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Is transesophageal echocardiography needed for 
evaluating tissue-based transient ischemic attack?
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Abstract  
Transient ischemic attack (TIA) is a warning signal for stroke. A comprehensive evaluation of TIA may 
reduce the risk for subsequent stroke. Data on the findings of cardiac evaluation with transesophageal 
echocardiography (TEE) in patients with TIA are sparse. Our aims were to determine the frequency of TEE 
performance and to investigate the findings of TEE in patients with TIA based on the new definition of 
TIA (i.e., transient neurological symptoms without evidence of infarction). During a 4-year period (2011–
2014), 1071 patients (mean age, 70 ± 13 years; female, 49.7%) with TIA were included in a prospective 
study and evaluated. Of 1071 consecutive patients suffering from TIA, 288 patients (27%) underwent TEE. 
The median time between admission and TEE was 6 days. Patients with TIA who were evaluated by TEE 
were younger (67 vs. 71 years, P < 0.001) than those who were not evaluated by TEE. They had a higher rate 
of sensibility disturbance as a TIA symptom (39% vs. 31%, P = 0.012) but a lower rate of previous stroke 
(15% vs. 25%, P = 0.001) and atrial fibrillation (2% vs. 21%, P < 0.001) than those who did not. Foramen 
ovale was detected in 71 patients (25.7%), atrial septal aneurysm in 13 patients (4.6%), and severe athero-
sclerotic plaques (grade 4 and 5) in the aortic arch in 25 patients (8.7%). One patient (0.3%) had a fibroma 
detected by TEE. In 17 of the 288 patients (6%) who underwent TEE, the indication for anticoagulation 
therapy was based on the TEE results, and 1 patient with fibroma underwent heart surgery. During hospi-
talization, 7 patients experienced a subsequent stroke, and 27 patients had a recurrent TIA. At 3 months 
following discharge, the rates of readmission, stroke, recurrent TIA, and death were 19%, 2.7%, 4.2%, and 
1.6%, respectively. The rates of mortality (0.9% vs. 1.8%, P = 0.7), stroke risk (1.9% vs. 3.0%, P = 0.8), and 
recurrent TIA (5.0% vs. 3.9%, P = 0.8) were similar in patients who underwent TEE and in those who did 
not. Performing TEE in patients with tissue-based TIA is helpful in detecting cardiac sources for embolism 
and may indicate for anticoagulation. 
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Introduction 
Transient ischemic attack (TIA) was first clinically defined 
in 1964 as any transient neurological deficit lasting less than 
24 hours caused by focal cerebral or retinal ischemia (Mar-
shall, 1964; 1988). Generally, TIA is considered an unstable 
condition and is associated with an increased risk of stroke 
in the following time after fist event. Previous research has 
shown that up to 20% of patients with TIA experienced 
a stroke in the following 3 months, with the most critical 
time being the first 48 hours after the initial event (Giles 
and Rothwell, 2007). New revised definitions of TIA, based 
on the findings of diffusion weighted imaging-magnetic 
resonance imaging, have been proposed (Albers et al., 2002; 
Easton et al., 2009). Study has also shown that tissue-based 
TIA is linked with a high risk of stroke (Al-Khaled and 
Eggers, 2013). In tissue-based TIA, a higher risk of stroke 
is associated with evidence of acute infarction than without 
(Redgrave et al., 2007; Giles et al., 2011; Amarenco et al., 
2016). In addition, studies have revealed that an immediate 
comprehensive evaluation of TIA sources and initiation 
of treatment of pathological findings, for example, cardi-
oembolic sources such as atrial fibrillation or large-artery 
arteriosclerosis such symptomatic carotid stenosis, as well 
as the immediate implementation of secondary prophylaxis, 
reduced the risk of stroke remarkably (Rothwell and War-

low, 2005; Lavallee et al., 2007; Al-Khaled and Eggers, 2014; 
Amarenco et al., 2016).

According to the recommendations of the German Stroke 
Society and the European guidelines of the European Stroke 
Organization, the evaluation of TIA sources should include 
cardiac evaluation by transesophageal echocardiography 
(TEE) to detect cardioembolic sources of TIA to prevent sub-
sequent stroke (European Stroke Organisation Executive and 
Committee, 2008; Ringleb et al., 2008; Laufs et al., 2010). Data 
on the frequency and findings of TEE performed in patients 
with TIA are rare, particularly in patients with TIA who were 
diagnosed in accordance with the tissue-based definition of 
TIA. The few studies investigating TEE used data from un-
selected patients with TIA or stroke (Strandberg et al., 2002; 
Morris et al., 2009; Jauch et al., 2013; Pallesen et al., 2016). 
Only one study determined the pathological findings among 
59 patients suffering from time-based TIA (Dawn et al., 
2006). TEE is the most sensitive ultrasound investigation of 
the heart’s structure and function and to detect cardioembolic 
sources causing TIA and stroke. Even the procedure is easy to 
perform and take short time, it has several limitations, partic-
ularly the need of expert knowledge and prior planning, e.g., 
fasting patient, sedative or general anesthesia. 

Our primary aims were to determine the frequency of TEE 
and to evaluate the performance of TEE in patients with TIA 

http://orcid.org/0000-0001-8406-5044


1213

Al-Khaled M, Scheef B, Brüning T (2018) Is transesophageal echocardiography needed for evaluating tissue-based transient ischemic attack?
Neural Regen Res 13(7):1212-1215. doi:10.4103/1673-5374.235058

in accordance with the tissue-based definition of TIA.

Subjects and Methods
Study design
This prospective cohort study  included consecutive patients 
with TIA who underwent treatment in the Department of 
Neurology at the University hospital of Schleswig-Holstein, 
Campus Lübeck between 2011 and 2014.

A TIA diagnosis was defined in this study as any sudden 
focal neurological deficit lasting less than 24 hours and 
showed no evidence of infarction on brain imaging (Easton 
et al., 2009). Patients with TIA were treated by neurologists. 
The diagnosis of TIA was made by at least one vascular 
neurologist upon completion of the TIA evaluation and 
during the patients’ hospital stay. Patients with neurological 
symptoms who were admitted to hospital were evaluated 
during their hospital stay. According to the abovementioned 
guidelines (Laufs et al., 2010); patients with TIA are general-

ly hospitalized so as to undergo an evaluation of TIA causes 
and monitoring of vital parameters. 

Baseline characteristics (Table 1) – age, gender, TIA 
symptoms, medical history, diagnostic and therapeutic 
procedures, and secondary prevention strategies – were 
recorded. Patients who were admitted with TIA symptoms 
but were diagnosed with an epileptic seizure, migraine, or 
functional disorders during hospitalization and subsequent 
diagnostic procedures were not included in the study. In ad-
dition, patients who presented with TIA to the Department 
of Neurology but were rejected hospital admission were not 
included in the study. 

The study was approved by the Ethics Committee of the 
University of Lübeck (AZ: 4-147). All patients or caregiver 
provided written informed consent for their inclusion and 
evaluation in the present study.

TEE
As part of the TIA evaluations, TEE investigations were per-
formed at the Department of Cardiology of the University 
Hospital of Schleswig-Holstein, Campus Lübeck by cardiol-
ogists who were not involved in the present study. The TEE 
findings were retrieved from the TEE reports. 

Statistical analysis
SPSS 22.0 (IBM SPSS Statistics, Armonk, NY, USA) was 
used to analyze the data. The data were described with mean 
and standard deviation (SD) values for continuous variables, 
median and interquartile range (IQR) values for scores, and 
absolute numbers and percentages for nominal and categor-
ical variables. We performed a chi-square test or Student’s 
t-test to determine the difference between categorical or con-
tinuous variables, and a Mann-Whitney U test was used for 
the difference between scores. Adjusted logistic regression 
was carried out to estimate the odds ratio (OR). All variables 
with a P-value < 0.1 were entered into the logistic regression 
model. A P-value < 0.05 was considered significant.

Results
Patients with and without TEE
A total of 1071 patients with TIA were included in the study. 
The mean age of the patients was 70 years (SD, 13), and the 
sex distribution was approximately equal (female patients, 
49.7%). The median time between symptom onset and hos-
pital admission was 6 hours.

TEE and associated factors
Of 1071 patients, 288 patients (27%) underwent TEE as part 
of the TIA evaluations. The median time between hospital 
admission and TEE investigation was 6 days. The mean time 
between TEE and discharge from hospital was 1.3 days (SD, 
1.7), with a median value of 1 day. Patients who underwent 
TEE stayed in hospital 2 days longer and more frequently 
received treatment in a stroke unit than those who did not 
undergo TEE (Table 1). A comparison between patients 
who underwent TEE and those who did not undergo TEE is 
shown in Table 1.

Table 1 A comparison of baseline characteristics between patients 
undergoing TEE vs. those who not

TEE

P-valueYes (n = 288) No (n = 783)

Male 148(51.5) 390(49.8) 0.7
Age (year, mean±SD) 66.8(12.4) 71.3(13.4) < 0.001
TIA-symptoms

Amaurosisfugax 14(4.9) 42(5.4) 0.8
Fazialisparesis 49(17.0) 139(17.8) 0.8
Dysarthria 56(19.4) 142(18.2) 0.6
Aphasia 64(22.2) 176(22.5) 0.9
Weakness 105(36.5) 269(34.4) 0.5
Sensory disturbance 111(39.1) 240(30.9) 0.012
Vertigo 70(24.7) 156(19.9) 0.1

Medical history
Hypertension 211(73.3) 586(75.0) 0.6
Hypercholesterolemia 94(32.6) 251(32.2) 0.9
Myocardinfarction 20(7.0) 53(6.8) 0.9
Diabetes mellitus 63(21.7) 178(22.8) 0.8
Atrial fibrillation 5(1.7) 163(20.8) < 0.001
Previous stroke 43(15.1) 199(25.5) < 0.001

Diagnostic procedures
cCT 284(98.6) 766(97.8) 0.4
cMRI 134(46.5) 222(28.4) < 0.001
Brain and neck 

duplexsonography
286(99.3) 741(94.7) 0.1

Secondary prophylaxis before TIA
AT 91(32.3) 309(40.6) 0.015
Oral anticoagulation 4(1.4) 130(16.7) < 0.001

Hospitalization (day, 
mean±SD)

8.3±2.3 6.0±1.5 < 0.001

Stroke-Unit treatment 248(86.1) 577(73.9) < 0.001
Stroke-Unit stay (day, 
mean±SD)

1.7±1.3 1.9±1.5 0.2

Data are n (%) unless otherwise indicated. TEE: Transoesophageal 
echocardiography; cCT: cranial computer tomography; cMRI: cranial 
magnet resonance imaging; TIA: transient ischemic attack; AT: 
antiplatelet treatment.
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Findings of TEE
The TEE investigation showed that of the 288 patients who 
underwent TEE, 133 patients (48%) had abnormal findings. 
Based on the TEE findings, 17 patients (6%) received oral 
anticoagulation. In 1 patient (0.3%), an atrial fibroma was 
found, which led to heart surgery (Table 2). A change of 
therapeutic procedures was carried out in 18 patients (6.3%). 
During hospitalization, 7 patients (2.4 %) experienced a sub-
sequent stroke, and 27 patients (9.4%) had a recurrent TIA 
(Re-TIA). The rates of stroke, Re-TIA, and death were 2.7%, 
4.2%, and 1.6%, respectively, at 3 months after patients’ dis-
charge from hospital. The rates of mortality (0.9% vs. 1.8%, 
P = 0.7), stroke (1.9% vs. 3.0%, P = 0.8), and Re-TIA (5.0% 
vs. 3.9%, P = 0.8) were similar in patients who underwent 
TEE and in those who did not. 

Discussion
Our study showed that the performance of TEE was associ-
ated with age, TIA symptoms, and previous medical history. 
We also found that the performance of the TEE investigation 
seemed to lead to a prolonged hospital stay. Approximately 
half of the cohort that underwent TEE showed pathological 
findings. A change of therapeutic procedures was carried 
out in 18 patients (6.3%) and comparable with the findings 
of other studies investigating the diagnostic impact of TEE 
on unselected patients with an acute cerebral ischemia (Cen-
sori et al., 1998; Pallesen et al., 2016). Previous studies have 
revealed the presence of a patent foramen ovale (PFO) to be 
the most common pathological finding detected by echocar-
diography after stroke and TIA (Bogousslavsky et al., 1986; 
Hausmann et al., 1992; Censori et al., 1998; Pallesen et al., 
2016). Whereas the performance of TEE is superior to the 
transthoracal echocardiography (de Bruijn et al., 2006).

In addition, research has shown that a PFO with an atri-

al septal aneurysm leads to an exponentially higher risk of 
stroke (Mas et al., 2001). Recent research has also found that 
an occlusion of the PFO could be associated with a reduced 
risk of a subsequent stroke (Carroll et al., 2013). Therefore, 
the TEE investigation is now considered an important as-
pect of the evaluation of a cerebral ischemic event. However, 
the rate of the performance of TEE in our cohort of patients 
with TIA was low. This finding may be attributable to the 
fact that our study design only used the tissue-based defini-
tion of TIA. Furthermore, following the identification of the 
cause of TIA with the use of electrocardiography, long-term 
electrocardiography, or duplex sonography of the brain-sup-
plying arteries, the diagnostic impact of TEE investigation 
may be less. In accordance with the tissue-based definition 
of TIA, we included only patients with negative brain im-
aging. Previous research has shown embolic causes of ce-
rebral ischemic events in about 23% of patients with TIAs; 
however, the etiology of TIA remains undetermined in 33% 
of patients(Al-Khaled and Eggers, 2013). We found that 
during hospitalization and at 3 months of follow-up, the risk 
of stroke and the risk of death were lower in patients who 
underwent TEE than in those who did not, but this finding 
was not statistically significant, which may be attributable to 
the small size of the groups who experienced stroke or died. 
Furthermore, the patient group who experienced a change 
in medical management after TEE was too small (only 17 
patients) for multivariate analysis to detect associated fac-
tors. Our findings are comparable with that of other studies 
detecting the cardioembolic sources by TEE and cardiac 
MRI in patients suffering from stroke or time-based TIA 
(Wehrum et al., 2018).

Our study has several limitations. One is that not all TIA 
patients underwent TEE, older patients may be under rep-
resented in the study. The lack of long-term follow-up rep-
resents another limitation. The fact that complications of the 
TEE investigation were not recorded is also a limitation.

In summary, we found that 47.8% of patients with TIA 
who underwent TEE showed abnormal findings and 6.3% 
of patients experienced a change of treatment owing to TEE 
findings in patients with tissue-based TIA. Patients with tis-
sue-based TIA of an undetermined etiology or a suspected 
cardioembolic cause may benefit from the implementation 
of TEE.
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Table 2 Pathological findings detected by transesophageal 
echocardiography in 288 patients 

Item n (%)

Pathological findings detected by the TEE 133(47.8)
Thrombogenic arch 36(13)

Grade 1 2(0.7)
Grade 2 1(0.3)
Grade 3 8(2.7)
Grade 4 8(2.7)
Grade 5 17(6)

Patent foramen ovale 71(25)
Atrial septal aneurysm 13(4.6)
Aortic insufficiency 41(15)

Grade 1 32(11)
Grade 2 5(2)
Unknown 4(1.7)

Aortic valve stenosis 5(2)
Grade 1 2(0.7)
Grade 2 2(0.7)
Unknown 1(0.3)

Cardiomyopathy 0
Fibroma 1(0.3)



1215

Al-Khaled M, Scheef B, Brüning T (2018) Is transesophageal echocardiography needed for evaluating tissue-based transient ischemic attack?
Neural Regen Res 13(7):1212-1215. doi:10.4103/1673-5374.235058

Copyright license agreement: The Copyright License Agreement has 
been signed by all authors before publication.
Data sharing statement: The study was part of the department own 
bench marking project, the data used in this study can not be shared.
Plagiarism check: Checked twice by iThenticate.
Peer review: Externally peer reviewed.
Open access statement: This is an open access journal, and articles are 
distributed under the terms of the Creative Commons Attribution-Non-
Commercial-ShareAlike 4.0 License, which allows others to remix, 
tweak, and build upon the work non-commercially, as long as appropri-
ate credit is given and the new creations are licensed under the identical 
terms.

References
(1988) The World Health Organization MONICA Project (monitoring 

trends and determinants in cardiovascular disease): a major inter-
national collaboration. WHO MONICA Project Principal Investiga-
tors. J Clin Epidemiol 41:105-114.

Al-Khaled M, Eggers J (2013) MRI findings and stroke risk in TIA pa-
tients with different symptom durations. Neurology 80:1920-1926.

Al-Khaled M, Eggers J (2014) Early hospitalization of patients with 
TIA: a prospective, population-based study. J Stroke Cerebrovasc 
Dis 23:99-105.

Albers GW, Caplan LR, Easton JD, Fayad PB, Mohr JP, Saver JL, Sher-
man DG, Group TIAW (2002) Transient ischemic attack--proposal 
for a new definition. N Engl J Med 347:1713-1716.

Amarenco P, Lavallee PC, Labreuche J, Albers GW, Bornstein NM, 
Canhao P, Caplan LR, Donnan GA, Ferro JM, Hennerici MG, Mo-
lina C, Rothwell PM, Sissani L, Skoloudik D, Steg PG, Touboul PJ, 
Uchiyama S, Vicaut E, Wong LK, Investigators TIo (2016) One-Year 
Risk of Stroke after Transient Ischemic Attack or Minor Stroke. N 
Engl J Med 374:1533-1542.

Bogousslavsky J, Hachinski VC, Boughner DR, Fox AJ, Vinuela F, Bar-
nett HJ (1986) Clinical predictors of cardiac and arterial lesions in 
carotid transient ischemic attacks. Arch Neurol 43:229-233.

Carroll JD, Saver JL, Thaler DE, Smalling RW, Berry S, MacDonald LA, 
Marks DS, Tirschwell DL, Investigators R (2013) Closure of patent 
foramen ovale versus medical therapy after cryptogenic stroke. N 
Engl J Med 368:1092-1100.

Censori B, Colombo F, Valsecchi MG, Clivati L, Zonca A, Camerlingo 
M, Casto L, De Tommasi MS, Mamoli A (1998) Early transoesoph-
ageal echocardiography in cryptogenic and lacunar stroke and tran-
sient ischaemic attack. J Neurol Neurosurg Psychiatry 64:624-627.

Dawn B, Hasnie AM, Calzada N, Longaker RA, Stoddard MF (2006) 
Transesophageal echocardiography impacts management and evalu-
ation of patients with stroke, transient ischemic attack, or peripheral 
embolism. Echocardiography 23:202-207.

de Bruijn SF, Agema WR, Lammers GJ, van der Wall EE, Wolterbeek R, 
Holman ER, Bollen EL, Bax JJ (2006) Transesophageal echocardiog-
raphy is superior to transthoracic echocardiography in management 
of patients of any age with transient ischemic attack or stroke. Stroke 
37:2531-2534.

Easton JD, Saver JL, Albers GW, Alberts MJ, Chaturvedi S, Feldmann E, 
Hatsukami TS, Higashida RT, Johnston SC, Kidwell CS, Lutsep HL, 
Miller E, Sacco RL; American Heart Association; American Stroke 
Association Stroke Council; Council on Cardiovascular Surgery and 
Anesthesia; Council on Cardiovascular Radiology and Intervention; 
Council on Cardiovascular Nursing; Interdisciplinary Council on 
Peripheral Vascular Disease (2009) Definition and evaluation of 
transient ischemic attack: a scientific statement for healthcare pro-
fessionals from the American Heart Association/American Stroke 
Association Stroke Council; Council on Cardiovascular Surgery and 
Anesthesia; Council on Cardiovascular Radiology and Interven-
tion; Council on Cardiovascular Nursing; and the Interdisciplinary 
Council on Peripheral Vascular Disease. The American Academy of 
Neurology affirms the value of this statement as an educational tool 
for neurologists. Stroke 40:2276-2293.

European Stroke Organisation Executive C, Committee ESOW (2008) 
Guidelines for management of ischaemic stroke and transient isch-
aemic attack 2008. Cerebrovasc Dis 25:457-507.

Giles MF, Rothwell PM (2007) Risk of stroke early after transient isch-
aemic attack: a systematic review and meta-analysis. Lancet Neurol 
6:1063-1072.

Giles MF, Albers GW, Amarenco P, Arsava EM, Asimos AW, Ay H, Cal-
vet D, Coutts SB, Cucchiara BL, Demchuk AM, Johnston SC, Kelly 
PJ, Kim AS, Labreuche J, Lavallee PC, Mas JL, Merwick A, Olivot JM, 
Purroy F, Rosamond WD, et al. (2011) Early stroke risk and ABCD2 
score performance in tissue- vs time-defined TIA: a multicenter 
study. Neurology 77:1222-1228.

Hausmann D, Mugge A, Becht I, Daniel WG (1992) Diagnosis of 
patent foramen ovale by transesophageal echocardiography and as-
sociation with cerebral and peripheral embolic events. Am J Cardiol 
70:668-672.

Jauch EC, Saver JL, Adams HP, Jr., Bruno A, Connors JJ, Demaerschalk 
BM, Khatri P, McMullan PW, Jr., Qureshi AI, Rosenfield K, Scott 
PA, Summers DR, Wang DZ, Wintermark M, Yonas H, American 
Heart Association Stroke C, Council on Cardiovascular N, Council 
on Peripheral Vascular D, Council on Clinical C (2013) Guidelines 
for the early management of patients with acute ischemic stroke: a 
guideline for healthcare professionals from the American Heart As-
sociation/American Stroke Association. Stroke 44:870-947.

Laufs U, Hoppe UC, Rosenkranz S, Kirchhof P, Bohm M, Diener HC, 
Endres M, Grond M, Hacke W, Meinertz T, Ringelstein EB, Rother 
J, Dichgans M (2010) Cardiological evaluation after cerebral isch-
aemia: Consensus statement of the Working Group Heart and Brain 
of the German Cardiac Society-Cardiovascular Research (DGK) and 
the German Stroke Society (DSG). Clin Res Cardiol 99:609-625.

Lavallee PC, Meseguer E, Abboud H, Cabrejo L, Olivot JM, Simon O, 
Mazighi M, Nifle C, Niclot P, Lapergue B, Klein IF, Brochet E, Steg 
PG, Leseche G, Labreuche J, Touboul PJ, Amarenco P (2007) A tran-
sient ischaemic attack clinic with round-the-clock access (SOS-TIA): 
feasibility and effects. Lancet Neurol 6:953-960.

Marshall J (1964) The natural history of transient ischaemic cere-
bro-vascular attacks. Q J Med 33:309-324.

Mas JL, Arquizan C, Lamy C, Zuber M, Cabanes L, Derumeaux G, 
Coste J, Patent Foramen O, Atrial Septal Aneurysm Study G (2001) 
Recurrent cerebrovascular events associated with patent foramen 
ovale, atrial septal aneurysm, or both. N Engl J Med 345:1740-1746.

Morris JG, Duffis EJ, Fisher M (2009) Cardiac workup of ischemic 
stroke: can we improve our diagnostic yield? Stroke 40:2893-2898.

Pallesen LP, Ragaller M, Kepplinger J, Barlinn K, Zerna C, Siepmann 
T, Wiedemann B, Braun S, Weise M, Bodechtel U, Puetz V (2016) 
Diagnostic impact of transesophageal echocardiography in patients 
with acute cerebral ischemia. Echocardiography 33:555-561.

Redgrave JN, Coutts SB, Schulz UG, Briley D, Rothwell PM (2007) 
Systematic review of associations between the presence of acute isch-
emic lesions on diffusion-weighted imaging and clinical predictors 
of early stroke risk after transient ischemic attack. Stroke 38:1482-
1488.

Ringleb P, Schellinger PD, Hacke W, Europaischen S (2008) European 
Stroke Organisation 2008 guidelines for managing acute cerebral in-
farction or transient ischemic attack. Part 1. Nervenarzt 79:936-957.

Rothwell PM, Warlow CP (2005) Timing of TIAs preceding stroke: 
time window for prevention is very short. Neurology 64:817-820.

Strandberg M, Marttila RJ, Helenius H, Hartiala J (2002) Transoesoph-
ageal echocardiography in selecting patients for anticoagulation after 
ischaemic stroke or transient ischaemic attack. J Neurol Neurosurg 
Psychiatry 73:29-33.

Wehrum T, Guenther F, Fuchs A, Schuchardt F, Hennemuth A, Har-
loff A (2018) Measurement of cardiac valve and aortic blood flow 
velocities in stroke patients: a comparison of 4D flow MRI and echo-
cardiography. Int J Cardiovasc Imaging doi: 10.1007/s10554-018-
1298-0.


