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Abstract

Purpose: This study investigated possible mechanism of left atrial appendage (LAA) thrombosis and constructed a model
to evaluate the future risk of LAA thrombosis and spontaneous echo contrast (SEC) in non-valvular atrial fibrillation
(NVAF) patients. Methods: This retrospective study included 2591 patients diagnosed with NVAF. Patients were divided
based on the presence of transesophageal echocardiography (TEE) into a thrombus group, SEC group, and control group.
General, biochemical, and echocardiography data of the three groups were analyzed. The variables independently associ-
ated with LAA thrombosis and SEC were determined by the logistic regression analysis. A nomogram was constituted
based on the regression analysis and the discriminatory ability was analyzed by receiver operating characteristic (ROC)
curve. Results: LAA thrombosis and SEC were present in 110 (4.2%) patients and 103 (3.9%) patients, respectively. AF
type (OR=1.857), previous stroke (OR=1.924), fibrinogen (OR=1.636), diameters of the left atria (OR=1.094), left
ventricular ejection fraction (OR=0.938), and LAA maximum caliber (OR=1.238) resulted as independent risk factors
for LAA thrombosis and SEC. The area under curve of the nomogram established by multivariate logistic regression was
0.824. Conclusions; Through the study, 6 independent risk factors related to the LAA thrombosis and SEC were found,
and an effective nomogram was constructed to predict the LAA thrombosis and SEC in NVAF patients.

Keywords Non-valvular atrial fibrillation - Thrombosis - Left atrial appendage - Transesophageal echocardiography -
Predictive model

Introduction

Atrial fibrillation (AF) is one of the most common clini-
cal sustained tachyarrhythmias [1]. A recent analysis of the
Framingham cohort estimated a prevalence of AF in the
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general population to range from 0.4 to 1%, which increases
with age [2—4], while in the older population, it can reach
7.2% (over 65 years old), and 10.3% (over 75 years and
older) [1]. Non-valvular atrial fibrillation (NVAF) is the
most common type of AF. Chest discomfort, lightheaded-
ness or feeling faint, a fluttering in the chest, heart palpita-
tions, and shortness of breath are some of the most common
symptoms of NVAF.

Previous studies have suggested that the risk of isch-
emic stroke in NVAF patients is 5 times higher than that in
patients with sinus rhythm [5], which is an important cause
of stroke. In addition, a series of studies have shown that
more than 90% of embolus of thromboembolism compli-
cations in NVAF patients come from left atrial appendage
(LAA) [6, 7]. Thus, it is believed that ischemic stroke in
NVAF patients is closely related to LAA thrombosis. In
addition to the loss of atrial systolic function and stasis
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of blood flow during atrial fibrillation, ischemic stroke in
NVAF patients may also be associated with endocardial
injury or dysfunction, as well as abnormal coagulation and
fibrinolytic function [8]. However, the concrete-related fac-
tors and mechanism of LAA thrombosis are still not fully
understood.

Transesophageal echocardiography (TEE) is the main
way to detect LAA thrombosis and spontaneous echo con-
trast (SEC) in patients with NVAF, with high specificity
and sensitivity. Some previous studies focused on individ-
ual factors of the LAA thrombus formation and stroke in
patients with NVAF. The present study aimed to investigate
factors related to LAA thrombosis and LAA SEC, and inte-
grate various factors to construct a relatively reliable esti-
mation model to predict future risk of LAA thrombosis and
SEC in NVAF patients. These data provide basic evidence
for clinical prevention and treatment of NVAF patients with
LAA thrombosis or thromboembolism complications.

Methods
Study design
This is a single-center retrospective study.

Study subjects

Patients diagnosed with AF who were hospitalized in the
cardiovascular department of First Affiliated Hospital of
Army Medical University and examined by TEE from
August 1, 2014 to May 31, 2021 were included in the
study. The inclusion criteria were: (1) patients diagnosed
with NVAF by using 2019 AHA/ACC/HRS criteria,[9]
which generally refers to AF without moderate-to-severe

mitral stenosis (potentially requiring surgical intervention)
or in the absence of an artificial (mechanical) heart valve
and not imply the absence of valvular heart disease; (2) AF
confirmed by electrocardiogram (ECG) or dynamic elec-
trocardiogram (DCG); (3) patients who completed at least
once TEE examination as a routine examination on admis-
sion;(4) Patients who have not received regular oral-anti-
coagulation. Patients with uncomplete data were excluded.
This study was approved by the Ethical Committee of the
First Affiliated Hospital of Army Medical University ((B)
KY2021050), June 21, 2021. Informed consent was waived
for this was a retrospective study.

Transesophageal echocardiography (TEE)

Philips iE 33 color Doppler ultrasonography and X7-2t
transesophageal ultrasound probe (frequency 2~7 MHz)
were used in this study. An experienced ultrasonic diagnosti-
cian handled the tools. Patients underwent ECG monitoring
and ensured that the heart rate was less than 120 bpm dur-
ing the examination. For patient in AF rhythm, the median
values of the measurements in 3 to -5 consecutive cardiac
cycles were calculated and recorded. The caliber and depth
of LAA were measured from multiple angles, and thrombo-
sis (solid or hypoechoic regiment shadow, Fig. 1) or severe
SEC (smoky, very dense blood flow echo signal that can be
observed in a regular or even low enhancement[10]) in the
left atria (LA) and LAA were carefully observed.

Grouping
Patients were divided based on the presence of LAA and/

or LA thrombosis and severe SEC into 3 groups: throm-
bus group (thrombosis found by TEE), SEC group (no

Fig. 1 TEE imaging of LAA. Left: arrow showed thrombus. Right: severe SEC could be seen in the LAA and LA. LA: Left atria; LAA: Left

auricular appendage; LV: Left ventricular; MV: Mitral valve; AO: aorta
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thrombosis but severe SEC found by TEE), and control
group (no thrombosis and severe SEC found by TEE).

Variables

The following data were collected from all patients who
were first admitted and did not undergo cardiac interven-
tional surgery: (1) Basic information: age, sex, height,
weight, and body mass index (BMI=weight(kg)/height(m)
squared); (2) AF types: paroxysmal atrial fibrillation, per-
sistent atrial fibrillation (the paroxysmal AF and persistent
AF was defined as abnormal heart rhythm last up no more
than a week and more than a week ); (3) Combined diseases:
stroke, hypertension, coronary heart disease (CHD), dilated
cardiomyopathy (DCM), diabetes; (4) CHA,DS,-VASc
score: The CHA2DS2-VASc score was the sum of points
after addition of one point each for heart failure, hyper-
tension, diabetes, vascular disease, age 65-74 years, and
female sex and two points each for previous thromboembo-
lism and age >75 years; (5) Medication history: history of
angiotensin-converting enzyme inhibitor (ACEI) or angio-
tensin receptor blockers (ARB), B-blocker, amiodarone,
statin, aspirin, clopidogrel, loop diuretics, spironolactone,
digitalis. (6) TTE: the anterior-posterior diameters of the left
ventricle (LV), left atria (LA), and right ventricle (RV) in the
left ventricle long-axis view, the transverse diameter of the
right atria (RA) in the apical 4 chamber view. left ventricu-
lar ejection fraction (LVEF) assessed by M-type ultrasound
measurements in the left ventricle long-axis view and Simp-
son’s method in the apical 4 chamber view; (7) TEE: the
caliber and depth of LAA at 0°,45°, 90°, 135°. Maximum
caliber and depth, and whether there is thrombus or SEC in
LA and/or LAA. (8) Erythrocyte count (RBC), neutrophil
count (NEUT), lymphocyte count (LN) and platelet count,
fibrinogen (fib), prothrombin time (PT), thrombin time
(TT), and activated partial thromboplastin time (APTT). (9)
Glycosylated hemoglobin, serum creatinine (Scr), glomeru-
lar filtration (GFR), cholesterol, high-density lipoprotein
cholesterol (HDL-c), low-density lipoprotein cholesterol
(LDL-c), and triglyceride.

Statistical analysis

SPSS 26.0 was used for statistical analysis. Continuous data
were tested with the Kolmogorov-Smirnov test for normal
distribution. Normally distributed continuous data were
expressed as means=+ SD. Categorical data are expressed
as n (%). Normally distributed continuous data were tested
using the student-t test or ANOVA, while non-normally dis-
tributed continuous data were analyzed by the Mann-Whit-
ney U test or Kruskal-Wallis test. Categorical data were
analyzed by the chi-square test or Fisher’s exact test. And

Bonferroni correction was used to correct the p-value of the
pairwise comparison. Binary logistics regression was used
to analyze the different variables between the thrombosis
group/SEC group and the control group and determine the
independent risk factors and its OR. A nomogram was con-
struct on the basis of the results of binary logistics regression
and was drawn by using the rms package of R, version 3.0
(http://www.r-project.org/). The nomogram is depending on
proportionally converting each regression coefficient (B) in
logistic regression to a 0 to 100 point rating scale (the effect
of the variable with the highest absolute value of B coef-
ficient is determined as 100 points). The points are added
across independent variables to calculate total points, which
are converted to predicted probabilities. Receiver operat-
ing characteristic (ROC) curves were constructed, and the
area under the curve (AUC) of this model was calculated
to evaluate the discriminant ability. Sensitivity, specific-
ity, were calculated based on the optimal cut-off value. A
P-value <0.05 was considered statistically significant.

Results
Detection rate of thrombosis and severe SEC

A total of 2591 NVAF patients were included in this study,
including 1418 males and 1173 females, with an average
age of 63.92+11.35 years old. A total of 110 patients with
thrombosis were found by TEE, and the detection rate of
thrombosis was 4.2% (95% CI 3.4%-5.0%). Among them,
110 patients (100%) had LAA thrombus, and 1 patient had
LA thrombus at the same time (0.9%). In addition, 103
cases had severe SEC, with a detection rate of 4.0% (95%
CI 3.2%-4.7%), all located in LAA, among which 55 cases
(53.4%) were combined with LA severe SEC.

Demographic parameters

We then compared clinical characteristics data among differ-
ent groups (thrombus group, SEC group, and control group)
(Table 1). Compared with the control group, patients in
the thrombus group and SEC group were older (p <0.001).
Moreover, the proportion of persistent or permanent atrial
fibrillation, CHA,DS,-VASc score>2 (p<0.001) and the
proportion of patients with previous stroke and DCM were
also higher in the thrombus group and SEC group vs. con-
trol group (p < 0.005); while there were no significant differ-
ences between thrombus group and SEC group (p> 0.05).
The proportion of patients with CHD in the SEC group was
higher than that in the control group (p=0.002); yet, this
was not seen when comparing the thrombus group and the
control group (p > 0.05).
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Table 1 Demographic variables among groups

Variable Throm- SEC group Control group P value Pairwise comparison P
bus group (N=103) (N=2378) between value
(N=110) groups
Age (years) 66.6+10.7 68.1+9.4 63.6+114 <<0.001 Thrombus vs. Control 0.001
s vs. Control <0.001
Thrombus vs. SEC 0.561
Gender Male (n/%) 63 (57.3%) 60 (58.3%) 1295 (54.5%) 0.646
Female (n/%) 47 (42.7%) 43 (41.7%) 1083 (45.5%) 0.646
AF type Persistent or 75 (68.2) 69 (67%) 941 (39.6%) <0.001 Thrombus vs. Control <0.001
Permanent AF s vs. Control <0.001
(/%) Thrombus vs. SEC 0.853
Paroxysmal AF 35 (31.8%) 34 (33%) 1437 (60.4%) <0.001 Thrombus vs. Control <0.001
(n/%) s vs. Control <0.001
Thrombus vs. SEC 0.853
BMI (Kg/m?) 24.1+3.3 23.8+3.4 244+34 0.109
CHA,DS,-VASc 85 (77.3%) 85 (82.5%) 1508 (63.4%) <0.001 Thrombus vs. Control <0.001
score =2 (n/%) s vs. Control <0.001
Thrombus vs. SEC 0.34
Combined decease Stroke (n/%) 19 (17.3%) 18 (17.5%) 191 (8%) <0.001 Thrombus vs. Control <0.001
s vs. Control <0.001
Thrombus vs. SEC 0.969
Hypertension 59 (53.6%) 60 (58.3%) 1190 (50%) 0.211
(n/%)
Diabetes (n/%) 26 (23.6%) 18 (17.5%) 379 (15.9%) 0.097
CHD (n/%) 74 (67.3%) 80 (77.7%) 1487 (62.5%) 0.005 Thrombus vs. Control 0.315
s vs. Control 0.002
Thrombus vs. SEC 0.09
DCM (n/%) 14 (12.7%) 9 (8.7%) 71 (3%) <0.001 Thrombus vs. Control <0.001
s vs. Control 0.001
Thrombus vs. SEC 0.348
Medication ACEI/ARB 28 (25.5%) 31 (30.1%) 622 (26.2%) 0.660
B blocker 31 (28.2%) 39 (37.9%) 755 (31.7%) 0.300
Amiodarone 9 (8.2%) 7 (6.8%) 179 (7.5%) 0.929
Statin 32 (29.1%) 32 (31.1%) 605 (25.4%) 0.321
Aspirin 17 (15.5%) 20 (19.4%) 353 (14.8%) 0.443
Clopidogrel 14 (12.7%) 6 (5.8%) 244 (10.3%) 0.231
Loop diuretics 14 (12.7%) 8 (7.8%) 222 (9.3%) 0.415
Spironolactone 13 (11.8%) 12 (11.7%) 203 (8.5%) 0.287
Digitalis 8 (7.3%) 4 (3.9%) 123 (5.2%) 0.516

s: Spontaneous echo contrast; BMI: Body Mass Index; CHD: Coronary atherosclerotic heart disease; DCM: Dilated cardiomyopathy; ACEI:
Angiotensin-converting enzyme inhibitor; ARB: Angiotensin receptor blockers

Complete blood cell (CBC), coagulation function,
renal function, and lipid profiles

Compared with the control group, Fib, PT, APTT, glycosyl-
ated hemoglobin, and SCr were higher, and GFR was lower
in the thrombus group and SEC group (p < 0.05), while there
was no significant difference between the thrombus group
and SEC group (p > 0.05). Moreover, NEUT in the thrombus
group was significantly higher (p <0.001), while LN and
HDL-c were significantly lower than in the control group
(p<0.05); still, no significant difference in these variables
were found in the SEC group compared with the control
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group or thrombus group. The RBC, PLT, cholesterol, LDL-
¢, and triglyceride among the three groups differed to some
extent, but the observed differences were not statistically
significant. Details can be seen in Table 2.

Echocardiography

The TTE and TEE analysis showed that compared with the
control group, the LA, RV, LV, and RV in the thrombus group
and SEC group were significantly increased (p < 0.05), same
as the caliber and depth of LAA at 0°,45°, 90°, 135°. Max-
imum LAA caliber and depth in the thrombus group and
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Table 2 Laboratory examination among groups

Variables Thrombus group  SEC group Control group P value Pairwise comparison P

(N=110) (N=103) (N=2378) between value
groups

Erythrocyte 4.56+0.61 4.45+0.61 4.57+0.58 0.096

Count (10'%/L)

Neutrophil count 4.48+1.97 3.95+1.57 3.70+1.48 <0.001 Thrombus vs. Control <0.001

(10°/L) s vs. Control 0.206
Thrombus vs. SEC 0.142

Lymphocyte 1.58 +0.66 1.57+0.58 1.69+0.59 0.005 Thrombus vs. Control 0.007

count (10°/L) s vs. Control 0.057
Thrombus vs. SEC 0.603

Blood platelet 170.40 +£52.50 166.10+66.60 176.90 +58.80 0.055

count (10°/L)

Fib (g/L) 2.90+0.92 3.01+1.06 2.59+0.74 <0.001 Thrombus vs. Control <0.001
s vs. Control <0.001
Thrombus vs. SEC 0.363

PT (/s) 13.84+5.47 13.31+4.14 12.50+5.79 <0.001 Thrombus vs. Control <0.001
s vs. Control <0.001
Thrombus vs. SEC 0.353

APTT (/s) 30.55+6.78 30.44+5.52 29.23+6.06 0.004 Thrombus vs. Control 0.036
s vs. Control 0.008
Thrombus vs. SEC 0.636

TT (/s) 19.87+13.30 21.39+19.20 19.1+10.00 0.146

Glycated hemo- 6.40+1.02 6.60+1.86 6.20+1.17 <<0.001 Thrombus vs. Control 0.005

globin (%) s vs. Control 0.003
Thrombus vs. SEC 0.902

Ser (umol/L) 81.74+19.50 77.88+17.25 73.64+16.18 <0.001 Thrombus vs. Control <0.001
s vs. Control 0.037
Thrombus vs. SEC 0.14

GFR (ml/min) 76.10+18.90 78.20+17.70 85.00+18.40 <0.001 Thrombus vs. Control <0.001
s vs. Control 0.001
Thrombus vs. SEC 0.417

Cholesterol 4.08+1.12 4.06+1.02 4.18+1.03 0.258

(mmol/L)

HDL-c (mmol/L) 1.06+0.28 1.13+£0.28 1.15+£0.29 0.008 Thrombus vs. Control 0.002
s vs. Control 0.65
Thrombus vs. SEC 0.065

LDL-c (mmol/L) 2.56+0.77 2.52+0.82 2.61+0.74 0.455

TG (mmol/L) 1.43+1.38 1.27+0.74 1.43+0.98 0.080

s: Spontaneous echo contrast; Fib: Fibrinogen; PT: Prothrombin time; APTT: Activated partial thromboplastin time; Scr: Serum creatinine;
GFR: Glomerular filtration rate; HDL-c: High density liptein cholesterol; LDL-c: Low density liptein cholesterol; TG: Triglyeride

SEC group were also significantly increased compared with
the control group (p <0.05). Also, LVEF was lower in the
thrombus group and SEC group compared with the control
group (p <0.005). There were no significant differences in
these variables between the thrombus group and the SEC
group. Details can be seen in Table 3.

Multiple regression analysis

To address the issue of small sample numbers, we com-
bined the thrombus group with the SEC group. Variables
found to be remarkably different among the three group
in former analyses included age, CHA,DS,-VASc score,

type of atrial fibrillation, previous stroke, diabetes and
DCM, Fib, PT, APTT, glycosylated hemoglobin, HDL-
¢, SCr, GFR, LA, LV, RA, RV, LVEF, LAA max caliber,
and depth. All these factors were consequently included in
the multivariate model. The results suggested that the AF
type (OR=1.857, 95%CI1.169-2.951, p=0.009), previ-
ous stroke (OR=1.924, 95%CI1.058-3.499, p=0.032),
Fib (OR=1.636, 95%CI1.278-2.094, p<0.001), LA
(OR=1.094, 95%CI1.058-1.131, p<0.001), LVEF
(OR =0.938, 95%CI10.916-0.960, p < 0.001), and maximum
caliber of LAA (OR =1.238, 95%CI11.149-1.334, p<0.001)
were independent risk factors of LAA thrombosis and SEC
in NVAF patients (p <0.05, Fig. 2).
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Table 3 The transthoracic echocardiography and transesophageal echocardiography parameters among groups

Variables Thrombus group ~ SEC group Control group P value Pairwise comparison P
(N=110) (N=103) (N=2378) between value
groups
TTE LV (mm) 51.50+7.85 51.10+7.98 48.80+5.51 <0.001 Thrombus vs. Control 0.002
s vs. Control 0.005
Thrombus vs. SEC 0.847
LA (mm) 46.70+5.91 46.80+5.90 41.00+6.94 <<0.001 Thrombus vs. Control <0.001
s vs. Control <0.001
Thrombus vs. SEC 0.957
RA (mm) 45.40+7.81 44.60+6.61 39.4+724 <0.001 Thrombus vs. Control <0.001
s vs. Control 0.001
Thrombus vs. SEC 0.271
RV (mm) 21.70+4.19 20.80+2.68 20.1+2.54 <0.001 Thrombus vs. Control <0.001
s vs. Control <0.001
Thrombus vs. SEC 0.652
LVEF (%) 50.80+12.50 51.80+12.50 58.70+9.07 <0.001 Thrombus vs. Control <0.001
s vs. Control <0.001
Thrombus vs. SEC 0.716
TEE0° LAA cali- 19.90+3.14 19.70+2.70 17.70+2.49 <0.001 Thrombus vs. Control <0.001
ber (mm) s vs. Control <0.001
Thrombus vs. SEC 0.833
LAA depth 27.90+3.61 28.20+3.80 25.80+3.56 <0.001 Thrombus vs. Control <0.001
(mm) s vs. Control <0.001
Thrombus vs. SEC 0.866
TEE 45° LAA cali-  19.50+3.00 19.20+2.61 17.20+2.40 <0.001 Thrombus vs. Control <0.001
ber (mm) s vs. Control <0.001
Thrombus vs. SEC 0.868
LAA depth 27.90+3.61 28.20+3.77 25.50+3.59 <<0.001 Thrombus vs. Control <0.001
(mm) s vs. Control <0.001
Thrombus vs. SEC 0.693
TEE 90° LAA cali- 19.70+3.21 19.70 +2.65 17.40+2.51 <0.001 Thrombus vs. Control <0.001
ber (mm) s vs. Control <0.001
Thrombus vs. SEC 0.679
LAA depth 28.00+3.85 28.30+3.56 25.40+3.61 <0.001 Thrombus vs. Control <0.001
(mm) s vs. Control <0.001
Thrombus vs. SEC 0.598
TEE 135° LAAcali- 20.10+3.23 20.00+3.10 17.70+2.74 <<0.001 Thrombus vs. Control <0.001
ber (mm) s vs. Control <0.001
Thrombus vs. SEC 0.76
LAA depth 28.00+3.80 27.60+3.43 25.00+3.43 <0.001 Thrombus vs. Control <0.001
(mm) s vs. Control <0.001
Thrombus vs. SEC 0.632
TEE Max  LAA cali- 20.72+3.27 20.56+3.06 18.44+2.75 <0.001 Thrombus vs. Control <0.001
ber (mm) s vs. Control <0.001
Thrombus vs. SEC 0.887
LAA depth 29.43+3.96 29.42+3.82 26.58+3.65 <<0.001 Thrombus vs. Control <0.001
(mm) s vs. Control <0.001
Thrombus vs. SEC 0.983

TTE: Transthoracic echocardiography; TEE: Transesophageal echocardiography; SEC: Spontanecous echo contrast; LV: Left ventricular; LA:
Left atria; RA: Right atria; RV: Right ventricular; LVEF: Left ventricular ejection fraction; LAA: Left auricular appendage
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0Odd Ratio(95%) OR(95%Cl) P Value

LAA max caliber ~§ 1.238(1.149-1.334) <0.001

LVEF w: 0.938(0.916-0.960) <0.001
:
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Fig. 2 Forest plot of predictors of LAA thrombosis and SEC. LA: Left
atria; LAA: Left auricular appendage; LVEF: Left ventricular ejection
fraction; AF: Atrial fibrillation; Fib: Fibrinogen

The nomogram and its estimation ability

The regression coefficient (B) of the above logistic curve
was used to construct a model to predict the risk of LAA
thrombosis and SEC in NVAF patients: 0.619*AF
type+ 0.654*previous stroke +0.492*Fib+ 0.9*LA
—0.64*LVEF +0.214*LAA max caliber. The nomogram of
this model can be seen in Fig. 3. The performance of the
nomogram is test by the ROC curve, and the AUC=0.824
(95% CI 0.797-0.851). We calculated the minimum

Euclidean’s index and the optimal cut-off was determined
with a sensitivity of 75.8% and a specificity of 73.0%.
(Fig. 4).

Discussion

The embolus of cardiogenic stroke mainly originates from
the left atria and left atrial appendage. Thus, imaging mark-
ers of left atria system thrombus in patients with atrial fibril-
lation can be used as the evaluation criteria of hyperacute
stroke [11]. Although several analyses have shown that
cardiac computed tomography can avoid discomfort caused
by TEE [12], TEE remains the mainstream method for LA
thrombus examination [13]. Our research retrospectively
analyzed 2591 TEE data of NVAF patients. There were 110
cases of left ventricular thrombus located in LAA, except
for 1 case (0.9%) that was complicated with LA thrombus.
The detection rate of LAA thrombosis was 4.2%, which is
consistent with other literature [6]. Yoo et al. suggested that
NVAF patients with SEC may develop a more severe stroke
[14]. In this study, there were 103 s cases (4%) and 213
cases of thrombosis or SEC, accounting for 8.2% of patients
in this cohort with a high risk of cardiogenic stroke. After

0 10 20 30 40 50 60 70 80 90 100
Points 1 1 1 1 1 I 1 L I 1 1
1
AF TYPE —
0
1
STROKE —
0
Fib T T T T T T T T 1
0 1 2 3 4 5 6 7 8
LA T T T T T T T T T T T 1
20 25 30 35 40 45 50 55 60 65 70 75
LVEF T T T T T T T T T T T T 1
80 70 60 50 40 30 20
MAX CALIBER T T T T T T T T T T T T T T 1
8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
Total Points r T T T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 200 220 240
Predicted probablhty r T T T T T T T LI — T T T 1
0.001 0.002 0.005 0.01 0.02 0.05 0.1 0.2 030405060708 09 095

Fig. 3 The nomogram to estimate the risk of LAA thrombosis and SEC in NVAF patients. AF: Atrial fibrillation; Fib: Fibrinogen; LAA: Left

auricular appendage; LVEF: Left ventricular ejection fraction
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Fig.4 The ROC curve of the new model. The AUC of this new model
was 0.824. The best cut-off value was the red dot with a sensitivity of
75.8% and a specificity of 73.0%. ROC: Receiver operating character-
istic; AUC: Area under the curve

combining two groups for regression analysis, it was found
that the AF type, previous stroke, Fib, LA, LVEF, LAA max
caliber were independent risk factors of LAA thrombosis
and SEC in patients with NVAF. We constructed a combined
prediction model by the results of regression and drew a
nomogram, which can easily evaluate the future risk of
LAA thrombosis and SEC in NVAF patients.

At present, the exact mechanism of LAA thrombosis in
patients with NVAF is not quite sure. Based on our data and
other literature, the mechanism may be related to various
factors.

Inflammatory reaction

Virchow suggested that abnormal blood stasis and abnor-
mal hemostasis, platelets, and fibrinolysis may lead to
endothelial or endocardial damage or dysfunction and, in
turn, thrombus formation [8]. Experiments showed that
rapid atrial pacing and atrial fibrillation state could cause
inflammation, and the degree of inflammation in LA was
greater than that of peripheral blood [15]. These inflamma-
tory factors further lead to endocardial damage of LA and
promote thrombosis. Our results showed that the NEUT in
the thrombus group was significantly higher than in the con-
trol group (p < 0.001). Zotz et al. suggested that PLT activa-
tion and aggregation were also involved in the formation of
thrombus [16]. Contrary, there was no significant difference
in PLT between the two groups, which may be related to the
activation location (data of our study came from peripheral
blood, not LA blood).

@ Springer

Chronic renal insufficiency

Elderly patients account for the majority of NVAF cases.
They are often complicated with hypertension, CHD, dia-
betes and so on. These patients may have varying degrees
of renal function damage. Kapton-Cieélicka et al. suggested
that chronic renal insufficiency should be regarded as an
independent predictor of LAA thrombosis [17]. This study
showed that the GFR in the thrombus group was lower than
the control group (P<0.001), while the Scr was signifi-
cantly higher (P <0.001), indicating that the control group
had better renal function than the thrombus group.

Abnormal coagulation and fibrinolytic

Several studies have shown that the dysfunction of coagula-
tion and fibrinolysis system are important causes of throm-
bosis. Fibrinogen (Fib) can regulate erythrocyte aggregation
in many ways; it can promote PLT aggregation through gly-
coprotein receptor complex [18], and induce thrombosis.
In our study, Fib content in the thrombus group was higher
than the control group (P<0.001), and the differences of
PT and APTT between the thrombus group and the con-
trol group were statistically different. Multivariate logistic
regression analysis showed that Fib was an independent risk
factor, indicating that LAA thrombosis in NVAF patients
may be related to abnormal coagulation. Yet, there was no
significant difference in TT between the two groups, indi-
cating that the abnormal fibrinolytic system may not have a
significant role in the process of LAA thrombosis.

Structure and function of the heart

In AF patients, the atrial muscle loses its contractile func-
tion because of the disordered electrical activity of the atrial
muscle [19, 20], which leads to slow and stasis blood flow in
the atria. As a special part of LA, the anatomical structure of
LAA makes it easier for blood to stagnate; thus, LAA is con-
sidered the main location of thrombosis [21]. Furthermore,
larger LAA may lead to a lower blood emptying rate, result-
ing in longer blood stasis and promoting thrombosis [22].
In addition, the enlargement of LA, RA, and the decrease of
LVEF are also important causes of thrombosis [23].

The result of this study showed that the diameter of LA
and RA, the maximum caliber and depth of LAA in the
thrombus group was significantly increased (p<0.001),
while the LVEF was significantly decreased compared with
the control group (p <0.001). Multivariate logistic regres-
sion analysis showed that the diameter of LA, the maximum
caliber of LAA, and LEVF were independent risk factors.
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AF type

The correlation between the AF type and ischemic stroke
is another important issue of clinical concern. It has been
reported that left ventricular mass increase can predict LAA
thrombosis in patients with persistent atrial fibrillation [24].
Atrial structural remodeling can accelerate the progression
of AF and transform paroxysmal atrial fibrillation into per-
sistent atrial fibrillation [20, 25]. In comparison to paroxys-
mal atrial fibrillation, persistent atrial fibrillation prolongs
ineffective atrial ejection, which aggravates blood stasis and
is more likely to lead to thrombosis [17]. The results of our
study showed that the proportion of patients with persistent
atrial fibrillation or permanent atrial fibrillation in the throm-
bus group was significantly higher than that in the control
group (p<0.001). Multivariate logistic regression analysis
indicated that persistent or permanent atrial fibrillation was
an independent risk factor. This indicates that patients who
undergo persistent or permanent atrial fibrillation are more
likely to have thromboembolic complications.

LAA spontaneous echo contrast

Recent evidence has supported the view that LAA SEC is
a prethrombotic state or hypercoagulable state [8]. Meus et
al. suggested that SEC is a manifestation of blood stasis in
LAA before thrombosis and the changes in blood inflam-
matory factors and coagulation factors before promoting
thrombosis [26]. Boyd and colleagues further suggested
that SEC is an independent and direct predictor of throm-
bosis in LAA [24]; SEC may be the intermediate state from
normal blood flow to thrombosis in patients with NVAF. On
the other hand, Tsai et al. indicated that SEC as LAA throm-
bus directly, and once SEC occurs, the blood emptying rate
of LAA will decrease, which will accelerate the thrombosis
[27].

In our study, patients with SEC were grouped separately
and compared with the thrombus group and control group.
The results showed that except for NEUT, LN, and HDL-c,
all other variables in the SEC group were highly consistent
with those in the thrombus group. Yet, there were no signifi-
cant differences between the SEC group and control group
or thrombus group while there was a significant difference
between the control group and thrombus group, which indi-
cates that SEC is a prethrombotic state of LAA, which may
turn out to be thrombosis under the effect of inflammatory
factors. Therefore, in clinical, SEC should be regarded as a
very high-risk factor for thrombosis or the same as throm-
bosis, and anticoagulation therapy or interventional inter-
vention (left atrial appendage occlusion) should be actively
carried out, thus enabling patients to get a better prognosis.

Limitation

The main limitation of our study is that compared with the
control group, the number of thrombus group is too small,
so we have to combine thrombus group and SEC group in
regression analysis to increase the accuracy of the regres-
sion model. The result is a series of independent risk fac-
tors of “high cardiogenic stroke risk”, including the risk of
LAA thrombosis and severe SEC, instead of evaluating the
occurrence of LAA thrombosis straightforwardly. Second,
although the types of atrial fibrillation were classified, we
do not record the total time of the atrial fibrillation state in
NVAF patients in this study, so the specific burden of atrial
fibrillation on patients could not be evaluated. Third, pre-
vious studies have also shown that D-dimer is associated
with a variety of thromboembolic complications. Moreover,
some studies have shown that D-dimer can be used as one
of the indicators for predicting LAA thrombosis [28]. It was
the limitation of the present study, we did not analysis it
because of too much D-dimer data missing. And we do not
include lobe number in analysis because of the incomplete
data of LAA morphology, which is one of the limitations of
our study.

Conclusion

In patients with NVAF who underwent TEE, the detection
rate of LAA thrombosis was 4.2%. AF type, previous stroke,
Fibrinogen, diameters of the left atria, left ventricular ejec-
tion fraction, and LAA maximum caliber resulted as strong,
independent predictors for (LAA thrombosis and severe
SEC and we can evaluate the future criticality of cardio-
genic stroke risk (LAA thrombosis and severe SEC) by
using our effective nomogram.

Acknowledgements None.

Author contributions Xingpeng Wang and Zhiyuan Song had full ac-
cess to all of the data in the study and take responsibility for the integ-
rity of the data and the accuracy of the data analysis. Xingpeng Wang
and Zhihui Zhang were involved in the study concepts and design.
All authors (Zhiyuan Song, Zhihui Zhang, Xingpeng Wang, Xiang Xu,
Wenting Wang, Haiyun Huang, Feng Liu, Chen Wan, Qing Yao and
Huakang Li) involved in the acquisition, analysis and interpretation of
data. Zhiyuan Song and Zhihui Zhang supervised the analysis. Xing-
peng Wang and Zhiyuan Song involved in the draft of the manuscript.
All authors read, critically revised and approved the manuscript.

Funding This research received no grant from any funding agency in
the public, commercial or not-for-profit sectors.

Declarations

Disclosures The Authors declares that there is no conflict of interest.

@ Springer



1272

The International Journal of Cardiovascular Imaging (2023) 39:1263-1273

Ethics approval This study was performed in line with the principles
of the Declaration of Helsinki. Approval was granted by the Ethical
Committee of the First Affiliated Hospital of Army Medical University
((B) KY2021050), June 21, 2021. Informed consent was waived for
this was a retrospective study.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Lip GY, Tse HF, Lane DA (2012) Atrial fibrillation. Lancet
379:648 — 61. https://doi.org/10.1016/s0140-6736(11)61514-6

2. Prystowsky EN, Benson DW Jr, Fuster V et al (1996) Manage-
ment of patients with atrial fibrillation. A Statement for Healthcare
Professionals. From the Subcommittee on Electrocardiography
and Electrophysiology, American Heart Association. Circulation
93:1262—-1277. https://doi.org/10.1161/01.¢ir.93.6.1262

3. Go AS, Hylek EM, Phillips KA et al (2001) Prevalence of diag-
nosed atrial fibrillation in adults: national implications for thythm
management and stroke prevention: the AnTicoagulation and risk
factors in Atrial Fibrillation (ATRIA) Study. JAMA 285:2370—
2375. https://doi.org/10.1001/jama.285.18.2370

4. Feinberg WM, Blackshear JL, Laupacis A, Kronmal R, Hart RG
(1995) Prevalence, age distribution, and gender of patients with
atrial fibrillation. Analysis and implications. Arch Intern Med
155:469-473

5. Wolf PA, Abbott RD, Kannel WB (1991) Atrial fibrillation as an
independent risk factor for stroke: the Framingham Study. Stroke
22:983-988. https://doi.org/10.1161/01.str.22.8.983

6. Blackshear JL, Odell JA (1996) Appendage oblitera-
tion to reduce stroke in cardiac surgical patients with atrial
fibrillation. Ann Thorac Surg 61:755-759. https:/doi.
org/10.1016/0003-4975(95)00887-x

7. Cresti A, Garcia-Fernandez MA, Sievert H et al (2019) Preva-
lence of extra-appendage thrombosis in non-valvular atrial fibril-
lation and atrial flutter in patients undergoing cardioversion: a
large transoesophageal echo study. Eurolntervention 15:e225-
€30. https://doi.org/10.4244/eij-d-19-00128

8. Watson T, Shantsila E, Lip GY (2009) Mechanisms of thrombo-
genesis in atrial fibrillation: Virchow’s triad revisited. Lancet 373.
https://doi.org/10.1016/s0140-6736(09)60040-4. :155 — 66

9. January CT, Wann LS, Calkins H et al (2019) 2019 AHA/ACC/
HRS focused update of the 2014 AHA/ACC/HRS Guideline for
the management of patients with Atrial Fibrillation: a report of
the American College of Cardiology/American Heart Associa-
tion Task Force on Clinical Practice Guidelines and the heart
rhythm society in collaboration with the Society of thoracic
surgeons. Circulation 140:e125-e51. https://doi.org/10.1161/
¢ir.0000000000000665

10. Spethmann S, Stiier K, Diaz I et al (2014) Left atrial mechanics
predict the success of pulmonary vein isolation in patients with

@ Springer

11.

13.

14.

15.

18.

20.

21.

22.

23.

24.

25.

atrial fibrillation. J Interv Card Electrophysiol 40:53—62. https://
doi.org/10.1007/s10840-014-9876-0

Senadeera SC, Palmer DG, Keenan R et al (2020) Left atrial
appendage Thrombus detected during Hyperacute Stroke Imag-
ing is Associated with Atrial Fibrillation. Stroke 51:3760-3764.
https://doi.org/10.1161/strokeaha.120.030258

Romero J, Husain SA, Kelesidis I, Sanz J, Medina HM, Garcia
MJ (2013) Detection of left atrial appendage thrombus by car-
diac computed tomography in patients with atrial fibrillation: a
meta-analysis. Circ Cardiovasc Imaging 6:185-194. https://doi.
org/10.1161/circimaging.112.000153

Aschenberg W, Schliiter M, Kremer P, Schroder E, Siglow V,
Bleifeld W (1986) Transesophageal two-dimensional echo-
cardiography for the detection of left atrial appendage throm-
bus. J Am Coll Cardiol 7:163-166. https://doi.org/10.1016/
s0735-1097(86)80275-3

Yoo J, Song D, Baek JH et al (2016) Poor outcome of stroke
patients with Atrial Fibrillation in the Presence of coexisting
spontaneous Echo contrast. Stroke 47:1920-1922. https://doi.
org/10.1161/strokeaha.116.013351

Lim HS, Willoughby SR, Schultz C et al (2013) Effect of atrial
fibrillation on atrial thrombogenesis in humans: impact of rate and
rhythm. J Am Coll Cardiol 61:852-860. https://doi.org/10.1016/j.
jacc.2012.11.046

. Zotz RJ, Miiller M, Genth-Zotz S, Darius H (2001) Spontaneous

echo contrast caused by platelet and leukocyte aggregates? Stroke
32:1127-1133. https://doi.org/10.1161/01.str.32.5.1127
Kapton-Cieslicka A, Budnik M, Gawatko M et al (2019) Atrial
fibrillation type and renal dysfunction as important predic-
tors of left atrial thrombus. Heart 105:1310-1315. https://doi.
org/10.1136/heartjnl-2018-314492

Rastegar R, Harnick DJ, Weidemann P et al (2003) Spontane-
ous echo contrast videodensity is flow-related and is depen-
dent on the relative concentrations of fibrinogen and red blood
cells. J Am Coll Cardiol 41:603-610. https://doi.org/10.1016/
s0735-1097(02)02898-x

Heijman J, Voigt N, Nattel S, Dobrev D (2014) Cellular and
molecular electrophysiology of atrial fibrillation initiation, main-
tenance, and progression. Circ Res 114:1483-1499. https://doi.
org/10.1161/circresaha.114.302226

Nattel S, Dobrev D (2016) Electrophysiological and molecular
mechanisms of paroxysmal atrial fibrillation. Nat Rev Cardiol
13:575-590. https://doi.org/10.1038/nrcardio.2016.118
Subramaniam B, Riley MF, Panzica PJ, Manning WJ (2006)
Transesophageal echocardiographic assessment of right atrial
appendage anatomy and function: comparison with the left atrial
appendage and implications for local thrombus formation. J
Am Soc Echocardiogr 19:429—433. https://doi.org/10.1016/j.
ech0.2005.10.013

Pollick C, Taylor D (1991) Assessment of left atrial appendage
function by transesophageal echocardiography. Implications for
the development of thrombus. Circulation 84:223-231. https://
doi.org/10.1161/01.cir.84.1.223

Shah M, Mobaligh N, Niku A, Shiota T, Siegel RJ, Rader F (2020)
Predictors of left atrial appendage thrombus despite NOAC use in
nonvalvular atrial fibrillation and flutter. Int J Cardiol 317:86-90.
https://doi.org/10.1016/j.ijcard.2020.04.070

Yamamoto M, Seo Y, Kawamatsu N et al (2014) Complex left
atrial appendage morphology and left atrial appendage thrombus
formation in patients with atrial fibrillation. Circ Cardiovasc Imag-
ing 7:337-343. https://doi.org/10.1161/circimaging.113.001317
de Vos CB, Pisters R, Nieuwlaat R et al (2010) Progression
from paroxysmal to persistent atrial fibrillation clinical corre-
lates and prognosis. ] Am Coll Cardiol 55:725-731. https://doi.
org/10.1016/j.jacc.2009.11.040


http://dx.doi.org/10.1007/s10840-014-9876-0
http://dx.doi.org/10.1007/s10840-014-9876-0
http://dx.doi.org/10.1161/strokeaha.120.030258
http://dx.doi.org/10.1161/circimaging.112.000153
http://dx.doi.org/10.1161/circimaging.112.000153
http://dx.doi.org/10.1016/s0735-1097(86)80275-3
http://dx.doi.org/10.1016/s0735-1097(86)80275-3
http://dx.doi.org/10.1161/strokeaha.116.013351
http://dx.doi.org/10.1161/strokeaha.116.013351
http://dx.doi.org/10.1016/j.jacc.2012.11.046
http://dx.doi.org/10.1016/j.jacc.2012.11.046
http://dx.doi.org/10.1161/01.str.32.5.1127
http://dx.doi.org/10.1136/heartjnl-2018-314492
http://dx.doi.org/10.1136/heartjnl-2018-314492
http://dx.doi.org/10.1016/s0735-1097(02)02898-x
http://dx.doi.org/10.1016/s0735-1097(02)02898-x
http://dx.doi.org/10.1161/circresaha.114.302226
http://dx.doi.org/10.1161/circresaha.114.302226
http://dx.doi.org/10.1038/nrcardio.2016.118
http://dx.doi.org/10.1016/j.echo.2005.10.013
http://dx.doi.org/10.1016/j.echo.2005.10.013
http://dx.doi.org/10.1161/01.cir.84.1.223
http://dx.doi.org/10.1161/01.cir.84.1.223
http://dx.doi.org/10.1016/j.ijcard.2020.04.070
http://dx.doi.org/10.1161/circimaging.113.001317
http://dx.doi.org/10.1016/j.jacc.2009.11.040
http://dx.doi.org/10.1016/j.jacc.2009.11.040
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1016/s0140-6736(11)61514-6
http://dx.doi.org/10.1161/01.cir.93.6.1262
http://dx.doi.org/10.1001/jama.285.18.2370
http://dx.doi.org/10.1161/01.str.22.8.983
http://dx.doi.org/10.1016/0003-4975(95)00887-x
http://dx.doi.org/10.1016/0003-4975(95)00887-x
http://dx.doi.org/10.4244/eij-d-19-00128
http://dx.doi.org/10.1016/s0140-6736(09)60040-4
http://dx.doi.org/10.1161/cir.0000000000000665
http://dx.doi.org/10.1161/cir.0000000000000665

The International Journal of Cardiovascular Imaging (2023) 39:1263-1273

1273

26.

27.

28.

Meus R, Son M, Sobezyk D, Undas A (2016) Prothrombotic state
in patients with a left atrial appendage Thrombus of unknown ori-
gin and cerebrovascular events. Stroke 47:1872—1878. https://doi.
org/10.1161/strokeaha.116.012856

Tsai LM, Chao TH, Chen JH (2000) Association of follow-up
change of left atrial appendage blood flow velocity with spon-
taneous echo contrast in nonrheumatic atrial fibrillation. Chest
117:309-313. https://doi.org/10.1378/chest.117.2.309

Habara S, Dote K, Kato M et al (2007) Prediction of left atrial
appendage thrombi in non-valvular atrial fibrillation. Eur Heart J
28:2217-2222. https://doi.org/10.1093/eurheartj/ehm356

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer


http://dx.doi.org/10.1161/strokeaha.116.012856
http://dx.doi.org/10.1161/strokeaha.116.012856
http://dx.doi.org/10.1378/chest.117.2.309
http://dx.doi.org/10.1093/eurheartj/ehm356

	﻿Risk factors associated with left atrial appendage thrombosis in patients with non-valvular atrial fibrillation by transesophageal echocardiography
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design
	﻿Study subjects
	﻿Transesophageal echocardiography (TEE)
	﻿Grouping
	﻿Variables
	﻿Statistical analysis

	﻿Results
	﻿Detection rate of thrombosis and severe SEC
	﻿Demographic parameters
	﻿Complete blood cell (CBC), coagulation function, renal function, and lipid profiles
	﻿Echocardiography
	﻿Multiple regression analysis
	﻿The nomogram and its estimation ability

	﻿Discussion
	﻿Inflammatory reaction
	﻿Chronic renal insufficiency
	﻿Abnormal coagulation and fibrinolytic
	﻿Structure and function of the heart
	﻿AF type
	﻿LAA spontaneous echo contrast

	﻿Limitation
	﻿Conclusion
	﻿References


