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Abstract
Objective: Atrial fibrillation is strongly associated with stroke and 

accounts for 60% of cardioembolic stroke. Assessing thromboembolic 
risk is important for patients with atrial fibrillation. Approximately 90% of 
all thrombus are localized in the left atrium appendage (LAA). This study 
aimed to determine the efficacy of cardiac computed tomography (CT) 
for LAA thrombus detection.

Material and methods: This retrospective study included 292 
patients. LAA thrombus was confirmed or excluded by cardiac CT with 
the reference to transesophageal echocardiography (TEE). We excluded 
patients with allergic reactions to iodide, increased creatinine levels, 
thyroid disease (hyperthyroidism), pregnancy, and age <18 years.

Results: According to the cardiac CT, 103 of 292 people had LAA 
thrombus, while according to TEE, only 48 of patients had LAA thrombus. 
The sensitivity and specificity of CT were 97.7% and 77%, respectively. The 
sensitivity and specificity of the CT was higher in 2016–2020, when the 
delayed phase was added to the standard protocol, compared to 2012–
2015 years. Older age, higher BMI, higher CHA2DS2-VASc and HAS-BLED 
scores, and larger LA and LVESV were significantly associated with LAA 
thrombus detection on cardiac CT. Higher LVESV and LVEDV indexes 
(LVESVI and LVEDVI) and lower LV ejection fraction measured by TEE 
were also predictors of LAA thrombus detection by cardiac CT.

Conclusion: Our findings show that cardiac CT has high sensitivity 
and specificity for excluding or confirming LAA thrombus, and can also 
be exclusively used to determine the presence or absence of a thrombus.
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Introduction
Cardioembolism is one of the major causes of 

ischemic strokes and comprises 14–30% of all cerebral 
infarctions [1-2]. Atrial fibrillation (AF) accounts for up 
to 60% of cardioembolic strokes [3]. The mechanism 
of stroke development in patients with AF is well 
known. Once, a patient develops AF, the dysrhythmia 
causes contractile dysfunction and stasis, which further 
lead to thrombus formation and an increased risk of 
thromboembolism [4]. Approximately 90% of all thrombi 
are localized in the left atrium appendage (LAA) [5-8]. 

Current therapeutic strategies for AF are pharmacological 
and non-pharmacological [9]. The majority of patients 
with AF are treated with antiarrhythmic drugs and 
anticoagulation drugs, and only a minority with a persistent 
form of AF require different types of cardioversion 
[10]. Electrical cardioversion with radiofrequency 
pulmonary vein antral isolation is an effective approach 
in the treatment of persistent AF [11-12]. However, the 
presence of blood clots in the LAA is a contraindication 
to electric cardioversion [13-14]. After normalization of 
sinus rhythm, restoration of contractility and blood flow 
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can lead to the detachment of a blood clot from the LAA and 
subsequent cardioembolic stroke. Assessing the risk of stroke in 
patients with AF is crucial. The gold standard for identifying an 
LAA thrombus is transesophageal echocardiography (TEE) [15-
16]. However, TEE is a semi-invasive procedure with various 
complications [17]. Computed tomography (CT) is widely used 
in clinical practice, and recent technological improvements 
in cardiac CT have made the method more attractive because 
of its non-invasiveness, and it is a viable alternative to TEE. 
The development of CT-derived criteria for an increased risk 
of LAA thrombus can be an effective method for diagnosing 
thromboembolism. Studies in this area have been done before 
has shown that LAA thrombus detection with additional data 
collection tends to increase [18]. Despite this, the data obtained 
are mixed, and the reliability of the study differs sharply 
from each other in the results provided [19-20]. In this study, 
we analyzed the efficacy of cardiac CT for diagnosing LAA 
thrombus with reference to TEE data. 

Material and methods
We retrospectively analyzed the data of 292 patients 

diagnosed with AF, who were admitted to our institution from 
February 2012 to September 2020. All patients underwent 
both TEE and cardiac CT. The exclusion criteria for CT were 
allergic reactions to iodide, increased creatinine levels, thyroid 
disease (hyperthyroidism), pregnancy, and age <18 years. The 
institutional ethics committee approved the study following the 
Declaration of Helsinki. In addition, the patients signed consent 
to the study.

Transesophageal echocardiography
TEE was performed using a Phillips IE33 device. The 

study included the assessment of left ventricular (LV) function 
(LV ejection fraction), valve apparatus, and left ventricular end-
systolic and end-diastolic volumes (LVESV and LVEDV).

Computed tomography
CT scanning was performed with a Siemens Somatom 

Definition 64 device with retrospective cardiosynchronization 
and reconstruction with a slice thickness of 0.6 mm and pitch 
of 0.2 mm. We used the standard patient position (supine), with 
intravenous contrast bolus injection using an automatic bolus-
free CT injector (Ohio Tandem; speed 5 mL/s), followed by the 
introduction of saline solution (50 mL). The scan was performed 
with "bolus tracking" at the ascending aorta at 170 units. At the 
starting level of the scan at the tracheal bifurcation, the delay 
after the introduction of contrast was 10 seconds. Patients were 
scanned employing electrocardiographic synchronization. The 
dose of the contrast agent was calculated based on the patient's 
weight. 

The study was carried out within the limits of the LAA 
in order to reduce the exposure of the patient to the minimum 
possible. When a hypodense area was detected with contrast 
filling of the LAA, a 60-second scan was brought into the arterial 
phase. Two experienced cardiologists, who were blinded to the 
CT results, analyzed the TEE.

The analysis of the CT angiography data was performed 
by two experienced radiologists. Uniform filling of the LAA 
was regarded as normal. A defect in the filling of the LAA was 
regarded as a blood clot. The volume of the left atrium (LA) 
was measured on a Syngo Via workstation using the volume 
application along the inner contour of the LA, including the LA 
ear manually on each slice. Figure 1 shows an image of the LA 
volume calculation. Figure 2 illustrates the detection of the LAA 
thrombus by CT and TEE.

Figure 2A - LAA thrombus detected by CT

Figure 2B - LAA thrombus confirmed by TEE in the same patient

Figure 2C - LAA thrombus confirmed by TEE in the same patient

Figure 1 - A calculation of the volume of the left atrium.
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Statistical analysis
As TEE is considered a gold standard for determining the 

presence or absence of thrombi, CT was evaluated for sensitivity 
and specificity with respect to TEE. Quantitative variables are 
reported as means and standard deviations. Categorical variables 
are presented as numbers and percentages in each respective 
class. Each variable underwent bivariate analysis with respect to 
the primary outcome to determine their statistical significance. 
For continuous data, the Student t-test was used to determine 
the differences between means of variables in the groups. 
For qualitative data, Pearson’s chi-square and Fisher’s exact 
tests were used to determine a significant association with the 
outcome in two groups. The significance level was set at α = 
0.05. All statistical analyses were performed using STATA 14.0 
software.

Results
The mean age of the 292 patients was 57.1 years (range 

19–86), 62.3% were men, and the mean body mass index (BMI) 
was 29.2 kg/m2. The mean CHA2DS2-VASc score was 1.99 
(range 0–6), the mean HAS-BLED score was 1.45 (range 0–5); 
67.5% of patients had a history hypertension, and the average 
LA volume measured by cardiac CT was 127.4 cm3. The Table 
1 shows the identified clinical and demographic features. 
According to cardiac CT and TEE, 103 (Table 2) and 48 (Table 
3) patients, respectively, of the 292 patients had LAA thrombus. 

Older age, higher BMI, higher CHA2DS2-VASc and HAS-
BLED scores, and larger LA and LVESV were significantly 
associated with LAA thrombus detection on cardiac CT (p=0.012, 
<0.001, 0.001, <0.001, <0.001, and 0.004, respectively) (Table 2). 

Higher LVESV and LVEDV indexes (LVESVI and 

Table 1
Demographic and medical characteristics of 
the patients (N=292)

 Mean or n SD or %
Age, years 57.1 ±11.4
Sex
    Female 110 37.7%
    Male 182 62.3%
Body mass index, kg/m2 29.2 ±5.1
CHA2DS2-VASc score 1.99 ±1.45
HAS-BLED score 1.45 ±1.2
Weight, kg 83.8 ±17.1
Hypertension
    Yes 197 67.5%
    No 95 32.5%
PT, sec 15.9 ±6.2
INR, sec 1.34 ±0.6
Fibrinogen, g/L 3.41 ±3.3
APTT, sec 40.7 ±13.2
TEE
    ESD, cm 3.5 ±0.7
    EDD, cm 4.8 ±0.7
    ESV, mL 48.4 ±27.7
    EDV, mL 105.7 ±34.7
    IVS, cm 1.06 ±0.24
Cardiac CT
    LA volume, cm3 127.4 ±46.7

Values are presented as mean ± SD or as n (%).
Abbreviations: APTT, activated partial thromboplastin time; CT, computed 
tomography; EDD, end-diastolic dimension; EDV, end-diastolic volume; 
ESD, end-systolic dimension; ESV, end-systolic volume; INR, international 
normalized ratio; IVS, interventricular septum; LA, left atrium; PT, 
prothrombin time; TEE, transesophageal echocardiography

Table 2
Demographic and medical characteristics 
of patients with and without LAA thrombus 
according to CT (N=292)

 No LAA thrombus 
(n=189) LAA thrombus 
(n=103) p-value
Age 55.9 ± 11.6 59.4 ± 10.8 0.012
Sex
    Female 69 (62.7) 41 (37.3) 0.578
    Male 120 (65.9) 62 (34.1)
Body mass index, kg/m2 28.2 ± 4.6 31.1 ± 5.4 <0.001
CHA2DS2-VASc score 1.75 ± 1.4 2.43 ± 1.5 <0.001
HAS-BLED score 1.16 ± 1.03 1.96 ± 1.3 <0.001
Weight, kg 83.4 ± 18.3 84.7 ± 14.6 0.517
Hypertension
    Yes 123 (62.4) 74 (37.6) 0.238
    No 66 (69.5) 29 (30.5)
PT, sec 15.6 ± 6.3 16.6 ± 5.9 0.203
INR, sec 1.32 ± 0.61 1.4 ± 0.7 0.283
Fibrinogen, g/L 3.32 ± 3.3 3.56 ± 3.3 0.549
APTT, sec 40.9 ± 14.1 40.3 ± 11.5 0.684
TEE
    ESD, cm 3.5 ± 0.7 3.6 ± 0.8 0.044
    EDD, cm 4.75 ± 0.7 4.95 ± 0.7 0.017
    ESV, mL 45 ± 18.6 54.7 ± 38.6 0.004
    EDV, mL 102.8 ± 32.4 111 ± 38.1 0.051
    IVS, cm 1.04 ± 0.2 1.09 ± 0.3 0.066
Cardiac CT
    LA volume, cm3 116.7 ± 42.2 147.3 ± 48.3 <0.001

Values are presented as mean ± SD or as n (%).
Abbreviations: APTT, activated partial thromboplastin time; CT, computed 
tomography; EDD, end-diastolic dimension; EDV, end-diastolic volume; 
ESD, end-systolic dimension; ESV, end-systolic volume; INR, international 
normalized ratio; IVS, interventricular septum; LA, left atrium; LAA, 
left atrial appendage; PT, prothrombin time; TEE, transesophageal 
echocardiography

Table 3
Demographic and medical characteristics 
of patients with and without LAA thrombus 
according to TEE (N=292)

Values are presented as mean ± SD or as n (%).
Abbreviations: APTT, activated partial thromboplastin time; CT, computed 
tomography; EDD, end-diastolic dimension; EDV, end-diastolic volume; 
ESD, end-systolic dimension; ESV, end-systolic volume; INR, international 
normalized ratio; IVS, interventricular septum; LA, left atrium; LAA, 
left atrial appendage; PT, prothrombin time; TEE, transesophageal 
echocardiography

 No LAA thrombus 
(244)

LAA thrombus 
(48)

p-value

Age 56.9 ± 11.2 58.2 ± 12.5 0.505
Sex
    Female 89 (80.9%) 21 (19.1%) 0.342
    Male 155 (85.2%) 27 (14.8%)
Body mass index, 
kg/m2

29.1 ± 5.1 30.2 ± 4.9 0.158

CHA2DS2-VASc score 1.96 ± 1.4 2.17 ± 1.6 0.365
HAS-BLED score 1.37 ± 1.2 1.8 ± 1.2 0.017
Weight, kg 84.3 ± 17.6 81.7 ± 13.9 0.353
Hypertension
    Yes 165 (83.8%) 32 (16.2%) 0.897
    No 79 (83.2%) 16 (16.4%)
PT, sec 15.7 ± 5.9 17.4 ± 7.1 0.076
INR, sec 1.32 ± 0.6 1.5 ± 0.8 0.112
Fibrinogen, g/L 3.3 ± 2.95 4.1 ± 4.8 0.118
APTT, sec 40.7 ± 13.6 40.6 ± 11.4 0.956
TEE
    ESD, cm 3.5 ± 0.7 3.7 ± 0.9 0.086
    EDD, cm 4.8 ± 0.7 3.9 ± 0.8 0.616
    ESV, mL 47.3 ± 26.6 54.2 ± 32.2 0.113
    EDV, mL 104.3 ± 31.9 112.7 ± 46.1 0.125
    IVS, cm 1.04 ± 0.22 1.14 ± 0.32 0.008
Cardiac CT
    LA volume, cm3 123.04 ± 44.5 127.5 ± 51.3 <0.001
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Table 5
Multivariate analysis of predictors of left atrial 
appendage thrombus according to CT (N=292)

Abbreviations: BMI, body mass index; CT, computed tomography; EDD, 
end-diastolic dimension; ESD, end-systolic dimension; LA, left atrium; 
LVESVI, left ventricular end-systolic volume index

 OR 95% CI p-value
Age 1.01 0.98 – 1.04 0.579
BMI, kg/m2 1.14 1.07 – 1.23 0.000
CHA2DS2-VASc score 1.11 0.89 – 1.38 0.359
HAS-BLED SCORE 1.88 1.42 – 2.48 <0.001
ESD, cm 0.99 0.62 – 1.56 0.951
EDD, cm 0.93 0.87 – 0.99 0.023
LA volume, cm3 1.014 1.01 – 1.02 <0.001
LVESVI, mL/m2 1.19 1.04 – 1.35 0.010

Table 4 Comparison of volume measurements between patients with and without LAA thrombus according to CT (N=292)

 Overall No LAA thrombus
(n=189) LAA thrombus
(n=103) p-value
LVESVI, mL/m2 24.8 ± 13.9 23.1 ± 8.9 28.04 ± 19.9 0.004
LVEDVI, mL/m2 54.2 ± 16.9 52.7 ± 15.1 56.9 ± 19.7 0.045
LVEF, % 55.9 ± 8.9 56.8 ± 7.3 54.1 ± 11.2 0.015

Values are presented as mean ± SD
Abbreviations: LAA, left atrial appendage; LVEDVI, left ventricular end-diastolic volume index; LVEF, left ventricular ejection fraction; LVESVI, left 
ventricular end-systolic volume index

†Echocardiography 
results are taken as the 
gold standard (GS)

Sensitivity = TP/(TP+FN) = 47/(47+1) = 97.9%
Specificity = TN/(TN+FP) = 188/(188+56) = 77%

CT, computed tomography; FN, false negative; FP, false positive; TEE, 
transesophageal echocardiography; TP, true positive

cardiac CT

†GS

negative positive

negative 188 56
positive 1 47

Table 6
Sensitivity, specificity, positive and negative 
predictive values of cardiac CT: 2012–2020

Sensitivity = TP/(TP+FN) = 34/(34+1) = 97.1%
Specificity = TN/(TN+FP) = 48/(48+17) = 73.85%

Positive predictive value = TP/(TP+FP) = 34/(34+17)=66.7%
Negative predictive value = TN/(TN+FN) = 48/(48+1)=98%
Accuracy = (TP+TN)/ (TP+TN+FP+FN)=(34+48)/(34+48+17+1)=82%

CT, computed tomography; FN, false negative; FP, false positive; TEE, 
transesophageal echocardiography; TP, true positive

cardiac CT

†GS

negative positive

negative 48 17
positive 1 34

Table 7
Sensitivity, specificity, positive and negative 
predictive values of cardiac CT: 2012–2015

Sensitivity = TP/(TP+FN) = 13/(13+0) = 100%
Specificity = TN/(TN+FP) = 140/(140+39) = 78.2%

Positive predictive value = TP/(TP+FP) = 13/(13+39)=25%
Negative predictive value = TN/(TN+FN) = 140/(140+0)=100%
Accuracy = (TP+TN)/ (TP+TN+FP+FN)=(13+140)/(13+140+39+0)=79,6%
CT, computed tomography; FN, false negative; FP, false positive; TEE, 
transesophageal echocardiography; TP, true positive

cardiac CT

†GS

negative positive

negative 140 39
positive 0 13

Table 8
Sensitivity, specificity, positive and negative 
predictive values of cardiac CT: 2016–2020

Table 9
Comparison of volume measurements between patients with and without LAA thrombus according to 
transesophageal echocardiography (N=292)

 Overall No LAA thrombus

(244) LAA thrombus

(48) p-value

LVESVI, mL/m2 24.8 ± 13.9 24.2 ± 13.04 28.1 ± 17.6 0.089

LVEDVI, mL/m2 54.2 ± 16.9 53.3 ± 14.9 58.9 ± 24.9 0.041

LVEF, % 55.9 ± 8.9 56.2 ± 8.4 54.2 ± 11.4 0.166

Values are presented as mean ± SD
Abbreviations: LAA, left atrial appendage; LVEDVI, left ventricular end-diastolic volume index; LVEF, left ventricular ejection fraction; LVESVI, left 
ventricular end-systolic volume index

Table 10 Multivariate analysis of predictors of left atrial appendage thrombus according to transesophageal 
echocardiography (N=292)

 Odds ratio 95% CI p-value

HAS-BLED score 1.31 1 – 1.71 0.046

Interventricular septum, cm 3.2 0.95 – 10.6 0.060

Left atrial volume, cm3 1.01 1 – 1.01 0.003
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LVEDVI) and lower LV ejection fraction measured by TEE 
were also predictors of LAA thrombus detection by cardiac 
CT (Table 4). After adjustment for age, CHA2DS2-VASc score, 
and LV end-systolic dimension, multivariate logistic regression 
showed that an increase in BMI by 1 kg/m2 increased the risk 
of LAA thrombus by 14% (p<0.001). Higher HAS-BLED score 
and LVESVI were significantly associated with LAA thrombus 
detection on cardiac CT. An increase in LVESVI by 1 mL/m2 
increased the possibility of blood clot formation by 19% (Table 
5). Although LA volume was significantly related to the disease, 
the increase in risk was not notable (odds ratio [OR]=1.014, 
p<0.001).

The sensitivity and specificity of CT were 97.7% and 77%, 
respectively (Table 6). 

The sensitivity and specificity of the CT was higher in 
2016–2020, when the delayed phase was added to the standard 
protocol, compared to 2012–2015 years. The positive predictive 
and negative predictive values of CT detection of true thrombus 
were 66.7% and 98% respectively for first-pass scans, and 25% 
and 100% for the delayed scans, respectively (Tables 7 and 8). 

A higher HAS-BLED score, larger interventricular septum, 
larger LA volume, and higher LVEDVI were significantly 
associated with LAA thrombus detection on TEE (p = 0.017, 
0.008, <0.001, and 0.041, respectively) (Tables 3 and 9). 
Multivariate logistic regression model showed that only a 
higher HAS-BLED score was significantly associated with LAA 
thrombus detection on TEE (OR=1.31, p=0.046) (Table 10). 

Discussion
Cardiac CT can provide important clinical data necessary 

for the assessment and treatment of arrhythmias by ablation, 
such as the anatomy and size of vessels carrying blood to the left 
atrium, atherosclerotic changes and features of the anatomy of 
the coronary arteries, the presence of a LAA thrombus with high 
accuracy. In a recent publication by Lazoura et al. [21], a CT 
scan of the heart performed on 122 patients undergoing surgery 
for arrhythmias showed a 100% predictive value using a delayed 
scan and confirmed by TEE, which was approved when we found 
an arterial phase sensitivity and specificity of 97.1 % and 73.8%, 
and with the addition of a delayed scan, the data corresponding to 
100% and 78.2%. Filling the LAA with contrast takes additional 
time due to anatomical and physiological features; that is why 
delayed scanning improves the diagnostic value of the study 
and reduces the number of false-positive results.  In this clinical 
experience, we found that 1-min delayed phase is appropriate to 
differentiate thrombus of LAA.   

CT sensitivity and negative predictive value are enhanced 
by a two-phase technique that includes delayed imaging. 
Cardiac computed tomography, especially when delayed 
imaging is used, is a viable alternative to TEE for the diagnosis 
of LA/LAA thrombi/clot, avoiding the inconvenience and 
hazards of TEE. A non-invasive approach equivalent to TEE 
for diagnosing intracardiac thrombus with high reliability and 
precision would have great clinical use. CT is a well-established 
yet underutilized imaging method for cardiac thrombus. CT is 
capable of detecting intracardiac thrombus with good diagnostic 
sensitivity [22, 23 24]. A recent meta-analysis indicated that the 
high overall accuracy of cardiac CT, relative to TEE, may be 
utilized to identify LA or LAA thrombus in patients with AF. The 
researchers included 19 trials with a total of 2955 patients and 
determined that the weighted mean sensitivity and specificity 
were 96% (95% CI: 92–100%) and 92% (95% CI: 91–93%), 
respectively, while the positive and negative predictive values 
were 41% (95% CI: 37–44%) and 99% (95% CI: 99–100%) 

[25]. The results of studies presented by Romero et al. showed 
that biphasic delayed-scan greatly improved the specificity 
and diagnostic accuracy of imaging to 91% than conventional 
angiography, which is equal to 41% [25]. This is due to the fact 
that a pseudo-filling defect, such as flow standstill, may also 
generate an apparent filling defect on CT scans, simulating a 
thrombus. Due to the fact that CT detects a cardiac thrombus 
based on its anatomical appearance, it might be difficult to 
distinguish between thrombus and flow stagnation.

It is revealed that TEE data as high left atrial volume, 
LVESV, and LVEDV were independently associated with 
evidence of thrombus in the LAA in patients with confirmed 
AF and treating with anticoagulant therapy. Furthermore, the 
same result was received even BMI and CHA2DS2-VASc score 
correction. LV ejection fraction and patient gender were not 
significantly associated with the presence of a LAA thrombus, 
which is associated with a low number of patients with heart 
failure. Increased LVEDVI remained a significant predictor of 
LAA thrombus detection on TEE. A previous report showed 
that increased LA systolic and diastolic volume indexes were 
independently associated with LAA thrombosis in patients 
with AF [26]. An increase in the volume of the left atrium is 
associated with coronary atherosclerosis, which can be the 
cause of coronary artery disease and ischemic stroke, making it 
an independent risk factor. [27-28]. An increase in LA volume 
is often associated with a relapse of AF after radiofrequency 
ablation [29]. We found that the CHA2DS2-VASc score showed 
a statistically significant association with the detection of LAA 
thrombosis detected by cardiac CT unlike for TEE.

The association between AF and obesity has been studied 
in patients with cardiac pathology. Several epidemiological 
studies have found a strong association between obesity and AF 
[30]. In our study, an increased BMI was associated with the risk 
of LAA thrombus. 

An increase in LA volume measured by CT and an increase 
in LVESV and LVEDV were independently associated with the 
presence of an LAA thrombus. These data suggest that patients 
who have an increased LA volume, BMI, and end-systolic 
volume have a high risk for thromboembolism and should 
therefore be carefully monitored. 

Conclusion
Our findings show that cardiac CT has high sensitivity and 

specificity and cannot only be used to exclude or confirm the 
presence of LAA thrombus, it can also be exclusively used to 
determine the presence or absence of thrombus. These results 
are consistent with previous studies. We propose the use of 
cardiac CT, which is non-invasive, as an initial step in diagnosis, 
with TEE only being employed for the confirmation of an LAA 
thrombus. This can reduce the various complications that occur 
after TEE, which is a semi-invasive procedure. Moreover, this 
approach seems economically beneficial for the government and 
patients. 
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