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Background
Patients with atrial fibrillation represent a group of risk for thromboembolic com-
plications, with catastrophic consequences when they affect the central nervous 
system. The performance of risk scores to predict clinical events has been evalu-
ated by several publications; yet, its correlation with the presence of thrombi in 
the left atrium or left atrial appendage has been poorly investigated. The use of 
the CHA2DS2-VASc score has been recently proposed for stratification of thrombo-
embolic risk.

Objective
To evaluate the prevalence of left atrial thrombus and its correlation with the com-
ponents of the CHA2DS2-VASc score and with left ventricular systolic function in 
patients scheduled for electrical cardioversion.

Methods
A prospective registry was conducted of the medical history of patients with atrial 
fibrillation of unknown duration or lasting > 48 hours, undergoing transesopha-
geal echocardiography before scheduled electrical cardioversion. The correlation 
between the CHA2DS2-VASc score variables and the total score to predict the pres-
ence of thrombi in transesophageal echocardiography was analyzed. The result of 
the sum of the CHA2DS2-VASc score plus a score of left ventricular systolic func-
tion (normal = 0, mild dysfunction = 1, moderate dysfunction = 2, severe dysfunc-
tion = 3) was also evaluated.

Results
A total of 129 patients (mean age 70 ± 12 years) were included; 21 (16%) of which 
had thrombus. This finding was more prevalent in patients with risk factors, but 
was only statistically significant for heart failure and diabetes. The risk of throm-
bus in the LA/LAA progressively increased at higher CHA2DS2-VASc (3.6 ± 1.6 
with thrombus vs. 2.7 ± 1 without thrombus; p = 0.024, area under the ROC curve 
= 0.65). This association was greater when left ventricular systolic function was 
included (p = 0.006, area under the ROC curve = 0.69). A CHA2DS2-VASc < 2 did 
not warrant the absence of thrombi.

Conclusions
The CHA2DS2-VASc score, developed to predict the risk of thromboembolic events 
is also associated with the presence of thrombus in patients with atrial fibrillation 
of unknown duration. The addition of left ventricular systolic function to the total 
score might improve its predictive ability.
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INTRODUCTION
Atrial fibrillation (AF) is the most common sustained 
arrhythmia, affecting about 2% of the general popula-
tion, with greater prevalence in the aging population. 
The number of patients affected by this condition 
will be higher in future decades due to increased life 
expectancy, constituting a problem for public health 
management. (1, 2) Patients with atrial fibrillation 
are a risk group for the development of thromboem-
bolic complications, with devastating consequences 
when the central nervous system is affected. Scien-
tific evidence supports the use of anticoagulant agents 
to prevent this threatening complication; however, 
patient risk profile should be defined to determine 
whether treatment will provide any benefit. Several 
risk stratification schemes have been developed using 
clinical variables related with thromboembolism to 
help physicians in the selection of the most appropri-
ate antithrombotic treatment. (3, 4) Of interest, these 
factors are also strong predictors of vascular disease 
and stroke in patients without AF. (5) The perfor-
mance of risk scores to predict clinical events has been 
evaluated by several publications; yet, its correlation 
with the presence of thrombi in the left atrium (LA) 
or left atrial appendage (LAA) has been poorly inves-
tigated. The importance of this association lies on the 
fact that it provides the pathophysiological substrate 
for anticoagulation therapy. Recently, the guidelines 
for the management of atrial fibrillation published by 
the European Society of Cardiology have recommend-
ed the use of the CHA2DS2-VASc score for risk strati-
fication of cardioembolic complications. (6) The goal 
of the present study was to evaluate the prevalence of 
thrombus in the LA/LAA and its correlation with the 
components of the CHA2DS2-VASc score and with left 
ventricular systolic function (LVSF) in patients with 
AF of unknown duration or lasting >48 h scheduled 
for electrical cardioversion.

METHODS 
A prospective registry was performed from the information 
acquired from the medical history of patients admitted to 
the coronary care unit with AF between May 2005 and April 
2012. All the variables included in the CHA2DS2 score and 
the history of vascular disease were specifically recorded. 
Using this information, the CHA2DS2-VASc score was cal-
culated by assigning points to each variable as described in 
the original publication: (7) 1 point for congestive heart fail-
ure or ventricular dysfunction, hypertension, age ≥ 65 years, 
diabetes, vascular disease and female sex; 2 points for age 
≥75 years or previous stroke or transient ischemic attack 
(TIA). The total score was the sum of the corresponding val-
ues assigned to each risk variable. 

Patients with AF of unknown duration or lasting > 48 
h undergoing transesophageal echocardiography (TEE) be-
fore scheduled electrical cardioversion were included in this 
study. Two patients with rheumatic mitral stenosis were ex-
cluded. Transesophageal echocardiography was performed 
with a General Electric Vivid 5 o Vivid 7 ultrasound ma-
chine using a multiplanar probe. Particular attention was 
paid to the exploration of thrombi in the LA or LAA. Under 
sedation with propofol, TEE was performed, followed by 

electrical cardioversion if TEE was negative for thrombi. 
Transthoracic echocardiogram was performed before TEE 
to evaluate LVSF. In case of inadequate ultrasonic window, 
the information was complemented from the esophageal 
and transgastric views. Left ventricular function was clas-
sified according to ejection fraction as normal (≥ 55%), mild 
dysfunction (45 to 54%); moderate dysfunction (35 to 44%) 
and severe dysfunction (< 35%). Unfractionated heparin or 
enoxaparin were administered before electrical cardiover-
sion to all the patients who had not been treated with vi-
tamin K antagonists for more than three weeks before the 
procedure. Then, anticoagulation treatment was continued 
for at least four weeks, based on the recommendations of 
the scientific societies. The ability of each of the CHA2DS2-
VASc score components and of the total score to predict 
thrombi in TEE was investigated. Categorical variables (pre-
dictors of risk) were analyzed using the chi square test. The 
U-Mann Whitney test was used to evaluate risk scores on an 
ordinal scale. A p value < 0.05 was considered statistically 
significant. The predictive ability of a model built by the 
sum of the CHA2DS2-VASc score to an echocardiographi-
cally measured LVSF score was also evaluated (CHA2DS2-
VASc-LVSF). A numerical value was assigned to ventricular 
function according to the following scale, normal=0, mild 
dysfunction=1, moderate dysfunction=2, and severe dys-
function=3. A ROC curve was constructed and the C statis-
tic was calculated to compare the diagnostic performance of 
both models to predict thrombus in the LA or LAA. Values 
are expressed as mean ± standard deviation and C statistics 
with the corresponding confidence intervals.

RESULTS
A total of 129 patients were included; 48 of which were 
women. Mean age was 70 ± 12 years. The clinical and 
echocardiographic characteristics are described in 
Tables 1 and 2. Only 29% of patients had an INR > 
2, considering that 74 patients (57%) had their first 
documented episode of AF, and enoxaparin or unfrac-
tioned heparin was the initial antithrombotic therapy. 
Electrical cardioversion was performed in 107 pa-
tients and was successful in 97%. In those cases with 
evidence of thrombus the procedure was postponed 
and long-term anticoagulation was indicated. 

Thrombi were present in 21 patients (16%): 19 
patients in the LAA, one in the LA and one in both 
locations. The correlation of each variable included 
in the CHA2DS2-VASc score and of LVSF with the 
presence of thrombus is described in Table 3. The 
prevalence of thrombus was greater in patients with 
risk factors in nearly all the categories, except for fe-
male sex and previous stroke. However, this associa-
tion reached statistical significance for heart failure, 
diabetes and LVSF. The risk of thrombus in the LA/
LAA progressively increased at higher CHA2DS2-VASc 
scores (Figure 1 A): The mean score was 3.62 ± 1.6 
with thrombus vs. 2.76± 1.6 without thrombus (p = 
0.024). The diagnostic performance evaluated by the 
ROC curve showed an area under the curve (C statis-
tics) of 0.65 (0.52 - 0.78). The CHA2DS2-VASc-LVSF 
model showed a highly significant association be-
tween the score and the presence of thrombus (Figure 
1 B): 4.86 ± 2.4 vs. 3.35 ± 1.9 without thrombus (p 
= 0.006), improving the area under the ROC curve  
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electrical cardioversion did not show the presence of 
thrombi.  The patients with thrombus did not present 
embolic complications during hospitalization. 

The correlation between left atrial appendage 
emptying flow velocity and the density of spontane-
ous echo-contrast with the presence of thrombus was 
retrospectively analyzed despite not being considered 
a primary endpoint of the study. The presence of spon-
taneous echo-contrast was recorded in 70% of TEE 
and LAA emptying flow velocity in 90%. The presence 
and density of spontaneous echo-contrast had a clear 
association with the presence of thrombus (p = 0.005) 
(Figure 2). A reduction in left atrial appendage emp-
tying flow velocity (< 0.4 m/s2) was observed in 93% 
of patients with thrombus vs. 63% in those without 
thrombus (p = 0.015). None of the patients with ab-
sence of both indicators of low atrial flow velocity pre-
sented atrial masses.

DISCUSSION
Several studies have demonstrated the superiority of 
vitamin K antagonists to prevent clinical events in pa-
tients with AF, particularly in those with risk factors. 
(8-11) Prescription of anticoagulant therapy is based 
on the hypothesis that thromboembolism is originated 
in thrombi located in the LA/LAA and might be pre-
vented with efficient antithrombotic treatment. How-
ever, some publications have reported that 25-50% of 
strokes/TIA are noncardioembolic. (12,13,14)  Intrac-
ranial and extracranial carotid artery disease, small 
vessel disease and aortic debris are other possible 
mechanisms for noncardioembolic stroke. The same 

Fig. 1. A. Correlation between the CHA2DS2-VASc score and 
thrombus. B. Correlation between CHA2DS2-VASc + LVSF and 
thrombus. The columns represent percentage of patients with 
thrombus in LA/LAA for each score. The values below each column 
indicate the number of patients.

HR: Heart rate. TIA: Transient ischemic attack. *Information obtained 
from 82 patients.

Table 1. Clinical history

Mean age

Men/women 

Hypertension

Diabetes

Vascular disease

Heart failure

Previous stroke/TIA

HR

   Low

   Adequate

   High

INR > 2*

First episode

Prosthetic Mitral Valve 

Prosthetic Aortic Valve 

CHA2DS2-VASc

70 ± 12

81/48

N (%)

94 (73)

22 (17)

26 (20)

31 (24)

6 (4.7)

15 (11.6)

51 (39.5)

63 (48.8)

24 (29)

74 (57)

1 (0.8)

8 (6.2)

0: 10(8) / 1: 21(16)  

2: 22(17) / 3: 24(19) 

4: 27(21) / 5: 21(16) 6: 4(3)             

Table 2. Echocardiographic data

Segmental wall motion abnormalities

Systolic function

  Normal

  Mild dysfunction

  Moderate dysfunction

  Severe dysfunction

Mitral regurgitation

  Absent

  Grade 1

  Grade 2

  Grade 3

Aortic stenosis

  Absent

  Grade 1

  Grade 2

  Grade 3

Aortic regurgitation

  Absent

  Grade 1

  Grade 2

16 (12.4)

83 (64)

14 (11)

20 (16)

12 (9)

39 (30)

62 (48)

26 (20)

2 (1.6)

124 (96)

3 (2.3)

1 (0.8)

1 (0.8)

89 (69)

37 (29)

  3 (2.3)

n Patients - (%)ECHOCARDIOGRAPHIC DATA

(C = 0.69; 0.55 - 0.83). Yet, the confidence intervals of 
both models were overlapped. 

In three patients categorized as low risk (< 2) by 
the CHA2DS2-VASc score, thrombi were documented 
by TEE (scores = 0 in one patients and 1 in two pa-
tients). Only one thromboembolic event was reported 
(0.8%) in a woman who suffered a stroke under treat-
ment with acenocumarol and in whom TEE before 
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clinical variables associated with thromboembolic risk 
in AF are also associated with vascular disease and aor-
tic atheroma. (15) Kanter et al. evaluated 676 patients 
with AF using Doppler ultrasound and observed that 
carotid artery stenosis was associated with hyperten-
sion, diabetes and tobacco use. (16) Kim et al. found 
a direct association between the CHADS2 score and 
intracranial and extracranial carotid artery disease. 
(17) The investigators of the SPAFF group described 
that the prevalence of complex plaques in the thoracic 
aorta is higher in the groups with greater clinical risk, 
and this finding was associated with greater rate of 
embolism. (18) The benefit of oral anticoagulation to 
prevent embolic complications in AF patients is justi-
fied by the reduction in clinical events, (19) but has 
no documented usefulness in vascular disease and 
aortic disease. (20, 21, 22)  Our study shows a correla-
tion between the clinical predictors of risk included in 
the CHA2DS2-VASc score and the presence of throm-
bus in the LA/LAA, providing a rational indication to 
anticoagulation treatment. In addition, it closes the 
pathophysiological circuit composed by risk factors, 
LA thrombus and clinical events. The influence of 
each factor to provide the necessary conditions for the 

development of atrial thrombi still remains unclear. 
Hypertension produces left ventricular hypertrophy 
and diastolic dysfunction, reducing atrial flow veloc-
ity. (15, 23) Aging reduces flow velocity in the LAA. 
(24) Previous stroke/TIA is a strong predictor of the 
presence of, rather than a predisposing factor for the 
genesis of, thrombus. Diabetes has a clear association 
with macro and microvascular disease; however, its 
role in AF is not direct. The influence of heart fail-
ure might be related with higher LA pressure, pro-
ducing atrial stasis and increasing LA diameter. The 
evaluation of left ventricular systolic function might 
be more representative of potential risk than the his-
tory of heart failure, as ventricular dysfunction is 
not always present in this condition. The association 
between low ejection fraction and the development 
of thromboembolic events has been shown in differ-
ent studies. (25, 26) Although we have demonstrated 
a greater area under the ROC curve only by adding 
the LVSF score to the CHA2DS2-VASc score (0.69 
vs. 0.65), the conclusions are limited due to overlap-
ping confidence intervals. Further studies, including 
greater number of patients, are needed to confirm our 
findings, in order to incorporate this simple element, 
easily available with transthoracic echocardiography, 
to an improved model with greater predictive ability. 
The correlation between the CHADS2 score and the 
presence of thrombus in the LA/LAA was evaluated 
in a retrospective case-control study conducted at the 
Mayo Clinic, demonstrating higher scores in patients 
with thrombus. (27) Decker et al. reviewed the clini-
cal reports for all TEEs of patients with precardiover-
sion AF to develop the CHADS2 score. (28) A strong 
association was present between the CHADS2 score 
and presence of LA/LAA thrombus. The prevalence of 
thrombus in our study (16%) was similar to that of the 
ACUTE study (14%) which randomized 1222 patients 
to either treatment guided by the findings on TEE or 
conventional treatment. (29) The rate of thromboem-
bolic events was low and similar in both studies (0.8%). 
The diagnostic performance of the CHA2DS2-VASc for 
the presence of thrombus in our study (area under the 
ROC curve = 0.65) was similar to that of this score to 

Fig. 2. Correlation between spontaneous echo-contrast and trom-
bus

Age 

  < 65

  65-74

  > 75

Female gender

Male gender

DBT (+)

DBT (-)

HT (+)

HT (-)

Stroke (+) 

Stroke (-)

HF (+) 

HF (-)

vasc (+) 

vasc (-)

lvSF

  Normal

  Mild dysfunction

  Moderate dysfunction

  Severe dysfunction

37 (88.1%)

29 (87.9%)

42 (77.8%)

43 (89.6%)

65 (80.2%)

15 (68.2%)

93 (86.9%)

76 (80.9%)

32 (91.4%)

5 (83.3%)

103 (83.7%)

22 (71.0%)

86 (87.8%)

19 (73.1%)

89 (86.4%)

75 (90.4%)

10 (71.4%)

15 (75.0%)

8 (66.7%)

5 (11.9%)

4 (12.1%)

12 (22.2%)

5 (10.4%) 

16 (19.8%)

7 (31.8%)

14 (13.1%)

18 (19.1%)

 3 (8.6%)

1 (16.7%)

20 (16.3%)

9 (29.0%)

12 (12.2%)

7 (26.9%)

14 (13.6%)

8 (9.6%)

4 (28.6%)

5 (25.0%)

4 (33.3%)

42  

33  

54

48

81

22

107

94

35

6

123

31

98

26

103

83

14

20

12

0.3*

0.12†

0.16

0.03

0.15

0.9

0.03

0.1

0.048

n total 
patients

pThrombus (+)
n (%)

Thrombus (-)
n (%)

Table 3. Correlation between the clinical variables and LVSF with 
the presence of thrombus

DBT: Diabetes. HT:Hypertension. HF: Heart failure. Vasc: Vascular disease. 
LVSF: Left ventricular systolic function *age ≥65 vs. <65; †age ≥75 vs. <75. 
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predict cardioembolic events in real-life populations. 
(30) Although the correlation is significant, it is not 
perfect, suggesting that the presence of other factors 
different from those considered in the model should 
be taken into account. (31) Another aspect to consider 
is whether the absence of predictors of thromboem-
bolic risk in patients with AF scheduled for electrical 
cardioversion warrants the absence of thrombus. If 
this statement were true, it might not be necessary 
to perform TEE precardioversion in patients with AF 
lasting > 48 h and who are not under prolonged treat-
ment with anticoagulation agents, saving time and 
medical costs. In a study of 1058 patients undergo-
ing TEE before AF ablation, Puwamant et al. found 
a direct association between the CHADS2 score and 
the presence of LA/LAA thrombus. (32) As patients 
with a score of 0 had no evidence of atrial masses, the 
authors stated that TEEs are not needed in this sub-
group of patients. Yet, 81% of patients had paroxysmal 
AF, about 20% were in sinus rhythm at the moment 
of the examination, and the prevalence of thrombus 
was extremely low (0.6%). Decker et al. did not find 
thrombi in patients with a CHADS2 score of 0, thus 
suggesting that anticoagulation is unnecessary in this 
subset. (8) Although our study confirms the direct as-
sociation between the CHA2DS2-VASc score and the 
presence of thrombi in the LA/LAA, we could not ex-
clude the presence of masses with low scores as we 
found thrombi in two patients with a score of 1 and in 
one patient with a score of 0. This finding reaffirms 
the need of TEE precardioversion in subjects not re-
ceiving anticoagulation therapy for the time recom-
mended by the current guidelines. Even in a popula-
tion of apparently low risk of thromboembolism with 
short-term AF duration (< 48 hours), Kleemann et 
al. reported a prevalence of thrombi of 1.4%. (33) An 
additional finding of our experience was the correla-
tion of spontaneous echo-contrast and left atrial ap-
pendage emptying flow velocity with the prevalence 
of atrial masses. The density of spontaneous echo-
contrast had a direct correlation with the prevalence 
of thrombus, and left atrial appendage emptying flow 
velocity was almost always present in these cases. In 
the absence of both phenomena, thrombi were absent 
at TEE examination. On the basis of this observation, 
the evaluation of these two factors might be consid-
ered at the moment of deciding anticoagulation in lim-
it situations with high risk of bleeding complications.

CONCLUSIONS
As far as we know, our study is the first one evaluat-
ing the correlation between the CHA2DS2-VASc score 
with the prevalence of thrombus in the LA/LAA as 
suggested by the current guidelines, confirming a 
direct correlation between both variables. A low risk 
score does not warrant the absence of thrombi. The 
addition of the variable LVSF to the original model 
might improve the predictive capacity. This finding 
should be confirmed with greater number of patients.

RESUMEN

Relación entre el índice CHA2DS2-VASc y la presencia de 
trombo auricular en pacientes con fibrilación auricular 
en plan de cardioversión

Introducción
Los pacientes con fibrilación auricular representan un grupo 
de riesgo para el desarrollo de complicaciones tromboembóli-
cas, con consecuencias devastadoras cuando afectan el siste-
ma nervioso central. El rendimiento de los índices de riesgo 
para predecir eventos clínicos se ha evaluado en numerosas 
publicaciones, mientras que su relación con la presencia de 
trombo en la aurícula izquierda o su orejuela se ha explo-
rado menos. Recientemente se ha propuesto la utilización 
del índice conocido con el acrónimo CHA2DS2-VASc para la 
estratificación de riesgo cardioembólico.

Objetivo
Evaluar la prevalencia de trombo en la aurícula izquierda y 
su relación con las variables del índice CHA2DS2-VASc y la 
función sistólica del ventrículo izquierdo en pacientes con 
fibrilación auricular que serán sometidos a cardioversión 
eléctrica.

Material y métodos
Se efectuó un registro prospectivo de los antecedentes clíni-
cos de pacientes con fibrilación auricular de tiempo indeter-
minado o > 48 horas, a los que se les realizó un eco transe-
sofágico previo a una cardioversión eléctrica. Se analizó la 
relación de las variables que conforman el índice CHA2DS2-
VASc y del puntaje total para predecir trombo en el eco 
transesofágico. Se evaluó además un modelo que resultó de 
sumar al CHA2DS2-VASc un puntaje según la función sistó-
lica del ventrículo izquierdo: normal = 0, deterioro leve = 1, 
moderado = 2, grave = 3.

Resultados
Se incluyeron 129 pacientes con edad media de 70 ± 12 años, 
de los cuales 21 (16%) presentaron trombo. Este hallazgo fue 
más prevalente en pacientes con factores de riesgo, pero al-
canzó nivel de significación solo para insuficiencia cardíaca 
y diabetes. Se observó un incremento progresivo del riesgo 
de trombo en relación con el CHA2DS2-VASc (3,6 ± 1,6 con 
trombo vs. 2,7 ± 1 sin trombo; p = 0,024, área bajo la curva 
ROC = 0,65). La asociación se ve reforzada cuando se inclu-
ye la función sistólica del ventrículo izquierdo (p = 0,006, 
área bajo la curva ROC = 0,69). Un puntaje de CHA2DS2-
VASc < 2 no garantizó la ausencia de trombos.

Conclusiones
El puntaje CHA2DS2-VASc desarrollado para predecir ries-
go clínico de fenómenos embólicos también se asocia con la 
presencia de trombo en pacientes con fibrilación auricular 
de tiempo indeterminado. El agregado de la función sistólica 
del ventrículo izquierdo al puntaje total podría mejorar la 
capacidad predictiva.

Palabras clave  > Fibrilación auricular - Eco transesofágico  
  Trombo - Tromboembolismo - Cardiover- 
  sión - Anticoagulantes - Función ventri- 
  cular
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