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Abstract

Background and purpose

Ischemic stroke is a widespread disease carrying high morbidity and mortality. Transeso-
phageal echocardiography (TEE) is considered an important tool in the work-up of patients
with acute ischemic stroke (AIS) and transient ischemic attack (TI1A) patients; its utility is lim-
ited by a semi-invasive nature. The purpose of this study was to evaluate the probability of
treatment change due to TEE findings (yield) in the work-up of AlS and TIA patients.

Methods

Retrospective data on patients with AIS or TIA who underwent TEE examination between
2000-2013 were collected from the institutional registry.

Results

The average age of 1284 patients who were included in the study was 57+10.4, 66% of
patients were male. The most frequent TEE findings included aortic plaques in 54% and pat-
ent foramen ovale (PFO) in 15%. TEE findings led to treatment change in 135 (10.5%)
patients; anticoagulant treatment was initiated in 110 of them (81%). Most common etiology
for switch to anticoagulation was aortic plaques (71 patients); PFO was second most com-
mon reason (26 patients). Significant TEE findings (thrombus, endocarditis, tumor) were
found in 1.9% of patients, they were more common in young patients (<55; 56% of the
patients).

Conclusions

The beginning of anticoagulation treatment in patients with thick and complicated plaques
was found frequently in our study. Significant TEE findings, were infrequent, constituted an
absolute indication for treatment change and were more common in younger patients.
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Introduction

Ischemic stroke is one of the most prevalent diseases in the western world and is a second
cause of mortality after acute coronary disease. One of six adults will suffer acute ischemic
stroke (AIS) in his or her life [1]. In Israel, the annual incidence of stroke is approximately
18,500 patients per year [2]. Up to 30% of ischemic strokes is due to embolic etiology [3, 4].
Aside from the most common cause for cardiac embolic stroke, which is atrial fibrillation,
other common etiologies include aortic plaques and patent foramen ovale (PFO).

Transesophageal echocardiography (TEE) is considered an important tool in the work-up
of patients with AIS [5-7]. Several studies have compared the efficacy of TEE with non-inva-
sive transthoracic echocardiography [TTE] in AIS patients. While some researchers doubt the
advantage of TEE over TTE [8, 9], most studies confirm the superiority of TEE in the detection
of cardiac thrombi, PFO, atrial septal defect (ASD) and aortic plaques [10-14]. The risk of
ischemic stroke changes according to the cardiac abnormality (for example, patients with an
artificial valve have a greater risk for stroke than patients with PFO); many patients have two
or more coexistent cardiac pathologies [4, 15].

As TEE is semi-invasive and relatively expensive [16], it is essential to determine the proba-
bility of treatment change due do TEE findings (yield), which ranges in the literature from 0%
to 11% [8, 12, 13, 17-20]. Several studies further tried to find subpopulations with higher TEE
yield. Some support routine TEE use in younger patients [21, 22], yet others in an elderly
stroke population [20].

The aim of this study was to evaluate the yield of TEE in northern Israel AIS and transient
ischemic attack (TTA) populations and examine whether it differs with age.

Materials and methods

The study is a retrospective study, based on data from computerized system used at Rambam
Health Care Campus in Haifa, Israel. It was reviewed and approved by Institutional Review
Boards of Rambam Health Care Campus (# 3023 IRB). The data was fully anonymized before
accession to patients’ data including demographic and risk factors, clinical status, work-up
results, treatment regimens, and discharge details. Written informed consent from the partici-
pants was not required to participate in this study in accordance with the national legislation
and the institutional requirements.

TEE is routinely performed in AIS and TIA patients, hospitalized in Rambam’s Neurologi-
cal department, answering the following criteria: (1) patients 55 years old and younger (2)
patients above 55 with recurrent strokes or with suspected embolic etiology (clinically or
radiologically). All TEE studies were performed by senior cardiologists with a subspecialty in
echocardiography, including TEE. Examinations were performed on the Acuson Sequoia 512
machine (Siemens Medical Solutions, USA).

Data on 1284 patients with AIS or TIA who underwent TEE as part of the work-up during
hospitalization in the Department of Neurology from 1.1.2000 to 31.12.2013 were used in the
study. This study includes all stroke and TIA patients who underwent TEE during the study
period.

The assignment of ethnicity (Arab or Jewish) was determined by place of birth and resi-
dence in addition to first and family names. A preliminary inter-observer agreement study
showed almost perfect agreement.

Stroke was defined as an acute neurologic deficit of vascular cause persisting for more than
24 hours after symptom onset with no evidence of brain hemorrhage or other cause, while TTA
was defined as a neurologic deficit of presumed vascular cause that resolved within the first 24
hours after symptom onset.
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Ischemic stroke location was detected based on the imaging results (brain computed
tomography and/or magnetic resonance imaging) or clinical evaluation, if the imaging did not
provide conclusive results.

Hypertension was defined by a prehospital diagnosis of hypertension or by the use of anti-
hypertensive medication. Cases that did not have a prior diagnosis of hypertension were diag-
nosed based on repeated measurements of blood pressure (and its values >140/90) through
the hospitalization. Diabetes mellitus was defined by a prehospital diagnosis of diabetes melli-
tus; recording of random blood glucose levels >200 mg/dL or by the use of intravenous or oral
hypoglycemic agent. Hyperlipidemia was defined by a prehospital diagnosis of hyperlipidemia;
prior use of lipid-lowering medications or by blood cholesterol and lipid values (fasting serum
total cholesterol concentration of >200 mg/dL; low-density lipoprotein cholesterol concentra-
tion of >100 mg/dL; high-density lipoprotein cholesterol concentration of <40 mg/dL; triglyc-
eride concentration of >150 mg/dL). Atrial fibrillation was diagnosed based on previous
medical records or by a physician who reviewed the patients’ electrocardiograms or Holter
recording. Ischemic heart disease (IHD) was defined by a previous record of IHD, a history of
myocardial infarction or angina pectoris, or signs of old ischemia on the ECG recording.
Peripheral vascular disease (PVD) was based on a prehospital diagnosis or a history of inter-
mittent claudication, peripheral vascular surgery, or angioplasty.

TEE was performed during hospitalization by a single Board-certified cardiologist accord-
ing to standard practice guidelines, as previously described.

In cases with high suspicion of cardioembolic event, TEE was performed in 24 hours after
admission. High suspicion of cardioembolic stroke was established in cases with several
strokes in different vascular territories presented clinically or by neuroimaging simultaneously
or with temporal distribution.

Most patients with known AF and large artery or lacunar stroke were excluded from the study
as TEE did not have added value in change of treatment in those patients. Patients diagnosed with
AF during hospitalization before or after TEE performance and cases when cardiologist

recommended TEE in spite of known AF were included in the study.

The thoracic aorta (ascending aorta, aortic arch, and descending thoracic aorta) was imaged
in long- and short-axis views. The presence of left atrial and left ventricular thrombi, PFO, aor-
tic atheroma, thrombus and tumor were recorded. In addition, the presence of LV dysfunc-
tion, LV hypertrophy and regional LV wall motion abnormalities were noted.

Aortic atherosclerotic plaques were defined as focal structures encroaching into the arterial
lumen. Small plaques were defined as 4 mm thick and less, while large plaques included pla-
ques thicker than 4 mm. Complex plaques were defined as ulcerated plaques (by visual assess-
ment) or plaques with mobile debris, regardless of their size.

Small PFOs were defined as PFO below 2 mm, moderate between 2 and 4 mm and large
PFOs were PFOs larger than 4 mm. Existence of shunt through PFO lumen was evaluated at
rest and during Valsalva maneuver by color Doppler.

Yield of TEE was defined as change of medical treatment or procedure performed based on
TEE findings.

The distribution of demographic data, risk factors and abnormalities shown on TEE was
calculated by probability index, standard deviation and standard error. The yield of TEE was
calculated by percentage of change of treatment or procedure due to TEE findings.

Distributions of reported continuous parameters were examined and summarized appro-
priately, and subgroups of nominal and ordinal parameters were tabulated. For analysis pur-
poses, age was converted to three subgroups. Cross-tabulations of potential predictors of
treatment change were assessed using Likelihood ratio chi-square. Statistical analysis was per-
formed using JMP (SAS Institute, Cary, NC).
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Table 1. Distribution of demographic parameters, vascular risk factors and vascular diseases in the whole group
of patients.

Demographic data (n = 1284)

Age (years+SD) 57+10.4
Gender (males) 855 (66%)
Ethnicity (Jews) 953 (74%)
Vascular risk factors and diseases
Hypertension 841 (65%)
Diabetes 454 (35%)
Smoking 415 (32%)
Hyperlipidemia 706 (55%)
Atrial fibrillation 48 (4%)
Ischemic heart disease 277 (21%)
Peripheral vascular disease 42 (3%)

https://doi.org/10.1371/journal.pone.0243142.t001

Results

A total of 1284 patients who consecutively underwent TEE were included in the study. The
mean age of the population included in the study was 57+10.4 years. Distribution of demo-
graphic parameters, vascular risk factors and vascular disease is presented in Table 1.

Atrial fibrillation (AF) was recorded in 4% of patients; main indication for performance of
TEE in those patients was high index of suspicion of left atrial thrombus.

Eighty-seven percent of the patients suffered from AIS, the rest were TIA patients. Seventy-
three percent of the clinical events took place in the carotid territory; 489 (38%) of the strokes
and TIAs were in the left carotid territory, 460 (35%) of the clinical syndromes were in the
right carotid territory, 278 (22%) were in the vertebro-basilar territory, and in 60 cases the ter-
ritory of the infarct was not definitely identified.

TEE findings are presented in Table 2. Six hundred ninety-seven (54%) patients had any
aortic plaques; PFO was the second most frequent finding, detected in 199 (15%) patients.
PFOs were further classified according to their size and presence of right to left shunt
(Table 2). Aortic plaques were classified further by size and location (Fig 1).

Change of treatment due to TEE findings was made in 135 patients; patients with AF were
excluded from the analysis. Overall the yield of TEE in our study was 10.5%. Anticoagulation

Table 2. TEE findings in stroke and TIA patients.

Aortic atheroma 697 (54%)
PFO 199 (15%)
Small 135 (10.5%)
Moderate 32 (2.5%)
Large 32 (2.5%)
Presence of shunt 132 (10%)
Endocarditis 8 (0.6%)
Tumor 4 (0.3%)
Severe systolic dysfunction 36 (2.8%)
Thrombus 13 (1%)
Severe valve defect* 20 (1.5%)

* Mitral or aortic regurgitation/ stenosis considered severe upon TEE imaging.

https://doi.org/10.1371/journal.pone.0243142.t1002
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Characteristics of aortic atheromas on TEE

80%
70%
60%
50%
40%
30%
20%
10%

0%

Percentage

® No atheroma
m Small
m Large

Complex

TEE atheroma- in 54% of patients

ascending arch descending
71% 43% 48%
26% 48% 43.5%
0.7% 2.30% 2.4%
1.5% 6.90% 6.10%

Fig 1. Characteristics of aortic atheromas. TEE- transesophageal echocardiography; Small atheroma- 4 mm thick plaques and less; Large atheroma- plaques thicker
than 4 mm; Complex atheroma- plaques that are ulcerated or with mobile debris, regardless of their size.

https://doi.org/10.1371/journal.pone.0243142.9001

instead of antiplatelet therapy was the most frequent change (110 patients, 81.5%), see Table 3.
Complex aortic plaques and thick plaques more than 4mm in the arch were the main reason
for treatment change (66 patients, 49%). Second most common reason was PFO (26 patients).
The whole distribution of etiologies leading to the change of treatment is presented in Table 4.

Definite indications for treatment change, according to 2014 AHA guidelines, include car-
diac thrombus (13 patients, 9.63%), endocarditis (8 patients, 5.92%) and cardiac tumor visual-
ized in 4 (2.96%) patients. Thus, only 1.9% of our study population had a definite indication
for treatment change (level of evidence A) following TEE. Significant TEE findings were more
common in young patients (<55; 56% of the patients). In other patients, treatment change was
made due to relative indications (level of evidence C, [23]).

TEE yield was highest in patients >65 years old (12.4% vs. 10.5% in all age groups), treat-
ment change following PFO and significant findings was highest in patients < 55 years old
(5.9% vs 4% in all age groups), Table 4, Fig 2.

Table 3. Treatment change in the whole group of patients due to TEE findings.

Treatment/procedure Patients (%)
Anticoagulants 110 (8.5%)
Closure of PFO 13 (1%)
Antibiotics 4(0.3%)
Closure of PFO + Anticoagulants 4(0.3%)
Surgery 4(0.3%)

https://doi.org/10.1371/journal.pone.0243142.t1003
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Table 4. The most significant TEE finding responsible for treatment change, according to age groups (Likelihood ratio chi-square: P value = 0.0001).

Age <55 55-65 >65 Total
Number of patients (total) 471 547 266 1284
Severe heart failure 3(2%) 7 (5%) 3 (2%) 13 (10%)
Plaques* 10 (7%) 39 (29%) 22 (16%) 71 (53%)
PFO** 14 (10%) 10 (7%) 2 (1.5%) 26 (19%)
Absolute indication*** 14 (10%) 5(3%) 6 (4%) 25 (18.5%)
Total 41 (30%) 61 (45%) 33 (24.5%) 135

*Fifty three of the plaques were complex, thirteen were large plaques, and the rest were small plaques.
**All cases but one had PFO with shunt.
***tumor, thrombus or endocarditis.

https://doi.org/10.1371/journal.pone.0243142.1004

Temporal analysis of treatment change through the years showed large fluctuations, with a
maximum of 22.7% of treatment change in 2000 and a minimum of 4.7% in 2009 (Fig 3).

Discussion

We found a relatively high yield of TEE during the study period from 2000 to 2013. Our data
showed that the yield of TEE changes according to changing indications for treatment.
Through the years many of the “classic” indications (PFO, atheromas, heart failure) became

Contingency Analysis of Corrected reason for treatment change (collapsed) By Age 3 groups

}Mosaic Plot
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0.25

0.00

Corrected reason for treatment change (collapsed)
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55-65
Age 3 groups

>65

significant TEE finding

PFO

plaques

. s

Fig 2. Contingency analysis of corrected reason for treatment change (collapsed) by age groups. Significant TEE finding- tumor, thrombus or endocarditis; PFO-
patent foramen ovale (25 cases with shunt, one case without shunt); plaques- 53 complex, 13 large, 5 small; Hf- severe heart failure.

https://doi.org/10.1371/journal.pone.0243142.9002
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Change of treatment (%) based on TEE findings according to
years
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Fig 3. Temporal distribution of treatment changes due to TEE findings in patients who underwent TEE (descriptive statistics, no statistical significance). TEE-
transesophageal echocardiography.

https://doi.org/10.1371/journal.pone.0243142.9g003

“relative” ones; in the recent years, there has been a tendency for a reduction of the yield of
TEE.

Among the “relative” indications, warfarin treatment for thick and complex aortic plaques
was the most frequent. The risk for recurrent stroke for patients with aortic plaques thicker
than 4 cm is significantly greater than in patients without aortic plaques [24]. The risk is twelve
times higher if the plaques are ulcerated [25]. Protruding atheromas of the ascending aortic
arch are best diagnosed by TEE [26]. According to the literature, they can be found in 10-20%
of patients undergoing TEE after ischemic stroke [10, 27, 28]. These data match our results.
Although the relationship between large and complicated aortic plaques and AIS is generally
accepted, the optimal treatment (anticoagulation versus antiplatelet therapy) is not definite
[29-31].

The frequency of PFO in our study correlates with previous studies [32]. PFO is associated
with ischemic strokes and TIAs by mechanism of paradoxical embolus [33]. This relationship
is probably stronger in younger adults with cryptogenic stroke [34, 35]. PFO is better visual-
ized by TEE than by TTE [36]. At the present time, the optimal treatment for stroke patients
with PFO is unsettled. Most experts suggest antiplatelet therapy for these patients as a first line
of treatment [29, 37]. Patients with PFO and a proven source of thromboembolism (DVT, for
example, proven by leg Doppler sonography) may receive anticoagulant treatment for three
months [29]. Until recently, PFO closure was not considered a risk reducing procedure for
recurrent stroke [29, 38-40]. New trials in 2017-2018 questioned this policy and suggested
considering PFO closure in addition to lifelong antiplatelet treatment in selected patients [41,
42]. These results may again raise the yield of TEE in upcoming years.
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Treatment change according to absolute indications (thrombus in the left atrium or ventri-
cle, endocarditis and cardiac tumor) was performed in a small part of the study population.

Cardiac thrombus is a rare cause for ischemic stroke; its prevalence is 0.1% in patients with
sinus rhythm and without stroke [9] and rises to 1% in patients with stroke or TIA [43]. Our
study showed a low prevalence of thrombus in AIS patients as well. We found that more than
half the patients with thrombus did not have a prior history or TEE findings of significant
heart disease. Thrombus in the left ventricle is adequately diagnosed by both TEE and TTE,
but TEE seems to be more sensitive for the diagnosis of thrombus in the left atrium [9]. There
is a consensus that this is a definite indication for anticoagulation [29].

Endocarditis, both infective and nonbacterial, is a well-documented cause of ischemic
stroke. In fact, ischemic stroke is the most prevalent complication of infective endocarditis
(IE), occurring in about 35% of cases [44]. The most sensitive imaging modality for IE is TEE
[45-47]. As endocarditis has a high mortality and morbidity [48, 49], it requires prompt diag-
nosis and treatment. The incidence of endocarditis in our study was less than 1%, whereas pre-
vious studies in younger patients showed the rate of nonbacterial and infectious endocarditis
in stroke patients as high as 4-6% [50-52]. Plausible explanation is the younger age of endo-
carditis patients, we witnessed in our study.

Our study showed a low incidence of cardiac tumor in patients with ischemic stroke.
Although the incidence of cardiac tumor reported in non-stroke population is 1:1000, our
number is compatible with previous studies showing a higher incidence of cardiac tumor in
patients with ischemic stroke [4, 53]. TEE seems to be superior than TTE in the diagnosis of
cardiac tumors [54, 55].

The study showed that TEE findings vary with age, influencing TEE yield. Absolute indica-
tions for treatment change (tumor, thrombus and endocarditis) as well as PFO were most fre-
quent <55 years, suggesting a higher yield in this population. This finding correlates with
previous studies suggesting a higher TEE yield in younger patients [21, 22, 56].

Our study has several limitations. First, we did not gather baseline data regarding previous
IS or TIA. Second, AIS patients who had TEE were not consecutive and thus selection bias
exists. Third, this is retrospective analysis; data were collected mainly from an electronic system
which may lead to incomplete documentation in some cases. However, we believe that the large
number of patients included in our study provides the possibility of obtaining a real world pic-
ture and developing reliable conclusions about the role of TEE in the work-up of AIS patients.

Conclusions

Opverall, we found a higher TEE yield in older patients. However, considering changing guide-
lines, in the recent years TEE yield is higher in younger patients (<55). The neurologist should
consider a TEE examination in the AIS and TIA populations according to the stroke pattern
and preexisting conditions.

Supporting information

S1 Data.
(XLSX)

Author Contributions
Conceptualization: Gregory Telman.

Data curation: Polina Specktor, Sergey Yalonetsky, Yoram Agmon, Gregory Telman.

PLOS ONE | https://doi.org/10.1371/journal.pone.0243142 December 3, 2020 8/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0243142.s001
https://doi.org/10.1371/journal.pone.0243142

PLOS ONE

TEE yield in acute ischemic stroke patients

Formal analysis: Elliot Sprecher.

Investigation: Faten Haj Ali.

Validation: Sergey Yalonetsky.

Writing - original draft: Polina Specktor.

Writing - review & editing: Polina Specktor, Gregory Telman.

References

1.

10.

11.

12.

13.

14.

15.

16.

Seshadri S, Beiser A, Kelly-Hayes M et al. The lifetime risk of stroke: Estimates from the Framingham
study. Stroke. 2006; 37:345-50. https://doi.org/10.1161/01.STR.0000199613.38911.b2 PMID:
16397184

Zuker |, Livroder C, Ram A, Hershkovitz Y, Kaufman Z, Tane D. The national Israeli stroke registry:
2016—2017 report. ICDC- Isr Cent Dis Control. 2019;388.

Bonita R. Epidemiology of stroke. Lancet. 1992; 339:342—4. https://doi.org/10.1016/0140-6736(92)
91658-u PMID: 1346420

Cerebral Embolism Task Force. Cardiogenic brain embolism. The second report of the Cerebral Embo-
lism Task Force. Arch Neurol. 1989; 46:727—43. PMID: 2662950

O’Brien PJ, Thiemann DR, McNamara RL et al. Usefulness of transesophageal echocardiography in
predicting mortality and morbidity in stroke patients without clinically known cardiac sources of embolus.
Am J Cardiol. 1998; 81:1144-51. https://doi.org/10.1016/s0002-9149(98)00132-5 PMID: 9605057

Mendel T, Pasierski T, Szwed H, Baranska-Gieruszczak M CA. Transesophageal echocardiographic
findings in patients with anteri- or and posterior circulation infarcts. Acta Neurol Scand. 1998; 97:63-67.
https://doi.org/10.1111/j.1600-0404.1998.tb00610.x PMID: 9482680

Yahia AM, Shaukat AB, Kirmani JF et al. Treatable potential cardiac sources of embolism in patients
with cerebral ischemic events: a selective transesophageal echocardiographic study. South Med J.
2004; 97:1055-9. https://doi.org/10.1097/01.SMJ.0000144612.87267.36 PMID: 15586594

Warner MF, Momah KI. Routine Transesophageal Echocardiography for Cerebral Ischemia Is It Really
Necessary? Arch Intern Med. 1996; 156:1719-23. PMID: 8694671

Agmon Y, Khandheria BK, Gentile F, Seward JB. Clinical and echocardiographic characteristics of
patients with left atrial thrombus and sinus rhythm: Experience in 20 643 consecutive transesophageal
echocardiographic examinations. Circulation. 2002; 105:27-31. https://doi.org/10.1161/hc0102.101776
PMID: 11772872

Pop G, Sutherland GR, Koudstaal PJ et al. Transesophageal echocardiography in the detection of intra-
cardiac embolic sources in patients with transient ischemic attacks. Stroke. 1990; 21:560-565. https://
doi.org/10.1161/01.str.21.4.560 PMID: 2326837

Harloff A, Handke M, Reinhard M, Geibel A, Hetzel A. Therapeutic strategies after examination by trans-
esophageal echocardiography in 503 patients with ischemic stroke. Stroke. 2006; https://doi.org/10.
1161/01.STR.0000202592.87021.b7 PMID: 16439702

De Bruijn SFTM, Agema WRP, Lammers GJ, Van Der Wall EE, Wolterbeek R, Holman ER, et al. Trans-
esophageal echocardiography is superior to transthoracic echocardiography in management of patients
of any age with transient ischemic attack or stroke. Stroke. 2006; https://doi.org/10.1161/01.STR.
0000241064.46659.69 PMID: 16946152

de Abreu TT, Mateus S, Carreteiro C et al. Therapeutic implications of transesophageal echocardiogra-
phy after transthoracic echocardiography on acute stroke patients. Vasc Heal Risk Manag. 2008;
4:167-172. https://doi.org/10.2147/vhrm.2008.04.01.167 PMID: 18629351

Blum A, Reisner S FY. Transesophageal echocardiography (TEE) vs. transthoracic echocardiography
(TTE) in assessing cardio-vascular sources of emboli in patients with acute ischemic stroke. Med Sci
Monit. 2004; 10:521-3. PMID: 15328485

Bogousslavsky J, Cachin C, Regli F, Despland PA, Van Melle G KL. Cardiac sources of embolism and
cerebral infarction: clinical consequences and vascular concomitants. Neurology. 1991; 41:855-59.
https://doi.org/10.1212/wnl.41.6.855 PMID: 2046930

Hahn RT, Abraham T, Adams MS, Bruce CJ, Glas KE, Lang RM, et al. Guidelines for performing a com-
prehensive transesophageal echocardiographic examination: Recommendations from the american
society of echocardiography and the society of cardiovascular anesthesiologists. J Am Soc Echocar-
diogr [Internet]. 2013; 26(9):921-64. Available from: https://doi.org/10.1016/j.ech0.2013.07.009 PMID:
23998692

PLOS ONE | https://doi.org/10.1371/journal.pone.0243142 December 3, 2020 9/11


https://doi.org/10.1161/01.STR.0000199613.38911.b2
http://www.ncbi.nlm.nih.gov/pubmed/16397184
https://doi.org/10.1016/0140-6736%2892%2991658-u
https://doi.org/10.1016/0140-6736%2892%2991658-u
http://www.ncbi.nlm.nih.gov/pubmed/1346420
http://www.ncbi.nlm.nih.gov/pubmed/2662950
https://doi.org/10.1016/s0002-9149%2898%2900132-5
http://www.ncbi.nlm.nih.gov/pubmed/9605057
https://doi.org/10.1111/j.1600-0404.1998.tb00610.x
http://www.ncbi.nlm.nih.gov/pubmed/9482680
https://doi.org/10.1097/01.SMJ.0000144612.87267.36
http://www.ncbi.nlm.nih.gov/pubmed/15586594
http://www.ncbi.nlm.nih.gov/pubmed/8694671
https://doi.org/10.1161/hc0102.101776
http://www.ncbi.nlm.nih.gov/pubmed/11772872
https://doi.org/10.1161/01.str.21.4.560
https://doi.org/10.1161/01.str.21.4.560
http://www.ncbi.nlm.nih.gov/pubmed/2326837
https://doi.org/10.1161/01.STR.0000202592.87021.b7
https://doi.org/10.1161/01.STR.0000202592.87021.b7
http://www.ncbi.nlm.nih.gov/pubmed/16439702
https://doi.org/10.1161/01.STR.0000241064.46659.69
https://doi.org/10.1161/01.STR.0000241064.46659.69
http://www.ncbi.nlm.nih.gov/pubmed/16946152
https://doi.org/10.2147/vhrm.2008.04.01.167
http://www.ncbi.nlm.nih.gov/pubmed/18629351
http://www.ncbi.nlm.nih.gov/pubmed/15328485
https://doi.org/10.1212/wnl.41.6.855
http://www.ncbi.nlm.nih.gov/pubmed/2046930
https://doi.org/10.1016/j.echo.2013.07.009
http://www.ncbi.nlm.nih.gov/pubmed/23998692
https://doi.org/10.1371/journal.pone.0243142

PLOS ONE

TEE yield in acute ischemic stroke patients

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Al-Khaled M, Bjoérn S, Toralf B. Is transesophageal echocardiography needed for evaluating tissue-
based transient ischemic attack? Neural Regen Res. 2018; 13(7):1212—1215. https://doi.org/10.4103/
1673-5374.235058 PMID: 30028329

Dawn B, Hasnie AMAA, Calzada N, Longaker RA, Stoddard MF. Transesophageal Echocardiography

Impacts Management and Evaluation of Patients with Stroke, Transient Ischemic Attack, or Peripheral

Embolism. Echocardiogr A Jrnl CV Ultrasound Allied Tech. 2006; 23(3):202—7. https://doi.org/10.1111/
j.1540-8175.2006.00195.x PMID: 16524390

Strandberg M, Marttila RJ, Helenius H, Hartiala J. Transoesophageal echocardiography should be con-
sidered in patients with ischaemic stroke or transient ischaemic attack. Clin Physiol Funct Imaging.
2008; 28(3):156—-60. https://doi.org/10.1111/j.1475-097X.2007.00785.x PMID: 18201244

Vitebskiy S, Fox K, Hoit BD. Routine transesophageal echocardiography for the evaluation of cerebral
emboli in elderly patients. Echocardiography. 2005; 22(9):770-4. https://doi.org/10.1111/j.1540-8175.
2005.00079.x PMID: 16194171

Hart RG. Cardiogenic embolism to the brain. Lancet. 1992; 7(339 (8793)):589-94. https://doi.org/10.
1016/0140-6736(92)90873-2 PMID: 1347101

Leung DY, Black IW, Cranney GB, Walsh WF, Grimm RA, Stewart WJ TJL. Selection of patients for
transesophageal echocardi- ography after stroke and systemic embolic events. Role of transthoracic
echocardiography. Role of transthoracic echocardiography. Stroke. 1995; 26:1820—-1824. https://doi.
org/10.1161/01.str.26.10.1820 PMID: 7570732

Kernan WN, Ovbiagele B, Black HR. Guidelines for the Prevention of Stroke in Patients With Stroke
and Transient Ischemic Attack: A Guideline for Healthcare Professionals From the American Heart
Association/American Stroke Association. Stroke. 2014; 45(7):2160-236. https://doi.org/10.1161/STR.
0000000000000024 PMID: 24788967

Di Tullio M, Russo C, Jin Z, Sacco R, Mohr J, Homma S. Aortic arch plaques and risk of recurrent stroke
and death. Circulation. 2009; 119(17):2376-82. https://doi.org/10.1161/CIRCULATIONAHA.108.
811935 PMID: 19380621

Macleod MR, Amarenco P, Davis SM, Donnan GA. Atheroma of the aortic arch: An important and
poorly recognised factor in the aetiology of stroke. Lancet Neurology. 2004. https://doi.org/10.1016/
S1474-4422(04)00806-3 PMID: 15207797

Tunick PA, Kronzon I. Protruding atherosclerotic plaque in the aortic arch of patients with systemic
embolization: A new finding seen by transesophageal echocardiography. Am Heart J. 1990; 120:658—
60. https://doi.org/10.1016/0002-8703(90)90024-r PMID: 2389701

Tunick PA, Perez JL KI. Protruding atheromas in the thoracic aorta and systemic embolization. Ann
Intern Med. 1991; 115:423-27. https://doi.org/10.7326/0003-4819-115-6-423 PMID: 1872490

Karalis DG, Chandrasekaran K, Victor MF, Ross JJ MG. The recognition and embolic potential of
intraaortic atherosclerotic debris. JACC. 1991; 17:73-8. https://doi.org/10.1016/0735-1097(91)90706-f
PMID: 1987243

Kernan WN, Ovbiagele B, Black HR, Bravata DM, Chimowitz MI, Ezekowitz MD, et al. Guidelines for
the Prevention of Stroke in Patients With Stroke and Transient Ischemic Attack. Vol. 45, Stroke. 2014.
2160-2236 p. https://doi.org/10.1161/STR.0000000000000024 PMID: 24788967

Pierre Amarenco MD; Stephen Davis MD; Elizabeth F. Jones, MD P. Clopidogrel Plus Aspirin Versus
Warfarin in Patients With Stroke and Aortic Arch Plaques. Stroke. 2014;1248—-1257. https://doi.org/10.
1161/STROKEAHA.113.004251 PMID: 24699050

Tunick PA, Nayar AC, Goodkin GM, Mirchandani S, Francescone S, Rosenzweig BP, et al. Effect of
treatment on the incidence of stroke and other emboli in 519 patients with severe thoracic aortic plaque.
Am J Cardiol. 2002; https://doi.org/10.1016/s0002-9149(02)02870-9 PMID: 12480041

Homma S, Messé S, Rundek T, Sun Y, Franke J, Davidson K, et al. Patent foramen ovale. Nat Rev Dis
Prim. 2016; 2:15086. https://doi.org/10.1038/nrdp.2015.86 PMID: 27188965

Mas J, Arquizan C, Lamy C, Zuber M, Cabanes L, Derumeaux G, et al. Patent Foramen Ovale and
Atrial Septal Aneurysm Study Group. Recurrent cerebrovascular events associated with patent foramen
ovale, atrial septal aneurysm, or both. N Engl J Med. 2001; 345(24):1740-6. https://doi.org/10.1056/
NEJMoa011503 PMID: 11742048

Lechat P, Mas J, Lascault G, Loron P, Theard M, Klimczac M, et al. Prevalence of patent foramen ovale
in patients with stroke. N Engl J Med. 1988; 318(18):1148—-1152. https://doi.org/10.1056/
NEJM198805053181802 PMID: 3362165

Alsheikh-Ali A, Thaler D, Kent D. Patent foramen ovale in cryptogenic stroke: incidental or pathogenic?
Stroke. 2009; 40:2349-2355. https://doi.org/10.1161/STROKEAHA.109.547828 PMID: 19443800

Pearson AC, Labovitz AJ, Tatineni S GC. Superiority of transesophageal echocardiography in detecting
cardiac sources of embolism in patients with cerebral ischemia of uncertain etiology. J Am Coll Cardiol.
1991; https://doi.org/10.1016/0735-1097(91)90705-e PMID: 1987242

PLOS ONE | https://doi.org/10.1371/journal.pone.0243142 December 3, 2020 10/11


https://doi.org/10.4103/1673-5374.235058
https://doi.org/10.4103/1673-5374.235058
http://www.ncbi.nlm.nih.gov/pubmed/30028329
https://doi.org/10.1111/j.1540-8175.2006.00195.x
https://doi.org/10.1111/j.1540-8175.2006.00195.x
http://www.ncbi.nlm.nih.gov/pubmed/16524390
https://doi.org/10.1111/j.1475-097X.2007.00785.x
http://www.ncbi.nlm.nih.gov/pubmed/18201244
https://doi.org/10.1111/j.1540-8175.2005.00079.x
https://doi.org/10.1111/j.1540-8175.2005.00079.x
http://www.ncbi.nlm.nih.gov/pubmed/16194171
https://doi.org/10.1016/0140-6736%2892%2990873-2
https://doi.org/10.1016/0140-6736%2892%2990873-2
http://www.ncbi.nlm.nih.gov/pubmed/1347101
https://doi.org/10.1161/01.str.26.10.1820
https://doi.org/10.1161/01.str.26.10.1820
http://www.ncbi.nlm.nih.gov/pubmed/7570732
https://doi.org/10.1161/STR.0000000000000024
https://doi.org/10.1161/STR.0000000000000024
http://www.ncbi.nlm.nih.gov/pubmed/24788967
https://doi.org/10.1161/CIRCULATIONAHA.108.811935
https://doi.org/10.1161/CIRCULATIONAHA.108.811935
http://www.ncbi.nlm.nih.gov/pubmed/19380621
https://doi.org/10.1016/S1474-4422%2804%2900806-3
https://doi.org/10.1016/S1474-4422%2804%2900806-3
http://www.ncbi.nlm.nih.gov/pubmed/15207797
https://doi.org/10.1016/0002-8703%2890%2990024-r
http://www.ncbi.nlm.nih.gov/pubmed/2389701
https://doi.org/10.7326/0003-4819-115-6-423
http://www.ncbi.nlm.nih.gov/pubmed/1872490
https://doi.org/10.1016/0735-1097%2891%2990706-f
http://www.ncbi.nlm.nih.gov/pubmed/1987243
https://doi.org/10.1161/STR.0000000000000024
http://www.ncbi.nlm.nih.gov/pubmed/24788967
https://doi.org/10.1161/STROKEAHA.113.004251
https://doi.org/10.1161/STROKEAHA.113.004251
http://www.ncbi.nlm.nih.gov/pubmed/24699050
https://doi.org/10.1016/s0002-9149%2802%2902870-9
http://www.ncbi.nlm.nih.gov/pubmed/12480041
https://doi.org/10.1038/nrdp.2015.86
http://www.ncbi.nlm.nih.gov/pubmed/27188965
https://doi.org/10.1056/NEJMoa011503
https://doi.org/10.1056/NEJMoa011503
http://www.ncbi.nlm.nih.gov/pubmed/11742048
https://doi.org/10.1056/NEJM198805053181802
https://doi.org/10.1056/NEJM198805053181802
http://www.ncbi.nlm.nih.gov/pubmed/3362165
https://doi.org/10.1161/STROKEAHA.109.547828
http://www.ncbi.nlm.nih.gov/pubmed/19443800
https://doi.org/10.1016/0735-1097%2891%2990705-e
http://www.ncbi.nlm.nih.gov/pubmed/1987242
https://doi.org/10.1371/journal.pone.0243142

PLOS ONE

TEE yield in acute ischemic stroke patients

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Homma S, Sacco RL, Di Tullio MR, Sciacca RR, Mohr JP. Effect of medical treatment in stroke patients
with patent foramen ovale: Patent foramen ovale in Cryptogenic Stroke Study. Circulation. 2002;
https://doi.org/10.1161/01.cir.0000017498.88393.44 PMID: 12045168

Meier B, Kalesan B, Mattle HP, Khattab AA, Hildick-Smith D, Dudek D, et al. Percutaneous closure of
patent foramen ovale in cryptogenic embolism. Engl J Med. 2013; 368:1083—-1091. https://doi.org/10.
1056/NEJMoa1211716 PMID: 23514285

Furlan AJ, Reisman M, Massaro J, Mauri L, Adams H, Albers GW, et al. Closure or medical therapy for
cryptogenic stroke with patent foramen ovale. N Engl J Med. 2012; 366:991-999. https://doi.org/10.
1056/NEJMoa1009639 PMID: 22417252

Carroll JD, Saver JL, Thaler DE, Smalling RW, Berry S, MacDonald LA, et al. Closure of patent foramen
ovale versus medical therapy after cryptogenic stroke. N Engl J Med. 2013; 368:1092—1100. https://doi.
org/10.1056/NEJMoa1301440 PMID: 23514286

Abdelghani M, EI-Shedoudy SAO, Nassif M, Bouma BJ, de Winter RJ. Management of Patients with
Patent Foramen Ovale and Cryptogenic Stroke: An Update. Cardiology [Internet]. 2019;1-11. Available
from: https://www.karger.com/Article/FullText/501028 https://doi.org/10.1159/000501028 PMID:
31307049

Saver JL, Mattle HP, Thaler D. Patent foramen ovale closure versus medical therapy for cryptogenic
ischemic stroke a topical review. Stroke. 2018; 49(6):1541-8. https://doi.org/10.1161/STROKEAHA.
117.018153 PMID: 29760277

Omran H, Rang B, Schmidt H, lllien S, Schimpf R, MacCarter D, et al. Incidence of left atrial thrombi in
patients in sinus rhythm and with a recent neurologic deficit. Am Heart J. 2000; 140:658-662. https://
doi.org/10.1067/mhj.2000.109213 PMID: 11011342

Snygg-Martin U, Gustafsson L, Rosengren L et al. Cerebrovascular complications in patients with left-
sided infective endocarditis are common: a prospective study using magnetic resonance imaging and
neurochemical brain damage markers. Clin Infect Dis. 2008; 47:23-30. https://doi.org/10.1086/588663
PMID: 18491965

Shapiro SM, Young E, De Guzman S et al. Transesophageal echocardiography in diagnosis of infective
endocarditis. Chest. 1994; 105:377-82. https://doi.org/10.1378/chest.105.2.377 PMID: 8306732

Pedersen WR, Walker M, Olson JD et al. Value of transesophageal echocardiography as adjunct to
transthoracic echocardiography in evaluation of native and prosthetic valve endocarditis. Chest. 1991;
100:351-6. https://doi.org/10.1378/chest.100.2.351 PMID: 1864104

Fowler VG, Li J, Corey GR et al. Role of echocardiography in evaluation of patients with Staphylococcus
aureus bacteremia: experience in 103 patients. J Am Coll Cardiol. 1997; 30:1072-8. https://doi.org/10.
1016/s0735-1097(97)00250-7 PMID: 9316542

Hoen B DX. Clinical practice. Infective endocarditis. N Engl J Med. 2013; 368:1425-33. https://doi.org/
10.1056/NEJMcp1206782 PMID: 23574121

Job FP, Franke S, Lethen H et al. Incremental value of biplane and multiplane transesophageal echo-
cardiography for the assessment of infective endocarditis. Am J Cardiol. 1995; 75:1033-7. https://doi.
org/10.1016/s0002-9149(99)80719-x PMID: 7747684

Becker El, Jung A, Véller H, Wegscheider K, Vogel H-P, Landgraf H. Cardiogenic embolism as the
main cause of ischemic stroke in a city hospital: An interdisciplinary study. Vasa—J Vasc Dis. 2001; 30
(1):43-52.

Lee TH, Hsu WC, Chen CJ, Chen ST. Etiologic study of young ischemic stroke in Taiwan. Stroke. 2002;
33(8):1950-5. https://doi.org/10.1161/01.str.0000021409.16314.16 PMID: 12154244

Putaala J, Metso AJ, Metso TM, Konkola N, Kraemer Y, Haapaniemi E, et al. Analysis of 1008 Consecu-
tive Patients Aged 15 to 49 With First-Ever Ischemic Stroke. Stroke. 2009; 40(4):1195-203. https://doi.
org/10.1161/STROKEAHA.108.529883 PMID: 19246709

Stroke Prevention in Atrial Fibrillation Investigators. The Stroke Prevention in Atrial Fibrillation Study:
final results. Circulation. 1991; 84:527-39. https://doi.org/10.1161/01.cir.84.2.527 PMID: 1860198

Miguel CE, Bestetti RB. Primary cardiac lymphoma. Int J Cardiol. 2011; 149(3):358-63. https://doi.org/
10.1016/j.ijcard.2010.02.016 PMID: 20227122

Tamin S.S. et al. Prognostic and Bioepidemiologic Implications of Papillary Fibroelastomas. J Am Coll
Cardiol. 2015; 65(22):2420-2429. https://doi.org/10.1016/}.jacc.2015.03.569 PMID: 26046736

Van Woerkom RC, Lester SJ, Demaerschalk BM, LaBanc AJ, Davis ML, Coakley MF, et al. Comparison
of the Utility of Transesophageal Echocardiography in Patients With Acute Ischemic Stroke and Tran-
sient Ischemic Attack Stratified by Age Group (<60, 60 to 80, >80 Years). Am J Cardiol [Internet]. 2018;
122(12):2142—6. Available from: https://doi.org/10.1016/j.amjcard.2018.09.001 PMID: 30477726

PLOS ONE | https://doi.org/10.1371/journal.pone.0243142 December 3, 2020 11/11


https://doi.org/10.1161/01.cir.0000017498.88393.44
http://www.ncbi.nlm.nih.gov/pubmed/12045168
https://doi.org/10.1056/NEJMoa1211716
https://doi.org/10.1056/NEJMoa1211716
http://www.ncbi.nlm.nih.gov/pubmed/23514285
https://doi.org/10.1056/NEJMoa1009639
https://doi.org/10.1056/NEJMoa1009639
http://www.ncbi.nlm.nih.gov/pubmed/22417252
https://doi.org/10.1056/NEJMoa1301440
https://doi.org/10.1056/NEJMoa1301440
http://www.ncbi.nlm.nih.gov/pubmed/23514286
https://www.karger.com/Article/FullText/501028
https://doi.org/10.1159/000501028
http://www.ncbi.nlm.nih.gov/pubmed/31307049
https://doi.org/10.1161/STROKEAHA.117.018153
https://doi.org/10.1161/STROKEAHA.117.018153
http://www.ncbi.nlm.nih.gov/pubmed/29760277
https://doi.org/10.1067/mhj.2000.109213
https://doi.org/10.1067/mhj.2000.109213
http://www.ncbi.nlm.nih.gov/pubmed/11011342
https://doi.org/10.1086/588663
http://www.ncbi.nlm.nih.gov/pubmed/18491965
https://doi.org/10.1378/chest.105.2.377
http://www.ncbi.nlm.nih.gov/pubmed/8306732
https://doi.org/10.1378/chest.100.2.351
http://www.ncbi.nlm.nih.gov/pubmed/1864104
https://doi.org/10.1016/s0735-1097%2897%2900250-7
https://doi.org/10.1016/s0735-1097%2897%2900250-7
http://www.ncbi.nlm.nih.gov/pubmed/9316542
https://doi.org/10.1056/NEJMcp1206782
https://doi.org/10.1056/NEJMcp1206782
http://www.ncbi.nlm.nih.gov/pubmed/23574121
https://doi.org/10.1016/s0002-9149%2899%2980719-x
https://doi.org/10.1016/s0002-9149%2899%2980719-x
http://www.ncbi.nlm.nih.gov/pubmed/7747684
https://doi.org/10.1161/01.str.0000021409.16314.16
http://www.ncbi.nlm.nih.gov/pubmed/12154244
https://doi.org/10.1161/STROKEAHA.108.529883
https://doi.org/10.1161/STROKEAHA.108.529883
http://www.ncbi.nlm.nih.gov/pubmed/19246709
https://doi.org/10.1161/01.cir.84.2.527
http://www.ncbi.nlm.nih.gov/pubmed/1860198
https://doi.org/10.1016/j.ijcard.2010.02.016
https://doi.org/10.1016/j.ijcard.2010.02.016
http://www.ncbi.nlm.nih.gov/pubmed/20227122
https://doi.org/10.1016/j.jacc.2015.03.569
http://www.ncbi.nlm.nih.gov/pubmed/26046736
https://doi.org/10.1016/j.amjcard.2018.09.001
http://www.ncbi.nlm.nih.gov/pubmed/30477726
https://doi.org/10.1371/journal.pone.0243142

