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Background: Non-valvular atrial fibrillation (NVAF) in patients at low risk of

thromboembolism (TE) does not mean “no risk.” We sought to assess the risk factors

associated with TE in clinically low-risk AF patients with a non-gender CHA2DS2-VASc

score (CHA2DS2-VA score) of 0 or 1.

Methods: In this single-center cross-sectional study, NVAF patients with a CHA2D-

VA score of 0 or 1 who underwent index high-density bipolar voltage mapping of the

left atrium (LA) and AF ablation were consecutively enrolled from 2017 to 2020. The

population was divided into patients with and without TE history before voltage mapping.

AF patients with CHA2DS2-VA score of 0 to 1 before TE (TE group) were analyzed and

compared with clinically low-risk AF patients without TE history (non-TE group). The

association among LA low voltage area (LVA), other clinical factors and TE history was

analyzed with logistic regression.

Results: In the TE group, LVA was more prevalent [15/25 (60%) vs. 105/359 (29.2%),

p = 0.003] and more preferentially located at the anterior wall [8/15 (53%) vs. 24/105

(23%), p = 0.025]. Among patients with LVA, the activation time from the sinus node to

the left atrial appendage was significantly longer in the TE group (77.09± 21.09 vs. 57.59

± 15.19ms, p < 0.001). Multivariate analysis demonstrated that LVA at the anterior wall

of the LA [OR: 4.17 (95% CI: 1.51 to 11.51); p = 0.006] and being female [OR: 3.40

(95% CI: 1.36 to 8.51); p = 0.009] were associated with TE history.

Conclusions: LVA at the anterior wall of the LA is associated with TE history in NVAF

patients with a low CHA2DS2-VA score.
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INTRODUCTION

Non-valvular atrial fibrillation (NVAF) increases the risk of
stroke by 5 times (1). In addition, strokes associated with AF
are usually more severe and more frequently lead to disability
and death (2, 3). The CHA2DS2-VASc score is widely used for
stroke risk stratification in patients with NVAF. However, a small
proportion of AF patients with a low CHA2DS2-VASc score
still develop thromboembolism (TE). They are often young with
valuable social roles. Therefore, screening for other risk factors
predictive of TE in AF patients with low CHA2DS2-VASc scores
is essential.

Every comprehensive scoring system might not be perfect
enough. Recently, some studies have demonstrated that the
discrimination power of the CHA2DS2-VASc score in predicting
TE in AF patients was only modest (4, 5). The most likely
primary reason is that the CHA2DS2-VASc score is a vascular
scoring system that does not incorporate AF-related parameters.
It was reported that approximately 0.2% of low-risk AF patients
classified by the CHA2DS2-VASc score still had an unexpected
stroke (6). Since these patients have a low risk of stroke and
are relatively young, AF-related strokes in this cohort have
a significant social impact. However, very few studies have
identified additional risk factors for TE in low-risk AF patients
(7, 8). Therefore, the predictors of TE in this cohort remain
uncertain. Left atrial fibrosis detected using cardiac magnetic
resonance imaging (MRI) is thought to be associated with TE
in the general NVAF population (9, 10). Whether left atrial
fibrosis could predict TE in low-risk AF patients has not yet been
reported. The left atrial bipolar low-voltage area (LVA) identified
using three-dimensional (3D) electroanatomic mapping could be
used as a surrogate marker of left atrial fibrosis (11–13). The aim
of this study was to assess the association of left atrial LVA with a
thromboembolic history in relatively low-risk AF patients.

METHODS

This was a single-center, cross-sectional observational study. The
study protocol followed the principles of the Helsinki Declaration
and was approved by the Human Research Ethics Committee
of the First Affiliated Hospital of Nanjing Medical University.
Written informed consent was signed by all patients. The data
of this article will be shared on reasonable request to the
corresponding author.

Study Population
The presence of AF was identified with an electrocardiogram
(ECG). The inclusion criteria were as follows: (1) patients aged
18 to 74 years; (2) non-valvular AF; (3) CHA2D-VA score of 0 or
1; and 4) patients undergoing 3D electroanatomic high-density
bipolar voltage mapping of the left atrium (LA). The exclusion
criteria were as follows: (1) previous AF ablation history; (2)
patients with thrombi in the LA; (3) left atrial size ≥55mm (2-
dimensional transthoracic echocardiography); (4) patients with
severe structural cardiac disease (severe heart valve regurgitation,
hypertrophic cardiomyopathy, or other severe valvular disease);

(5) congenital heart disease; or (6) patients with carotid or
cerebral artery stenosis.

Definition of the Explanatory Variables
The CHA2DS2-VASc score incorporates the patient’s age, sex,
and history of ischemic stroke/transient ischemic attack/systemic
embolism, and the presence of congestive heart failure,
hypertension, diabetes mellitus, and vascular disease. Since
female sex is now considered a risk modifier instead of a
risk factor for stroke in NVAF patients (7, 14), a non-gender
CHA2DS2-VASc score (CHA2DS2-VA score) of 0 or 1 was
defined as a clinically low risk of TE in our study. AF patients
with CHA2DS2-VA scores of 0 to 1 before the thromboembolic
event (TE group) were analyzed and compared with low-risk
AF patients without TE history (the non-TE group). Paroxysmal
AF (PAF) was defined as continuous AF for <7 days. Non-
PAF was defined as continuous AF for >7 days, which included
long-standing persistent AF for >1 year.

Catheter Ablation Procedure and Mapping
Antiarrhythmic medications were withheld for 5 half-lives before
the procedure. Transesophageal echocardiography or computed
tomography scanning was performed to rule out left atrial
thrombi for all patients preceding the procedure. After observing
the left atrial geometry, pulmonary vein isolation (PVI) was
performed under conscious sedation using intravenous fentanyl
and via transseptal access to the left atrium. Assessment of
LA surface area and LVA followed a clinical routine and were
performed as described previously (15, 16). A sequential high-
density 3D bipolar voltage map (at least 300 points per patient)
was constructed in all patients during sinus rhythm, guided
by a 3D electroanatomic mapping system (CARTO3, Biosense
Webster, or Ensite velocity, Abbott) using a circular mapping
catheter (Lasso, 4mm interelectrode spacing, Biosense Webster
or Advisor FL, 3mm, interelectrode spacing, Abbott). Electrical
cardioversion was performed when the patients were in AF.
Stable contact between the local atrial tissue and the electrodes of
the mapping catheter was required. Internal point filter software
was used to limit data acquisition. Only mapping sites that were
within a distance of 5mm from the acquired LA shell contributed
to the voltagemap. LVAwas defined as contiguous areas (at least 3
adjacent points) of bipolar voltage<0.5mV. Extra care was taken
at the sites where LVA was recorded to exactly define the extent
of LVA.

Evaluation of LVA and Activation Time
From the Sinoatrial Node (SN) to the Left
Atrial Appendage (LAA)
The LA was segmented into six areas: anterior wall, posterior
wall, right pulmonary vein antrum, roof, septum, and lateral wall
(Figure 1). The distribution and surface area of the LVA were
calculated. The ratio of the LVA to the LA area was defined
as the percentage of the LA area within the isolation line, not
including the ablation lesions in the surface area of the LA and
anatomical structures such as the PV, LAA and mitral annulus.
Among patients with left atrial LVA, the activation time from the
SN to the LAA was also recorded by measuring the time from the
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FIGURE 1 | Anatomic divisions of the left atrium. Anteroposterior (AP) and posterior-anterior (PA) views of the left atrium show how it was divided for the analysis of

the low voltage area distribution. LA, left atrium; MV, mitral valve; LAA, left atrial appendage; Lat, lateral; PV, pulmonary vein; RS, right superior; RI, right inferior; LS, left

superior; LI, left inferior; RPV, right pulmonary vein. Red dots represent ablation points on the pulmonary vein isolation line.

FIGURE 2 | Flow diagram showing the process for selecting our study patients. AF, atrial fibrillation; TE, thromboembolism.

onset of the P wave in Lead II of the surface ECG to the earliest
activation of the LAA during sinus rhythm.

Statistical Analysis
All analyses were performed using SPSS 19.0 statistical software.
Normally distributed continuous variables are presented as the
mean ± standard deviation (SD) and were compared between
groups using Student’s t-test. Categorical variables are presented
as counts with percentages. The difference between groups
was tested using the chi-square test. Fisher’s exact test was
performed for low expected counts (n < 5). All parameters with
a significance of p < 0.05 in the univariate analysis were entered

into the multiple logistic regression analysis. The multivariate
logistic regression method was used to determine the association
of the clinical variables with the thromboembolic history. A
p-value < 0.05 was considered statistically significant.

RESULTS

From December 2017 to September 2020, 591 consecutive NVAF
patients with a CHA2D-VA score of 0 or 1 underwent 3D
electroanatomic high-density bipolar voltage mapping of the
LA in our center. After eliminating individuals who met the
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exclusion criteria, we finally enrolled 384 patients. Figure 2

shows the patient flow of this study.
According to whether there was a history of TE before the

voltage mapping of the LA, the patients were divided into
2 groups: the TE group (n = 25) and the non-TE group
(n = 359). The median time interval between the TE events
and the voltage mapping of the LA was 10 months (IQR: 3–
36 months). All patients in the TE group had CHA2DS2-VA
scores of 0 to 1 and none was on anticoagulation before the
first thromboembolic event occurred (23 patients with ischemic
stroke, 1 patient with a left renal arterial embolism, and 1 patient
with an arterial embolism in the lower right limb). Brain imaging
studies were performed for all patients with ischemic stroke. The
interpretation of the study results was validated by a neurologist.
The etiology of the thromboembolic events in all 25 patients was
considered to be cardioembolic and related to the AF.

Table 1 summarizes the baseline characteristics of 384
patients. In the entire cohort, the mean age was 56.4 ± 8.5 years,
and 73.2% of the patients were men. Compared with patients in
the non-TE group, those in the TE group were more likely to be
women (60.0 vs. 24.6%, p < 0.001) and had higher levels of N-
terminal pro brain natriuretic peptide (NT-pro BNP) (1200.04±
1049.00 vs. 840.91 ± 811.54 ng/L, p = 0.042). The CHA2D-VA
score was similar between these two groups (0.60 ± 0.50 vs. 0.54
± 0.50, p= 0.546). There was no significant difference regarding
age, smoking status, type of AF, hypertension, hyperlipidemia,
diabetes, heart failure, LA size (represented as LA anterior-
posterior diameter) or left ventricular ejection fraction (LVEF)
between these two groups.

Left Atrial LVA and the Thromboembolic
Events
Table 2 shows that left atrial LVA was more prevalent in the TE
group than in the non-TE group (60.0 vs. 29.2%, p = 0.003).
Among patients with left atrial LVA, the ratio of the LVA to LA
area was similar between these two groups, but the activation
time from SN to LAA was significantly longer in the TE group
(77.09± 21.09 vs. 57.59± 15.19ms, p < 0.001) (Table 2).

Figure 3 depicts the distribution of LVA in the LA among all of
the patients with left atrial LVA. In the TE group, 8 patients (53%)
had a documented LVA on the left atrial anterior wall, 5 (33%) on
the roof region, 4 (27%) on the right pulmonary vein antrum, 1
(7%) on the lateral wall, 1 (7%) on the posterior wall, and none
on the septum. In the non-TE group, 24 patients (23%) had a
documented LVA on the left atrial anterior wall, 18 (17%) on the
roof region, 21 (20%) on the right pulmonary vein antrum, none
on the lateral wall, 62 (59%) on the posterior wall, and 4 (4%) on
the septum. The left atrial LVA was more preferentially located
at the anterior wall in the TE group than in the non-TE group
(53 vs. 23%, p = 0.025). The posterior wall was more frequently
affected in the non-TE group than in the TE group (62 vs. 7%, p
< 0.001).

In the univariate analysis, the existence of anterior LVA in
the LA, female sex, and elevated levels of NT-pro BNP were
significantly associated with a TE history. Multivariate analysis
demonstrated that LVA at the anterior wall of the LA [OR: 4.17

TABLE 1 | Baseline characteristics of the study population.

TE group Non-TE group P-value

Number 25 359

Demographics

Age (y) 59.0 ± 9.7 56.2 ± 8.4 0.116

Female sex 15 (60.0%) 88 (24.5%) <0.001

Body mass index 26.08 ± 2.98 25.29 ± 2.68 0.183

Smoking 4 (16.0%) 101 (28.1%) 0.248

History variables

Paroxysmal AF 9 (36.0%) 75 (20.9%) 0.084

Heart failure 0 (0%) 1 (0.3%) 1.000

Hypertension 11 (44.0%) 137 (38.2%) 0.672

Diabetes 0 (0.0%) 7 (1.9%) 1.000

Hyperlipidemia 4 (16.0%) 58 (16.2%) 1.000

CHADS2 score 0.44 ± 0.51* 0.40 ± 0.49 0.702

CHA2DS2-VA score 0.60 ± 0.50* 0.54 ± 0.50 0.546

Echocardiography

LAD (mm) 41.52 ± 4.24 40.91 ± 4.12 0.480

LVDD (mm) 47.24 ± 4.19 48.59 ± 4.05 0.107

LVEF (%) 62.38 ± 3.96 61.83 ± 5.13 0.604

NT-pro BNP (ng/L) 1200.04 ±

1049.00

840.91 ± 811.54 0.042

*, CHADS2 score and CHA2DS2-VA score before thromboembolic event. TE,

thromboembolism; AF, atrial fibrillation; LAD, left atrial diameter; LVDD, left ventricular end

diastolic dimension; LVEF, left ventricular ejection fractions; NT-pro BNP, N-terminal pro

brain natriuretic peptide. Bold values meant statistically significant.

TABLE 2 | The prevalence of left atrial LVA, ratio of left atrial LVA to LA area, and

the activation time from SN to LAA.

TE group Non-TE group P-value

Number 25 359

Left atrial LVA 15 (60.0%) 105 (29.2%) 0.003

Ratio of LVA to LA

area (%)

12.40 ± 6.33 9.31 ± 6.31 0.118

The activation time

from SN to LAA (ms)

77.09 ± 21.09 57.59 ± 15.19 <0.001

LVA, low voltage area; LA, left atrium; SN, sinoatrial node; LAA, left atrial appendage. Bold

values meant statistically significant.

(95% CI: 1.51 to 11.51); p = 0.006] and being female [OR: 3.40
(95% CI: 1.36 to 8.51); p = 0.009] were associated with a history
of TE (Table 3).

DISCUSSION

In this cross-sectional observational study, we found that left
atrial LVA was more prevalent in clinically low-risk AF patients
with TE than in those without TE. In low-risk AF patients
with TE, the left atrial LVA was preferentially located at the
anterior wall. Conduction from the SN to the LAA is usually
delayed compared with patients without TE. Moreover, LVA at
the anterior wall of the LA and female sex were significantly
associated with a thromboembolic history in clinically low-risk
AF patients.
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FIGURE 3 | Distribution and prevalence of LVA in LA. LVA, low voltage area; LA, left atrium; TE, thromboembolism; RPV, right pulmonary vein.

TABLE 3 | The logistic regression analysis to identify risk factors associated with TE.

Univariate analysis Multivariate analysis

OR (95% CI) P-value OR (95% CI) P-value

Female sex 4.62 (2.00–10.65) <0.001 3.40 (1.36–8.51) 0.009

NT-pro BNP 1.00 (1.00–1.01) 0.049 1.00 (1.00–1.01) 0.088

LVA at the anterior wall of LA 6.57 (2.57–16.76) <0.001 4.17 (1.51–11.51) 0.006

TE, thromboembolism; AF, atrial fibrillation; NT-pro BNP, N-terminal pro brain natriuretic peptide; LVA, low voltage area; LA, left atrium. Only parameters with a significance of p < 0.05

in the univariate analysis were listed in the table. Bold values meant statistically significant.

TABLE 4 | The logistic regression analysis to identify risk factors associated with LVA at the anterior wall of LA.

Univariate Multivariate model

OR (95% CI) P-value OR (95% CI) P-value

Age (y) 1.18 (1.11–1.26) <0.001 1.17 (1.09–1.25) <0.001

Female sex 5.40 (2.53–11.50) <0.001 3.76 (1.70–8.33) 0.001

LVA, low voltage area; LA, left atrium. Only parameters with a significance of p < 0.05 in the univariate analysis were listed in the table. Bold values meant statistically significant.

Other Risk Factors in Addition to Those
Included in the CHA2DS2-VASc Score
It has been speculated that some additional independent risk

factors for AF-related TE may not be included in the CHA2DS2-
VASc score (17). In the general NVAF population, several studies

have identified additional risk factors (18–20), such as NT-pro

BNP, left ventricular diastolic dysfunction, and impaired kidney

function. However, in the low-risk AF population, very few

studies have evaluated potential predictors of AF-related TE

(7, 8). A retrospective, cross-sectional study showed that old age

(≥60 years), high NT-pro BNP (≥300 pg/mL), low creatinine

clearance (<50 mL/min), and an enlarged LAD (≥45mm) were

independently associated with stroke in clinically low-risk AF

patients (7). Another matched case-control study revealed that
smoking was a predictor of ischemic stroke in low-risk AF
patients (8). In that study, some smokers in the non-stroke
group might have been undetected because the patients without
records on smoking were all considered non-smokers. This
makes the conclusion of the study less compelling. Considering
the significant social impact of stroke in these low-risk patients,
it is essential to identify novel risk factors that can predict TE in
this cohort.

Left Atrial LVA, Female Sex, LA Fibrosis
and Thromboembolic Events
In animal models, an increased LA size was associated with
a higher degree of left atrial interstitial fibrosis (21, 22). A
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clinical study by Fatema et al. (23) reported that LA volume
enlargement was a biomarker for ischemic stroke. However, since
left atrial fibrosis may occur before apparent enlargement of the
LA, echocardiographic measurement of the LA size may result
in an underestimation of the association of LA fibrosis and
thromboembolic events.

Daccarett et al. and Akoum et al. (9, 10) elegantly showed
that a high degree of left atrial fibrosis, identified by DE-MRI,
is independently associated with the left atrial thromboembolic
milieu and a prior history of stroke in patients with AF. In
addition, recent studies revealed that left atrial LVA (a bipolar
voltage range of 0.1–0.5mV), detected using 3D electroanatomic
mapping during sinus rhythm and used as a surrogate marker
of left atrial fibrosis, was associated with postprocedural silent
cerebral events and a history of stroke (12, 13). These results are
consistent with our findings of the association between left atrial
LVA and TE. In our study, left atrial LVA was more prevalent
in the TE group than in the non-TE group. However, unlike
previous studies, the total prevalence of LVA was relatively low in
our study. Amajor reason is that all patients enrolled in our study
had few comorbidities. In addition, the catheters used in our
study had a large inter-electrode gap, which reduced the accuracy
of the maps and may partly explain the different results.

In our study, patients in the TE group were more likely to
be women. Pfannmüller et al. (24) reported that fibrosis-related
genes were upregulated in postmenopausal women with AF. A
histological study analyzing atrial tissue obtained during cardiac
surgery illustrated that women had higher expression of CX
40 than men, which indicated remodeling-induced changes in
connexins (25). In our study, multivariate analysis demonstrated
that being female was associated with LVA at the anterior wall of
the LA (Table 4), and LVA at the anterior wall of LA was more
prevalent in patients with a prior history of TE. However, based
on our analysis, the prevalence of LVA at the posterior wall of the
LA did not differ between male and female (15.3 vs. 19.4%, p =

0.352). Meanwhile, the increased LVA at the posterior wall in the
non-TE group did not reach the significant difference (p= 0.097).
Thus, being prone to fibrosis at the anterior wall of the LAmay be
an important reason to explain why female sex was a risk factor
for TE in clinically low-risk AF patients in our study. However,
considering that the association of female sex with higher risk of
TE was independent of LVA at the anterior wall of the LA, the
specific mechanism of the association between female sex and TE
needs further investigation.

LVA at the Anterior Wall, Activation Time
From SN to LAA, and Thromboembolic
Events
It has been recognized that most emboli arise from the LAA
in patients with AF (26). In our study, the left atrial LVA was
more preferentially located at the anterior wall in the TE group
than in the non-TE group. LA fibrosis existing in the anterior
wall region has been shown to be correlated with a reduction in
LAA flow velocity (27). While this reduction is strongly related
to the presence of emboli in patients with AF. In our study, we
additionally found that the activation time from the SN to the

LAA was significantly longer in the TE group than in the non-TE
group. This delayed conduction from the SN to the LAA, which
was dominantly determined by the anterior wall fibrosis, could
indirectly reflect a reduction in LAA flow velocity. Therefore,
our findings partially provide additional plausible evidence for
an association among anterior LA fibrosis, LAA function and
thromboembolic events.

LA Fibrosis and Thromboembolic Events
There is increasing evidence showing that AF may not be a
prerequisite for embolic stroke (28, 29). Instead, AF could be
considered as a manifestation of fibrotic atrial cardiomyopathy
that has progressed to a certain stage (30, 31). The underlying
mechanism of embolic stroke might be related to atrial
fibrosis and atrial cardiomyopathy. Under such conditions, LA
endothelial functional impairment might exist, with a probably
abnormal coagulation state and delayed LAA emptying function.
All of these factors could work together, and LAA clot formation
might be the final consequence.

Clinical Implications
Based on the results of this study, we propose that for clinically
low-risk AF patients, especially for women, LVA at the anterior
wall of the LA could be used to refine the risk stratification for the
risk of TE and guide the anticoagulation strategy following PVI.

Limitations
The inherent limitation of this study is its cross-sectional
nature. Although we illustrated that LVA in the anterior wall
of the LA and female sex were independently associated with
a history of TE in clinically low-risk AF patients, further
prospective studies are still needed. Second, it should be noted
that LA voltage mapping was performed after the TE occurred.
The delay between the TE events and the mapping varied.
Furthermore, LA remodeling is a dynamic process, which may
have an unknown effect on our observed finding. However,
we reported here findings of a hypothesis-generating study
that illustrated the association between LVA at the anterior
wall of the LA and TE. Third, whether LVA detected by
3D electroanatomic voltage mapping could accurately reflect
LA fibrosis is still debatable. Fourth, since the number of
patients was relatively small, it was difficult to analyze the
correlation among LAA 3D geometry, LAA Doppler flow
velocity and TE, but this will be performed in our future
study. Fifth, it seems to be an overstatement to conclude
that the presence of low-voltage areas alone is associated
with thrombotic risk. Other data, specifically serological data,
information an any abnormal coagulation status and assessment
of left atrial and left ventricular function by ultrasound, would
also be required. Sixth, both recorded low voltage area and the
intra-atrial conduction time were measured in sinus rhythm.
Since it is in AF rhythm that thrombosis is actually more
likely to occur, more functional mapping of the left atrium
would be the preferred method of assessment. The novelty
of this paper would be enhanced by the addition of different
pacing sites and the evaluation of low potential areas and
conduction times during rapid atrial pacing. Finally, this study

Frontiers in Cardiovascular Medicine | www.frontiersin.org 6 June 2022 | Volume 9 | Article 869862

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Ding et al. Risk Factors for AF-Related TE

was a single-center study. The study results might be hard
to extrapolate to general NVAF patients with low CHA2DS2-
VA scores.

CONCLUSION

LVA at the anterior wall of the LA is associated with TE in
clinically low-risk AF patients. This finding might be helpful
for refining the risk stratification for the risk of TE in AF
patients with low CHA2DS2-VA scores and for guiding the
anticoagulation strategy after AF ablation.
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