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Abstract
Introduction

Atrial fibrillation (AF), the most common cardiac arrhythmia, poses challenges in predicting thromboembolic
risk. While the CHA;DS,-VASc (congestive heart failure, hypertension, age > 75 years (doubled), type 2

diabetes mellitus, previous stroke, transient ischemic attack, or thromboembolism (doubled), vascular
disease, age 65-74 years, and sex category) score remains essential, its limitations include failure to identify
left atrial (LA) thrombus in some patients. Transesophageal echocardiography (TEE) provides superior
detection of LA thrombi and thrombogenic factors compared to transthoracic echocardiography (TTE),
improving risk stratification, especially in intermediate-risk groups. Our study highlights the value of TEE in
addressing gaps left by clinical scoring systems in certain subgroups of patients.

Purpose and methodology

This descriptive, prospective study aims to evaluate the role of transthoracic and transesophageal
echocardiography in stratifying thromboembolic risk in patients with non-valvular AF. A total of 100
patients, from two hospitals in Morocco, were included. Data were collected through clinical and paraclinical
assessments, with echocardiography examining morphological and functional atrial parameters.

Results

Among the 100 patients, 73% were male, with a mean age of 67 years. AF was permanent in 84.8% of cases,
with dyspnea and palpitations being the most common symptoms. Hypertension was the leading underlying
cause. Echocardiographic findings showed a correlation between LA enlargement, reduced left atrial
appendage (LAA) emptying velocities, and increased thromboembolic risk. In patients with low clinical
scores, 30.7% exhibited echocardiographic signs of a thrombogenic environment, while protrusive aortic
atheroma was more prevalent in those with higher clinical risk scores.

Discussion

The findings confirm the utility of echocardiography, particularly transesophageal, in detecting parameters
associated with heightened thromboembolic risk, including LAA emptying velocities, spontaneous contrast,
and aortic abnormalities. These echocardiographic markers, combined with clinical scores, may enhance the
precision of risk stratification and allow for more targeted anticoagulation therapy.

Conclusion

Atrial fibrillation remains a common and potentially serious arrhythmia. Echocardiography provides
valuable information that complements clinical risk stratification, especially for patients at moderate
thromboembolic risk. This study highlights the benefit of incorporating echocardiographic parameters into
risk assessment to optimize strategies for preventing thromboembolic events in patients with AF.
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Keywords: aortic atheroma, cha2ds2-vasc score, nonvalvular atrial fibrillation, spontaneous echo contrast, the
emptying velocity of the left atrial appendage, thromboembolic risk, transesophageal echocardiography (tee)

Introduction

Atrial fibrillation (AF) is the most prevalent cardiac rhythm disorder, contributing to an elevated risk of
cardiovascular morbidity and mortality, independent of underlying pathologies or associated risk factors [1].

While the clinical risk factors forming the basis of thromboembolic risk stratification (CHA ,DS,-VASc

(congestive heart failure, hypertension, age > 75 years (doubled), type 2 diabetes mellitus, previous stroke,
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transient ischemic attack, or thromboembolism (doubled), vascular disease, age 65-74 years, and sex
category) score) have been well-established and validated by the Atrial Fibrillation Investigators (AFI) and
the Stroke Prevention in Atrial Fibrillation (SPAF) trials - and subsequently incorporated into the 2011
European and American guidelines - the role of echocardiography has started to gain increasing importance.
This significance is highlighted in the 2020 updated AF guidelines, underscoring the need to better define its
contributions and potentially integrate echocardiographic findings with clinical risk factors [2,3]. The
ultimate goal is to more accurately identify patients who would benefit from long-term anticoagulation,
thereby reducing the incidence of thromboembolic events [4].

Transesophageal echocardiography (TEE) is particularly valuable in detecting left atrial appendage (LAA)
thrombus and assessing left atrial (LA) function, which are critical for stratifying thromboembolic risk and
guiding anticoagulation decisions. Several studies have highlighted the incremental prognostic value of TEE
findings when integrated with clinical risk scores, suggesting a more tailored approach to anticoagulation
therapy. The integration of echocardiographic parameters into conventional risk stratification models could
potentially lead to better identification of high-risk patients who would benefit from long-term
anticoagulation, thereby reducing the incidence of thromboembolic events [5].

In light of these developments, the current study aims to evaluate the role of transthoracic and
transesophageal echocardiography in stratifying thromboembolic risk in patients with non-valvular AF, with
a focus on identifying specific echocardiographic parameters relevant to risk assessment.

Materials And Methods
Study design and setting

This descriptive, prospective study was conducted at the cardiology departments of the Avicenne Military
Hospital in Marrakesh and the Mohammed VI Military Hospital in Dakhla, Morocco. The study focused on
evaluating the role of transthoracic and transesophageal echocardiography in assessing thromboembolic risk
among patients diagnosed with non-valvular AF.

Study population

A total of 100 patients with non-valvular AF were recruited for this study. The inclusion criteria were: (i)
adults aged 18 years and older diagnosed with non-valvular AF; (ii) patients who provided informed consent
to participate in the study; (iii) availability for scheduled follow-up consultations during the study period.

The exclusion criteria were: (i) patients with valvular heart disease, including rheumatic mitral stenosis and
mechanical or bioprosthetic heart valves; (ii) individuals with a history of LA thrombus; (iii) patients
currently undergoing anticoagulation therapy for conditions other than AF; (iv) pregnant women and
individuals unable to give informed consent.

Data collection

Data were collected prospectively using a standardized operational sheet, capturing both clinical and
paraclinical parameters, including echocardiographic findings, patient demographics, medical history, and
associated risk factors. Follow-ups were conducted through scheduled consultations to monitor patient
outcomes.

Ethical considerations

The study protocol was reviewed and approved by the Cardiology Research Committee Institutional Review
Board (IRB) with approval number 270592. The study adhered to the ethical guidelines for research involving
human subjects. Written informed consent was obtained from all participants prior to inclusion in the study,
ensuring confidentiality and voluntary participation.

Results

This study included 100 patients, with a predominance of males (73 men and 27 women), resulting in a sex
ratio of 2.7. The mean age of the population was 67 years. Patients over the age of 75 accounted for 18%,
with the majority falling within the 65-74 age range (49%), and 33% of patients were younger than 64 years.
AF was permanent in the majority of cases (84.8%). The primary symptoms reported were dyspnea and
palpitations. Additionally, 15% of cases presented with AF secondary to cerebral embolic complications
(stroke).

Hypertension was identified as the most common underlying cause of AF, accounting for nearly half of the
cases, followed by dysthyroidism, diabetes, and chronic obstructive pulmonary disease (COPD). In 25% of
cases, AF was classified as isolated, with no identifiable underlying cause.

Regarding thromboembolic risk, 43% of patients had a CHA 3DS,-VASc score between 2 and 4, while 39%
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were classified as low risk, with a score between 0 and 1. Antithrombotic treatment, either vitamin K
antagonists or direct oral anticoagulants (DOACs), was prescribed to 85% of the patients, whereas 15% did
not receive anticoagulation therapy. For patients with permanent AF, a rate-control strategy was employed,
with 84% requiring bradycardic medications, including digoxin, beta-blockers, or calcium channel blockers.

Echocardiographic data were analyzed using IBM SPSS Statistics (IBM Corp., Armonk, United States).
Transthoracic echocardiography (TTE) revealed left ventricular systolic dysfunction in five patients and left
ventricular hypertrophy in 24 patients (24% of cases). Morphological abnormalities of the left atrium were
observed in most patients. Notably, an LA surface area > 20 cm? and LA volume > 35 ml/m? were
significantly correlated with the clinical risk score, while the LA shortening fraction did not show a
significant correlation with the CHA,DS,-VASc score.

Among patients with a clinical score < 2, 30.7% exhibited echocardiographic signs of a thrombogenic
environment (spontaneous contrast and reduced left intra-atrial velocities). Conversely, 18.7% of patients
with a score > 2 did not present any thrombogenic features. A correlation was established between various
echocardiographic parameters and the level of clinical risk (Table ).

CHA2DS;-VASc score 0-1 (n=39) 2-4 (n=43) 5-9 (n=18) P-value
Indexed LA diameter > 2.5 cm/m? 14 (35.8%) 37 (86.0%) 15 (83.3%) 0.04
Indexed LA shortening fraction < 25% 29 (74 %) 37 (86.0%) 12 (66.6%) NS

LA surface area 2 20 cm? 20 (51.2%) 23 (53.4%) 18 (100%) 0.01
Indexed LA volume 2 35 ml/m? 24 (61.5%) 26 (60.4%) 10 (55.5%) 0.03
LAA surface area > 5 cm? 0 11 (25.5%) 10 (565.5%) 0.04
Intra-LAA velocities < 25 cm/s 12 (30.7%) 35 (81.3%) 15 (83.3%) 0.01
Spontaneous contrast present 4 (10.2%) 35 (81.3%) 12 (66.6%) 0.02
Aortic atheroma = 4 mm 0 23 (53.4%) 12 (66.6%) 0.004

TABLE 1: Echocardiographic abnormalities correlated with the CHA2DS2-VASc clinical score

LA: Left atrium; LAA: left atrial appendage; NS: Not significant

CHA,DS,-VASc score

Contrast grades
Grade 0
Grade 1
Grade 2

Grade 3

TEE revealed that patients with low clinical scores (0-1) generally had normal-sized left atria and an absence
of aortic atheroma. The presence of protrusive aortic atheroma was a significant discriminating factor,
correlating strongly with higher clinical scores. Spontaneous contrast was more frequently observed in
patients with a clinical score > 2 (p=0.001) but was not directly correlated with score severity. However, the
density of spontaneous contrast showed a strong correlation with clinical score severity (p=0.003) (Table 2).
The emptying velocity of the LAA was inversely proportional to clinical score severity, with a significant
correlation. This velocity was also correlated with the presence and severity of spontaneous contrast
(p=0.001). No LAA thrombus was detected, likely due to the majority of patients receiving anticoagulation
therapy at the time of inclusion.

0-1 (n=39) 2-4 (n=43) 5.9 (n=18)
2 2 0
4 5 0
0 4 1
0 3 3

TABLE 2: Grade of spontaneous contrast according to the clinical score
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CHA;,DS,-VASc score
0-1
2-4

25

In summary, 40 patients (40%) were identified as having a high thromboembolic risk based on
echocardiographic findings (presence of thrombus and/or dense spontaneous contrast, dampened emptying
velocity < 20 cm/s, or protrusive aortic atheroma). These patients were distributed as follows: 18 patients
with a clinical score > 5, representing all patients in this category, and 22 patients with a score between 2
and 4, accounting for nearly half of this group (Table 53).

Patients at high thromboembolic risk in echocardiography (n=40)
4 (10.2%)
22 (51.1%)

18 (100%)

TABLE 3: Correlation between the clinical score and the presence of high thromboembolic risk
echocardiographic factors

The prevalence of morphological abnormalities in this study was 21% for LAA dilation and 35% for
protrusive aortic atheroma. Among the low clinical score group (0-1), 30.7% exhibited these abnormalities.
There was a strong correlation between the clinical score and echocardiographic findings when the clinical
score was > 2 (p=0.001). The key discriminative factors in this study were the density of spontaneous contrast
and the presence of protrusive aortic atheroma.

Anticoagulant therapy was initiated in four patients with a clinical score of 0 due to reduced LA emptying
velocity and grade 2 spontaneous contrast. During follow-ups at one, three, and six months, as well as at one
year, no embolic events were recorded, and no patients were lost to follow-up.

Discussion

AF is associated with a significant risk of thromboembolic events, which necessitates the initiation of
anticoagulant therapy to mitigate the risk. However, anticoagulation therapy carries its own risks,
particularly due to the narrow therapeutic window, which can lead to complications if not carefully
managed. As a result, current guidelines from major cardiology societies, including the American College of
Cardiology (ACC), the American Heart Association (AHA), the European Society of Cardiology (ESC), and the
European Heart Rhythm Association (EHRA), recommend anticoagulants only for patients with established
thromboembolic risk factors [1]. The CHA;DS,-VASc score, a widely accepted clinical risk stratification tool,

plays a critical role in identifying patients at higher risk for stroke and thromboembolic events and is
recommended by these guidelines [2].

The CHADS,-VASc score, developed from studies such as those by the AFI and the SPAF, has become the

most validated and commonly used model for stroke risk stratification in AF patients [3]. However, its utility
in predicting non-cerebral embolism has not been thoroughly studied, and the understanding of clinical and
echocardiographic features that increase the risk of peripheral embolism remains limited [4].

In the SPAF I study, which followed 568 patients with non-valvular AF for an average of 1.3 years, LA
dilation (> 2.5 cm/m? on time-motion (TM)) and reduced systolic function, measured by the left ventricular
shortening fraction (a fraction < 25%), were identified as important risk factors for thromboembolic events
[5]. Our study reinforces the importance of LA dilation in thromboembolic risk assessment, with LA area and
volume emerging as significant parameters. However, we did not observe a strong correlation with the
shortening fraction, likely due to the smaller sample size in our study.

TEE is an invaluable tool for assessing atrial structure and thromboembolic risk, particularly for visualizing
the LAA. Data from the SPAF III trial demonstrated that patients with LA velocities of less than 20 cm/s had
a 75% likelihood of spontaneous contrast within the LA, highlighting the utility of TEE in stratifying
thromboembolic risk [6]. Similarly, Miigge's study reported that LAA velocities below 25 cm/s were
associated with spontaneous contrast in 80% of cases [7]. Fatkin’s work further solidified this connection,
showing that severe spontaneous contrast (grade 4) or the presence of a thrombus in the LAA was correlated
with velocities under 20 cm/s [8]. Our findings are consistent with these observations, demonstrating a
significant correlation between LAA emptying velocities and the presence of spontaneous contrast,
particularly in cases of dense contrast.

Another critical contribution of TEE is the evaluation of the thoracic aorta for the presence of aortic
atheroma, which is common in elderly AF populations, with prevalence rates ranging from 46% to 57% [9-
11]. Aortic atheroma significantly increases the risk of embolic events, particularly in cases where the
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plaques are protrusive (> 4 mm) or complex (involving thrombus or ulceration), with studies showing that
these lesions can raise the risk of embolism by three to nine times in patients over 60 years old [1,12-14].
Blackshear's study found that patients with both LAA abnormalities and protrusive aortic atheroma had a
significantly higher annual risk of vascular events (approximately 20%) compared to those with spontaneous
contrast alone (7.5%) or protrusive atheroma alone (12%) [15]. Zabalgoitia's research similarly demonstrated
that the prevalence of LAA and aortic anomalies is low in patients with low clinical risk (15-20%) but
increases to 45% and 40%, respectively, in those with high clinical risk [6]. Our study also identified a 39%
prevalence of protrusive aortic atheroma in patients with moderate to high clinical risk, which aligns with
these findings.

A study conducted in the United States compared two groups of AF patients: those who experienced non-
cerebral embolic events and those who had strokes. The CHA;DS,-VASc score was similar in both groups

(2.5%1.1 vs. 2.3%1.3), with 20% of patients in each group having scores below 1, and only 5% scoring above 4
[16]. However, patients in the non-cerebral embolism group had higher rates of certain clinical
characteristics, such as heart failure, age over 75, and a history of hypertension, compared to the stroke
group. Additionally, echocardiographic features such as LAA dilation, reduced emptying velocities,
spontaneous contrast, and aortic atheroma were more prevalent in the non-cerebral embolism group.

An American-Chinese study involving AF patients who underwent TEE before cardioversion or catheter
ablation identified two groups: those with and those without LAA thrombus. The presence of thrombus was
associated with older age, LAA dilation, spontaneous contrast, and lower LAA emptying velocities (with a
cut-off of 21.5 cm/s) [17]. These findings also support our results, where we observed spontaneous contrast
in 36% of patients with a CHADS,-VASc score of 0, although no thrombus was detected.

By comparing the clinical and echocardiographic scores, it becomes evident that there is no strong
correlation between the CHA;DS,-VASc score and the presence of spontaneous contrast or thrombus in the

LAA. For instance, in cases where the CHA;DS,-VASc score is 0, the incidence of atrial thrombus remains

low at around 3%, while the rate of spontaneous contrast is higher at 24% [17]. In our study, among patients
with a CHA;DS,-VASc score of 0, we found that 10.2% exhibited grade 1 or 2 spontaneous contrast, but none

had evidence of an atrial thrombus.

Although the CHA yDS,-VASc score is widely used to predict thromboembolic risk in AF patients, its ability

to specifically predict atrial thrombus formation remains controversial. Some studies suggest that the score
underestimates the likelihood of thrombus formation [16,18,19], while others present conflicting findings.
However, it is important to emphasize that while the CHA3DS,-VASc score is a reliable indicator of overall

thromboembolic risk, it may not be the most accurate tool for predicting thrombus formation specifically.

This study has several limitations that should be acknowledged. Firstly, TEE is highly operator-dependent,
meaning that the accuracy and quality of the imaging can vary significantly depending on the experience
and skill of the operator. This variability may introduce potential biases in the assessment of
thromboembolic risk based on echocardiographic parameters. Additionally, TEE is known to be volume-
dependent, as the LAA visualization can be affected by the patient's hemodynamic status at the time of the
examination. These factors could impact the reproducibility of our findings.

Furthermore, the degree of anticoagulation in patients at the time of the TEE study could influence the
detection of thrombus or spontaneous echo contrast. Variability in anticoagulation management, such as
differences in the intensity and duration of anticoagulant therapy prior to imaging, may have affected the
echocardiographic evaluation of thromboembolic risk. Future studies with standardized anticoagulation
protocols are needed to minimize this confounding factor.

In conclusion, while the CHA;,DS,-VASc score is indispensable for clinical risk stratification,

echocardiographic findings, particularly from TEE, offer additional insights into thromboembolic risk,
particularly in detecting spontaneous contrast, reduced LAA emptying velocities, and aortic atheroma.
These echocardiographic markers, when combined with clinical data, can help refine anticoagulation
strategies and reduce thromboembolic events in AF patients.

Conclusions

AF remains the most prevalent rhythm disorder, significantly contributing to increased cardiovascular
morbidity and mortality. Both TTE and, more critically, TEE are indispensable tools in clinical practice.
These imaging modalities offer enhanced visualization of atrial morphology and function, enabling more
accurate assessment and stratification of thromboembolic risk. This precision supports more informed
decision-making regarding anticoagulation therapy and improves overall management strategies for
patients with AF.

Additional Information

2024 Hadari et al. Cureus 16(12): e76064. DOI 10.7759/cureus.76064 50f 7


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the

work.

Concept and design: Anas Hadari, Jaouad Nguadi, Hamid Jalal, Laila Bendriss

Acquisition, analysis, or interpretation of data: Anas Hadari, Jaouad Nguadi, Hamid Jalal, Laila Bendriss
Drafting of the manuscript: Anas Hadari, Jaouad Nguadi, Hamid Jalal, Laila Bendriss

Critical review of the manuscript for important intellectual content: Anas Hadari, Jaouad Nguadi,
Hamid Jalal, Laila Bendriss

Supervision: Anas Hadari, Jaouad Nguadi, Hamid Jalal, Laila Bendriss

Disclosures

Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. Mohammed VI Military Hospital, Dakhla issued approval 270592. This study was
approved by the Cardiology Research Committee Institutional Review Board (IRB) with approval number
270592. All procedures involving human participants were conducted in compliance with ethical standards
set by the IRB. Informed consent was obtained from all participants prior to their inclusion in the study.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Ederhy S, Angelantonio E, Janower S, Meuleman C, Boccara F, Cohen A: Role of echography in atrial
fibrillation. (Article in French). MT Cardiologie. 2003, 1:259-75.

2. Wolf PA, Abbott RD, Kannel WB: Atrial fibrillation as an independent risk factor for stroke: the Framingham

study. Stroke. 1991, 22:983-8. 10.1161/01.str.22.8.983

3. Gage BF, Waterman AD, Shannon W, Boechler M, Rich MW, Radford MJ: Validation of clinical classification

schemes for predicting stroke: results from the national registry of atrial fibrillation. JAMA. 2001, 285:2864-
70.10.1001/jama.285.22.2864

4. Cambria RP, Abbott WM: Acute arterial thrombosis of the lower extremity. Its natural history contrasted
with arterial embolism. Arch Surg. 1984, 119:784-7. 10.1001/archsurg.1984.01390190028006

5. Echocardiographic predictors of stroke in patients with atrial fibrillation: a prospective study of 1066
patients from 3 clinical trials. Arch Intern Med. 1998, 158:1316-20. 10.1001/archinte.158.12.1316

6. Zabalgoitia M, Halperin JL, Pearce LA, Blackshear JL, Asinger RW, Hart RG: Transesophageal
echocardiographic correlates of clinical risk of thromboembolism in nonvalvular atrial fibrillation. ] Am Coll
Cardiol. 1998, 31:1622-6. 10.1016/s0735-1097(98)00146-6

7. Miigge A, Kiihn H, Nikutta P, Grote J, Lopez JA, Daniel WG: Assessment of left atrial appendage function by
biplane transesophageal echocardiography in patients with nonrheumatic atrial fibrillation: identification
of a subgroup of patients at increased embolic risk. ] Am Coll Cardiol. 1994, 23:599-607. 10.1016/0735-
1097(94)90743-9

8. Fatkin D, Kelly RP, Feneley MP: Relations between left atrial appendage blood flow velocity, spontaneous
echocardiographic contrast and thromboembolic risk in vivo. ] Am Coll Cardiol. 1994, 23:961-9.
10.1016/0735-1097(94)90644-0

9. Blackshear JL, Pearce LA, Hart RG, Zabalgoitia M, Labovitz A, Asinger RW, Halperin JL: Aortic plaque in
atrial fibrillation: prevalence, predictors, and thromboembolic implications. Stroke. 1999, 30:834-40.
10.1161/01.str.30.4.834

10. Leung DY, Black IW, Cranney GB, Hopkins AP, Walsh WF: Prognostic implications of left atrial spontaneous

echo contrast in nonvalvular atrial fibrillation. ] Am Coll Cardiol. 1994, 24:755-62. 10.1016/0735-
1097(94)90025-6

11. Karvonen S, Abel T, Calmonte R, Rimpeld A: Patterns of health-related behaviour and their cross-cultural
validity - a comparative study on two populations of young people. Soz Praventivmed. 2000, 45:35-45.
10.1007/BF01358997

12.  Amarenco P, Cohen A, Hommel M, Moulin T, Leys D, Bousser M-G: Atherosclerotic disease of the aortic
arch as a risk factor for recurrent ischemic stroke. N Engl ] Med. 1996, 334:1216-21.
10.1056/NEJM199605093341902

13.  Gordon SM, Eaton ME, George R, et al.: The response of symptomatic neurosyphilis to high-dose
intravenous penicillin G in patients with human immunodeficiency virus infection. N Engl ] Med. 1994,
331:1469-73. 10.1056/NEJM199412013312201

14. Transesophageal echocardiographic correlates of thromboembolism in high-risk patients with nonvalvular
atrial fibrillation. Ann Intern Med. 1998, 128:639-47. 10.7326/0003-4819-128-8-199804150-00005

15.  Buchner S, Muscholl M, Debl K, et al.: Left atrial size by planimetry is superior to M-mode diameter:

2024 Hadari et al. Cureus 16(12): e76064. DOI 10.7759/cureus.76064

60f7


https://scholar.google.com/scholar?q=intitle:Role of echography in atrial fibrillation. %28Article in French%29
https://dx.doi.org/10.1161/01.str.22.8.983
https://dx.doi.org/10.1161/01.str.22.8.983
https://dx.doi.org/10.1001/jama.285.22.2864
https://dx.doi.org/10.1001/jama.285.22.2864
https://dx.doi.org/10.1001/archsurg.1984.01390190028006
https://dx.doi.org/10.1001/archsurg.1984.01390190028006
https://dx.doi.org/10.1001/archinte.158.12.1316
https://dx.doi.org/10.1001/archinte.158.12.1316
https://dx.doi.org/10.1016/s0735-1097(98)00146-6
https://dx.doi.org/10.1016/s0735-1097(98)00146-6
https://dx.doi.org/10.1016/0735-1097(94)90743-9
https://dx.doi.org/10.1016/0735-1097(94)90743-9
https://dx.doi.org/10.1016/0735-1097(94)90644-0
https://dx.doi.org/10.1016/0735-1097(94)90644-0
https://dx.doi.org/10.1161/01.str.30.4.834
https://dx.doi.org/10.1161/01.str.30.4.834
https://dx.doi.org/10.1016/0735-1097(94)90025-6
https://dx.doi.org/10.1016/0735-1097(94)90025-6
https://dx.doi.org/10.1007/BF01358997
https://dx.doi.org/10.1007/BF01358997
https://dx.doi.org/10.1056/NEJM199605093341902
https://dx.doi.org/10.1056/NEJM199605093341902
https://dx.doi.org/10.1056/NEJM199412013312201
https://dx.doi.org/10.1056/NEJM199412013312201
https://dx.doi.org/10.7326/0003-4819-128-8-199804150-00005
https://dx.doi.org/10.7326/0003-4819-128-8-199804150-00005
https://dx.doi.org/10.1016/j.echo.2007.06.006

Cureus

Part of SPRINGER NATURE

16.

17.

18.

19.

biochemical calibration by atrial and brain natriuretic peptide. ] Am Soc Echocardiogr. 2008, 21:380-5.
10.1016/j.ech0.2007.06.006

McBane RD, Hodge DO, Wysokinski WE: Clinical and echocardiographic measures governing
thromboembolism destination in atrial fibrillation. Thromb Haemost. 2008, 99:951-5. 10.1160/TH07-12-
0734

Stankowski T, Aboul-Hassan SS, Seifi Zinab F, et al.: Femoral transcatheter valve-in-valve implantation as
alternative strategy for failed aortic bioprostheses: a single-centre experience with long-term follow-up. Int
] Cardiol. 2020, 306:25-34. 10.1016/j.ijcard.2020.02.035

Van Chien D, Thai Giang P, Son PT, Truong LV, Nguyen Son P: Novel models for the prediction of left atrial
appendage thrombus in patients with chronic nonvalvular atrial fibrillation. Cardiol Res Pract. 2019,
2019:10.1155/2019/1496535

Sugiura S, Fujii E, Senga M, Sugiura E, Nakamura M, Ito M: Clinical features of patients with left atrial
thrombus undergoing anticoagulant therapy. ] Interv Card Electrophysiol. 2012, 34:59-63. 10.1007/s10840-
011-9633-6

2024 Hadari et al. Cureus 16(12): e76064. DOI 10.7759/cureus.76064

7of7


https://dx.doi.org/10.1016/j.echo.2007.06.006
https://dx.doi.org/10.1160/TH07-12-0734
https://dx.doi.org/10.1160/TH07-12-0734
https://dx.doi.org/10.1016/j.ijcard.2020.02.035
https://dx.doi.org/10.1016/j.ijcard.2020.02.035
https://dx.doi.org/10.1155/2019/1496535
https://dx.doi.org/10.1155/2019/1496535
https://dx.doi.org/10.1007/s10840-011-9633-6
https://dx.doi.org/10.1007/s10840-011-9633-6

	Enhancing Thromboembolic Risk Prediction in Non-valvular Atrial Fibrillation: The Critical Role of Transesophageal Echocardiography (TEE)
	Abstract
	Introduction
	Purpose and methodology
	Results
	Discussion
	Conclusion

	Introduction
	Materials And Methods
	Study design and setting
	Study population
	Data collection
	Ethical considerations

	Results
	TABLE 1: Echocardiographic abnormalities correlated with the CHA2DS2-VASc clinical score
	TABLE 2: Grade of spontaneous contrast according to the clinical score
	TABLE 3: Correlation between the clinical score and the presence of high thromboembolic risk echocardiographic factors

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


