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Abstract

Objective: To investigate the risk factors of left atrial thrombus (LAT)/spontaneous echo
contrast (SEC) in patients with nonvalvular atrial fibrillation (AF).

Methods: This retrospective study analysed the data from consecutive patients with nonvalvular
AF that underwent transoesophageal echocardiography. Logistic regression analysis was per-
formed to identify risk factors of LAT/SEC. Receiver operating characteristic curve analysis
was undertaken compare the new scales with CHADS2 and CHA2DS2-VASc scores.

Results: A total of 558 patients with AF were included in the study. LAT/SEC was detected
in 137 (24.6%) patients. The independent risk factors of LAT/SEC beyond CHADS2
or CHA2DS2-VASc scores included non-paroxysmal AF and left atrial diameter >37.5 mm.
These two variables were added into the CHADS2 or CHA2DS2-VASc score to build new
scales. Areas under the curve for the new scales based on CHADS2 and CHA2DS2-VASc
scores were significantly higher than the CHADS2 or CHA2DS2-VASc score both in the overall
study cohort and in patients at a high risk of thromboembolism.
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Conclusions: Non-paroxysmal AF and increased left atrial diameter beyond the CHADS2 or
CHA2DS2-VASc score were independent risk factors of LAT/SEC and may help to improve the
current risk stratification, especially for patients with nonvalvular AF at a high risk of

thromboembolism.
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Introduction

Atrial fibrillation (AF), the most common
sustained arrhythmia, has a prevalence of
1.2% in China and has become a major
public health burden as the age of the
population has increased.! Thrombus
formation and spontaneous echo contrast
(SEC) occur within the left atrium, especial-
ly in the left atrial appendage (LAA) in the
setting of AF due to reduced contractility
and unsteady blood stasis, which have been
demonstrated to be associated with an
increased risk of thromboembolism.*?

As reported, the prevalence of left atrial
thrombus (LAT) in AF patients varies from
0.6% to 27% in different populations.’
Although transoesophageal echocardio-
gram is the gold standard for the diagnosis
of LAT/SEC, this invasive procedure
restricts patients with heart failure, severe
cardiac arrhythmia, oesophageal ulcers or
varicose veins.* Several clinical risk factors,
such as age, sex, congestive heart failure,
hypertension, diabetes mellitus, stroke/
transient ischaemic attack and vascular
disease, known as CHADS2 and
CHA2DS2-VASc scores, were used to
build the risk prediction model of thrombo-
embolism.” However, LAT/SEC occurs
even in patients being treated with
anticoagulant therapy.® Moreover, it has
been demonstrated that other factors, such

as left atrial diameter (LAD), LAA mor-
phology and left ventricular mass, are asso-
ciated with LAT/SEC.?

Therefore, this current study aimed to
determine the risk factors beyond
CHADS2 and CHA2DS2-VASc scores for
LAT/SEC in patients with nonvalvular AF
by assessing demographic and clinical char-
acteristics in order to improve the current
risk prediction models.

Patients and methods

Study population

This retrospective study reviewed data from
consecutive patients with AF at the
Department of Cardiovascular Medicine,
First Affiliated Hospital of Xi’an Jiaotong
University, Xi’an, Shaanxi Province, China
between November 2016 and December
2019. All patients underwent transoesopha-
geal echocardiography. The exclusion crite-
ria were as follows:(i) patients diagnosed
with rheumatic heart disease; (i) patients
that underwent valve replacement or
repair surgery; (iii) patients diagnosed
with congenital heart disease; (iv) patients
with cardiomyopathy including dilated,
ischaemic and hypertrophic cardiomyopa-
thy, or with pacemaker implantation;
(v) patients with repeat transoesophageal
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echocardiography (only the first admission
was enrolled).

This study did not include identifiable
personal information. Thus, a waiver of indi-
vidual consent and ethics were reviewed and
approved by the First Affiliated Hospital of
Xi’an Jiaotong University Ethics Committee
(no. XJTUIAF2020LSK-001). The report-
ing of this study conforms with STROBE
guidelines.”

Data collection

All demographic, echocardiographic and
laboratory data were collected from the
electronic medical record system. The diag-
nosis and classification of AF were
determined by at least two cardiologists
independently according to the 2014
AHA/ACC/HRS guideline for the manage-
ment of patients with AF based on
the medical history, electrocardiogram or
24-h electrocardiogram Holter analysis.®
The definition of nonvalvular AF was AF
in the absence of mechanical or biopros-
thetic heart wvalves, rheumatic mitral
stenosis or mitral valve repair. The defini-
tion of non-paroxysmal AF was that the
duration of the AF episode was sustained
>7 days. The CHADS?2 score (congestive
heart failure, 1 point; hypertension, 1
point; age > 75 years, 1 point; diabetes mel-
litus, 1 point; stroke/transient ischaemic
attack (TIA), 2 points) and CHA2DS2-
VASc score (congestive heart failure, 1
point; hypertension, 1 point; age>75
years, 2 points; diabetes mellitus, 1 point;
stroke/TIA, 2 points; vascular disease, 1
point; age (65-74 years), | point;
sex (female), 1 point) were calculated by
determining the sum of the above scores
of clinical risk factors.

Echocardiographic examination

Patients were classified into two groups
based on the presence of LAT or SEC.

For each patient, a transoesophageal echo-
cardiogram was performed to exclude LAT
within 2 days before catheter ablation or
LAA occlusion. LAT was defined as a
hyperechoic mass attached to the Ileft
atrial or LAA. Left atrial SEC was defined
as dynamic ‘smoke-like’ echoes located in
the LAA or left atrium. M-mode, two-
dimensional and Doppler images were
performed to evaluate heart structure and
function. Echocardiographic data were
analysed by two cardiologists.

Statistical analyses

All statistical analyses were performed
using the SPSS® statistical package, version
18.0 (SPSS Inc., Chicago, IL, USA) for
Windows®. Continuous variables are pre-
sented as the mean+SD or median
(interquartile range), while categorical
variables are presented as numbers and
percentages. The distribution patterns
of continuous variables were evaluated
by the Kolmogorov—Smirnov  test.
Independent ¢-test, Mann-Whitney U-test
and y*-test were used to compare two
groups of continuous and categorical vari-
ables. Binary logistic regression analysis
was performed using the stepwise forward
method to identify the independent risk
factors of LAT/SEC in patients with non-
valvular AF. Variables with a P-value <0.1
in the univariate analysis were entered into
the multivariate models. Model one includ-
ed the CHADS2 score, while model two
included the CHA2DS2-VASc score.
The Youden index was used to determine
the optimal cut-off value of 37.5 mm for
LAD. To build new-scoring systems,
the odds ratios of each independent risk
factor in model one were compared
with the odds ratios of the CHADS2
score. The ratio was used to assign the
score for each variable. Receiver operating
characteristic (ROC) curve analysis and
DeLong’s test were performed to compare
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the areas under the curve (AUCs) of
CHADS2, CHA2DS2-VASc, and new
scales based on CHADS2 and CHA2DS2-
VASc for LAT/SEC in all patients and in
the high-risk of thromboembolism group
(CHA2DS2-VASc>2 and CHADS2 >2).
A two-sided P-value < 0.05 was considered
statistically significant.

Results

This retrospective study reviewed data from
595 patients with AF. Among them, 37
patients were excluded as follows:(i) four
patients diagnosed with rheumatic heart
disease; (ii) five patients underwent valve
replacement or repair surgery; (iii) four
patients diagnosed with congenital heart
disease; (iv) 18 patients with cardiomyopa-
thy including dilated, ischaemic and
hypertrophic cardiomyopathy, or with
pacemaker implantation; (v) six patients
with repeat transoesophageal echocardiog-
raphy (only the first admission was
enrolled). The remaining 558 patients with
nonvalvular AF were enrolled in this study.
Among the 558 patients with nonvalvu-
lar AF (mean +SD age, 63.18 +9.45 years;
326 [58.4%] male), the prevalence of LAT/
SEC was 24.6% (137 of 558 patients).
LAT was detected in 55 of 558 patients
(9.9%). Among them, one patient was iden-
tified as having a thrombus in the left
atrium. SEC was observed in 112 of 558
patients (20.1%). The median CHADS2
and CHA2DS2-VASc scores for the overall
study cohort were 1 and 2, respectively.
The comparison of baseline characteris-
tics, echocardiographic and laboratory data
between patients with nonvalvular AF with
and without LAT/SEC are presented in
Tables 1 and 2. Compared with the patients
in the non-LAT/SEC group (n=421),
patients with LAT/SEC (n=137) were sig-
nificantly older (P=0.008). LAT/SEC was
significantly more common in patients with
non-paroxysmal AF, hypertension, chronic

heart failure, previous stroke/TIA and in
the high-risk thromboembolism population
(CHA2DS2-VASc>2 and CHADS2>2)
(P<0.05 for all comparisons). Patients
with LAT/SEC presented with significantly
increased LAD but with a significantly
decreased left ventricular ejection fraction
and significantly worse renal function com-
pared with the patients in the non-LAT/
SEC group (P < 0.05 for all comparisons).

In the univariate analysis, CHADS2
score, CHA2DS2-VASc score, non-
paroxysmal AF, estimated glomerular
filtration rate < 60 ml/min/1.73 m?, left ven-
tricular ejection fraction, left ventricular
end-systolic dimension and LAD >37.5
mm were found to be significant risk factors
of LAT/SEC (see supplementary materials,
Table S1). All these factors were entered in
the multivariate models and the results
showed that non-paroxysmal AF, LAD
>37.5 mm, CHA2DS2-VASc score and
CHADS?2 score were independent risk fac-
tors of LAT/SEC in patients with
nonvalvular AF (Table 3). There was no
statistical difference in the interaction
between non-paroxysmal AF and LAD
>37.5 mm (see supplementary materials,
Table S2). To develop new scales based on
the CHADS2 and CHA2DS2-VASc scores
for predicting LAT/SEC, the odds ratios of
each new independent risk factor in model
one were compared with odds ratios of the
CHADS?2 score. The odds ratios of non-
paroxysmal AF, LAD >37.5 mm and
CHADS?2 score in model one were 2.253,
1.967 and 1.402, respectively. Thus,
2 points were attributed to non-
paroxysmal AF (as 2.253 divided by 1.402
equals 1.61), while 1 point each was attrib-
uted to LAD >37.5 mm (as 1.967 divided
by 1.402 equals 1.40). Therefore, the total
score of the new scale based on CHADS2
was 9 points, while the total score based on
CHA2DS2-VASc was 12 points. The AUCs
of CHADS2, CHA2DS2-VASc and the new
scales based on CHADS2 and CHA2DS2-
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Table |. Baseline demographic and clinical characteristics of patients with nonvalvular atrial fibrillation (AF)
with or without left atrial thrombus (LAT)/spontaneous echo contrast (SEC).

Non-LAT/SEC LAT/SEC

Characteristic group n=421 group n= 137 Statistical analysis®
Age, years 62.57 +9.53 65.03 £8.95 P=0.008
Male 247 (58.7%) 79 (57.7%) NS
Non-paroxysmal AF 157 (37.3%) 87 (63.5%) P<0.001
CHF 10 (2.4%) 10 (7.3%) P=0.005
Hypertension 203 (48.2%) 81 (59.1%) P=0.027
Diabetes mellitus 64 (15.2%) 27 (19.7%) NS
Stroke/TIA 22 (5.2%) 15 (10.9%) P=0.019
Vascular disease 25 (5.9%) 10 (7.3%) NS
Smoker 129 (30.6%) 35 (25.5%) NS
CHA2DS2-VASc score 2 (1-3) 2 (1-3) P <0.001
CHA2DS2-VASc score >2 222 (52.7%) 90 (65.7%) P=0.008
CHADS?2 score I (0-1) 1 (0-2) P <0.001
CHADS?2 score >2 84 (20.0%) 49 (35.8%) P <0.001
Oral anticoagulation 118 (28.0%) 46 (33.6%) NS
Warfarin 2 (0.5%) 0 (0.0%) NS
NOAC:s 116 (27.6%) 46 (33.6%) NS

Data presented as mean + SD, median (interquartile range) or n of patients (%).
?Independent t-test, Mann-Whitney U-test and y*-test were used to compare the continuous and categorical variables; NS,

no significant between-group difference (P > 0.05).

CHEF, chronic heart failure; TIA, transient ischemic attack; NOACs, novel oral anticoagulants.

VASc were 0.603, 0.606, 0.692 and 0.686,
respectively. In the high-risk of thromboem-
bolism group, the predictive value of
CHADS2, CHA2DS2-VASc and the new
scales based on CHADS2 and CHA2DS2-
VASc were 0.547, 0.570, 0.714 and 0.712,
respectively (Figure 1). Meanwhile, the
AUCs of the new scales were significantly
higher than those of the CHADS2 score or
CHA2DS2-VASc score (P<0.001 for all
comparisons; Del.ong’s test) (see supplemen-
tary materials, Table S3).

Discussion

The main findings of this current study
were as follows: (i) the prevalence of LAT
in the present nonvalvular AF population
was 9.9%, while the prevalence of SEC was
20.1%; (ii) binary logistic regression
analysis suggested that non-paroxysmal

AF and LAD >37.5 mm were independent
risk factors for LAT/SEC in patients with
nonvalvular AF; (iii) incorporating non-
paroxysmal AF and LAD >37.5 mm can
improve the predictive power of the
CHADS2 and CHA2DS2-VASc scores for
LAT/SEC in patients with nonvalvular
AF, especially in the population of patients
that is of high-risk of thromboembolism.
A previous meta-analysis suggested that
approximately 89% of atrial thrombi were
identified in the LAA in nonvalvular AF
patients.” The LAA is a finger-like blind
cavity with abundant comb muscles that
extends from the main body of the left
atrium and is separated by a narrow
junction at the orifice of the LAA.
Furthermore, the LAA originates from the
primordial left atrium and has normal con-
traction and relaxation function during
sinus rhythm.'® However, AF results in
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Table 2. Echocardiogram parameters and laboratory data for patients with nonvalvular atrial fibrillation

(AF) with or without left atrial thrombus (LAT)/spontaneous echo contrast (SEC).

Non-LAT/SEC LAT/SEC
Characteristic group n=421 group n= 137 Statistical analysis®
Echocardiogram parameters
LVEF, % 67 (62-70) 64 (60-68) P=0.001
LAD, mm 35 (32-39) 39 (3542) P<0.001
LVESD, mm 31 (29-34) 32 (29-36) NS
LVEDD, mm 49 (46-52) 49 (47-53) NS
Laboratory data
Red blood cell count, 10'%/1 4.52 (4.20-4.90) 447 (4.14-4.92) NS
White blood cell count, 10/1 6.01 1.6l 6.21 £ 1.51 NS
Monocyte count, 107/1 0.33 (0.26-0.42) 0.34 (0.26-0.42) NS
Neutrophil count, 10%/1 3.79 (2.97-4.61) 3.95 (3.16-4.82) NS
Lymphocyte count, 107/1 1.69 £0.57 1.68 £0.56 NS
Platelet count, 10%/1 185.03 £+ 55.34 181.50 + 52.00 NS
INR 1.15£0.36 1.40£0.70 P<0.001
D-dimer, mg/I 0.56 +0.60 0.76 + 1.21 NS
Fibrinogen, g/l 2.90+0.70 3.114+0.80 P=10.007
eGFR < 60 ml/min/1.73 m? 16 (3.8%) 12 (8.8%) P=0.021
Total cholesterol, mmol/l 3.49 (2.96-4.16) 3.48 (2.94-4.04) NS
Triglyceride, mmol/l 1.21 (0.88-1.71) [.11 (0.84-1.62) NS

Data presented as mean =+ SD, median (interquartile range) or n of patients (%).
?Independent t-test, Mann-Whitney U-test and 1%-test were used to compare the continuous and categorical variables; NS,
no significant between-group difference (P > 0.05).
LVEF, left ventricular ejection fraction; LAD, left atrial diameter; LVESD, left ventricular end-systolic dimension; LVEDD, left
ventricular end-diastolic dimension; INR, international normalized ratio; eGFR, estimated glomerular filtration rate.

Table 3. Multivariate regression analysis of independent risk factors for left atrial thrombus (LAT)/spon-
taneous echo contrast (SEC) in patients with nonvalvular atrial fibrillation (AF).

QOdds 95% confidence Statistical
Variables ratio interval analysis
Model |
CHADS2 score 1.402 1.135, 1.731 P=0.002
Non-paroxysmal AF 2.253 1.452, 3.496 P <0.001
LAD > 37.5 mm 1.967 1.266, 3.055 P=0.003
Model 2
CHA2DS2-VASc score 1.236 1.069, 1.430 P=0.004
Non-paroxysmal AF 2.201 1.418, 3415 P <0.001
LAD > 37.5 mm 2.036 1.313, 3.156 P=0.001

LAD, left atrial diameter.

insufficient atrial contractility, which leads
reduced blood flow within the LAA.
All these factors, including morphology
and decreased atrial function, predispose

or ventricular

the patient to thrombus formation in
the setting of AF. Atrial dilation, atrial
dysfunction, pre-existing
comorbidities and elevated prothrombotic
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Figure |. Receiver operating characteristic (ROC) curves and area under the curve for the CHADS2
score, CHA2DS2-VASc score, new scale based on CHADS2 and new scale based on CHA2DS2-VASc in the
total study cohort (a) and in the high-risk of thromboembolism group (b, c).

indices further accelerate the progress of
thrombus formation within the atrium.'!
The prevalence of LAT/SEC varies in dif-
ferent populations. For example, a previous
meta-analysis reported a weighted mean
prevalence of LAT of 9.8% (95% confi-
dence interval, 7.6%, 12.5%) from 72
studies with 20 516 patients with AF.'?
This was similar to the current findings, in
which the prevalence of LAT was 9.9%
among patients with nonvalvular AF
irrespective of anticoagulation treatment.
Furthermore, another study reported that
the prevalence of SEC in non-precipitated
nonvalvular AF patients was 46.2%, when
the prevalence of SEC in the current study
was lower.” This might be because some
patients with nonvalvular AF in the current
study were prescribed oral anticoagulation
therapy.

Evidence regarding the relationship
between AF type and LAT/SEC or stroke
is controversial.'* A meta-analysis includ-
ing 12 manuscripts with 99 996 patients
with AF found that non-paroxysmal
AF patients had a higher risk of thrombo-
embolism than paroxysmal AF patients.'*
Similarly, a large survey including 6563
AF patients without anticoagulation
suggested that persistent AF and perma-
nent AF increased the risk of stroke
by 1.44- and 1.84-fold compared with
paroxysmal AF.'> while another study
found that persistent AF and permanent
AF independently predicted LAT with
odds ratios of 5.76 and 13.02, respectively.'®
This was consistent with the current results,
in which non-paroxysmal AF was a strong
and independent risk factor for LAT/SEC.
However, other researchers also reported
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that paroxysmal AF had a similar risk of
stroke to that of non-paroxysmal AF.'"!8
The possible explanation may be associated
with younger age, shorter AF duration, less
atrial remodelling, fewer pre-existing
comorbidities, a lower CHA2DS2-VASc
score or more adequate oral anticoagula-
tion treatment in paroxysmal AF than in
non-paroxysmal AF.

The atrial substrate underlying AF has
been well discussed previously.'” Some
indicators of structural remodelling in AF,
such as LAD, can be casily detectable in
clinical practice. Importantly, increased
LAD in patients with AF has been shown
to increase the risk of LAT/SEC.?> %* This
is in line with the current result that the
median value of LAD in the LAT/SEC
group was higher than that in the non-
LAT/SEC group; and that a LAD >37.5
mm was an independent risk factor for
LAT/SEC. Several pathophysiological
mechanisms might be involved in this
process. First, increased LAD was related
to a longer AF duration or an increased
AF burden, which are indirectly associated
with more extensive inflammatory infiltra-
tion and endothelial  dysfunction.”’
Secondly, an increased LAD further
decreased blood flow velocity and deterio-
rated blood stasis.?® It is noteworthy that
the normal range of LAD varies across
the sexes and different ethnic groups.®*
Therefore, indexing LAD by body surface
area is a more applicable indicator for
evaluating left atrial size. Additionally,
although improved left atrial size has been
observed in AF patients that received cath-
eter ablation,”> whether the risk of LAT/
SEC can be improved by the reduction in
left atrial size has yet to be investigated.

The CHADS2 and CHA2DS2-VASc
scores are widely used for stratifying the
risk of thromboembolism and guiding
anticoagulation treatment for AF patients.
High CHADS2 and CHA2DS2-VASc
scores have been reported to be associated

with LAT.?® In the current study, either
CHADS2 or CHA2DS2-VASc score pro-
vided an independent but limited predictive
value for LAT/SEC. This was consistent
with a previous report that the predictive
value of CHADS2 or CHA2DS2-VASc
for LAT ranged from 0.55 to 0.7.°> The pos-
sible explanation is that the components of
the CHADS2/CHA2DS2-VASc scores
mainly contribute to the atherosclerotic
process, instead of focusing on the forma-
tion of thromboembolism.>” The current
study suggested the predictive powers of
CHADS2 and CHA2DS2-VASc for LAT/
SEC were improved by the additions of var-
iables including non-paroxysmal AF
(2 points) and LAD >37.5 mm (1 point),
especially in the population of patients at
a high risk of thromboembolism.
Therefore, refinement of CHADS2 and
CHA2DS2-VASc scores may provide
better prediction of high-risk AF patients.

This current study had several limita-
tions. First, selection bias might exist
because this study was a retrospective
study from a single centre. Patients with
nonvalvular AF that did not undergo trans-
oesophageal echocardiography or did not
have the indication of catheter ablation
may be different from those included in
the study. Secondly, data were retrieved
from the electronic medical record system
and some important data were not
available. For example, the type of non-
paroxysmal AF could not be traced and
the degree of SEC and LA volumes were
not available from the medical record
system. Approximately 25% of individuals
did not have information on height or
weight; therefore, the LAD index could
not be determined completely. Thirdly,
this current study included a limited
number of AF patients irrespective of oral
anticoagulation and, thus, may not repre-
sent the general AF population.

In conclusion, the independent risk
factors for LAT/SEC were non-
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paroxysmal AF and increased LAD, which
added predictive value to the CHADS?2 and
CHA2DS2-VASc scores for LAT/SEC in
patients with nonvalvular AF, especially in
the high-risk of thromboembolism group.
This highlights the fact that these additional
risk factors of LAT/SEC may help to
improve the current risk prediction model
for thromboembolism.
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