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Anatomy 
review

Upper respiratory tract:

• Nasal Cavity

• Pharynx

• Larynx

Lower Respiratory tract:

• Trachea

• Bronchus

• Bronchioles

• Alveoli 



Chest 
secretion 
management

• Reduced cough function predispose to chest 
infection. Inability to clear chest secretions. 
Natural defence mechanism against aspiration of 
particles into the lung. 





Cough 
Mechanism

Insufflation phase

Build up of intra-
thoracic pressures

Expulsion phase



Cough impairment in ALS 

• Bulbar dysfunction

Reduces the rapid opening and closing of the glottis during coughing

• Inspiratory muscle weakness

Unable to reach maximal inspiratory capacity 

• Abdominal/expiratory muscle weakness 

Unable to generate adequate peak expiratory flow rates





Peak cough flow 

360L/min

<360 
>160L/min

160L/min



Cough augmentation strategies 

Treatment modality Phase of cough 
augmentation

Ease of delivery Additional benefits

Lung volume recruitment 
bag (LVR, breath-stacking)

Insufflation phase (1) Can be self administered if UL 
strength adequate 
Can teach caregiver to apply

• Helps to maintain chest wall 
compliance 

• Portable
• Not battery operated 

Manually assisted cough 
(MAC)

Expulsion phase (3) Cannot be applied by individual 

Mechanical insufflation-
exsufflation (MI:E, Cough 
assist)

Insufflation phase (1)
Expulsion phase (3)

Can be self administered if UL 
strength adequate 
Can teach caregiver to apply

• Acutely enhanced forced vital 
capacity 

• Helps maintain chest wall 
compliance

• May avoid need for emergency 
help



Evidence base 

• N = 26 PwALS ( 15 with severe bulbar dysfunction

• Numerous lung capacity/volume outcome measures:

•      

• Results:

• All pts had similar time from disease onset to diagnosis

• Statistical differences were found between the non-
bulbar & bulbar patients in lung function and cough 
capacity parameters 

• Four patients with bulbar dysfunction and MIC >1L had 
PCFMI:E < 2.7L/s



• RCT

• 40 patients randomized to breath-stacking technique 
(n=21), MI:E (n=19)

• Patients followed up at 3-month intervals for at least 
1yr or until death

• All patients diagnosed with respiratory failure and 
offered NIV 

• Primary outcome measure:

• No. of days with symptoms of chest infection, treated 
with antibiotics, in the community or in hospital. 

• Secondary outcome measures: Survival and QoL benefit



• Unassisted PCF vs PCFMI:E

• Bulbar group, these values were 42 
(35–130) l/min versus 436 (244–630) 
l/min, respectively (p = 0.008), and 89 
(40–106) l/min versus 491 (192–580) 
l/min, respectively, in the non-bulbar 
group (p = 0.019)



LVR had a significantly positive effect on FVC for up to 15 min following 
treatment but did not have a facilitative effect on SnP at any time-point. 

LVR had a significantly positive effect on PCF during unassisted coughing at 
both 15 min and 30 min following treatment, and there was no significant 
decrease in flow rates from baseline to 30 min later.



• Cross-sectional study of 20 patients with ALS and 20 healthy age-matched and sex-matched volunteers

• Video-recorded flexible transnasal fibre-optic laryngoscopy

• Standardised protocol, applying pressures of ±20 to ±50 cm H2O

• Laryngeal movements were assessed from video files



Results 

• At the supraglottic level, all patients with ALS and bulbar 
symptoms (n=14) adducted their laryngeal structures 
during insufflation

• At the glottic level, initial abduction followed by 
subsequent adduction was observed in all patients with 
ALS during insufflation and exsufflation

• Hypopharyngeal constriction during exsufflation was 
observed in all subjects, most prominently in patients 
with ALS and bulbar symptoms

• Healthy subjects and patients with ALS and no bulbar 
symptoms (n=6) coordinated their cough well during MI-
E



Andersen et al., 2017





My personal view 

Holistic approach to cough assessment 

Peak cough flow measurement is only 
one part of the overall assessment 

Patients with severe bulbar dysfunction 
require careful consideration

Does prophylactic treatment increase 
burden of care?



Tracheostomy 

Control of 
bulbar 
secretions 
(physical 
barrier)

Direct 
access to 
suction 
chest 
secretions 



Advantages Disadvantages 

May improve ventilation in appropriate patients Risk of procedure and GA 

Liberates face Potential loss of voice/swallow

Enhanced secretion management Increased support required

Case reports of improved survival Carer burden

Significant delays in discharge 

High associated costs (>250k/yr)

May survive with increased levels of disability 
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