echoes could still observed with a slowly
swirling motion in the LAA and left atrium. In compliance
with the classification criterion proposed by Fatkin ez 4., the
severity of SEC was graded from 0 to 4 (18). Meanwhile,
LAAT was defined as follows: sharply demarcated, mass-like
substantial echo images detected in the LAA.

Statistical analysis

If the proportion of missing data was less than 5%, the
data were imputed via multiple interpolation, and if the
proportion of missing data was greater than 5%, the related
data were deleted. Normally distributed continuous variables
are reported as the mean + standard deviation; otherwise,
they are represented as the median with interquartile range
(IQR). Categorical variables are expressed as frequencies
(%). For normally distributed data, differences between the
two groups were examined through an independent Student
t-test; otherwise, the Mann-Whitney test was used. The
binary variables were compared with the chi-squared test and
Fisher exact test. Given the collinearity between variables
and the small sample size of the dense SEC/LAAT group,
we initially applied least absolute shrinkage and selection
operator (LASSO) regression for variable screening and
then conducted collinearity tests on the screened variables.
Subsequently, stepwise regression was used to further screen
the significant variables in the LASSO regression analysis.
On the strength of the stepwise regression analysis results,
a nomogram was generated with the assistance of the “rms”
package in the R 4.1 version (http://www.r-project.org;
The Foundation for Statical Computing). The nomogram
proportionally converted each regression coefficient in
multiple logistic regression to a scale of 0 to 100, and the
impact of the variable with the highest coefficient B was
scored as 100 points. The sum of these scores (total score)
was generated and then converted into the probability of
predicting dense LAAT/SEC. The calibration curves (500
bootstrap samples) were employed to reduce overfitting
and substantiate the calibration of the model. Its clinical
utility was additionally defined with decision curve analysis
(DCA) to evaluate the performance differences between
our nomogram and that of other models. The consistency
statistic (C statistic) was computed to evaluate the predictive
capability of the nomogram. Additionally, its discrimination
ability was assessed through the receiver operating
characteristic (ROC) curve analysis. The area under the
ROC curve (AUC) was calculated. A comparison of the
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predictive performance between our model (nomogram)
and that of other classification models was implemented.
Integrated discrimination improvement (IDI) and net
reclassification improvement (NRI) were adopted for
evaluating the reclassification ability of the nomogram. The
procedures for model construction are detailed in Figure 1.

Results

Baseline characteristics of the dense SEC/LAAT and non-
dense SEC/LAAT groups

In the study, 464 patients with NVAF were enrolled. After
eliminating 4 cases of congenital heart disease, 19 cases
without complete clinical data, and 8 patients for whom left
atrial strain data on ECG images could not be obtained, we
enrolled 433 patients. These patients were assigned into
the dense SEC/LAAT group or non-dense SEC/LAAT
group according to the presence or absence of LAA dense
SEC/LAAT. There were 116 cases in the dense SEC/LAAT
group, accounting for 26.8% of the enrolled patients.
Among them, 55 patients were female and the median age
was 67.0 IQR, 62.0-72.0) years old. Representative TEE
images and a left atrial strain rate diagram for patients in the
non-dense SEC/LAAT group are depicted in Figure 24,28,
respectively, while those for patients in the dense SEC/
LAAT group are presented in Figure 2C,2D, respectively.

Table 1 displays the data on medical history, laboratory
test results, and ECG variables of patients in both groups.
Compared with the non-dense SEC/LAAT group, the dense
SEC/LAAT group tended to have a higher proportion
of older patients, females, and patients with persistent
AF, diabetes, or CHF. Higher CHADS, and CHA,DS,-
VASc scores were found in the dense SEC/LAAT group as
compared to the non-dense SEC/LAAT group. Laboratory
test results showed a higher D-dimer level in the dense
SEC/LAAT group versus the non-dense SEC/LAAT group.
According to the on the ECG images, higher values of right
axis deviation (RAD), right arterial pressure (RAP), left
ventricular diastolic dysfunction (LVDD), peak mitral valve
flow velocity during early ventricular diastole (E), ratio of E
to peak mitral ring motion velocity during early ventricular
diastole (E/e"), left axis deviation (LAD), LAV,,,,, LAVI,,.,
and LAVI but lower values of LVEF, E-wave deceleration
time (EDT), LAEF, LASRS, and LASRE were noted in the
dense SEC/LAAT group relative to the nondense SEC/
LAAT group.
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464 NVAF patients who underwent TEE
examination in the First Affiliated Hospital of
Soochow University
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Figure 1 Flowchart of variable screening and nomogram construction. NVAE nonvalvular atrial fibrillation; TEE, transesophageal echocardiography;
SEC, spontaneous echo contrast; LAAT, left atrial appendage thrombus; LAA, left atrial appendage; LASSO, least absolute shrinkage and selection

operator; AUC, area under the curve; DCA, decision curve analysis; NRI, net reclassification index; ID], integrated discrimination improvement.

Figure 2 Representative transesophageal echocardiography images and a left atrial strain rate diagram for the non-dense SEC/LAAT group
(A,B) and the dense SEC/LAAT group (C,D). SEC/LAAT, spontaneous echo contrast/left atrial appendage thrombus.
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Variable Non-dense SEC/LAAT (n=317) Dense SEC/LAAT (n=116) P value
Demographics
Age (years), median [IQR] 65.0 [58.0-69.0] 67.0 [62.0-72.0] 0.001
Female gender, n (%) 101 (31.9) 55 (47.4) 0.003
BMI (kg/m?), median [IQR] 24.8 [23.0-27.3] 24.4 [23.1-26.6] 0.12
Medical history, n (%)
Smoking 49 (15.5) 27 (23.3) 0.06
Drinking 52 (16.4) 2017.2) 0.88
Persistent AF 156 (49.2) 109 (94.0) <0.01
Anticoagulants 158 (49.8) 67 (57.8) 0.14
Comorbidity, n (%)
HTN 178 (56.2) 77 (66.4) 0.06
DM 38 (12.0) 26 (22.4) 0.009
CHF 17 (5.4) 25 (21.6) <0.01
TIA/stroke/embolism 27 (8.5) 11 (9.5) 0.75
Vascular disease 23 (7.3) 10 (8.6) 0.64
Model, median [IQR]
CHADS, 1[0-1] 1[1-2] <0.01
CHA,DS,-VASc 2 [1-3] 2 [2-4] <0.01
Laboratory tests
Hemoglobin (g/L), mean + SD 139.5+16.7 140.5+15.5 0.57
Cr (ummol/L), median [IQR] 68.1 [68.4-78.4] 69.0 [69.0-82.7] 0.72
PLT (10%/L), median [IQR] 177 [144-214] 169 [137-201] 0.10
D-dimer (ug/mL), median [IQR] 0.22 [0.14-0.32] 0.28 [0.22-0.62] <0.01
Echocardiography
RAD (mm), median [IQR] 39.0 [35.0-44.0] 43.0 [38.0-48.0] <0.01
mPAP (mmHg), median [IQR] 26 [22.0-30.0] 29.0 [24.0-36.0] <0.01
IVSth (mm), median [IQR] 9.0 [9.0-10.0] 9.0 [9.0-10.0] 0.89
LVDD (mm), mean + SD 49.4+4.6 51.8+6.5 <0.01
LVEF (%), median [IQR] 61.0 [58.0-65.0] 57.0 [43.0-61.0] <0.01
E (cm/s), median [IQR] 79.0 [67.0-99.0] 95.0 [81.0,106.0] <0.01
E/e', median [IQR] 9.1 [7.4-11.4] 11.7 [8.6-14.4] <0.01
188.0 [162.0-221.0] 176.5 [140.0-189.0] <0.01

EDT (ms), median [IQR]

Table 1 (continued)
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Variable Non-dense SEC/LAAT (n=317) Dense SEC/LAAT (n=116) P value

LA, median [IQR]
LAD (mm) 43.0 [40.0-46.0] 48.0 [45.0-52.0] <0.01
LAEF (%) 35.7 [21.6-51.9] 14.5[9.4-17.8] <0.01
LAV, ., (mm®) 46.0 [29.0-67.0] 89.0 [71.5-110.0] <0.01
LAV, (ML/m?) 39.1[31.8-51.4] 59.7 [50.1-73.5] <0.01
LAV, (mL/m?) 25.6 [16.6-38.2] 51.8 [42.7-64.0] <0.01
LASRS (%) 0.94 [0.69-1.23] 0.48 [0.37-0.65] <0.01
LASRE (%) 1.10 [0.85-1.46] 0.76 [0.60-0.98] <0.01

TTE, transthoracic echocardiogram; SEC/LAAT, spontaneous echo contrast/left atrial appendage thrombus; IQR, interquartile range; BMI,
body mass index; AF, atrial fibrillation; HTN, hypertension; DM, diabetes mellitus; CHF, congestive heart failure; TIA, transient ischemic
attack; PLT, platelet; RAD, right atrial diameter; mPAP, mean pulmonary artery pressure; IVSth, interventricular septum thickness; LVDD,
left ventricle end-diastolic diameter; LVEF, left ventricular ejection fraction; E, peak mitral valve flow velocity during early ventricular
diastole; e', peak mitral ring motion velocity during early ventricular diastole; E/e', ratio of E to e'; EDT, E-wave deceleration time; LAD, left
atrial diameter; LAEF, left atrial ejection fraction; LAV,,,., maximum left atrial volume; LAVI,,, maximum left atrial volume index; LAVI,,
minimum left atrial volume index; LASRS, left atrial reservoir strain rate; LASRE, left atrial strain rate during rapid ventricular filling.
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Figure 3 Results of one random LASSO regression screening. (A) Coefficient change trajectory, with log(}) as the horizontal axis and

the coefficient as the vertical axis; the closer the coefficient is to 0, the I its importance. (B) The vertical axis represents the error of binary

classification, representing the size of the model error; the horizontal axis below it represents log(A) while the horizontal axis above it

represents to the number of variables. The first dashed line represents the line with the lowest classification error, and the second line

represents the line with the least number of variables. LASSO, least absolute shrinkage and selection operator.

Screening of variables for the predictive model

We conducted LASSO regression on 22 variables with
statistical significance (Figure 3). The model had the
minimum classification error at the level of 2=0.015 and
the least number of variables at the level of A=0.038 (female
gender, D-dimer, CHF, LVEE, E/e’', LAEE, LASVI, LASRS)
(Table 2); these eight variables exhibited good predictive
value for dense SEC/LAAT, with corresponding coefficients

© Journal of Thoracic Disease. All rights reserved.

of 0.146, 0.187, 0.314, -0.025, 0.023, -0.050, 0.018, and
-0.819, respectively.

To further simplify the model, the aforementioned eight
variables were subjected to stepwise regression analysis. The
stepwise regression data in 7able 2 indicated that female
gender, high D-dimer level, low LVEE, low LAEF, and low
LASRS were independent markers for predicting SEC/
LAAT (P<0.05), with odds ratios (OR) values and 95%
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Table 2 LASSO regression and stepwise regression analysis results
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LASSO regression

Stepwise regression analysis

Variable

Coefficient OR 95% ClI P
Gender (female) 0.146 2.811 1.445-5.469 0.002
D-dimer (ug/mL) 0.187 2.460 1.230-4.921 0.01
CHF (%) 0.314 - - -
LVEF (%) -0.025 0.961 0.927, 0.996 0.03
E/e' 0.023 - - -
LAEF (%) -0.050 0.950 0.932-0.967 <0.01
LAVI,., (mL/m?) 0.018 - - -
LASRS (%) -0.819 0.173 0.035-0.848 0.03

LASSO, least absolute shrinkage and selection operator; OR, odds ratio; Cl, confidence interval; CHF, congestive heart failure; LVEF, left
ventricular ejection fraction; E, peak mitral valve flow velocity during early ventricular diastole; e', peak mitral ring motion velocity during
early ventricular diastole; E/e', ratio of E to e'; LAEF, left atrial ejection fraction; LAVI,..,, maximum left atrial volume index; LASRS, left atrial
reservoir strain rate.

0 10 20 40 50 80 90
Polnts L 1 1 1 1 1 1
1
Female —
0
D-dimer r T T T T T T T 1
005 115 2 25 3 35 4 45 5
LVEF T T T T T T T T T T T T 1
80 70 60 50 40 30 20
LAEF T T T T T T T T T 1
90 80 70 60 50 40 30 20 10 0
LASRS T T T T T T T T T T T T T 1
2.6 22 2 18 1.4 1 08 0.4 0
Total points T T T T T T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 200 220 240 260
Dense SEC/LAAT rate T T T T T T 1

0.001 0.01 0.1 030507 0.9 0.99  0.999

Figure 4 A nomogram prediction model for dense SEC/LAAT in NVAF patients. LVEF, left ventricular ejection fraction; LAEF, left atrial

ejection fraction; LASRS, left atrial reservoir strain rate; SEC, spontaneous echo contrast; LAAT, left atrial appendage thrombus; NVAE,

nonvalvular atrial fibrillation.

confidence intervals of 2.811 (1.445-5.469), 2.46 (1.230-
4.921), 0.961 (0.927-0.996), 0.950 (0.932-0.967), and 0.173
(0.035-0.848).

Construction of a nomogram model for predicting dense
SEC/LAAT in patients with NVAF

Five variables selected through stepwise regression,
including female gender, high D-dimer, low LVEEF,
low LAEF, and low LASRS, were adopted to construct
a nomogram prediction model (Figure 4). The results

© Journal of Thoracic Disease. All rights reserved.

revealed that female patients and patients with elevated
D-dimer levels had a higher incidence of LAA dense SEC/
LAAT, while patients with lower LVEF, LAEF, and LASRS
had an increased incidence of dense SEC/LAAT.

Validation of the predictive capability of the nomogram for
dense SEC/LAAT in patient with NVAF

The statistical results indicated that the nomogram
had a C-statistic of 0.921, which was suggestive of
good discrimination capability. To further calibrate
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Figure 5 The calibration curve of the nomogram prediction model
for dense SEC/LAAT in patients with NVAF. SEC, spontaneous
echo contrast; LAAT, left atrial appendage thrombus; NVAF,
nonvalvular atrial fibrillation.

the nomogram, we plotted the calibration curve of this
nomogram (Figure 5). Given the relatively small amount of
data in this study, we conducted internal validation through
500 repetitions of bootstrapping. In the calibration curve
results, the calibration curve of this nomogram was very
close to 45°, indicating good calibration of the predictive
model. Meanwhile, the bootstrap C-statistic value was 0.903,
with a bias of 0.018.

Comparison of the predictive performance between the
nomogram model and traditional prediction models
CHADS, and CHA,DS,-VASc for dense SEC/LAAT in
patients with NVAF

In an attempt to further compare our prediction model with
traditional prediction models (CHADS, and CHA,DS,-
VASc) in their predictive performance for dense SEC/
LAAT, we plotted the ROC curves of three prediction
models (Figure 64). Accordingly, the AUC value and 95%
confidence interval of nomogram was the highest, equal to
0.921 (0.785-0.931), while that of CHADS, and CHA,DS,-
VASc was 0.624 (0.397-0.792) and 0.635 (0.483-0.750),
respectively. Therefore, the nomogram better predicted
dense SEC/LAAT. Furthermore, corresponding DCA
curves were drawn (Figure 6B). A higher net benefit was
detected for the nomogram under different probability
thresholds. Additionally, we compared the performance of
the three models (7able 3) by calculating the NRI and IDI
values and 95% confidence intervals. The results indicated
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that the nomogram had an NRI of 0.449 (0.324-0.575) and
an IDI of 0.461 (0.408-0.515) compared with the CHADS,
model (P<0.05), along with am NRI of 0.521 (0.411-0.632)
and an IDI of 0.432 (0.400-0.504) in comparison with the
CHA,DS,-VASc model (P<0.05). Hence, it was reasonable
to conclude that the nomogram had superior performance
compared to the traditional CHADS, and CHA,DS,-VASc
models in predicting LAA dense SEC/LAAT.

Discussion

This study demonstrated the significant value of left atrial
structural and functional variables in predicting dense
SEC/LAAT. Two variables, LAEF—reflecting left atrial
function—and LASVI—reflecting left atrial structure—
exhibited the highest application value. Additionally,
we integrated comprehensive and clinically accessible
variables including female gender, D-dimer level, LVEE,
LAEF, and LASRS to construct a nomogram model for
predicting dense SEC/LAAT. This prediction model had
higher discrimination and application value in predicting
dense SEC/LAAT than did the traditional CHADS, and
CHA,DS,-VASc models.

The CHADS, score is a predictive model that was
proposed for identifying populations at high risk of stroke
in patients with AF (19). Owing to its limited discrimination
ability, the CHA,DS,-VASc score was proposed in 2010
to improve upon the CHADS, score (20). Nevertheless,
clinical study based on large sample sizes have shown
a relatively limited value of CHA2DS2-VASc score in
identifying high-risk stroke populations, with a C-statistic
less than 0.7, which is only 0.004 higher than that of the
CHADS, score (21). The findings of our study indicated
that the CHADS, and CHA,DS,-VASc scores were not
independent predictors of LAA dense SEC/LAAT, while
only female gender was an independent predictor in these
two scoring systems.

Due to the limited application value of previous
prediction models, a recent study has used the presence of
LAA dense SEC/LAAT as an alternative indicator for those
at high risk of stroke to construct prediction models for
patients with AF. Cetin et 4/. developed a clinical prediction
model using 433 patients with NVAF as the studying
population and found that ECG variables, particularly
LAD, LVEF, and pulmonary artery systolic pressure,
were independent predictors of LAA SEC/LAAT (22). In
addition to this indicator, our study also enrolled indicators
that could better reflect left atrial structure and left atrial
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Table 3 Comparisons of NRI and IDI values between nomogram
model and the CHADS,, and CHA,DS,-VASc models

Index Values 95% ClI P
NRI
vs. CHADS, 0.449 0.324-0.575 <0.05
vs. CHA,DS,-VASc 0.521 0.411-0.632 <0.05
IDI
vs. CHADS, 0.461 0.408-0.515 <0.05
vs. CHA,DS,-VASc 0.432 0.400-0.504 <0.05

NRI, net reclassification index; IDI, integrated discrimination
improvement; Cl, confidence interval.

function. Similar to the study of Cetin et 4/. (22), we found
that LVEF was an independent predictor of LAA SEC/
LAAT, but mean pulmonary artery pressure and LAD,
which reflects left atrial size, were not. A study (23) has
substantiated that LAV and LAVI, which better reflect left
atrial structure, have limited predictive value for LAA SEC/
LAAT. In this study, we additionally incorporated variables
of LAEF and LASRS, which could reflect left atrial
function, and our results suggested that these indicators
were independent predictors for LAA SEC/LAAT, with
LAEF having the highest value.

D-dimer level has always been an important laboratory
indicator for predicting embolic events, showing high
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clinical value. However, few studies have examined the use
of D-dimer level in predicting LAA SEC/LAAT, and the
scant findings are inconsistent (24,25). In our study, D-dimer
level was found to be an independent predictor for LAA
dense SEC/LAAT, which might be related to the fact that
the event investigated in our study was dense SEC rather
than SEC.

The nomogram has emerged as a common prediction
method in the field of medical research in recent years due
to is ability to convert the contribution of each variable
into a score and then calculate the probability of events,
making it more intuitive (26). Liu e /. (27) also integrated
clinical data and ECG data to construct a nomogram
model for predicting left atrial spontaneous echo contrast
(LASEC) and found that age and nonparoxysmal AF to
be two independent predictors for LAAT/SEC. In our
study, although the patients were older in the LAAT/SEC
group, age was not an independent predictor for LAA SEC/
LAAT after adjustment for confounding factors. Although
multiple studies have reported (27,28) that nonparoxysmal
AF has high predictive value in predicting LAA SEC/
LAAT, our findings did not indicate nonparoxysmal AF
to be a predictor of LAA SEC/LAAT, which may be
linked to the inclusion in our study of LAEF, an indicator
reflecting left atrial function. During an AF attack, left atrial
hemodynamic changes can be observed in the patients with
lower LAEF values. Thus, nonparoxysmal patients with AF
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may have reduced left atrial hemodynamics, leading to the
onset of LAA SEC/LAAT. This study had similar findings
to the study of Liu et 4/. (29). Furthermore, a higher
C-statistic indicated the better discrimination potential of
our nomogram.

Ultimately, we evaluated and compared the performance
of our nomogram model with the CHADS, and CHA,DS,-
VASc models in predicting LAA SEC/LAAT. The results
showed that the CHADS, and CHA,DS,-VASc models
had limited value in predicting LAA SEC/LAAT, with the
nomogram demonstrating greater predictive ability. Some
limitations to this study should be noted. First, our single-
center, retrospective design lacked external validation,
possibly limiting the performance of the model. Second, the
sample size in this study was relatively small, only involving
433 cases, and the patient ECG data did not include left
atrial strain data, only left atrial strain rates. Finally, TEE is
an invasive procedure, so some frail patients, such as those
with severe stroke who could not cooperate with TEE, were
not included.

Conclusions

The nomogram, which included indicators of female
gender, D-dimer level, LVEF, LAEF, and LASRS, had
high clinical value in predicting LAA SEC/LAAT. This
may make it possible to predict LAASEC/LAAT through
non-invasive examination, accurately identify high-risk
stroke populations in AF patients, and then implement
personalized anticoagulation. Moreover, this can also
significantly alleviate the pain of patients with AF who
should receive TEE to confirm the presence of LAA SEC/
LAAT for urgent restoration of sinus rhythm.
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