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Cough 

• Purpose: Airway clearance 

– Inhaled/aspirated materials 

– Retained secretions 

 

• Voluntary vs. Involuntary 

– Cough receptors 

• Mechanical, Chemical irritant 

• Afferent – vagus  

• Efferent – phrenic, spinal motor nerves, vagus  



Cough - Sequence 

Phases of cough: 

 

• Inspiratory 

• Compressive 

• Expulsive 

1) Boitano, et al. Management of airway clearance in neuromuscular disease. Respir Care. 2006 Aug;51(8):913-22; discussion 922-4. 



Cough in NMD 

• Inspiratory muscle weakness 

– Limits expiratory-muscle length tension relationship, 

chest wall recoil, decreased alveolar pressures 

• Bulbar dysfunction 

– Effects compressive phase 

• Expiratory muscle weakness 

– Decreased dynamic airway pressure, velocity 

 



Cough in NMD 

• Respiratory illness worsens weakness • Respiratory illness worsens weakness 

2) Poponick, et al. Effect of upper respiratory tract infection in patients with neuromuscular disease. Am J Respir Crit Care Med. 

1997 Aug;156(2 Pt 1):659-64. 



What is peak cough flow? 

• PCF a measure of cough 

effectiveness 

• Measured via peak flow 

meter or spirometer 

• Following complete 

inspiration, patient coughs 

forcibly 

• Mouthpiece or face mask 

• Normal adult peak cough 

>600L/min 



Is Peak Cough Flow Important? 

• Bach & Saporito:  

– Factors predicting successful extubation / decannulation in NM 

weakness 

– N=63, extubation/decannulation attempts 

– Studied: Age, ventilator use, FVC, PCF  

– PCF only predictor of success 

• All 43 attempts >160L/min – successful 

• All 15 attempts <160L/min – unsuccessful 

 

• Bach et al.: 

– No patients with DMD and assisted peak cough >270L/min 

developed acute respiratory distress 

Bach & Saporito. Criteria for extubation and tracheostomy tuberemoval for patients with ventilatory failure: a different approach to 

weaning. Chest 1996;110:1566–1571. 

9) Bach, et al. Prevention of pulmonary morbidity for patients with Duchenne muscular dystrophy. Chest. 1997 Oct;112(4):1024-8.  

 



Is Peak Cough Flow Important? 

• Dohna-Schwake: 

– Retrospective 

– N=46, children with NMD without cough assist  
• Mean age 12.5 ± 3.6 years 

–  Comparison 

• With pneumonia admission, N = 22 

• Without pneumonia admission, N = 26 

 

 

Dohna-Schwake, et al. Predictors of severe chest infections in pediatric neuromuscular disorders. Neuromuscular Disorders 16 

(2006) 325–328. 



Is Peak Cough Flow Important? 

• PCF <160L/min – sensitive, specific  

predictor of severe chest infections 

• PCF, IVC & FEV1 all significantly 

different between groups 

Dohna-Schwake, et al. Predictors of severe chest infections in pediatric neuromuscular disorders. Neuromuscular Disorders 16 

(2006) 325–328. 



Determinants of Peak Cough Flow 

• Trebbia - Peak Cough 

Determinants in NMD 

– N=155,    

– Age 43 +/- 16 (16-80) 

• Chief Determinants  

– Vital capacity 

– Mean inspiratory capacity 

• Contribution to PCF 

Variance 

– MIC > ERV > MEP 

3) Trebbia, et al. Cough determinants in patients with neuromuscular disease. Respir Physiol Neurobiol. 2005 Apr 15;146(2-3):291-300. 



Airway Clearance Techniques 

• Lung Volume Recruitment Manoeuvers 
– Glossopharyngeal breathing 

– Manual breath-stacking (ambubag) 

– Mechanical insufflation (BiPAP, MIE) 

 

• Expiratory flow manoeuvers 
– Manually assisted cough 

– Mechanical exsufflation 

 

• Combination 

 

 



Mechanical Insufflation-Exsufflation 

• First described 1954 

• Manual vs. automatic timed 

• Pressure-limited insufflation 

phase 

• Rapid reversal to negative 

pressure 

• Exsufflation phase to clear 

secretions 



Mechanical Insufflation- 

Exsufflation 

Pro-Side 
 

 

 
Mechanical Insufflation-Exsufflation is an important airway 

clearance technique in patients with neuromuscular disease 



Effect on Cough 

• Bach: Comparison of PCF with various 

assisted cough methods (n=21, adults) 

– N=21, ventilator-dependent adults, VC=490mL 

 

Unassisted PCF =  1.81 ± 1.03 L/s 

MIC (breath stacking) = 3.37 ± 1.07 L/s 

MIC & manual cough = 4.27 ± 1.29 L/s 

Mechanical cough =  7.47 ± 1.02 L/S 
• p<0.001 

4) Bach et al; Mechanical insufflation-exsufflation. Comparison of peak expiratory flows with manually assisted and unassisted 

coughing techniques. Chest. 1993 Nov;104(5):1553-62  



Effect on Cough 

• Chatwin 
– Comparison of peak cough flow techniques 

• Physiotherapy, BiPAP, exsufflation, MIE 

– Pediatric N=8, Adult N=14. 

– Age matched controls 

– Ineffective cough or respiratory infections 

5) Chatwin, et al. Cough augmentation with mechanical insufflation/exsufflation in patients with neuromuscular weakness. Eur Respir 

J. 2003 Mar;21(3):502-8. 



Effect on Cough 

Pediatric 

N=8 

Age 13.6 ± 2.4 

Adults 

N=12 

Age 26 ± 8 

Subjects Controls 

                                                                                               **, ***: p=0.01, p=0.001 versus UAC. 

5) Chatwin, et al. Cough augmentation with mechanical insufflation/exsufflation in patients with neuromuscular weakness. Eur Respir 

J. 2003 Mar;21(3):502-8. 



Effect on Cough 

Control 

Child with 

NMD 

Unassisted Cough 

Mechanical Cough 

Assist 

5) Chatwin, et al. Cough augmentation with mechanical insufflation/exsufflation in patients with neuromuscular weakness. Eur Respir J. 2003 Mar;21(3):502-8. 



MIE – Effect on Cough 

• Faroux:  
– MIE at various pressures 

– 17 consecutive pediatric NMD outpatients 

– Stable at least 1-months  

6) Faroux, et al. Physiologic benefits of mechanical insufflation-exsufflation in children with neuromuscular diseases. 1: Chest. 2008 

Jan;133(1):161-8. Epub 2007 Dec 10. 



Effect on Cough 

• Pressures ± 40 

– Greatest effect on VC, 

Inspiratory/Expiratory 

flows, and PCF 

– Tolerated 

6) Faroux, et al. Physiologic benefits of mechanical insufflation-exsufflation in children with neuromuscular diseases. 1: Chest. 2008 Jan;133(1):161-8.  



Effect on Physiologic Measures 

Stehling: Retrospective, N=21, placed on MIE 
– VC <30% predicted, PCF < 160L/min, nocturnal NIV 

– 16 failed intermittent positive pressure breathing for assisted 

cough 

– Home MIE, 10-minutes, twice daily 

 

11) Stehling, et al. Mechanical insufflation/exsufflation improves vital capacity in neuromuscular disorders. Chronic Respiatory 

Disease. 2015, Vol. 12(1) 31–35. 



Effect on Physiologic Measures 

• Significant increase in VC (p=0.002) 

• Vital capacity increased in 18/21 

• Average relative increase 28% 

• Effect remained stable 

 

11) Stehling, et al. Mechanical insufflation/exsufflation improves vital capacity in neuromuscular disorders. Chronic Respiatory 

Disease. 2015, Vol. 12(1) 31–35. 



MIE - Effect on Outcomes: Short-Term 

• Vianello: MIE in Consecutive patients with NMD 

in ICU with dyspnea and chest infection 

– N=11, 16 historical controls 

         MIE           Control 

7) Vianello, et al. Mechanical insufflation-exsufflation improves outcomes for neuromuscular disease patients with respiratory tract 

infections. Am J Phys Med Rehabil. 2005 Feb;84(2):83-8; discussion 89-91  



Effect on Outcomes: Short-Term 

Reduction in intubation and/or tracheostomy 

7) Vianello, et al. Mechanical insufflation-exsufflation improves outcomes for neuromuscular disease patients with respiratory tract 

infections. Am J Phys Med Rehabil. 2005 Feb;84(2):83-8; discussion 89-91  



Effect on Outcomes: Short-Term 

• Miske: Retrospective, N=63, MIE users 

– Median use 13.4 mo 

– 4 (6%) – Resolution of chronic atelectasis 

– 5 (8%) – Decreased pneumonia frequency  

8) Miske, et al. Use of the mechanical in-exsufflator in pediatric patients with neuromuscular disease and impaired cough. Chest. 2004 Apr;125(4):1406-12. 



Effect on Outcomes: Long-Term 

Bach: Retrospective, 

protocol in DMD adults 

“high-risk”   
– PCF <270L/min OR 

respiratory failure 

– Protocol: IPPV, manual & 

mechanical cough during 

illness, sat monitor and 

access to the medical team  

9) Bach, et al. Prevention of pulmonary morbidity for patients with Duchenne muscular dystrophy. Chest. 1997 Oct;112(4):1024-8.  



Effect on Outcomes: Long-Term 

• Decreased hospitalization rate, days 

• Tracheosomtomy vs. full-time non-invasive 
– Most tracheostomy patients “Full-Time” 

– Full-time >16hr/day 

– Difference access to MIE 

9) Bach, et al. Prevention of pulmonary morbidity for patients with Duchenne muscular dystrophy. Chest. 1997 Oct;112(4):1024-8.  



Effect on Outcomes: Long-Term 

Tzeng: Retrospective, 

protocol in NMD, adults & 

children 

– PCF <270L/min OR 

respiratory failure 

– Protocol: IPPV, manual & 

mechanical cough during 

illness, sat monitor and 

access to the medical team  

 

 

10) Tzeng, et al. Prevention of pulmonary morbidity for patients with neuromuscular disease. Chest. 2000 Nov;118(5):1390-6. 



MIE - Tolerability & Acceptability 

• Miske: Retrospective, pediatric, N=63 

– Median use 13.4 mo 

• Well-tolerated (90%) 

– 2 (3%) Chose other devices 

• Contribution to chronic abdominal pain 

• Chest discomfort 

– 3 (5%) Ineffective and/or unpleasant 

• 2 infants – crying, agitation 

• Young adult – no effect on airway clearance 

 

 
8) Miske, et al. Use of the mechanical in-

exsufflator in pediatric patients with 

neuromuscular disease and impaired 

cough. Chest. 2004 Apr;125(4):1406-12. 



MIE - Adverse Events 

• Adverse events = Rare 
– No pneumothorax in pediatric population 

– No pulmonary haemorrhage, barotrauma. 

• Miske8: N=63, pediatric 
– No symptomatic reflux 

– PVCs in one patient, first-use, acute illness 

– When used only during respiratory illness, caregivers were less 
comfortable and less effective with the device. 

• Faroux6: N=17, pediatric 
– No abdominal distension, reflux, chest pain 

• Vianello7: N=11, adult 
– 1 GER, 1 epistaxis, 1 abdominal distension 



Summary 

Mechanical insufflation-exsufflation in NMD 

– Increased peak cough flow 

– Increased VC with regular use 

– Decreases need to intubation, tracheostomy 

– Improvement in chronic atelectasis, and 

decrease frequency of pneumonia 

– Decreases need to hospitalization 

– Safe and well-tolerated 



 



Recommendations 



Recommendations 



Recommendations 



Recommendations 



Recommendations 



Recommendations 



 



• Trebbia: Cough determinants in NMD 

• Boitano: Cough physiology 

• Chatwin: Comparison of PCF using different methods 

• Faroux: Tolerance, Physio benefits (CO2, Respiratory comfort) 

• LT: Merino: Incr Survival in DMD with Mech Cough used during URI 

• ST: Miske: Peds, Tolerance, Decreased atelecatasis, and PNA’ 

• Toussaint: Useless 

• LT: Tzeng: Avoidance of hosp with IPPV and cough-assist 

• ST: Vianello: MIE avoids Rx failure / ETT in NMD resp illness 

• LT: Bach – DMD: Protocol of IPPV, Cough assist – avoid hosp in 
DMD 

• Bach – Comparison of cough augement techniques 



Effect on Cough 

• Significant: PCF, Respiratory Comfort (VAS) 

6) Faroux, et al. Physiologic benefits of mechanical insufflation-exsufflation in children with neuromuscular diseases. 1: Chest. 2008 

Jan;133(1):161-8. Epub 2007 Dec 10. 


