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Objectives: Cardioembolic etiology is a frequent source of ischemic stroke. Echocardiogram
is the mainstay of cardioembolic source detection with regard to plan secondary stroke
management, however it remains unclear how often clinically actionable findings are provided
hereby. In addition, it is uncertain whether echocardiography should be performed transthoracic
or transesophageal (TEE). In a monocenter study, we evaluated the frequency of pathological
findings from TEE evaluation in patients with ischemic stroke with suspected cardioembolic
and cryptogenic source and determined whether there was an associated adjustment in the
prescribed administration of antithrombotic therapy.

Materials and Methods: Over a 21-month period (2012-2013), we enrolled 143 patients in a
prospective monocenter study (mean age + standard deviation, 70 + 12 years; females, 44.1%)
who were admitted to the Department of Neurology at the University of Liibeck due to ischemic
stroke and who underwent TEE due to supposed cardiac embolism. We assessed the presence of
atrial fibrillation; days from admission to TEE; and TEE findings, including atrial septal aneurysm,
thrombogenic aortic arch, valve failure, presence of left atrial thrombus, and patent foramen
ovale. Demografic information and medical history were drawn from patient records and the
hospital information system.

Results: On average, TEE was performed 4 days after admission to the hospital. Left atrial
thrombus was detected in 3 patients (2.1%), patent foramen ovale (PFO) in 27 (18.9%), atrial
septum aneurysm in 17 (11.9%), and thrombogenic aortic arch in 29 (20.3%). Findings from TEE
were commonly associated with therapeutic adjustment; antiplatelet therapy increased from
30.1% to 80.4%, oral anticoagulation therapy increased from 2.8% to 27.3%.
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Conclusion: Findings from TEE for the evaluation of ischemic stroke lead to frequent
adjustment of prior antithrombotic therapy, antiplatelet as well as anticoagulation.

Introduction

In high-income countries stroke is the third leading cause
of death and mightaccount for relevant morbidity in those who
survive [1]. Ischemic stroke is primarily due to thrombotic or
embolic events, and the heart frequently is the place of origin
of emboli [2].

Cardioembolic etiology is the second highest cause of
ischemic stroke, accounting for 25% to 30% of all strokes.
Cardioembolic stroke is more disabling than stroke with a
nonembolic origin, due to the occlusion of larger intracranial
arteries and ischemic brain volume [3-6]. Abrupt onset
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of maximal deficit, epileptic seizures, and accompanying
hemorrhagic transformation are the clinical features most
commonly associated with cardioembolic stroke [7]. Atrial
fibrillation associated with increasing age is the most frequent
source of cardiac embolism, especially due to thrombus
from the left atrial appendage, and these generally require
anticoagulation. Other cardioembolic sources include severe
cardiac insufficiency, impaired systolic function and wall-
motion abnormalities in cases of cardiomyopathy or owing to
myocardial infarction, thrombus in the left atrium or ventricle,
valve failure, infective endocarditis or rare findings like atrial
myxoma [8].
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Accordingto European Stroke Organisation (ESO) guidelines
beside a good medical history, physical examination, laboratory
testingand 24h 12 lead electrocardiogram (ECG) transthoracic
echocardiogram (TTE) is the mainstay of cardioembolic
source detection with a grade A recommendation [9]. In
patients with embolic stroke of undetermined etiology despite
recommended diagnostic work up, who would be eligible for
PFO closure screening with bubble test-transcranial Doppler
or transesophageal echocardiogram (TEE) is recommended.
Beyond that TEE is still the gold standard for aortic arch
atheroma (AAA) evaluation, even though screening of AAA
with CTA (computed tomography aniography) or TTE is
recommended in embolic strokes of undetermined source
(ESUS) [9].

In contrast to the recommendation to perform echo-
cardiography with regard to plan secondary stroke
management,itremains unclear how often clinically actionable
findings are provided hereby [10,11]. In a systematic review
and meta-analysis Katsanos, et al. [12] found the prevalence of
cardiac conditions considered to be causally associated with
cerebral ischemia to be low.

The value of routine echocardiography in the management
of stroke has been investigated in previous studies that
revealed a range of conflicting estimates because of changing
opinions on what pathology is considered clinically relevant
[13,14]. Where dilated cardiomyopathy no longer requires
anticoagulation PFO is now clinically actionable among
patients with cryptogenic stroke [15-17].

However, neither current neurological stroke clinical
practice nor cardiological guidelines reflect these nuanced
data, making it challenging for physicians to decide in which
patients echocardiography after an ischemic stroke should
be performed, and furthermore which method transthoracic
(TTE) or transesophageal (TEE) echocardiography should
generally be chosen [10,18]. Especially in elderly patients
(older than 65 years) with suspected embolic neurological
events routine TEE appears to be unwarranted [19]. Both
methods have advantages and disadvantages. Because it
is a noninvasive bedside examination, TTE is easy to carry
out at any time and without special preparation. However,
informative diagnostic value can be limited due to ultrasound
conditions (eg, overweight patient). The transesophageal
echocardiography provides a better representation of certain
parts of the heart and the thoracic aorta due to the close
positional relationship between the esophagus and the heart.
In addition, small thrombi, especially in the atrial appendage
of the left atrium, are better detected. Even in very obese
patients, this form of echocardiography may be necessary if
a transthoracic echo does not provide satisfactory imaging.
On the other hand, TEE generally requires patients to be
sedated, with appropriate preparation and surveillance. A
study by de Bruijn, et al. [20] proved TEE superior to TTE for
identification of cardiac embolic sources in patients with TIA
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and stroke and furthermore in patients with normal TTE, a
cardiac source of embolism was detected by TEE in 39% of
patients. Further studies of the diagnostic benefits of TTE and
TEE in stroke patients have had mixed results. In all studies,
the number of patients with clear therapeutic consequences
solely resulting from TEE findings has been small [21,22],
including less than 1% of 1.833 stroke patients with sinus
rhythm [23]. After a systematic review and meta-analysis
of cohort studies of consecutive patients with “cryptogenic”
ischemic stroke it remains unclear if routine use of TEE
in patients with cryptogenic ischemic stroke is indicated
[24]. Haeusler, et al. [25] demonstrated that the diagnostic
information of cardiovascular magnetic resonance imaging
seems to be complementary to TEE but is not replacing it after
acute ischemic stroke. An abnormality on TEE was common
(71%) in a study by Galougahi, et al. [26]. On the other hand
echocardiography altered management in only 3-5% of
subjects referred for stroke assessment [26,27]. Although
TTE is unlikely to cause direct patient harm it do may cause
indirect harm, e.g., where incidental findings lead to invasive
procedure, e.g. TEE, and hence expose patient to further risks.

The objective of our monocenter study was to evaluate
the quantity of clinically actionable findings and hence the
value of TEE for secondary stroke prevention in patients with
cardioembolic and cryptogenic ischemic stroke, and its impact
on the actual change of antithrombotic treatment.

Methods
Study design

From all patients admitted to the Department of Neurology
at the University of Liibeck with ischemic stroke over a 21
month period (2012-2013) we enrolled all patients in our
monocenter study who underwent TEE due to supposed
cardioembolic or cryptogenic etiology. Stroke patients were
treated by neurologists, and the stroke diagnosis was made
by at least one vascular neurologist after completing an
evaluation of stroke and during the hospital stay. According
to national and international guidelines, patients with stroke
are generally hospitalized and treated in a stroke unit so as to
receive rapid evaluation of the cause of the stroke.

Data source

Demographic information and baseline characteristics,
including age, gender, stroke symptoms, medical history,
diagnostic and therapeutic procedures, and secondary
prevention strategies were drawn from patient records and
the hospital information system (Table 1). Patients who were
admitted with transient ischemic attack (TIA), stroke mimics,
such as epileptic seizures, migraines, or who suffered another
functional disorder after diagnostic procedures were completed
and during hospitalization were not included in the study.

Study population

We identified patients with a most responsible discharge
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Table 1: Patient characteristics.

N =143
70 (11.6%)
100 (69.9%)
63 (44.1%)

Characteristics

Age, mean (SD)
Age above 65, n (%)

Females, n (%)
Medical history, n (%)
Hypertension

114 (79.7%)
43 (30.1%)
56 (39.2%)

Diabetes mellitus

Hyperlipidemia

Previous stroke 37 (25.9%)
Previous myocardial infarction 21 (14.7%)
Prior atrial fibrillation 8 (5.6%)

Premedication, n (%)

Antiplatelet drugs (ASS, P2Y12 inhibitor Clopidogrel, PD-5-inhibitor
Dipyridamol+ASS)

Oral anticoagulation (Phenprocoumon, Rivaroxaban, Dabigatran,

43 (30.1%)

Apixaban) 4(28%)
Statins 31(21.7%)

IV rt-PA 12 (8.4%)

Endovascular procedure (thromboendarterectomy) 4(2.8%)

Neuroimaging procedures, n (%)
cCT

Early signs of ischemia 52 (36.4%)
Follow up CT scan performed 45 (31.5%)
Infarct demarcation in follow-up CT scan 35 (24.5%)

cMRI
Diffusion impairment in MRI

76 (53.1%)
69 (48.3%)

Infarction territory, n (%)

Middle cerebral artery 83 (58%)
Posterior cerebral artery 15 (10.5%)
Anterior cerebral artery 7 (4.9%)

Brain stem 20 (14%)
Other 28 (19.6%)
Ultrasound of brain and neck arteries 139 (97.2%)

Pathological findings in ultrasound 57 (39.9%)

Cardiovascular work-up, n (%)

Transthoracic echocardiogram 101 (70.6%)

Holter ECG 131 (91.6%)

Atrial fibrillation found in holter ECG 5(3.5%)
24-hour holter ECG 120 (83.9%)

Atrial fibrillation in 24-hour holter ECG 6 (4.2%)

ASS: Acetylsalicylic Acid; IV RT-PA: Intravenous Recombinant Tissue Plasminogen
Activator; CCT: Cranial Computed Tomography; CMRI: Cranial Magnetic Resonance
Imaging; ECG: Electrocardiography

diagnosis of ischemic stroke wusing the International
Classification of Diseases and Related Health Problems, 10"
Revision (ICD-10) diagnosis criteria codes for ischemic stroke.
We did not exclude patients who received tissue plasminogen
activator (rtPA) and endovascular treatment from our study.

Study outcomes

The primary outcome was the proportion of patients
with an echocardiogram with clinically actionable findings
for secondary stroke prevention. These were defined using
the ESO and American Heart Association (AHA) stroke
guidelines. Clinically actionable findings for secondary
stroke prevention included patent foramen ovale, atrial and
ventricular thrombus, atrial myxoma and valvular vegetation.
As a secondary outcome, we quantified the proportion of
transition of subjects from antithrombotic therapy before TEE
to the state after TEE.
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TEE

The TEE investigation was performed as part of the stroke
evaluation at the Department of Cardiology by cardiologists
who were not involved in the study. Echocardiogram results
were extracted from final reports produced by a cardiologist
trained in echocardiography. Indications to perform TEE were
made by the attending vascular neurologists due to supposed
cardiac embolism (e.g. territorial infarct on diagnostic
imaging, unproven atrial fibrillation).

Standard protocol approval, registration, and patient
consent

This study was part of a benchmarking project (Quality of
Treatment of Stroke in the Federal State Schleswig Holstein).
The study was approved by the local ethics committee at the
University of Liibeck.

Statistical analysis

Data were analyzed using SPSS (version 23; IBM SPSS
Statistics, Armonk, NY). Descriptive statistics were calculated,
including means and standard deviations (SD) for continuous
variables, medians and interquartile ranges (IQR) for scores,
and absolute numbers and percentages for nominal and
categorical variables.

Results

Duringa 21-month period from January 2012 to September
2013 a total of 143 stroke patients (mean age * SD, 70 + 12;
females, 44%) met the study inclusion criteria; specifically,
TEE was carried out on patients who presented with ischemic
stroke, possibly due to cardioembolic or cryptogenic source.
Of all patients, 101 (70.6%) had transthoracic echocardiogram
in addition to TEE. The median time between a patient’s
admission to hospital and the TEE investigation was 4 days
(IQR, 0-7). Prior atrial fibrillation was known in 8 patients
(5.6%), and was found in 5 additional patients in casual
electrocardiography (ECG) and in 6 patients in 24-hour holter
ECG. Overall, 62 patients (43%) had a normal echocardiogram.
The most frequent TEE findings (Table 2) were thrombogenic
aortic arch (20.3%), patent foramen ovale (PFO; 18.9%), and
atrial and septum aneurysm (11.9%). Left atrial thrombus
(LAT) was found in 3 patients (2.1%), and other thrombi in
6 patients (4.2%). Forty-three patients (30.1%) were taking
antiplatelets at the time of admission. By the time of discharge
(Table 3), the number of patients taking antiplatelets
had increased to 115 (80.4%), most frequently based on
pathological findings in ultrasound of brain and neck vessels.
The number of patients taking oral anticoagulants increased
from 4 (2.8%) to 39 (27.3%), most likely based on findings in
TEE. Transition of antithrombotic therapy is shown in figure
1. The quantity of patients treated with statins increased from
31 (21.7%) to 110 (76.9%). Six patients (4.2%) were affected
by a recurrence of stroke during hospitalization. All 143
patients survived the hospital stay.
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Table 2: Distribution of patients across pathological findings of TEE.

Pathological findings N (%)
Wall motion abnormalities 4(2.8%)
Valve failure 11 (7.7%)

27 (18.9%)
17 (11.9%)

Patent foramen ovale

Atrial septum aneurysm

<2mm 5(3.5%)
3 mm 4(2.8%)
4mm 1(0.7%)

16 (11.2%)
29 (20.3%)

Valsalva withdrawal

Thrombogenic aortic arch

3 degree 1(0.7%)
4" degree 6 (4.2%)
5 degree 22 (15.4%)
Aortic valve failure 21 (14.7%)
1%t degree 14 (9.8%)
2" degree 6 (4.2%)
3 degree 1(0.7%)
Left atrial thrombus 3(2.1%)
Other thrombi 6 (4.2%)

‘Table 3: Distribution of patients across antithrombotic treatment before and after TEE.‘

Medication Before TEE After TEE
N (%) N (%)
Antithrombotic therapy 43 (30.1%) 115 (80.4%)
Oral anticoagulants 4(2.8%) 39 (27.3%)

number of patients
o
o

100
60
40
o l
0 —

no antiplatelet
therapy

oral anticoagulants no oral anticoagulants antiplatelet therapy

mbefore TEE Mafter TEE

Figure 1: Transition in antithrombotic therapy.

Discussion

Our study showed that TEE reveals a remarkable
number of pathological findings and can lead to adjustment
in antithrombotic therapy, including the administration of
antiplatelet therapyin general, and oral anticoagulants (OACs/
DOACS) specifically. This result is in line with the findings of
other studies that have investigated the diagnostic impact of
TEE in unselected patients with acute cerebral ischemia [28-
30]. On the other hand our findings are in contrast to other
studies. Using a retrospective chart review Menon, et al. [31]
revealed that echocardiography detected potential clinically
relevant findings in a minority of patients (7.6%), but these
findings lead to a numerous change in medical management
(90.5%).

Although LAT can be identified by TTE, the sensitivity
of this procedure is low. Because of the left arterial location
immediately adjacent to the esophagus, TEE is considered
to be the gold-standard technique for detecting left atrial
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thrombi, with values of sensitivity and specificity approaching
99% [32]. However, the rate of TEE in the cohortin the present
study was low, occurring in just 1 out of 10 stroke patients.
In a multicenter cohort study of nearly 2.000 patients with
ischemic stroke or TIA, 68% had an echocardiogram (most
often a transthoracic), and the results were normal 86% of the
time, whereas the 2 most common clinically actionable findings
for secondary stroke prevention were cardiac thrombus
and PFO [33]. The wide range of estimates for how often
“clinically relevant” findings are detected on echocardiogram
for patients with an ischemic stroke is partially related to
changing criteria for what is considered clinically relevant,
e.g., anticoagulation is no longer recommended in clinical
practice guidelines for dilated cardiomyopathy [34]. While
practice patterns change, updated data are necassery to re-
evaluate the value of echocardiography. Once these data are
available, there might be lags in changing clinical patterns
until practice guidelines are updated.

Patent foramen ovale with an atrial septum aneurysm
leads to an exponentially high risk of stroke [35]. In our
study, we found a PFO prevalence of 18.9%. Recent studies
have found that occlusion of a PFO might be associated with a
reduced risk of subsequent stroke and recent clinical practice
guidelines strongly recommend PFO closure for patients with
cryptogenic stroke [15-17,36,37], but until 2018 PFO was
considered to be an incidental finding [38], which likely is an
explanation why none of our study patients with PFO were
referred for closure of the defect. Given the large number of
stroke patients who do not undergo TEE evaluation, there
could presumably be a high number of unreported cases. A
recent meta-analysis of prospective studies that compared the
value of transthoracic to transesophageal echocardiography to
detect PFO in patients with cryptogenic stroke determined the
sensitivity of transthoracic echocardiography to be 45% (95%
CI31-60%)[39].Inthelast 3 decades, the use of TEE in patients
with stroke of uncertain etiology has revealed atherosclerotic
plaques in the aortic arch, which often protrude into the
lumen and have mobile components [40]. However, the Study
of Perfusion and Anatomy's Role in Coronary Artery (SPARC)
study, conducted in a random population of patients at high
risk of vascular events for whom TEE data were obtained,
did not find an association between aortic atherosclerotic
plaques and future cardiac or cerebrovascular events [41]. It
is unknown what percentage of patients in routine care with
cryptogenic stroke should ideally have a transesophageal
echocardiogram, which is virtually 100% sensitive for
PFO [39,42]. In the recent clinical trials for closure of PFO,
patients had both a transthoracic and a transesophageal
echocardiogram [15-17]. The PFO prevalence of 18.9% in our
study may indicate the need for knowledge translation so that
transesophageal echocardiography is considered for patients
with cryptogenic stroke.

Since the Factor VII Activating Protease study (FSAPS)
and other prospective case-control and follow-up studies,
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the 2 main, accepted criteria for embolic risk associated
with aortic arch atheromas have been a plaque thickness
24 mm and the presence of mobile components [43-45],
especially in combination with prothrombotic risk factors
like hypercoagulability, antiphospholipid syndrome, protein
C/S disorders, and vasculitis [46]. Aortic arch atheroma in
young adults is rare, but its incidence and severity increases
with age [47]. Thromboembolic events are associated with
complex and ulcerated atherosclerotic plaques to which the
thrombus is attached [48]. Previous studies have revealed
associations between thromboembolic events and smoking,
hypercholesterolemia, hypertension, diabetes, the male sex,
and elevated plasma levels of fibrinogen and homocysteine
[49,50].

In a retrospective study of patients who had suffered from
a first cerebrovascular ischemic event [TIA or stroke], Young
and Benesch found a high-risk source of embolus in 14.3%
of patients, and an associated change in clinical management
(including medication changes or subsequent testing) [51].
Furthermore, they found that an increased age and no history
of diabetes mellitus were independently associated with a
high-risk source of embolus. In our prospective study, we did
notinclude patients with TIA. This might explain our finding of
lower percentages of thrombi compared with those reported
by Young and Benesch. Transient ischemic attacks may arise
from different mechanisms than stroke. Therefore, it has been
suggested that the inclusion of patients with TIA in a stroke
trial could result in less-reliable findings.

Data from several prospective studies suggest that
atheromatosis is a dynamic process; although plaque
regression is possible, the most likely clinical course is slow
progression [52-54]. Owing to routine exploration using TEE
after supposed embolic events, reliable detection of mobile
thoracic aorta thrombi has become more common [55]. Up to
40% of cerebral ischemic events are due to embolic causes.
Further insight into cardioembolic etiology was expected from
the embolic stroke of undetermined source (ESUS) approach.
The two ESUS studies showed no benefit of anticoagulation
over antiplatelet [56,57].

In our study, 57% of stroke patients were found to
have abnormal TEE findings. Data regarding adjustment of
medication due to TEE findings in stroke patients are sparse.
In the study by Young and Benesch the results of the TEE
evaluation lead to altered medication or clinical management
in 30.3% of patients [51]. This is in contrast to our study,
where 50% of the patients were started with antithrombotic
therapy following TEE, especially oral anticoagulation in 24%.
In addition, the average period of time that elapses between
a patient’s admission to the hospital and TEE investigation is
largely unknown. In this study, it was 4 days. Given a mean
residence time of stroke patients in hospital of 11 days, in the
evaluation period TEE was carried out within the first half of
the hospital stay.
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Our study has several limitations. First, we investigated a
selected amount of stroke patients, infact those with presumed
cardioembolic and cryptogenic etiology who were able to
tolerate the invasive examination of TEE. Cardioembolic
stroke often leads to severe constraints in patients that might
avoid the procedure of TEE, so there is a lack of data from
these patients. The amount of relevant findings might have
been different, if we were able to investigate all cardioembolic
stroke patients.Second, our study included only stroke patients
admitted to hospital, and thus we may have overestimated the
prevalence of echocardiographic abnormalities owing to the
fact, that patients in hospital might suffer from a higher burden
of comorbid conditions or more severe stroke compared with
patients managed as outpatients. Third we identified patients
with stroke by their main discharge diagnosis. Although
the diagnostic codes have been validated, we might have
missed patients who presented with stroke-like symptoms
but were subsequently given a different diagnosis. Fourth,
changing treatment is not a clinically relevant endpoint.
Fifth, in patients with present atrial fibrillation by the time
of admission further echocardiography investigations
are often waived. For ongoing research selection criteria
should be designated so that the results can be applied. It is
possible that elderly patients are underrepresented in the
cohort. The study did not include long-term follow up of the
cohort, so it remains unclear if there is any evidence that the
changes in treatment will lead to improved outcome. We did
not account for complications in the TEE investigation; the
sample size was too small for logistic regression analysis. The
study does not compare findings in transthoracic with those
in transesophageal echocardiogram, moreover we did not
investigate any reasons why some patients underwent both
procedures and some only TEE. Nonetheless, from the findings
of this study we conclude that TEE evaluation is needed for
the accurate assessment of ischemic stroke.

Conclusion

In our monocenter study, we found that transesophageal
echocardiograms were normal in 43% of patients with
cardioembolic and cryptogenic ischemic stroke. In contrast,
the importance of ruling out clinically actionable findings in
TEE for secondary stroke prevention, e.g,, PFO in 18.9% of
our study patients has taken on new importance, as closure
of the defect reduces the risk of subsequent stroke by more
than 50%.

Informed consent statement

The study was part of a benchmarking project (Quality of
Treatment of Stroke in the Federal State Schleswig Holstein).
The study was approved by the local ethics committee at the
University of Liibeck. Each patient who participated in the
study was required to sign an informed consent form that
provided much more details on the study requirements.
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