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The coordination of swallowing and breathing in health and disease

Mathias Dutschmann (PhD)

The Florey Institute of Neuroscience and Mental Health

The diagnosis and treatment of dysphagia has advanced significantly during the past decades. Nevertheless,
there are still significant gaps in the fundamental knowledge of how the swallowing and respiratory
networks in brainstem interact.

Both swallowing and respiration require laryngeal adduction I and will therefor explore how these
overlapping neurophysiological functions are coordinated in a in situ perfused brainstem preparation. /n
situ, orally injected water or electrical stimulation of the superior laryngeal nerve are consistently able to
trigger sequential pharyngeal swallowing (s-PSW). Swallowing motor activity can be detected in situ as
phasic, spindle-shaped bursting of vagal nerve activity (VNA), while respiration, indicated by phrenic nerve
activity (PNA), is halted to prevent aspiration. I will present previous and current experimental data that
show that the s-PSW comprises two functionally distinct component: (i). the primary s-PSW is generated by
a primary sw-central pattern generator (sw-CPG) within the dorsal brainstem, while the laryngeal adductor

reflex that safeguards the lower airways from aspiration is mediated by the pontine respiratory group the
respiratory central pattern generator (r-CPG). Moreover, [ will present experimental data related to the
progressive impairment of swallowing-breathing coordination in a mouse model of tauopathy that provide
some functional insight into the neural origins of dysphagia in neurodegenerative diseases such as
Parkinsonism and Alzheimer’s disease.

In the second part I will present data for a computational model of swallowing and breathing coordination
based on the evolution of a network connectivity matrix of synaptic interaction between sw-CPG and r-CPG
circuits, which were both modelled as Matsuoka oscillators. This model can replicate experimental data such
sequential swallowing with concomitant laryngeal adduction upon simulation of tonic superior laryngeal
nerve stimulation, as well the generation of single swallows and the subsequent respiratory phase resetting
after simulation of short duration sensory input. Moreover, simulations show that deletion of ponto-
medullary synaptic interactions triggers apneusis and eliminates swallowing-related glottal closure during
sequential swallowing. Finally, I present model predictions for clinically relevant breathing-swallowing
disorders, including aspiration, by systematically varying model parameters. In summary, the present
computational model provides a platform for the guidance and interpretation of experimental data of
breathing-swallowing interactions, and the model predictions of putative sources of prevalent breathing-
swallowing dysfunction may provide a first framework for future therapies.

¥ 1998 PhD: University of Tiibingen, Germany.

Lo ‘; 2004 DSc: University of Tubingen, Germany.

| 2003-2007  Lecturer University of Gottingen, Germany.

» 2007-2008  Guest Professor at the University of Marseille, France.
2008-2011 Senior lecturer, University of Leeds, England.

2009- present: Principal Research Fellow Florey Institute.

& 2012-2016  ARC (Australian Research Council) Future Fellow.
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The power of neuroscience in improving dysphagia care across the life span

Georgia A. Malandraki (PhD, CCC-SLP, BCS-S, ASHA Fellow)

Associate Professor, Dept. of Speech, language, & Hearing Sciences & Weldon School of Biomedical
Engineering (courtesy), Purdue University

Oropharyngeal swallowing consists of a complex series of events involving all levels of the nervous
system and many sensorimotor components that have partly voluntary and partly automatic control.
Understanding these neurophysiological processes, their development, and any aberrations, is critical in our
efforts to develop interventions that take advantage of the extraordinary neuroplastic capacity of the
nervous system across the age span. This talk will first summarize our knowledge on the peripheral and
central neural control of swallowing across the age span and will highlight findings from the work of the
presenter's research group in this area. Then, clinical implications of this work and case studies will be

presented, as well as emerging ideas for intervention goals and approaches based on this neuroscientific

knowledge.

Narrative bio: Georgia Malandraki, PhD, CCC-SLP, BCS-S, ASHA Fellow is an Associate
Professor of Speech, Language, and Hearing Sciences and Biomedical Engineering at
Purdue University. She is a Board-Certified Specialist in Swallowing Disorders and is
currently the President-Elect of the Dysphagia Research Society. Her research
focuses on investigating developmental and treatment swallowing neuroplasticity

and developing rehabilitative and telehealth interventions for patients with

dysphagia. Her work has been funded by the National Institutes of Health of the
United States, the American Academy of Cerebral Palsy and Developmental Medicine,

and several mechanisms through the Purdue Research Foundation.
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