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Abstract
Background: Spontaneous echo contrast (SEC) in the left 
atrial appendage (LAA) is associated with an increased risk 
of cerebral embolism in patients with atrial fibrillation (AF). 
Novel oral anticoagulants (NOACs) are increasingly pre-
scribed as first-line therapy and have shown a comparable 
benefit-risk ratio compared to vitamin K antagonists (VKAs). 
The aim of this study was to investigate whether NOACs 
decrease the incidence of SEC compared to VKA.

Methods: We retrospectively analysed 542 patients who 
underwent transoesophageal echocardiography (TEE) prior 
to AF ablation at our institution. SEC was characterised by 
dynamic, smoke-like echoes within the LA cavity or LAA on 
TEE.

Results: SEC was detected in 58 patients (10.7%) and 
occurred significantly more often in patients on VKA (n = 39; 
13.6%) compared to patients on NOACs (n = 19, 7.5%; p = 
0.02). Decreased left ventricular function (p < 0.001), arterial 
hypertension (p < 0.001), LA enlargement (p < 0.001) and AF 
during TEE (p < 0.001) were significantly more often observed 
in patients showing SEC. Transient ischemic attack or stroke 
did not occur in any patient during AF ablation.

Conclusion: The incidence of SEC on TEE in patients prior 
to AF ablation was significantly lower in patients treated with 
NOACs as compared to patients treated with VKA. Patients 
with multiple risk factors showed a higher SEC incidence. 
The results support the recommendation of NOACs as first-
line oral anticoagulation in non-valvular AF.
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Background
A recently published article indicates no correlation 

between periprocedural thromboembolic events and 
spontaneous echo contrast (SEC) in patients undergo-
ing catheter ablation of atrial fibrillation (AF). However, 
during long-term follow-up, patients with preprocedur-
ally detected SEC showed significantly more strokes/
transient ischemic attacks (TIAs) [1]. Additionally, SEC 
in the left atrial appendage (LAA) is associated with an 
increased risk of cerebral embolism in patients with AF, 
even if sufficiently anticoagulated [2].

During past years, new agents other than the estab-
lished vitamin K antagonists (VKA) entered the arena of 
oral anticoagulation-the so-called novel oral anticoagu-
lants (NOACs). Previous reports have stated the clinical 
effectiveness of NOACs in patients with non-valvular AF 
[3-6]. Due to good compliance and effectiveness, the 
use of NOACs is increasing, but clinical experience is still 
limited [7]. In the present study, we investigated wheth-
er patients under NOACs exhibit a lower incidence of 
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analysis was conducted to determine the relationship 
between the SEC and selected variables (risk factors). 
For categorical outcomes including relative frequencies, 
group comparisons were performed using chi-squared 
tests. For quantitative measures, means and standard 
deviations for symmetrically distributed data or medians 
and ranges (minimum to maximum) for skewed data 
were shown.

Results
A total of 542 patients were included in the study 

(VKA, n = 287; NOAC, n = 255). Within the NOAC group, 
18.4% of patients (n = 47) received dabigatran, 22% 
(n = 56) apixaban, and 59.6% (n = 152) rivaroxaban. A 
reduced dose of the NOACs was administered in 11% (n 
= 28) of patients. No intra-atrial thrombus was found in 
this population.

SEC was significantly more often present in patients 
on VKA (13.6%) as compared to patients on NOACs 
(7.5%) (p = 0.02; Table 1; Figure 1).

Decreased left ventricular function (p < 0.001), ar-
terial hypertension (p < 0.001), LA enlargement (p < 
0.001) and AF during TEE (p < 0.001) were significantly 
more often found in patients exhibiting SEC (Table 1 and 
Table 2; pages 12 and 13).

The number of previous ablation procedures was not 
associated with a higher SEC incidence (p = 0.53), but 
we found a significantly higher SEC incidence in patients 
with persistent AF versus patients with paroxysmal AF 
(p < 0.001; Figure 2 and Figure 3; page 15).

Logistic regression (Table 3, page 13) demonstrated 
a clinically relevant increased risk for SEC by age (5.4%/
year), total duration of persistent AF (1.7%/month), 
number of previous cardioversions (22.3%/each), LA 
diameter (6.5%/mm) and CHADS2 score (6.5%/point). 

SEC compared to patients under VKA.

Methods

Study population
Our retrospective analysis included all patients who 

underwent catheter ablation for paroxysmal or per-
sistent AF at our centre from January 2013 to December 
2014 and who received transoesophageal echocardi-
ography (TEE) to exclude intra-atrial thrombus. All pa-
tients were examined for SEC. SEC was characterised by 
dynamic, smoke-like echoes within the LA cavity or LAA 
during TEE [8]. Patients taking VKA who were not in the 
therapeutic window (INR between 2.0 and 3.0) were ex-
cluded from the analysis.

Transesophageal echocardiography
Two-dimensional (2D) and three-dimensional (3D) 

TEE were performed with a commercially available ul-
trasound system (Phillips iE33; Philips Medical Systems, 
Andover, MA, USA) using a matrix-array 3D TEE probe 
(X7-2t; Philips Medical Systems). All TEEs were per-
formed within 24 h prior to the scheduled procedure. 
SEC was defined as dynamic, smoke-like echoes with 
swirling motion using optimal gain setting during the 
cardiac cycle. Thrombus, on the other hand, was de-
fined as a circumscribed and uniformly echo-dense in-
tracavitary mass distinct from the underlying LA or LAA 
endocardium [8].

Statistical analysis
Data analysis was performed using the software 

package SPSS for Windows versions 23.0 (IBM Corp., 
Armonk, NY, USA). Two sample t-tests were performed 
in the case of normal distribution of the variables, and 
Mann-Whitney-Wilcox tests were performed in the 
case of the remaining distributions. A linear regression 

         

Figure 1: Incidence of SEC (spontaneous echo contrast) in patients on vitamin K-antagonists and NOACs (novel oral anti-
coagulants).

Table 1: Differences in baseline characteristics in patients with or without SEC.

  No SEC SEC p-value
Gender 63.4% (male) 53.4% (male) 0.131

Type of atrial fibrillation 40.4% (pers.) 87.9% (pers.) < 0.001*

Rhythm at TEE 40% (afib) 84.5% (afib) < 0.001**

NOAC 48.70% 32.80% 00.02*

Hypertension 71.30% 91.50% < 0.001**
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Figure 3: NOAC versus vitamin K antagonists (OAC) in patients with SEC in context of prevalence of pers. and paroxysmal 
AF.

Table 2: Differences in baseline characteristics in patients with and without SEC.

No SEC  SEC  
  mean SD mean SD p-value
Age 63.89 10.6 68.48 7.69 < 0.001**

Number of previous AF Ablations 1.77 0.77 1.71 0.75 0.53

LV-EF (%) 54.52 7.58 50.6 9.63 < 0.001**

LA-Diameter (mm) 38.66 11.78 45.88 9.52 < 0.001**

CHADS2 1.29 1.1 1.67 1.01 0.01*

CHA2DS2-VASc 2.41 1.64 3.1 1.36 < 0.001**

Note: * = Significant and ** = Highly significant.
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Figure 2: Count of patients with paroxysmal versus persistent AF in context of prevalence of SEC.
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might reduce the frequency of TIA and stroke in the long 
term. A postprocedural switch could also be discussed 
in patients on VKA and SEC, although no definite rec-
ommendations are possible from ours and other’s data.

Impaired left ventricular function, arterial hyperten-
sion, AF during TEE, and an enlarged LA were identified 
as predictors of SEC. These results are consistent with 
previously published studies and are also included in 
the CHA2DS2-VASc score [13-15]. An improvement in 
the left ventricular function caused by optimal medical 
treatment of heart failure as well as a therapy of arteri-
al hypertension according to the guidelines can reduce 
the SEC risk mentioned above [16].

Interestingly, the number of previous AF ablations 
in our cohort was not associated with an increased SEC 
incidence. Data here are not consistent. The number of 
ablations and associated ablated areas in the LA may 
impair LA contractility and, thus, increase the risk for 
SEC [17,18]. Several studies show that left atrial strain 
is a risk factor for both LA thrombi and SEC [19,20]. In 
addition, the LA-strain is associated with an increased 
risk of recurrence after ablation [21]. However, we 
could not confirm this correlation in the present study.

A new finding of the present study is that with the 
number of external cardioversions performed before 
ablation, the probability of SEC increases by almost a 
quarter (22.3%). It is also proven that the left atrial func-
tion correlates with the risk of recurrence of AF after 
external cardioversion [22]. For patients with multiple 
cardioversions (and other additional risk factors), this 
could mean that echocardiographic thrombus exclusion 
is recommended even if sufficient oral anticoagulation 
is consistently administered. The CHA2DS2-VASc score 

We also found a significant correlation of the CHADS2 
and CHA2DSc-VASc scores with the incidence of SEC (p = 
0.01/p < 0.01, shown in Table 2, page 12).

Discussion
The main finding of the study is that patients on NO-

ACs reported significantly less SEC on TEE compared to 
patients taking VKA in the therapeutic window. All in-
cluded patients under VKA have been in the target INR 
range (between 2 and 3). However, it is expected that 
patients in the lower INR range have a higher risk for SEC 
than those in the upper target range. In addition, nu-
tritional factors can also lead to strong fluctuations. In 
terms of safety in thromboembolic and bleeding events, 
NOACs have been proven to reduce SEC and, thus, the 
risk of late strokes [3,4,6,9] (Table 4 and Table 5).

Periprocedurally, we did not encounter any stroke 
or TIA in our patient group, which is consistent with the 
work of Gedikli, et al. [1] SEC in LA/LAA, therefore, does 
not seem to be a contraindication for ablation or cardio-
version either. Our findings confirm the results of Di Bi-
ase, et al., that TEE before ablation is not absolutely nec-
essary, especially under sufficient NOAC intake [9-12].

There are reports that during long-term follow-up, 
patients with preprocedurally detected SEC report sig-
nificantly more strokes or TIAs [1]. It might be speculat-
ed that a change from VKA to NOACs preprocedurally 

Table 4: Chi-square test (independent variable, IV): type of atrial fibrillation (parox/pers), Vitamin-K antagonists versus non-
vitamin K antagonists, rhythm at TEE, hypertension; dependent variable: spontaneous echo contrast (SEC).

IV Chi square test iv Strength of association 
Type of atrial fibrillation X2

type of AF (1, N = 540) = 47.94, p < 0.001** Φ = 0.30 (9%)

OAC vs. NOAC X2
OAK vs NOAK (1, N = 540) = 5.32, p = 0.021* Φ = 0.13 (2%)

Rhythm at TEE X2
rhythm at TEE (1, N = 541) = 41.52, p < 0.001** Φ = 0.28 (8%)

Hypertension X2
HT (1, N = 538) = 10.36, p < 0.001** Φ = 0.14 (2%)

Note: * = Significant and ** = Highly significant.

Table 5: Distribution of NOACs. 

NOAC Total (%) no SEC SEC
Dabigatran 47 (18.4%) 42 (89.4%) 5 (10.4%) 

Apixaban 56 (22%) 54 (96.4%) 2 (3.6%)

Rivaroxaban 152 (59.6%) 140 (92.1%) 12 (7.1%)

Table 3: Logistic regression (IV: age, total AF-duration in months, persistent AF duration in months, number of previous 
cardioversions, LV-function, LA-diameter, CHADS2 score; dependent variable.

    95% CI   
Independent variable (IV) b p-Value lower upper % per IV unit
Age 0.052 0.002* 1.02 1.09 5.4%

Pers. AF 0.017 0.001** 1.01 1.03 1.7%

Number of cardioversions 0.201 0.001** 1.08 1.39 22.3%

LV-function -0.045 0.001** 0.93 0.98 -4.0%

LA-Diameter 0.063 0.001** 1.03 1.1 6.5%

ChadS2-Score 0.287 0.014* 1.06 1.68 6.5%

Note: * = Significant and ** = Highly significant.
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also represents a reliable risk stratification score, and a 
TEE for thrombus exclusion is recommended for values 
above 3 points (based on available data).

Limitations
The available data were collected retrospectively 

and represent the typical patient population at the time 
of the investigation. Edoxaban was not yet registered 
on the European market at the time of data collection.

Conclusion
The incidence of SEC in patients undergoing TEE pri-

or to AF ablation is significantly lower in patients treat-
ed with NOACs than those on VKA. Further studies are 
necessary to investigate the long-term effect of NOACs 
on stroke/TIA following AF ablation. In addition to the 
CHADS2 score parameter, LA diameter, persistent ver-
sus paroxysmal AF, and the number of previous cardio-
versions were identified as independent risk factors for 
SEC. The results support the justifiably increased use of 
NOACs as first-line oral anticoagulation in non-valvular 
AF.
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