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Abstract

Medial medullary infarction (MMI) is a vascular occlusion in the medulla oblongata leading to
certain constellations of neurological symptoms and seriously affecting the patient. Effective
evidence-based treatment of severe dysphagia as sole symptom of MMI has not yet been
reported. This case study aims to report successful effects of evidence-based therapy based
on findings of dysphagia symptoms and pathophysiology of swallowing by flexible endoscopic
evaluation of swallowing (FEES) in severe isolated dysphagia after MMI. FEES was performed
to evaluate swallowing pathophysiology and dysphagia symptoms in a 57-year-old male with
severe dysphagia after MMI. On the basis of FEES findings, simple and high-frequent evidence-
based exercises for improvement of swallowing were implemented: thermal stimulation of fau-
cial arches, Jaw Opening Exercise, and Jaw Opening Against Resistance. After 7 weeks of high-
frequent evidence-based therapy and regular FEES evaluation the patient was set on full oral
diet with no evidence of aspiration risk. In a first case report of isolated dysphagia in MMI our
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case illustrates that high-frequent evidence-based dysphagia therapy in combination with
FEES as the method to evaluate and monitor swallowing pathophysiology can lead to success-
ful and quick rehabilitation of severely affected dysphagic patients.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Up to 80% of stroke survivors suffer dysphagia as a consequence of stroke [1]. Character-
istic impairments of delayed swallowing reflex, decreased laryngeal elevation, and reduced
motility of the upper esophageal sphincter (UES), leading to missequence of swallowing
events, massive hypopharyngeal residue, and aspiration, are frequently seen in patients with
brain stem stroke [2, 3]. Dysphagia occurs in up to 78% of cases in medial medullary infarction
(MMI) [4]. Delayed swallowing reflex is described as typical symptom of dysphagia in MMI [4]
whereas decreased laryngeal elevation is mostly attributed to patients with lateral medullary
infarction [4]. This case report describes a case of successful treatment of dysphagia as a sole
symptom of stroke in medial medulla oblongata with delayed swallow reflex, impairment of
laryngeal elevation, and reduced motility of UES as leading pathophysiology of swallowing as
defined by flexible endoscopic evaluation of swallowing (FEES).

Case Report

We present a case of a 57-year-old German male scientist who was admitted to a munici-
pal stroke unit (SU) in October 2016 with MMI and severe swallowing impairment as a sole
neurological symptom.

The patient was first admitted to the department of Internal Medicine with symptoms of
severe dysphagia and inability to elicit the swallowing reflex. Thoracic computed tomography
and gastroscopy did not reveal any pathological findings. Due to suspected stroke the patient
was then admitted to the SU. Modified Rankin Scale (mRS) and National Institutes of Health
Stroke Scale (NIHSS) on admission to the SU were both zero (0). The neurological and general
physical examination did not discover any neurological impairments. Further clinical findings
included a struma multinodosa, insuline-dependent type Il diabetes mellitus, hypothyreosis
due to Hashimoto thyroiditis, vitiligo, and temporary Addison’s disease. The patient had sev-
eral allergies: hay fever, penicillin allergy, allergy to insect bites, and allergy to contrast agents
for magnetic resonance tomography (MRI) and computed tomography.

Diffusion-weighted MRI and ADC map were able to visualize an elongated acute ischemia
in the medial medulla oblongata on the left side. There were no indications of further strokes
or a pronounced leukoencephalopathy. The brain-supplying arteries were examined using
TOF-MRI and color-coded duplex sonography, showing a fetal supply of the middle cerebral
artery on the right side, a high-grade stenosis of the basilar artery in the middle third, and an
asymptomatic >50% stenosis [5] of the middle cerebral artery on the right side. Further stroke
workup included a Holter-ECG, transesophageal echocardiography (TEE), as well as examina-
tions for thrombophilia and vasculitis. TEE revealed hypermobile interatrial septum and pa-
tent foramen ovale, but no other sources of cardiac embolism. Blood tests showed neither a
predisposition to thrombophilia nor evidence of vasculitis.
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On admission to the SU the patient was allocated to a more specific clinical swallowing
examination (CSE) by a speech and language therapist (SLT). CSE from the day of admission
on the SU showed an impairment of oropharyngeal sensitivity and a dysfunctional gag reflex.
The palatal elevation was triggered with an extreme delay. During the CSE no spontaneous
elicitation of swallowing reflex was recorded. There was no dysarthria, no facial palsy, no
aphasia, no speech apraxia nor buccofacial apraxia. Clinical water swallow test was not con-
ducted, since the swallow reflex was not elicitable. A second CSE 24 h later did not show any
improvement in swallowing, not even after stimulation of palatal structures with ice. In order
to evaluate the range of swallowing impairment and the risk of aspiration FEES was conducted
2 days after admission. The examination of hypopharyngeal and laryngeal structures at rest
and in motion showed no impairment. No food or fluids were administered since no swallow-
ing reflex was elicited. The main symptoms found in the initial FEES were severe saliva residue
in piriform sinus and valleculae and the inability to initiate swallowing reflex (Fig. 1a). There
were no hints on saliva aspiration since the patient was regularly expectorating saliva residue.

Initial secondary prevention with acetylsalicylic acid was substituted by oral anticoagu-
lation with Edoxaban 60 mg/day following the findings of TEE. Furthermore, high-dose
simvastatin was added. In principle, with a high-grade stenosis of the A. basilaris and under
the condition of supply variants of the brain stem, a macroangiopathic etiology of cerebral
infarction is possible. Nevertheless, initial secondary prevention with acetylsalicylic acid was
substituted by oral anticoagulation with Edoxaban 60 mg/day following the findings of TEE.
Furthermore, high-dose simvastatin was added.

Since the admission on the SU the patient was nourished via nasogastric tube. Due to dys-
phagia as sole symptom of stroke the discharge was planned for day 7 after admission and
continuation of dysphagia therapy in an outpatient setting was recommended. Nourishment
was to be proceeded via nasogastric tube. Since the patient planned on resuming his profes-
sional activity immediately after discharge PEG was placed 5 days after admission upon pa-
tient’s request.

The underlying symptoms of dysphagia found in FEES (non-elicitable swallowing reflex,
severe residue of saliva in valleculae and piriform sinus, Fig. 1a) gave hint of swallowing path-
ophysiology. The swallowing reflex in normal subjects is elicited at the end of the volitional
phase of swallowing when bolus contacts the anterior faucal arches (AFA) allowing the glos-
sopharyngeal nerve to elicit swallowing reflex by transmitting afferent signals to the reticular
formation (RF) and nucleus tractus solitarii (NTS) in the dorsolateral medulla oblongata. The
inability to trigger the swallowing reflex in MMI may be caused by the stroke-related damage
caused to RF and NTS (Fig. 2) [2, 6]. Studies conducted on different patient groups with neu-
rogenic dysphagia showed that thermal stimulation of AFA with ice can lead to quicker trig-
gering of swallowing reflex [6]. In our case study stimulation of oropharyngeal structures with
ice was conducted 3x/day by rubbing the AFA five times on each side with an ice stick [6].
Swallowing reflex was elicited for the first time after 3 days of ice stimulation.

The symptoms of residue in piriform sinus and valleculae may point out to impairments
in hyoid bone elevation, laryngeal elevation, and tongue base retraction as well as impaired
opening of the UES due to impaired hyoid bone elevation and laryngeal elevation [2]. We in-
troduced exercises which are proven to amend these mechanisms: Chin tuck against re-
sistance (CTAR) [7] and jaw opening exercise (JOE) [8]. These exercises have a positive influ-
ence on strengthening suprahyoidal muscles and can improve hyoid bone and laryngeal ele-
vation and opening width of UES, thus reducing residue in piriform sinus and valleculae [7, 8].
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We conducted the following high-frequent treatment (Fig. 3): (1) 3x/day ice stimulation
of anterior faucial arches five times on each side with an ice stick; (2) each five sets of five
repetitions of CTAR and JOE for 10 s with 10 s break between each repetition. At the time of
discharge from hospital (7 days after admission on the SU), we recommended to continue with
the abovementioned treatment frequency at home plus an extra SLT therapy treatment five
times a week for 7 weeks. Only oral intake of small liquid boli was recommended at the time
of discharge from hospital.

Outcome measure for swallow security as diagnosed via FEES were Penetration-Aspira-
tion-Scale (PAS) [9], Yale Pharyngeal Residue Severity Rating Scale for valleculae (YSv) and
for piriform sinus (YSps) [10], and the Functional Oral Intake Scale [11, 12].

The patient conducted the recommended swallow exercises at home and five times a
week in the outpatient clinic of the SU with the same SLT who conducted all FEES examina-
tions. To control the effects of the therapy the SLT conducted five FEES examinations within
the 7 weeks of therapy, two FEES during the hospital stay, and three follow-up FEES after
discharge (Fig. 1, 3, 4). At discharge the ice stimulation was not needed anymore, since the
swallowing reflex was elicited regularly as confirmed via FEES. Nevertheless, pharyngeal res-
idue scores for saliva were continuously severe (YSv 5/YSp 5) at discharge. However, the pa-
tient was able to swallow small liquid boli without aspiration (PAS 2) despite high residue
score (YSp 4). Only oral intake of small liquid boli was allowed at discharge, since overall res-
idue and penetration-aspiration scores for puree were severe (YSv5/YSp 5/PAS 5). Six weeks
after discharge all dysphagia scores showed no relevant aspiration risk (Fig. 4). The rapid
therapy success allowed for full oral diet and a quick PEG removal a few weeks later.

Discussion

According to previous studies, 78% of patients suffer dysphagia after MMI [4]. In our case
study the patient showed symptoms both of an impairment in the timing of swallowing reflex
as well as in the range of laryngeal elevation, thus contributing to an insufficient opening of
the UES. Whereas direct involvement of the nucleus ambiguus (NA) may be the cause of im-
pairment in the range of laryngeal elevation in lateral medullary infarction, it is suggested that
in MMI the impairment in the timing of swallowing reflex may be due to the destruction of the
corticobulbar fibers which are innervating the NA. However, damage to other swallow-rele-
vant brainstem structures may also explain the impairment in the timing of swallowing reflex:
central pattern generators (CPGs) are situated in RF which encompasses the NA. Impairment
in the timing of swallowing reflex could be explained by potential damage to CPGs in MMI [4].

New methods of dysphagia therapy (transcranial direct current stimulation, repetitive
transcranial magnetic stimulation, pharyngeal electrical stimulation) are all very effective in
the treatment of neurogenic dysphagia on the one side, but not always applicable to every
patient. This case study shows that standard, but high-intensity evidence-based dysphagia
treatment based on FEES-proven pathophysiology can improve the swallowing of patients
with severe dysphagia after MMI within a rather short period of time. In recent years FEES
diagnostics has gained more importance in the diagnostics of dysphagic stroke patients. Vari-
ous studies have confirmed that near-time implementation of FEES after stroke as primary
instrument for diagnostics of dysphagia can predict severe dysphagia 3 months post-onset
and contributes to better outcome, lower rates of mechanical ventilation and pneumonia, as
well as shorter length of hospital stay [13-16]. Works of Braun et al. on the usefulness of FEES
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in neurologic, stroke, and intensive care patients have shown that FEES diagnostics is crucial
and has an important influence on overall outcome solely on the basis of dietary adjustment
after FEES. In an investigation of 241 patients with various neurological diseases only 33.1%
had an adequate oral diet prior to FEES [14]. In this study significant lower rates of mortality
and aspiration pneumonia were recorded after the change of oral diet based on FEES findings.
In only 31% of investigated dysphagic cases on a stroke unit (SU) did the clinical assessment
identify a proper oral diet [15]. In this study the change of oral diet based on FEES findings
correlated with a better overall outcome at discharge from SU, shorter length of stay, lower
rate of aspiration pneumonia, and lower need for mechanical ventilation. Similar results are
found in the work of Braun et al. on the usefulness of FEES in the neurological intensive care
unit (ICU) [16]. FEES detected dysphagia in 72% of investigated cases and allowed for adjust-
ment of oral diet in 64% of investigated cases after FEES contributing to lower mortality and
morbidity. Therefore, our case study emphasizes all the more the relevance of frequent use of
FEES during dysphagia treatment in acute and post-acute phase of stroke to determine not
only an adequate oral diet but also effective therapy methods and prove its efficacy based on
genuine description of pathophysiology as seen in FEES.

Conclusion

This case report describes a case of successful treatment of dysphagia as a sole symptom
of stroke in medial medulla with impairments in the timing of swallowing reflex and the range
of laryngeal elevation. Simple high-frequent and evidence-based methods of dysphagia ther-
apy combined with FEES as diagnostic and biofeedback method of evaluation of therapy effi-
ciency were applied ending in total oral diet and removal of PEG tube after a short period of
time.
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Fig. 1. Symptoms of dysphagia in the course of treatment as seen in flexible endoscopic evaluation of swal-
lowing (FEES). Figure demonstrates the photo documentation of FEES examinations in the course of the
treatment with Penetration-Aspiration-Scale (PAS) and Yale Pharyngeal Residue Severity Rating Scale for
valleculae (YSv) and piriform sinus (YSps) scores: a shows the massive saliva residue in valleculae and
piriform sinus in the initial FEES (YSv 5/YSps 5); in b penetration of liquid on the right side (PAS 3) and
mild residue of liquid bolus (YSps 3) is perceived in piriform sinus 3 days after admission; c depicts pene-
tration (PAS 3) and massive residue of puree in valleculae and piriform sinus (YSv 5/YSps 5) 2 weeks after
stroke; d (24 days post onset) shows massive residue of solid bolus in valleculae and only moderate resi-
due in piriform sinus (YSv 5/YSps 4); in d no pathological results were documented.
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Fig. 2. MRI scan. a Diffusion-weighted imaging. b T2-weighted MRI. Green circle represents reticular for-
mation. Blue circle represents nucleus ambiguus.
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Fig. 3. Timeline. Figure shows the milestones of symptoms, diagnostics and therapy. FEES, flexible endo-
scopic evaluation of swallowing; FOIS, Functional Oral Intake Scale; JOAR, Jaw Opening Against Resistance;
JOE, Jaw Opening Exercise; MR], magnetic resonance imaging; mRS, Modified Rankin Scale; NIHSS, National
Institutes of Health Stroke Scale; PEG, percutaneous endoscopic gastrostomy; SU, stroke unit.
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Fig. 4. Dysphagia severity scores as measured by flexible endoscopic evaluation of swallowing (FEES) in
the course of 7 weeks of dysphagia therapy with Jaw Opening Exercise (JOE) and Jaw Opening Against
Resistance (JOAR). The figure shows the measured dysphagia scores in the consecutive FEES in the course
of treatment. Increasing Penetration-Aspiration-Scale (PAS; left upper graph) and Yale Pharyngeal Residue
Severity Rating Scale for valleculae (YSv; right upper graph) and piriform sinus (YSps; left lower graph)
scores indicate increased dysphagia severity. Increasing Functional Oral Intake Scale (FOIS; right lower
graph) scores indicate an improvement in total oral intake.
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