
 

 

Introduction 
 
Atrial Fibrillation (AF) currently affects 2.2 mil-
lion individuals in the United States alone [1] 
and its prevalence is projected to increase over 
the next several decades as the population 
ages [2]. AF represents a major risk factor for 
thromboembolic events, accounting for approxi-
mately 15% of all ischemic strokes [3]. Several 
risk stratification schemes have been devel-
oped and validated to predict thromboembolic 
risk in non-valvular atrial fibrillation (NVAF) [3-
6]. The CHADS2 index is one such scoring algo-
rithm that assesses risk of systemic throm-
boembolism based on clinical factors and 
guides the selection of AF patients at suffi-
ciently high risk of stroke to justify systemic anti-
coagulation for stroke prevention [4]. 

Based on the risk of systemic thromboembolism 
at the time of cardioversion for atrial fibrillation, 
current guidelines recommend either several 
weeks of anticoagulation or precardioversion 
transesophageal echocardiography (TEE) to ex-
clude intra-cardiac thrombus prior to restoration 
of sinus rhythm [1]. Given the increasing preva-
lence of atrial fibrillation and expanding pres-
sure to reduce healthcare expenditures [1], 
avoidance of precardioversion anticoagulation 
or TEE may be warranted if low-risk individuals 
could be reliably identified. Although low 
CHADS2 scores have been demonstrated in sev-
eral studies to be associated with a sufficiently 
low risk of stroke that anticoagulation over the 
long-term is not recommended [1,4,6], it is un-
known if CHADS2 score can identify individuals 
at low risk for intra-cardiac thrombus on precar-
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Abstract: Objective: The goals of this study were to determine: 1) if the CHADS2 score correlates with left atrial (LA) or 
left atrial appendage (LAA) thrombus on pre-cardioversion transesophageal echocardiography (TEE) in nonvalvular 
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LAA thrombus. Background: It is unknown if CHADS2 score, a marker of thromboembolic risk in NVAF, accurately pre-
dicts LA/LAA thrombus on pre-cardioversion TEE. Methods: We retrospectively studied patients undergoing pre-
cardioversion TEE for NVAF at a tertiary hospital. TEE reports were reviewed for presence of LA/LAA thrombus. Using 
medical records and an ICD-9 coding database, a CHADS2 score was derived, and the association between CHADS2 
and thrombus was evaluated with Mantel-Haenszel Chi-Square. The relation between the singular components of 
CHADS2 and thrombus were analyzed using Pearson’s Chi-Square. Results: In 643 consecutive patients undergoing 
pre-cardioversion TEE, LA/LAA thrombus was identified in 46 (7.2 %). A strong association was present between 
CHADS2 score and LA/LAA thrombus (p = 0.0005). No thrombi were identified in patients with CHADS2 = 0. Among 46 
patients with thrombus, all (100%) had CHF. Of the singular components, CHF was the only factor independently as-
sociated with thrombus (p < 0.0001). Conclusions: In non-valvular atrial fibrillation, CHADS2 is strongly associated 
with LA thrombus on TEE. Our findings suggest pre-cardioversion TEE may be unnecessary if the CHADS2 score = 0. 
Of the components of the CHADS2 score, CHF was the only independently associated risk factor which correlated with 
LA/LAA thrombus. 
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dioversion TEE. Accordingly, we sought to de-
lineate an association between CHADS2 score 
and the presence of left atrial thrombus on TEE 
in patients about to undergo cardioversion.  
 
Methods 
 
Study population  
 
The clinical reports for all TEEs performed be-
tween January 1, 2006 and January 31, 2009 
at William Beaumont Hospital, Royal Oak, a 
large tertiary hospital, were reviewed for the 
study indication. The study was approved by the 
William Beaumont Hospital Human Investiga-
tional Committee. If the clinical indication for 
TEE was to evaluate for the presence of LA 
thrombus prior to direct current cardioversion 
(DCCV), the following data was collected from 
the TEE report: 1) Age of patient at the time of 
TEE; 2) Presence of intra-cardiac thrombus; and 
3) Left ventricular systolic function. An ICD-9 
coding database was used to derive a CHADS2 
score [4] ranging from 0-6. This was derived by 
assigning 1 point for congestive heart failure 
(CHF), hypertension, age >/= 75, and diabetes 
mellitus, and 2 points for stroke or transient 
ischemic attack. The CHADS2 score was con-
firmed by reviewing the hospital electronic medi-
cal records for verification of their ICD-9 coding 
diagnoses. 

Transesophageal echocardiogram 
 
TEE was performed with a standard TEE probe 
after anesthetizing the posterior pharynx and 
providing conscious sedation. Multiple views 
were obtained. All patients gave written consent 
prior to the TEE. A thrombus was defined as an 
echo-dense mass with a uniform texture differ-
ent to that of the LA/LAA endocardial wall [7,8]. 
Left ventricular systolic function was classified 
as greater than or equal to an ejection fraction 
of 50% or an ejection fraction less than 50%.  
 
CHADS2 score 
 
The ICD-9 diagnosis coding database was ac-
cessed in order to obtain the correct comorbid 
conditions and to calculate a CHADS2 score 
[4,9]. These ICD-9 diagnoses were then con-
firmed by reviewing the hospital electronic data-
base. Congestive heart failure (CHF) was de-
fined as clinical heart failure (Stage C or D) ac-
cording to the 2009 Focused Update: ACC/AHA 
Guidelines for the Diagnosis and Management 
of Heart Failure in Adults [10]. Hypertension 
included any history of hypertension or currently 
treated hypertension at the time of TEE. Age of 
75 years or greater at the time of TEE was con-
sidered a risk factor. Diabetes mellitus included 
any history of diabetes or currently treated dia-
betes at the time of TEE. TIA and CVA are clini-

Table 1.  Baseline characteristics 

CHADS2 Score 

Clinical Variable 

0 
(n =102) 
(5.9%) 

1 
(n =168) 
(26.1%) 

2 
(n =195) 
(30.3%) 

3 
(n =128) 
(19.9%) 

4 
(n =36) 
(5.6%) 

5 or 6 
(n =14) 
(2.1%) 

Total 
(n =643) 

Male 73 (71.6%) 119 (70.8%) 121 (62.1%) 82 (64.1%) 22 (61.1%) 10 (71.4%) 427 (66.4%) 

Age (years) 54.4±11.9 62.1±11.7 70.3±12.3 73.7±10.7 77.6±10.2 79.1±9.1 66.9±13.7 

Age ≥ 75 years 0 (0.0%) 16 (9.5%) 75 (38.5%) 74 (57.8%) 29 (80.6%) 12 (87.5%) 206 (32%) 

Hypertension 0 (0.0%) 88 (52.4%) 155 (79.5%) 122 (95.3%) 34 (94.4%) 14 (100%) 413 (64%) 

Diabetes Mellitus 0 (0.0%) 11 (6.5%) 55 (28.2%) 67 (52.3%) 29 (80.1%) 4 (28.6%) 166 (26%) 

Heart Failure 0 (0.0%) 47 (28%) 96 (49.2%) 111 (86.7%) 32 (88.9%) 12 (85.7%) 298 (46%) 

CHF or LVEF < 
50% 0 (0.0%) 53 (31.5%) 103 (52.8%) 115 (89.8%) 32 (88.9%) 13 (92.9%) 316 (49.1%) 

LVEF < 50% 0 (0.0%) 38 (22.6%) 56 (28.7%) 62 (48.4%) 16 (44.4%) 9 (64.3%) 181 (28%) 

Previous CVA/TIA 0 (0.0%) 0 (0.0%) 1 (0.5%) 3 (2.3%) 10 (27.8%) 14 (100%) 28 (4.4%) 

CHF = congestive heart failure; CVA/TIA = cerebral vascular accident or transient ischemic attack; LVEF = left ventricular ejection 
fraction. 
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cally evident focal neurologic events with or 
without imaging confirmation. 
 
Statistical analysis 
 
The association between CHADS2 and thrombus 
was evaluated with Mantel-Haenszel Chi-
Square. The relation between the singular com-
ponents of CHADS2 and thrombus were ana-
lyzed using Pearson’s Chi-Square.  A p-value < 
0.05 was considered statistically significant.   
 
Results 
 
Two thousand five hundred and sixty one TEEs 
were performed at William Beaumont Hospital, 
Royal Oak, between January 1, 2006 and Janu-
ary 30, 2009. Of these, 643 were precardiover-
sion TEEs for atrial fibrillation/flutter. All 643 
were included in the analysis. Table 1 lists the 
patient baseline characteristics. The mean age 
was 66.9±13.7 years, and 66% were male. The 
majority of patients (56%) fell into the interme-
diate risk group of a CHADS2 score of 1 (26%) or 
2 (30%). Hypertension was the most common 
risk factor, and was present in 64% of the study 
population.  
 
Prevalence of LA/LAA thrombus  
 
Left atrial thrombus was identified in 46 pa-
tients (7.2%) (Table 2). A strong association was 
present between CHADS2 score and presence of 
LA/LAA thrombus (p=0.0005) (Figure 1). No 
thrombi were identified in patients with CHADS2 
= 0. In contrast, three out of fourteen patients 
(21%) with a CHADS2 = 5-6 had evidence of LA/
LAA thrombus pre-cardioversion TEE. A CHADS2 
score = 1 was associated with a 7.1% risk of 
thrombus. Of the singular components of 
CHADS2, CHF was the only factor independently 
associated with thrombus (p < 0.0001), 
whereas no association was present for hyper-

tension (p = 0.43), age (p = 0.42), diabetes (p = 
0.18), or stroke/TIA (p = 0.13) (Table 3). 
 
Discussion  
 
Atrial fibrillation affects more than 10 percent of 
people over the age of 80 years, and the life-
time risk of developing AF is approximately 25% 
[11,12]. Atrial fibrillation is an independent risk 
factor for stroke, but the risk is highly variable 
depending on the associated co-morbidities and 
use of anticoagulation [13-15]. Today, the most 
widely used clinical model to predict stroke is 
the CHADS2 score, developed by Gage et al [4]. 
Derived from the AFI and SPAF prediction mod-
els, and originally validated using data from a 
registry of hospitalized Medicare beneficiaries 
with AF, the CHADS2 score is derived by assign-
ing one point for each of the following: CHF, 
hypertension, age >/= 75 years, diabetes melli-
tus, and two points for a history of TIA/CVA. Pa-
tients having a CHADS2 score of 0 are assigned 
as being at low risk for ischemic stroke with a 

Table 2.  Prevalence of thrombus by CHADS2 score 
CHADS2 Score N LA/LAA Thrombus 

0 102 0 (0%) 
1 168 12 (7.1%) 
2 195 13 (6.7%) 
3 128 14 (10.9%) 
4 36 4 (11.1%) 

5-6 14 3 (21.4%) 
Total 643 46 (7.2%) 

LA/LAA = left atrial/left atrial appendage 

 

Figure 1.  Prevalence of LA/LAA thrombus on pre-
cardioversion TEE by CHADS2 Score. *LA/LAA = left 
atrial/left atrial appendage;  TEE = transesophageal 
echocardiography. 
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1.9% annual stroke rate. Patients with a score 
of 1-2 are assigned to moderate risk with a 
2.8% and 4.0% annual stroke rate respectively. 
Finally, patients with a CHADS2 score of 3 -6 are 
at high risk, with an annual stroke ranging from 
5.9 – 18.2% per 100 patient years [1,3,4,16]. 
According to the most recent ACC/AHA practice 
guidelines for the management of patients with 
AF, patients with a stroke risk of 2% per year or 
less do not benefit substantially from oral anti-
coagulation, which would require treatment of 
100 or more patients for 1 year to prevent a 
single stroke. A daily aspirin is the recom-
mended therapy for this low risk group. For high 
risk AF patients with stroke rates of 6% per year 
or greater, the comparable number needed to 
treat is 25 or fewer, strongly favoring anticoagu-
lation. Intermediate risk, those with a CHADS2 
score of 1-2, and an estimated annual stroke 
rate of 3%-5% respectively, remains divided, 
and the risk of hemorrhage must be weighed. 
Clinical trials suggest that the absolute risk of 
major hemorrhages in patients with AF on war-
farin is about 2% per year, with approximately 
one quarter of these attributed to intracranial 
hemorrhages [17,18]. Use of aspirin reduces 
the risk of stroke by 22% and warfarin reduces 
the risk of stroke by 62% [4]. The overall aver-
age CHADS2 score in our study population was 
1.8, falling within the intermediate risk group.  
 
CHADS2 and prevalence of thrombus 
 
Increasing CHADS2 score has been validated to 
correlate with an increased risk of stroke. The 
mechanism for this increased stroke risk in AF 
has been attributed to the fact that there is an 
increased propensity to develop LA/LAA throm-
bus in AF secondary to stasis, and this throm-
bus serves as the source for the thromboem-
bolic cerebral event. The finding of LAA throm-
bus on TEE has been shown to be independ-

ently associated with high thromboembolic risk 
in patients with AF [19], however, the relation-
ship between the clinical increasing CHADS2 
risk index and propensity of finding LA/LAA 
thrombus on TEE has not been well validated. In 
our study, there is a strong and statistically sig-
nificant correlation between CHADS2 and LA/
LAA thrombus on pre-cardioversion TEE 
(p<0.0005). These findings are similar to the 
study by Puwanant et al which demonstrated 
increasing prevalence of a thrombogenic milieu 
(as defined by thrombus or sludge on TEE) with 
ascending CHADS2 scores [20], and Rader et al 
who also reported increasing prevalence of LA/
LAA thrombus with increasing CHADS2 score 
[21].  
 
CHADS2 = 0 population 
 
In our study, 102 patients had a CHADS2 score 
of zero. In this subset, there were no LA/LAA 
thrombi identified, consistent with their overall 
low stroke risk. Our findings support the current 
guidelines that state that anticoagulation is un-
necessary in this subset, and aspirin can suf-
fice. This finding is similar to that published by 
Puwanant et al. who reported no LA/LAA 
thrombi identified in patients with a CHADS2 =0 
on TEE prior to pulmonary vein isolation, albeit 
the majority of these patients were anticoagu-
lated at the time of TEE [20]. In a similar study 
by McCready et al, there were no LA/LAA 
thrombi identified on TEE prior to AF ablation in 
low risk patients (identified by echocardiography 
and a clinical risk score) [22]. The current ACC/
AHA guidelines are ambiguous in regard to the 
need for TEE prior to electrical cardioversion in 
this recognized low stroke risk group. Although 
the safety profile for TEE has been well docu-
mented: major complication rates of <0.02%, 
they are not without some inherent risk to the 
patient, can be uncomfortable and inconvenient 

Table 3.  Prevalence of CHADS2 variables in patients with and without thrombus 
 
  

No Thrombus 
N = 596 (%) 

Thrombus 
N = 46 (%) P value Odds Ratio 90% Confidence 

Interval 
CHADS2 Score 1.7 ± 1.2 2.4 ± 1.2 0.0005  1.528 1.203 – 1.940 
CHF 270 (45.2) 46 (100) <0.0001 *   
Hypertension 381 (63.8) 32 (69.6) 0.43 1.296 0.751 – 2.236 
Age >75 189 (31.6) 17 (36.9) 0.42 1.266 0.750 – 2.135 
Diabetes 158 (26.5) 8 (17.4) 0.18 0.585 0.303 – 1.129 
Stroke or TIA 24 (4.0) 4 (8.7) 0.13 2.274 0.900 – 5.742 
*No odds ratio as all thrombus patients had CHF. 
CHF = congestive heart failure; TIA = transient ischemic attack. 
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to the patient, and add a cost burden to the 
patient and society [23]. Our findings suggest 
that a TEE prior to DCCV in this low risk group 
may be unnecessary. A patient may be able to 
undergo DCCV followed by the recommended 
four weeks of anticoagulation, and avoid the 
unnecessary risk, cost, and inconvenience of an 
invasive procedure without sacrificing safety. 
These findings however, are not similar to Rader 
et al who found evidence of LAA thrombus on 
TEE in 2/75 patients with a CHADS2=0. [21] 
Clearly, more studies are necessary to help clar-
ify. 
 
CHADS2 = 1 or 2 population 
 
A CHADS2 score of 1 or 2 is considered interme-
diate risk for stroke with an estimated annual 
stroke rate of 2.8% and 4.0% respectively. In 
our study, 168 patients (26.1%) had a CHADS2 
score of 1, and 195 patients (30.3%) had a 
CHADS2 score of 2. A total of 12 left atrial 
thrombi were found in the CHADS2 =1 group 
correlating to a prevalence of 7.1%. Thirteen 
LA/LAA thrombi were discovered in the 
CHADS2=2 group for a prevalence of 6.7%. 
Opinions regarding the use of anticoagulation in 
this intermediate risk group are divided. Some 
experts call for routine anticoagulation in pa-
tients in this category without a high bleeding 
risk. Others advocate for selective anticoagula-
tion on an individual basis with a strong empha-
sis on bleeding risk and the patient’s individual 
preference [1]. The 2006 ACC/AHA/ESC prac-
tice guidelines recommend either ASA or war-
farin in individuals with a CHADS2=1, and war-
farin for patients with more than 1 moderate 
risk factor (age >/=75 years, HTN, heart failure, 
LVEF </=35%, DM). The relatively high preva-
lence of LA/LAA thrombus on pre-cardioversion 
TEE in patients in this intermediate group may 
argue for more liberal use of warfarin in the 
CHADS2=1 or 2 subgroups, especially for those 
patients at a relatively low risk for bleeding. 
 
Congestive heart failure 
 
In the original study by Gage et al, recent CHF 
exacerbation (within 100 days), rather than any 
history of CHF was used to determine CHF as a 
risk factor when calculating a CHADS2 score. 
Because of the retrospective nature of this 
study, we used any history of CHF as a risk fac-
tor. Using this model, CHF was present in over 
49% of the study population. Of the 46 patients 

who had LA/LAA thrombus on pre-cardioversion 
TEE, all (100%) had CHF as a risk factor, making 
it the only statistically significant risk factor (p 
<0.0001). Both clinical heart failure and de-
creased left ventricular systolic function have 
been identified as significant risk factors for 
stroke in the setting of atrial fibrillation [1,2,20-
22,24-26]. Our data is in agreement with previ-
ous published reports. 
 
Study limitations 
 
The limitations of this study include those inher-
ent to any retrospective study. Several poten-
tially important details were unable to be relia-
bly obtained based upon chart review including 
duration of atrial fibrillation, type of atrial fibrilla-
tion (paroxysmal, persistent, new onset vs. re-
current). Presence of systemic anticoagulation 
at time of pre-cardioversion TEE was not reliably 
provided. TEEs were performed by various echo-
cardiographers, however all are highly experi-
enced in the usage of TEE. The study was a sin-
gle center study. TEE is known to have a sensi-
tivity of >95% for detecting thrombus, but TEE 
may miss thrombi < 2mm, [23] and this could 
possibly lead to underestimating the prevalence 
of thrombus. 
 
Conclusions 
 
In non valvular atrial fibrillation, CHADS2 is 
strongly associated with LA thrombus on pre-
cardioversion TEE. Our findings support using 
PCTEE if the CHADS2 score is ≥ 1 and suggest 
that it may be unnecessary before DCCV if the 
CHADS2 score = 0. Of the components of the 
CHADS2 score, CHF was the only independent 
risk factor associated with the finding of throm-
bus.  
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