
Respiratory Problems in 
Children with Neuromuscular 

Disorders

10



Neuromuscular disorders

Relatively common: 1 in 3000

Majority are genetic 

Majority become apparent in 
childhood 





SPINAL 
MUSCULAR 
ATROPHY



DMD/ 
LGMD/
FSHMD



Congenital 
muscular 
dystrophy 



Congenital 
myopathies 



CMS/MM/
CMT/

Pompe’s



Likelihood of respiratory impairment 

Varies greatly 

More significant in 
those with more 

severe global 
weakness 



Guidelines in 
respiratory 
care 

There were a number of excellent disease 
specific guidelines and consensus statements, 
but none focussed on respiratory 
management ... Till BTS in 2012

Many principles of respiratory management 
are not disease specific

Can largely apply to all children with NM 
weakness



Respiratory 
complications of 
neuromuscular 
weakness

Gas exchange and pump functions of the 
respiratory system are compromised

Difficulty maintaining upper airway muscle 
tone

Problems with airway protection 

Reduced efficiency of secretion clearance

Poor spinal support 



Respiratory consequences 

Hypoventilation 
Upper airway 
obstruction 

Aspiration lung 
disease

Secretion 
retention -> Lower 

airway infection 

Mechanical effects 
of progressive 

scoliosis 

Progressive 
respiratory 

insufficiency 
Respiratory failure Death 



Pulmonary 
function 

Typically a restrictive pattern with reduced vital capacity, total 
lung capacity and functional residual capacity 

Relative preservation of FEV1/FVC ratio

Scoliosis →worsens the restrictive defect 

(Independent of scoliosis)Fibrotic/dystrophic chest wall 
muscles  + shortening of un-stretched tissues → Reduced 
chest wall compliance 

Microatelectasis → reduced lung compliance 



AAP



Swallowing 
dysfunction, loss of 
airway protection & 
aspiration lung 
disease 

Parallels progression of muscle weakness

Difficulties with swallowing -> under nutrition/ risk of 
aspiration 

Loss of control of larynx and pharynx

Ineffective cough 

Aspiration of saliva, oral organisms, food, gastric contents 

Airway inflammation, airway obstruction 

Worsening restrictive lung disease, bronchiectasis, pulmonary 
fibrosis 

Reflux -> a problem in non- mobile children 



Retention of 
airway 
secretions 

Amount of secretions 
reaching trachea from 

peripheral airways : 10-
100ml/day

Lack of effective 
coughing:

Lack of deep 
inspiration ( usually 

95% of total lung 
capacity )

Poor glottic closure 
(that requires intact 

bulbar function)

Ineffective contraction 
of the expiratory 

muscles (abdominal 
and intercostals)

→unable to generate 
rapid expiratory flow 

rates 

Respiratory infections, 
increased airway 

mucus, impaired ciliary 
activity

Atelectasis, VQ 
mismatch, 

hypoxaemia, reduced 
lung compliance 



Impact of nutritional status 

• A challenging problem in children with NM 
weakness

• At risk of malnutrition (50% of DMD at 14-18 yr
old) :
• Feeding difficulties
• Dysphagia
• Reflux 

• At risk of obesity 
• 50% of DMD at 13 yr old 

• Nasogastric/gastrostomy feeding to maintain 
adequate nutrition 



Impact of nutritional status (cont’d) 

• Challenges in assessing nutrition:
• Reduced muscle mass
• Scoliosis
• Contractures

• Immobility → osteoporosis steroids in DMD

• More data needed on : how nutrition impacts lung 
function 



Impact of 
scoliosis 

A common feature in many NM conditions

70-90 % of DMD boys & all of SMA 1&2 → significant scoliosis 

Lateral curvature of spine → directly displaces thoracic cage & diaphragm , 
limiting vital capacity by causing asymmetric inspiration & decreased chest wall 
compliance

Increased physiological dead space, decreased tidal volume to dead space 
ration

Risk of CO2 retention 

Progression in teenage years→ accelerated growth , increasing weakness, 
increased sitting time 

Light weight orthotic aids, standing frames, well supported wheelchairs 



Sleep 
disordered 
breathing & 
hypoventilation 

• In normal individuals: reduced ventilatory drive in sleep, 
reduced upper airway & intercostal muscles tone

• BTS guidelines 2012

Episodic 
hypoventilation 
during REM with 
recovery during 
NREM 

Throughout sleep with 
progressive 
hypercapnia 



Respiratory 
aims 

Most common reason for 
unplanned hospitalisation: acute 
respiratory failure from acute 
respiratory infections 

Most common reason of death: 
chronic respiratory failure

Reduce 
this 

Lengthen 
lifespan 



BTS 2012



Tools to 
identify 
children at 
risk 

Clinical assessment 

Ulnar length/armspan to replace height 
measurement

Vital capacity to be measured in all who 
can perform spirometry

Cough peak flow to assess effective 
secretion clearance in those > 12 years old



Airway 
clearance & 
respiratory 
muscle 
training

Augmented cough techniques for those with 
ineffective cough  ( >12 yrs old with cough peak flow < 
270litres/min

Manual cough assist & air-stacking methods to achieve 
maximum insufflation capacity 

Mechanical insufflation/exsufflation for very weak 
children 

• those with poor bulbar function 

• Those who cannot cooperate with manual cough assist or air 
stacking

Oscillatory techniques 



Airway 
clearance & 
respiratory 
muscle 
training 
(cont’d)

Nebulised normal saline can be 
used for tenacious secretions 

Consider humidification for those 
on NIV and with tenacious 
secretions 

Appropriate emergency equipment 
on hand when using sputum 
mobilising equipment 



Airway 
clearance & 
respiratory 
muscle 
training 
(cont’d)

Use of NIV during airway 
clearance to prevent respiratory 
muscle fatigue

Rest periods during treatment 
sessions 

Complete treatment session with 
an insufflation for adequate FRC 



Assisted 
ventilation 

NIV support for those 
with symptomatic 

nocturnal  
hypoventilation or 

daytime hypercapnia 

Non invasive approach 
for those needing 

daytime ventilation 

Pressure –targeted 
machines work well 

generally 

Modes with fixed Ti 
appropriate for young/ 

very weak children 

Mouth piece ventilation 
for older teens during 

day time 

Danger of full face 
masks 



Assisted 
ventilation 

Regular sleep 
studies to assess 

those on NIV 

Monitor for 
complications of 

NIV /interface 

Tracheostomy 
suitability & 

care 

Oxygen alone 
not encouraged 



Duchenne muscular 
dystrophy 
• First described by French neurologist Guillaume 

Benjamin Amand Duchenne in the 1860s

• In 1986, researchers identified the gene on the X-
chromosome

• In 1987, the protein associated with this gene was 
identified and named ‘dystrophin’

• Progressive muscle degeneration and weakness

• 1 of 9 types of muscular dystrophy

• X-linked recessive

• Onset at 3-5 yrs old, primarily affects boys 

• Exciting research on-going : disease modifying drugs 



The DMD 
patient:
- *DMD patients of varying 
ages form a large 
percentage of patients in 
NM clinic 

- initial screening is 
recommended  before 
child becomes wheelchair 
bound 

- respiratory assessments 
step up once patient is 
non- ambulatory



The DMD patient:
- respiratory/sleep 
assessment

-FVC
-Oximetry/PSG
-blood gas 



BTS 2012



The DMD patient:
- regular 
physiotherapy is 
recommended
-some patients see 
Rehab in KKH; 
some get physio in
school/home  by 
AWWA therapists
-LVR (*KKH rehab 
planning to start)
-Cough Assist
(rental machines 
available at MDAS; 
if for purchase-
refer 
physio/MSW/+/-
Homecare)
-NIV



The DMD 
patient:
- intervention



DMD overview



DMD 
overview         
(continued)



DMD 
overview
(continued)



Vaccinations in NM 
patients :

- annual flu vaccine

- pneumococcal vaccines 
(Prevnar 13; PPSV23)



Management 
of a child with 
NM weakness 

Multidisciplinary care

Every child is different !

Empowering patients and their families

Transitioning to adult care 

End of life issues 




