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Background and purpose: Dysphagia is common in acute stroke and leads to
worse overall outcome. Transesophageal echocardiography (TEE) is used in
the diagnostic evaluation of stroke with regard to its etiology and is a known
cause of postoperative dysphagia in cardiac surgery. The prevalence of dys-
phagia in acute stroke patients undergoing TEE remains unknown. The aim
of the Transesophageal Echocardiography — Dysphagia Risk in Acute Stroke
(TEDRAS) study was to assess the influence of TEE on swallowing among
patients who have experienced acute stroke.

Methods: The TEDRAS study was a prospective, blind, randomized, controlled
trial that included two groups of patients with acute stroke. Simple unrestricted
randomization was performed, and examiners were blinded to each other’s results.
Swallowing was tested using flexible endoscopic evaluation of swallowing (FEES)
at three different time points in the intervention group (24 h before, immediately
after and 24 h after TEE) and in the control group (FEES on three consecutive
days and TEE earliest after the third FEES). Validated scales were used to assess
dysphagia severity for all time points as primary outcome measures.

Results: A total of 34 patients were randomized: 19 to the intervention group
and 15 to the control group. The key findings of the repeated-measures
between-group comparisons were significant increases in the intervention
group for the following dysphagia measures: (1) secretion severity score (im-
mediately after TEE: P < 0.001; 24 h after TEE: P < 0.001) and (2) Penetra-
tion-Aspiration Scale score for saliva (immediately after TEE: P < 0.001; 24 h
after TEE: P = 0.007), for small (immediately after TEE: P = 0.009) and large
liquid boli (immediately after TEE: P = 0.009; 24 h after TEE: P = 0.025).
Conclusion: The results indicate a negative influence of TEE on swallowing in
acute stroke patients for at least 24 hours.
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Introduction

The stroke incidence rate in Europe is reported to countries, it is the third most common cause of death

range from 95 to 290/100 000 per year [1]. In western
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and the leading cause of disability among adults [2,3].
Dysphagia is a frequent complication of stroke, with
a high variability of incidence among stroke survivors,
ranging from 19% to 81% [4-7]. Dysphagia after
stroke correlates with an increased risk of stroke-
associated aspiration pneumonia (SAP) [8] and an

172 © 2020 The Authors. European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and
distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.


https://orcid.org/0000-0002-4384-0400
https://orcid.org/0000-0002-4384-0400
https://orcid.org/0000-0002-4384-0400
https://orcid.org/0000-0003-1738-2773
https://orcid.org/0000-0003-1738-2773
https://orcid.org/0000-0003-1738-2773
mailto:samra.hamzic@neuro.med.uni-giessen.de
http://creativecommons.org/licenses/by-nc-nd/4.0/

increased risk of mortality [9]. Early detection of dys-
phagia improves overall outcome and reduces mortal-
ity risk, risk of SAP, dehydration and malnutrition,
and length of hospitalization and overall costs of
treatment [10].

In German stroke units, speech and language thera-
pists perform bedside, instrumental examination of
swallowing via flexible endoscopic evaluation of swal-
lowing (FEES) within 24 h of admission [11,12].
FEES is a simple, low-risk, time- and cost-effective
diagnostic tool for the detection of dysphagia severity,
pharyngeal residue and aspiration [13], allowing con-
clusions to be drawn about the involved pathological
mechanisms of swallowing which serve as a basis for
the selection of appropriate therapy [14].

Transesophageal echocardiography (TEE) is a rou-
tine examination to identify sources of cardiac embo-
lism as possible stroke etiology. The risk of
dysphagia after cardiac surgery associated with intra-
operative implementation of TEE has been examined
in only a few trials. Houge et al. found intra-
operative implementation of TEE, besides age and
duration of intubation, to be an independent predic-
tor of postoperative dysphagia, with an incidence of
5.2% [15]. The odds ratio for dysphagia in patients
who underwent intra-operative TEE was 7.8 times
higher than in patients without intra-operative TEE
in a case series by Rousous ez al. [16]. The negative
influence of long duration of intra-operative TEE
probe placement in the esophagus on swallowing was
confirmed in the prospective randomized trial by
Chin et al. [17]. In this trial, the incidence of postop-
erative dysphagia for patients with a longer duration
of intra-operative TEE probe placement in the
esophagus was 51.1% compared to 28.6% for
patients with a shorter duration of intra-operative
TEE probe placement [17]. Grimm et al. [18]
described pharyngeal residue, followed by laryngeal
penetration and aspiration, as the most frequent
symptoms of dysphagia after intra-operative TEE in
cardiac patients, as diagnosed via videofluoroscopy.
To date, no data are available on the incidence and
severity of dysphagia after TEE in acute stroke
patients.

In our clinical routine, we noted frequent reports
of swallowing difficulties and/or clinical signs of
swallowing impairment from our acute stroke
patients who had undergone TEE. These reports are
consistent with data from the above-mentioned stud-
ies on TEE in cardiac surgery. The present prospec-
tive, randomized, controlled and blinded study is the
first to examine systematically the impact of TEE on
swallowing among acute stroke patients, aiming to
optimize acute stroke management by promptly
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detecting or preventing potential secondary risks of
SAP in such patients. In clinical routine, swallowing
difficulties and/or clinical signs of swallowing impair-
ment are frequently reported in acute stroke patients
who have undergone TEE. To date, however, this
connection has not been scientifically investigated
and evaluated.

Materials and methods

The TEDRAS study was conducted at the community
hospital Gesundheitszentrum Wetterau (GZW) in
Friedberg/Hesse (Germany). Procedures were carried
out according to the Guidelines for Good Clinical
Practice, the Federal Data Protecting Act and the
Helsinki Declaration of the World Medical Associa-
tion. The trial received ethical approval from the
Research Ethics Committee at the Justus Liebig
University in Giessen, Germany (AZ.: 223/12). Each
patient or legal representative provided written
informed consent. The study was initiated, designed
and conducted by the investigator. All the data reside
with the investigator. The TEDRAS study is regis-
tered in the ClinicalTrials.gov database under the
ClinicalTrials.gov Identifier: NCT04302883.

The inclusion criteria were as follows: acute stroke
(maximum 7 days post-onset), as displayed by cranial
computed tomography or magnetic resonance imag-
ing; written informed consent either from patients
themselves or a legal representative; and indication for
TEE.

Patients were excluded based on the following crite-
ria: brain hemorrhage; either pre-existing neurogenic
dysphagia or head-and-neck cancer-induced dyspha-
gia; dementia; and aphasia with an impairment in lan-
guage comprehension.

The TEDRAS study was a prospective, blind, ran-
domized, controlled study (Fig. 1). Simple unrestricted
randomization was performed according to a random-
ization list, concealed in sequentially numbered and
sealed envelopes. The sealed envelopes were opened
by a medical doctor before each inclusion to allocate
patients to one of two groups: an intervention group,
who underwent FEES on three consecutive days with
TEE on the second day, or a control group, who
underwent FEES on three consecutive days and a
TEE after the third FEES (Fig. 2). The medical doc-
tor responsible for the randomization was excluded
from all following examinations. All examiners were
blinded to each other’s clinical and instrumental
examination results. The study was unblinded for
patients.

Within 24 h of admission to the stroke unit, all par-
ticipants underwent a routine clinical swallowing
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Patients admitted to the stroke unit
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Figure 1 Graphic representation of the study design. BI, Barthel index; FEES, flexible endoscopic evaluation of swallowing; mRS,
modified Rankin scale; FOIS, Functional Oral Intake Scale NIHSS, National Institutes Health Stroke Scale; PAS, Penetration Aspira-
tion Scale; TEE, transesophageal echocardiography; SSRS, Secretion Severity Rating Scale; YS, Yale Pharyngeal Residue Severity
Ratings Scale.

examination by a speech and language therapist. therapist, both with more than 10 years’ experience in
FEES examination was performed either by a doctor performing FEES, and in FEES evaluation and
specialized in neurology or a speech and language research, and board-certified by the German Society
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Figure 2 Patient recruitment flow diagram, detailing number of included, excluded and analysed participants. CG, control group; IG,
intervention group. [Colour figure can be viewed at wileyonlinelibrary.com]

of Neurology. TEE was conducted by the Department
of Internal Medicine at the GZW in Friedberg, inde-
pendently of study participation.

Flexible endoscopic evaluation of swallowing

Equipment used for FEE at the GZW in Friedberg
consisted of a Rehder/Partner Swallowing Worksta-
tion (Hamburg, Germany) with a Karl Storz 3.6-mm
nasoendoscope and camera. Fiberendoscopic video
sequences were captured using a digital picture archiv-
ing and communication system (Rehder/Partner). The
rate of picture capture was 25 frames/s, and the frame
size was 1021 x 1021 pixels.

Before the FEES, anti-congestive nose drops were
used and the nostrils anesthetized by lidocaine,
applied topically via cotton sticks.

During the FEES, a first evaluation of the patient’s
management of saliva was conducted. Subsequently,
the patients were asked to swallow the following: three
teaspoons of water; three sips of water; three teaspoons
of apple sauce; and three morsels of crisp bread.

Dysphagia severity was measured using the three
validated dysphagia scores described below. The
inability to manage saliva and secretion correlates

with a high risk of aspiration pneumonia and was
therefore measured by the four-point Secretion
Severity Rating Scale (SSRS) [19]. The Penetration-
Aspiration Scale (PAS) measures the degree of pene-
tration and aspiration of saliva, liquids and food on
an eight-point scale, including description of the sensi-
ble reaction to penetration and/or aspiration and the
ability to expectorate the penetrated and/or aspirated
bolus [20]. The severity of hypopharyngeal residue of
saliva, food and liquids was evaluated using the five-
point Yale Pharyngeal Residue Severity Scale (YS)
[21]. Higher SSRS, PAS and YS scores indicate higher
risks of aspiration pneumonia. The range of oral
intake of liquids and food after every FEES was mea-
sured using the seven-point Functional Oral Intake
Scale (FOIS). Decreasing FOIS scores indicate a dete-
rioration in oral intake, different ranges of non-oral
feeding are included in levels 1-3 on this scale,
whereas different ranges of oral feeding are included
in levels 4-7 [22,23].

Flexible endoscopic evaluation of swallowing was
aborted for any tested substance consistency in case
of aspiration of saliva (PAS score >6) or aspiration of
liquid, puree or solid boli during the examination
(PAS score >6).

© 2020 The Authors. European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology
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Flexible endoscopic evaluation of swallowing video
sequences were randomized and pseudonymized by an
independent examiner and subsequently presented to
a neurology specialist with at least 5 years’ experience
in treatment of stroke patients and certified in FEES
by the German Society of Neurology and the Euro-
pean Society for Swallowing Disorders. The neurology
specialist was blinded to all previous results and
assigned SSRS, PAS and YS scores to all consistencies
applied in the swallowing evaluation.

Transesophageal echocardiography

The TEE equipment consisted of a VIVID S6 ultra-
sound workstation and GE Healthcare Type 6TC-RS
probe (GE Healthcare, Chicago, IL, USA). The
Department of Internal Medicine at the GZW in
Friedberg conducted the TEE, independent of study
participation. Anesthesia was administered either
intravenously with propofol or by using a combina-
tion of intravenous anesthesia with propofol and local
anesthesia of the pharynx using lidocaine spray. Oral
intake of food and liquids was restricted at least 6 h
before and until 24 h after the TEE.

Stroke outcome measures

Barthel index (BI), modified Rankin Scale (mRS) and
National Institutes of Health Stroke Scale (NIHSS)
scores were recorded for all patients [24-26].

Statistical methods

Baseline between-group comparison of age, and
NIHSS, mRS and Barthel index scores were performed
using a t-test for independent variables or, when
appropriate, a Mann—Whitney U-test. Gender, local-
ization of stroke, vascular territory and distribution of
anesthesia were analysed using Pearson’s chi-squared
test or, when appropriate, Fischer’s exact test.

To determine the influence of TEE, differences in
scores were recorded from pre-intervention to immedi-
ately after intervention and 24 h post-intervention for
all rating scale measures in both groups, using the
Mann-Whitney U-test for between-group comparisons
(interaction effect). To determine the frequency of
aspiration we first dichotomized the PAS score using
a cut-off value of 6 (PAS <6 = no aspiration; PAS
>6 = aspiration), following the calculation of score
differences between the test time points. These differ-
ences (increase and decrease in aspirations) were com-
pared between the groups using Pearson’s chi-squared
test or, when appropriate, Fischer’s exact test. Differ-
ences in scores between admission and discharge for

the stroke outcome measures evaluated via the
NIHSS, mRS, Barthel index and FOIS were calcu-
lated. Within-group comparisons were calculated
using a Wilcoxon signed-rank test.

The statistical significance level was set at P < 0.05.
Statistical analysis was carried out using Statistical
Package for Social Science software 25.0 (SPSS, Chi-
cago, IL, USA). Effect size calculation for non-para-
metric data was made using Cohen’s r, where values
>(.5 are interpreted as a large, values 0.3-0.5 as a
medium and values 0.1-0.3 as a small effect size [27].

Sample size calculation

Since no preliminary results from the literature were
available on which to base our sample size estimation
for our outcomes, we decided to evaluate the supposed
intervention effect exploratively in an interim analysis
during the course of the study. For organizational and
economic reasons, we used a sample size of 34 patients,
as this seemed to be sufficient, for a first interim analy-
sis. Once the effect size had been determined by the
interim analysis, post hoc power analysis was then per-
formed using a Mann—Whitney U-test (two groups)
with one-sided o level of 0.05. If the power did not
reach a value >0.8, an estimated sample size which
should be achieved further in the study was calculated
to find the intervention effect at a power of 0.8
(o =0.05). For sample size and statistical power
calculations, we used the analysis software G*Power
(version 3.1.9.2, Heinrich-Heine-University, Duessel-
dorf, Germany).

Results

Thirty-four patients (10 women and 24 men) were
included in the study. Of these, 19 were randomized to
the intervention group and 15 to the control group,
Fig. 2). Enrolment in the study was terminated
because the first interim analysis showed the study was
sufficiently powered to detect significant differences
among 34 patients, with effect sizes >0.8. For example,
the smallest effect size (d = 1.036) in this case achieved
a power of 0.88 with a one-sided alpha level of 0.05.
Demographics, baseline characteristics, medical history
and type of anesthesia are presented in Table 1.

No statistically significant differences were found in
age, gender, localization of stroke, vascular territory
or distribution of anesthesia between the groups. In
general, there was a significant increase in most dys-
phagia severity scores for the patients in the interven-
tion group immediately after TEE. The results for
both groups are summarized in Tables 1 and 2.

© 2020 The Authors. European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology
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Table 1 Demographics, baseline characteristics, medical history (N = 34)
n=15 n=19
Demographics (control group) (intervention group) P
Age, mean (SD), years 71 (11.30) 73 (10.23) 70 (12.15) 0.396
Sex, n (%)
Women 10 (29.4) 5(33.3) 5(26.3) 0.718
Men 24 (70.6) 10 (66.7) 14 (73.7)
Baseline characteristics
Admission NIHSS score, mean (SD) 4.68 (4.25) 5.67 (4.64) 3.89 (3.87) 0.264
Discharge NIHSS score, mean (SD) 3.00 (3.38) 3.93 (4.16) 2.32 (2.58) 0.221
Admission NIHSS A discharge NIHSS, P 0.005* 0.032*
Admission mRS score, mean (SD) 2.73 (1.56) 3.13 (1.41) 2.42 (1.64) 0.174
Discharge mRS score, mean (SD) 2.05 (1.56) 2.53 (1.73) 1.68 (1.34) 0.138
Admission mRS A discharge mRS, P 0.088 0.013*
Admission BI score, mean (SD) 57.8 (37.28) 47.33 (36.75) 66.05 (36.54) 0.099
Discharge BI score, mean (SD) 73.2 (35.27) 59.00 (38,74) 84.47 (28.47) 0.012*
Admission BI A discharge BI, P 0.018* 0.002*
Medical history
Localization of stroke, n (%)
Left hemisphere 19 (55.9) 5(33.3) 14 (73.7) 0.055
Right hemisphere 13 (38.2) 9 (60) 4 (21.1)
Both hemispheres 2 (5.9) 1(6.7) 1(5.3)
Vascular territory, n (%)
Anterior 3(8.8) 3 (20) 0 0.065
Media 20 (58.8) 10 (66.7) 10 (52.6)
Posterior 5(14.7) 0 5(26.3)
Vertebrobasilar 5(14.7) 2 (13.3) 3 (15.8)
Several 1(2.9) 0 1(5.3)
Distribution of anesthesia during TEE, n(%)* n=732 n=15 n=17 0.723
Propofol i.v. 16 (50) 8 (53.3) 8 (47.1)
Propofol i.v. and local anesthesia of the pharynx 16 (50) 7 (46.7) 9 (52.9)

A, within-group effect between admission and discharge; BI, Barthel index; i.v., intravenous; mRS, modified Rankin Scale; n, number of cases;
NIHSS, National Institutes Health Stroke Scale; P, P-value for between group comparison; TEE, transesophageal echocardiography. “Two

participants refused the application of anesthesia during TEE. *Significant.

Secretion Severity Rating Scale and Penetration-
Aspiration Scale for saliva

Compared to the control group, the intervention
group showed an increase in SSRS and PAS immedi-
ately after TEE (Table 2).

Penetration-Aspiration Scale for liquid boli

A Dbetween-group comparison revealed a significant
increase in PAS score for the intervention group
immediately after TEE for small and large liquid boli.
The effect lasted 24 h after TEE for large liquid boli
(Table 2).

Yale Pharyngeal Residue Severity Scale score for
valleculae

Compared to the control group, the intervention
group showed an increase in the YS score for residue
severity in valleculae immediately after TEE (for small
and large liquid boli, pureed and solid boli) and 24 h

after TEE (for small and large liquid boli, pureed and
solid boli) (Table 2).

Yale Pharyngeal Residue Severity Scale score for
piriform sinus

The YS score for residue severity in piriform sinus in
the intervention group increased immediately after
TEE (for small and large liquid boli; Table 2).

National Institutes of Health Stroke Scale, modified
Rankin scale and Barthel index

The NIHSS, mRS and BI improved in both groups
over time, with no significant difference between the
groups. With the exception of mRS in the control
group, scores for all three measures improved in both
groups between admission and discharge. There were
no statistically significant differences in the respective
scores between the groups except for Barthel index
score at discharge, which showed a statistically signifi-
cant advantage for the intervention group (Table 1).

© 2020 The Authors. European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology
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Functional Oral Intake Scale

The FOIS showed a statistically significant decline in
scores immediately after and 24 h after TEE for the
intervention group, but not for the control group
(Table 2).

With regard to the dichotomized PAS scores [aspi-
ration: yes (PAS > 6)/aspiration: no (PAS < 6)] no
statistically significant between-group differences were
found at the different test time points.

Discussion

The results of the TEDRAS trial in acute stroke
patients showed a significant increase in all dysphagia
outcome scores in the intervention group immediately
after TEE in the between-group comparisons for sal-
iva, and small and large liquid boli. A significant
increase in the YS score was found in this group for
all consistencies in the valleculae and for small and
large liquid bolus in the piriform sinus. These results
correspond to the results of the study by Grimm ez al.
[18], who found residue to be the most frequent dys-
phagia symptom in patients who had undergone intra-
operative TEE as diagnosed via videofluoroscopy.

In acute stroke management TEE is established as a
routine examination to identify possible sources of
cardiac embolism in the etiology of stroke [28]. How-
ever, transient hoarseness and sore throat were
reported after routine TEE [29], as well as swallowing
difficulties after intra-operative TEE during cardiac
surgery, with a 4% incidence of dysphagia and 90%
occurrence of aspiration in these patients [15].

Normal swallowing consists of two main compo-
nents [30]: movement forces that propel, clear and
direct the bolus into the esophagus, and valving forces
(velopharyngeal and laryngeal valving) that protect
the airway from penetration and aspiration. Impair-
ment in the movement of any of the relevant anatomic
structures, in their motor control or sensation may
lead to impaired swallowing. Relevant movements for
propulsion, clearance and direction of bolus include
tongue posterior thrust, pharyngeal squeeze and laryn-
geal elevation; valving forces are supported by laryn-
geal elevation.

The perceived symptoms of the increase in severity
scores for saliva management, penetration, aspiration
and pharyngeal residue of liquids and food immedi-
ately after TEE in the intervention group may have
several causes: mechanical irritation of the sensitive
pharyngolaryngeal mucosa by the TEE probe may
cause stronger salivation, but may also damage
peripheral sensation and negatively impact tongue
posterior thrust, pharyngeal squeeze and laryngeal
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elevation. The mechanical influence of the TEE probe
on anatomic structures relevant for swallowing needs
to be considered in relation to the size and volume of
the oral cavity and tongue. The TEE probe has a
10.5-mm diameter and weighs 1.5 kg [31]. It is
reported that the average maximum mouth opening in
humans is 52.02 + 5.09 mm [32]. The average volume
of the tongue is 47 070 &+ 7080 mm® and the maxi-
mum  capacity of the oral cavity is 51
470 + 6460 mm® [33]. Considering the diameter and
weight of the TEE probe and the anatomical propor-
tions of the human oral cavity and tongue, we
hypothesize that the TEE probe applies a too high
pressure to oral, pharyngeal and laryngeal tissues,
causing damaged motility of tongue and tongue base,
pharyngeal wall, larynx and eventually of the upper
esophageal sphincter.

The TEDRAS trial has some limitations, including
the design and sample sizes, which did not allow sta-
tistical evaluation of clinical complications such as
aspiration pneumonia after TEE. The study findings
should be interpreted with caution since we relied on
only one assessor for dysphagia ratings. Furthermore,
the small sample size may have led to bias due to dif-
ferent baseline characteristics such as small difference
in mean NIHSS between groups and significantly
more right hemispheric infarctions. The prospective
randomized trial by Chin et al. [17] confirmed the neg-
ative influence of long duration of intra-operative
TEE placement in the oesophagus on swallowing in
cardiac patients, while, in the present cohort, the
impact of the duration of TEE on swallowing was not
examined.

With significant results with regard to SSRS, PAS
and YS scores for saliva and liquid boli as well as YS
for valleculae score for all consistencies, the results of
the TEDRAS trial give the first cautious indication of
a negative influence of TEE on swallowing in patients
with acute stroke, even those who present with mild
or no dysphagia after stroke and before TEE. We rec-
ommend including special caution after TEE in acute
stroke patients with either a strict indication for obli-
gatory FEES after TEE or a strict fasting period of
24 h after TEE. With regard to FEES after TEE, diet
restriction is not indicated for patients with PAS
scores <4. The results of the TEDRAS trial suggest
that the development of a diagnostic algorithm is
required for FEES in patients with acute stroke
undergoing TEE.
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