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Breathing and Swallowing Interaction 

Several successive phases with a 

critical and complex neurological 

control (cortex and TC)

⇒ Critical phase: Oro-pharyngeal

Both voluntary and reflex event 

with modifications of the 

respiratory cycle

Normal Subject



Breathing and swallowing Interaction 

Interruption of respiratory cycle

=> Swallowing apnea

Breathing resumes at the end of 

inspiration or during

expiration

Normal Subject

Pletysomno.

EMG



Swallowing and respiratory failure

• Hypercapnia increases laryngeal inspiration

Nishino, AJRCCM,1998 



Swallowing and respiratory failure

• Respiratory failure in NM disorders  and in COPD may be associated with 
swallowing disorders and breathing swallowing interactions dysfunction

• In NM disorders

SUBMENTAL -

EMG

THORAX 

MOTION

Normal Subject

LARYNX 

MOTION

Neuromuscular patient 

Terzi et al, AJRCCM 2007

Shaker  et al, American Journal of Physiol 1992
Terzi et al, AJRCCM 2007

Gross et al, AJRCCM 2009
Terzi et al , Neuromuscul Disord 2010



Swallowing and respiratory failure

Comparing Normal Subjets - NMD

Terzi et al, AJRCCM 2007



Swallowing and respiratory failure and ventilation

• Tracheostomized NM patients improve their swallowing parameters improve 
when swallowing while ventilated
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Swallowing and respiratory failure and ventilation
=>  10 tracheostomized subjects

Terzi et al, AJRCCM 2007

MV
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=>  Reduction of swallowing fragmentation after tracheostomy

while ventilated

After TracheostomyBefore Tracheostomy

MVMV

After TracheostomyBefore Tracheostomy

Swallowing and respiratory failure and ventilation



Can NIV use improve breathing-swallowing 
interactions in NM patients with severe 
respiratory failure?

Swallowing and respiratory failure and ventilation



Swallowing and NIV

• COPD patients, during acute respiratory failure, improve breathing-
swallowing interactions under NIV

Terzi et al, CCM 2014



Terzi et al, CCM 2014

Modified home ventilator
(Elysée 150, ResMed, San Diego, USA) 

⇒ Switch activation witholds ventilation

Swallowing and NIV

• NMD



• All patients found the device useful
• No episode of aspiration
• No episode of auto-triggering with device

• Swallowing comfort stable under NIV
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Swallowing and NIV

Garguilo et al, PloSOne, 2016



5 ml-bolus 10 ml-bolus Yogurt ANOVA (p)

SB NIV SB NIV SB NIV
Size 
effect

Texture 
effect

NIV 
effect

Number of swallows 
(per bolus)

2.0±0.9 2.8±1.4 2.3±1.3 2.8±1.2 2.6 ±0.9 2.4± 1.1     0.4 0.6 0.07

Duration of swallowing  
(sec)

5.4±4.6 4.6±3.4 7.1±4.5 5.9±3.4 7.1±4.9 5.8±4.2 0.04 0 .1 0.1

Swallowing 
fragmentation 

(respiratory events per 
bolus)

1.6±1.8 0.8±1.0 2.3±1.7 1.0±1.4 1.9±1.5 1.1±1.0 0.03 0 .3 0.003

% of swallows followed 
by an inspiration

43.5±23.3 10.3±7.7 46.1±23.6 17.9±19.5 45.7±21.5 21. 1 ±16.4 0.2 0.08 <0.0001

Swallowing and NIV

Garguilo et al, PloSOne, 2016
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Phonation

• Requires precise neuro-motor coordination : laryngeal, 
pharyngo-bucco-labial, respiratory, postural muscles.

• Exemple of voluntary control
of ventilation

• Modification of the respiratory cycle
and of respiratory muscles 
involvement in order to maintain
the desired vocal production

Draper, 1959



Phonation and breathing interactions

• Expiratory event

• ↑ RR (TI ↓ et TE ↑ ↑)

• ↑ tidal volume

⇒ ↑ minute ventilation

• Alveolar Hyperventilation

Normal Subject



Phonation and NMD

• NMD may impair phonation quality:

▫ UAW muscle dysfunction

▫ Facial muscle failure

▫ Macroglossia

▫ Respiratory failure?...

⇒ articulation difficulties

⇒ poor intelligibility



Phonation and NMD

Octobre 2014

• SCI patients: difficulties to 

control loudness
Draper et al, BMJ, 1960

• In NMDs:

Decreased loudness and pitch

Shortness of breath and speaking-

related dyspnea
Britton et al, Semin Speech Lang, 2016

Laakso et al, Int J Lang Commun Disord, 2011



Voice quality and NMD

• 27 Duchenne and Becker dystrophies studied during speech in 

natural breathing

⇒ VHI > 0 for 26/27, significantly altered in 26%

⇒ Deterioration of perception score:

Personal data



Voice quality and respiratory failure

• 19 Duchenne patients’ speech during spontaneous breathing

⇒Inverse correlation between intelligibility and respiratory failure severity

Personal data
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Voice quality and NIV

Nasal Mask

Britton et al, Semin Speech Lang, 2016



Voice quality and NIV

« It’s like talking with someone plugging your nose »

With pressure controlled ventilation: 
« When I try to talk, the air is leaking out of my mouth »

Britton et al, Semin Speech Lang, 2016



Voice quality and NIV

• Adaptation of the interface for optimized phonation

⇒ Mouthpiece ventilation

Michel Toussaint’s team
Belgium (ERJ 2006)

Britton et al, Semin Speech Lang, 2016



Voice quality and NIV: interface choice
Mouthpiece ventilation



Khirani et al, Respiratory Care 2014

Followed by :

5) better vision, 

6) reduction in skin injury, 

7) facilitation of swallowing, 

8) decrease of aerophagia

Voice quality and NIV: interface choice
Mouthpiece ventilation



Voice quality and NIV: interface choice
Mouthpiece ventilation

• With volume controlled-ventilation, patients can use 
« breath-stacking » to increase loudness.

Britton et al, Semin Speech Lang, 2016

Air stacking



Voice quality and NIV:

• But with mouthpiece ventilation:  

Speech occurs during spontaneous breathing with

severe respiratory failure



Voice quality and NIV

MV

Unpublished data



• 8 NMD patients tested under NIV while speaking

• No improvement:

▫ Speech parameters

▫ Respiratory and speech comfort

Voice quality and NIV

Personal data

?

▫ Interaction of nasal mask with voice quality

▫ Insufficient use of NIV for speech support 

▫ Patients too severe to manage the increased inspiratory volume



Conclusion

• Swallowing may improve with NIV in NMD patients with

severe respiratory failure

• Mouthpiece ventilation ensures independant speech as 

patients may discontinue ventilation

• Speech may be altered by respiratory failure but NIV 

does not yet provide support for quality improvement



Thank you for your attention

Hergé, 1960


