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Swallowing Physiology

Hemispheric Lateralization

• Interhemispheric asymmetry independent of handedness

(10 right, 3 left, 7 bilateral)

Hamdy et al., Nat Med 1996



Swallowing Physiology

Hemispheric Lateralization



Swallowing Physiology

Hemispheric Lateralization

a=anterior insula; b= posterior insula

Lowell et al., Exp Brain Res 2013



Swallowing Physiology

Hemispheric Lateralization

Primary sensory cortex

Primary motor cortex

Lowell et al., Exp Brain Res 2013



Magnetoencephalography (MEG)

The experimental Set-up
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MEG

sEMG signal
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Time-dependent shift of activation
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− „Early“ swallowing stage

(= late orale phase?)  => 

left-hemispheric

dominance

− „Late“ swallowing stage (= 

pharyngeale phase?) => 

right-hemispheric

dominance

Teismann et al., Hum Brain Mapp 2009

Oral Pharyngeal



Swallowing Physiology

Hemispheric Lateralization

“A repeated measure ANOVA revealed a 

significant activation over time in M1S1 starting 

in the left hemisphere and moving to the right 

hemisphere.” 



Summary (1)

Summary (1):

• High intraindividual variability

• Different brain regions show different 

lateralization

• Time-dependent hemispheric shift within the

primary sensorimotor cortex

– „early“ => left

– „late“ => right
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Stroke&Dysphagia – Lesion studies

Back to the roots

• Left-hemispheric stroke:

– Premature spillage

– Oral residues

– Oral dyscoordination

• Right-hemispheric stroke:

– Delayed swallowing reflex

– Impaired pharyngeal motility

– Higher incidence of penetration and aspiration



Stroke&Dysphagia – Lesion studies

A new approach

14

• 200 patients with acute Stroke

• Mean age 73,7 years (30-96 years); ♀ 99, ♂ 101

• NIH 9,7 (0-22)  

• First-ever strokes, no preexisting dysphagia

• FEES within 96h from admission

• Correlation of clinical findings with lesion topology as seen

in CT or MRI (24-48h)
Eur J Neurol 2015 & 2017



Stroke&Dysphagia – Lesion studies

Methods
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• Manual lesion segmentation in CT/DWI/FLAIR (24-48h 

from admission)

• binary lesion mask

• Registration to MNI standard space optimized by non-linear 

refinement



Stroke&Dysphagia – Lesion studies

Methods
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• Region-specific Odds Ratio (OR) for dichotomized variables 

(present vs. not present):

• Dysphagia

• Mild (FEDSS 1-3) vs. severe dysphagia (FEDSS 4-6)

• Penetration/aspiration

• Delayed/absent swallow reflex

• Missing/insufficient cough reflex

• Development of Pneumonia until discharge



Stroke&Dysphagia – Lesion studies

Results
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* statistically significant

Yes, ml No, ml p-value

Dysphagia 101.9 ± 127.9 59.3 ± 97.1 0.032*

Severe Dysphagia 94.4 ± 150.7 86.6 ± 99.9 0.013*

Penetration/Aspiration 108.2 ± 131.6 62.4 ± 97.6 0.008*

Absent/delayed swallow reflex 113.0 ± 142.5 81.0 ± 95.6 0.058

Absent/insufficient cough reflex 129.0 ± 168.0 86.7 ± 97.2 0.021*

Pneumonia 127.0 ± 174.0 93.8 ± 105.0 0.067

=> Size matters!



Stroke&Dysphagia – Lesion studies

Results
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Brain region Dysphagia +  Dysphagia - p-value OR

Postcentral gyrus, r 5.2 ± 15.9 0.5 ± 2.8 0.043 10.68

Precentral gyrus, r 5.1 ± 15.3 0.8 ± 3.1 0.048 6.88

Supramarginal gyrus, r 8.0 ± 2.2 1.6 ± 7.3 0.043 5.27

Planum temporale, r 9.9 ± 25.5 2.2 ± 10.0 0.041 4.88

Parietal operculum cortex, r 11.0 ± 27.2 2.7 ± 14.3 0.041 4.45

Sup. longitudinal fasciculus, r 8.5 ± 19.3 2.2 ± 5.3 0.028 4.17

Corticospinal tract, r 5.4 ± 11.3 2.0 ± 5.2 0.044 2.79



Stroke&Dysphagia – Lesion studies

Results
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• Cohort study

• 215 stroke patients with pneumonia vs. 215 stroke patients without

pneumonia

• Right-hemispheric lesions significantly more frequent in stroke patients

with pneumonia

Kemmling et al., PlosOne 2013



Lesion Study II

20Lesion distribution in total cohort (N=68)



Lesion Study II
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Impaired hyolaryngeal elevation

Pharyngeal residue

Penetration-Aspiration Score



Stroke&Dysphagia – Lesion studies

What about left-hemispheric lesions?

22

Oral Pharyngeal



Stroke&Dysphagia – Lesion studies

What about left-hemispheric lesions?

Moon et al., Dysphagia 2017
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Summary (2)

• Right hemispheric stroke:

– Increased risk of pharyngeal stage dysphagia

• Left hemispheric stroke:

– Increased risk of oral stage dysphagia
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Stroke & Dysphagia

Functional Connectivity



Stroke & Dysphagia

Functional Connectivity

• Patients: 

– 12 acute dysphagic stroke patients

– 12 acute nondysphagic stroke patients

– 12 healthy controls

• Methods: 

– Resting-state connectivity analysis with

different seed regions



Stroke & Dysphagia

Functional Imaging
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• Methods:
• MEG-recording during

self-paced swallowing

• 7 acute stroke patients in 
each group

• Results:
• Dysphagic stroke: 

• Reduction of ipsilateral 
and deficiency of
contralateral activation

• Non-dysphagic stroke:

• Nearly normal activation
pattern

Teismann et al., BMC Neurology 2011

Stroke

Stroke

Brain activation

Brain 

activation



Stroke & Dysphagia

Functional Imaging

X

X
1. Stroke

2. Reduced ipsilateral activation

3. Impaired transcallosal 

communication

4. Strongly reduced contralateral 

activation (diaschisis)

1.

2.

3.

4.



Stroke & Dysphagia

Functional Imaging
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• Left hemispheric stroke:

• TMS-mapping of pharyngeal

constrictors and thenar

muscles

• Thenar: Increase of the

ipsilateral motor

representation

• Pharynx: Increase of the

contralesional pharyngeal

motor representation

Hamdy et al., Gastroenterology 1998

StrokeBrain activation



Stroke & Dysphagia

Functional Imaging

• 18 chronic stroke patients having recovered from post-

stroke dysphagia

• fMRI > 4 weeks post stroke

31

• Increased activation of contralesional S1 compared to HC

• Contralesional S1 activation related to initial severity of PSD

→ Increased recruitment of contralesional resources
Mihai et al., Neuroimag clin 2017



Summary (3)

• Dysphagic stroke:

– Decreased activation of the lesioned hemisphere

– Extinct activation of the unlesioned hemisphere

• Recovery:

– Increase of contralesional activation

– Ipsilesional activation unchanged

32
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tDCS to treat post-stroke dysphagia

34Dziewas & Suntrup-Krüger, Science & Technology 2017



Cortical representation of swallowing

Where is the target?
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Affected hemisphere Unaffected hemisphere



tDCS

Study Outline
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• Purpose: 

• to investigate the therapeutic effect of tDCS in dysphagic stroke

patients
• on swallowing function

• on cortical reorganization of the swallowing network

• to identify predictors of treatment success 

• RCT (NCT01970384)

• real  vs. sham tDCS (anodal tDCS, 20 min, 1 mA, once daily, 4 

consecutive days)

• Measurement of cortical swallow-associated activation by 275-channel 

magnetoencephalography (MEG)
Ann Neurol 2018



tDCS

Study Outline
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tDCS

Study Outline

• Primary Endpoint: Severity of Dysphagia

• Secondary Endpoints: Pneumonia, LOS, FOIS,…

• Physiologica Endpoint: Changes of the Swallowing Network
38Suntrup-Krüger, Ann Neurol 2018



tDCS

Study Cohort
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tDCS

Results
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• Primary endpoint: FEDSS



tDCS

Results

41

• Secondary endpoints:

Stimulation Group (N=29) Control Group (N=30) p-value

FOIS

at baseline, mean (SD) 3.2 ± 1.8 3.8 ± 1.9 0.186

Improvement in FOIS, mean (SD) 1.8 ± 1.6 1.0 ± 1.4 0.041*

DSRS

at baseline, mean (SD) 8.5 ± 3.4 6.9 ± 3.8 0.107

Improvement in DSRS, mean (SD) 4.0 ± 2.8 1.5 ± 1.6 0.001*

Dysphagia limit (ml) tested, n (%) 23 (79.3) 22 (73.3) 0.590

at baseline, mean (SD) 5.7 ± 5.7 7.3 ± 7.2 0.506

Improvement, mean (SD) 5.0 ± 5.6 1.9 ± 4.8 0.018*

Pneumonia rate, n (%) 11 (37.9) 16 (53.3) 0.235

Length of Stay (LOS), mean (SD) 16.2 ± 6.8 13.4 ± 5.1 0.080

LOS on Stroke Unit/ICU, mean (SD) 6.7 ± 4.4 7.0 ± 3.3 0.783



tDCS to treat post-stroke dysphagia
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Change in FEDSS Change in FOIS Change in DSRS Change in 

Dysphagia limit

Age r= -0.115 (0.55) r= 0.038 (0.85) r= -0.084 (0.67) r= -0.028 (0.88)

pre treatment NIH-SS r= 0.151 (0.43) r= 0.067 (0.73) r= 0.307 (0.11) r= 0.060 (0.76)

Baseline FEDSS r= 0.223 (0.24) r= -0.020 (0.92) r= -0.218 (0.26) r= -0.235 (0.22)

Time to treatment r= -0,350 (0.06) r= -0,336 (0.08) r= -0.398 (0.03)* r= -0.399 (0.03)*



tDCS

Results

Significant increase of

swallowing network

activation after real tDCS!

No significant effects

after sham tDCS.

Figure:

Areas with significant

activation increase post

real tDCS as compared

to baseline

(pre vs post contrast)

13-30 Hz (beta)

n = 5 (cortical strokes only)

p = 0.038 
L          R



Summary (4)

• Consistent findings across 30 years of research

applying different methods. 

• In the pathophysiology of post-stroke dysphagia

lesion site and size do matter!

• PSD in supratentorial stroke is caused by

disruption of the swallowing network.

• Impaired activity of the unlesioned is

pathophysiologically particularly important.

• From bench to bedside: successfull application of

tDCS to the unlesioned hemisphere in acute

stroke. 
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