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Outline of Talk

• Review respiratory physiology
• Pulmonary decline in DMD
• Pulmonary testing used in DMD
• Sleep disordered breathing in DMD
• Current pulmonary guidelines



Respiratory Physiology



The Muscles of Respiration
• Inspiration

– Muscles that expand the 
thoracic cavity

• Diaphragm
• External intercostals
• Accessory muscles

• Expiration
– Muscles that compress the 

thoracic cavity
• Mainly elastic recoil of chest 

wall – no muscle involvement
• Internal intercostals
• Abdominal muscles

Mechanics of respiratory muscles - ScienceDirect



Respiratory Muscles of Inspiration:  Wikipedia
https://en.wikipedia.org/wiki/Muscles_of_respiration
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Normal Airway Clearance
•Conducting airways

•Mucociliary elevator
•Airflow

•Cephalad airflow bias
•Cough

•Respiratory zone 
•Chemical absorption
•Alveolar macrophages



Mucociliary Transport

• Gel Layer (high viscosity 
and elasticity)

• Sol Layer (low viscosity and 
elasticity)

• Rapid movement in 
extension to propel material 
in gel phase

• Slow return in flexion to 
starting position, traveling 
through sol phase

• Most effective in small 
airways due to large cross-
sectional area

60 μm.s-1



Cephalad Airflow Bias

• Decreased airway diameter 
during exhalation results in 
increased flow velocity

• Increased airflow velocity 
shears secretions and drives 
material in direction of flow

• Present in large and small 
airways but is the primary 
mechanism of transport in 
smaller airways



Cough

• 3-Phase process
 Inspiratory
 Compressive
 Expiratory 

• Debris clearance
 Dynamic airway compression
 Shearing forces at airway wall

Deep inspiration
Glottic closure
Muscle contraction
Glottic opening



Respiratory Course in DMD



Rate of Pulmonary Decline
• Age at loss of ambulation is key

– Associated with age at peak forced vital capacity (FVC)
• Loss ambulation < 8 years, peak FVC between 8-11 years at 1.5 L
• Loss of ambulation > 11 years, peak FVC around 16 years at 2.5 L

– Associated with rate of decline in FVC (1,2)

• Peak FVC < 1.7 L   ↓ 8-9% per year
• Peak FVC > 2.5 L   ↓ 4-5% per year 

– Rate of decline in FVC similar in steroid naïve and steroid 
treated patients once non-ambulatory (3,4)



Phases of Respiratory Failure

• Sleep disordered breathing
• No hypercapnia / Brief Hypoxemia with OSA
• Hypercapnea / Hypoxemia during REM sleep only
• Hypercapnea / Hypoxemia during all stages of sleep

• Diurnal chronic respiratory insufficiency 
• Hypercapnea / Hypoxemia when awake/asleep (5,6)



Monitoring / Pulmonary Testing



To Measure Lung Function….

• Age of the Patient
• Cognitive ability
• What is being tested

– Volume of air (FVC)
– Airway pressure (MIP/MEP)
– Flow of air (peak cough flow)



Volume Measurements
Pulmonary Function Testing



• Pulmonary Function Testing
– Forced vital capacity: FVC
– Forced expiratory volume in 1 second: FEV1
– FEV1/FVC ratio

• Information 
– Inspiratory muscle strength
– Expiratory muscle strength

Volume Measurements
Pulmonary Function Testing



• Body Plesmograph needed to 
measure total lung capacity 
and residual volume

• Not practical for patient’s in 
wheel chairs

• Doesn’t give you better 
information than the FVC 
measurement

www.morgansci.com

Volume Measurements
Lung Volumes



Airway Pressure Measurements
Force Meter

– MIP
• Lowest pressure developed during a 

forceful inspiration of an occluded 
airway

• Measures inspiratory muscle strength
• -60 or higher is problematic

– MEP
• Highest pressure developed during 

forceful expiration
• Measures expiratory muscle strength
• +60 or lower is problematic



Airway Pressure Measurements

• Maximal Inspiratory Pressure (MIP)
• Maximal Expiratory Pressures (MEP)
• Significantly more variable 
• Testing reliability is poor

• Requires a very experienced, consistent RT
• Already affected in most young children with DMD
• Slow rate of decline over time



Airflow Measurements
Peak Expiratory Flow Rate / Peak Cough Flow

• Directly measures expiratory muscle strength
• Indirectly measures inspiratory muscle 

strength
• Can be measured when performing FVC 

maneuver 
• Lower than 270 L/min associated with 

respiratory muscle weakness
• Lower than 160 L/min associated with failure 

to extubate after surgery



Things to Consider

• Pulmonary function tests depend on
– Patient effort / cooperation

• At least 2 second exhalation
• Reproducibility 

– Patient ability to understand / follow commands
• Cognitive impairment

– Accurate height / weight 
• Wheelchair dependent
• Scoliosis 



Sleep



Signs of Sleep Disordered Breathing

• Snoring
• Pauses in breathing
• Restless sleep / frequent awakening
• Headache upon awakening that passes 

quickly
• Daytime drowsiness or hyperactivity
• Increased napping
• Mood lability SLEEP



At Risk Populations
• Early Childhood (OSA)

• Decreased pharyngeal and upper airway tone
• Tonsil/Adenoid enlargement in small airways

• Childhood (OSA)
• Obesity from steroid use

• Teenager (OSA / Alveolar Hypoventilation)
• Pharyngeal muscle weakness/upper airway tone
• Macroglossia
• Obesity
• Scoliosis  affecting chest wall mechanics
• Diaphragmatic weakness



When To Screen?

• Each visit ask about signs of sleep 
disordered breathing

• Screen +  obtain a sleep study

• When FVC is around 50%
• obtain a baseline sleep study



Identify Problems Early

• Undiagnosed Sleep Problems Cause
• Blunting of the peripheral /central chemoreceptors

– depresses the respiratory drive
• Aspiration of secretions
• Lower lung volumes with sleep

– Worsening atelectasis 
– gas exchange impairment

• Cardiac impact
– Worsening heart strain
– Risk for arrhythmia
– Pulmonary hypertension



Recommendations?



PPMD Pulmonary Management 
Recommendations



The 
Pulmonary 

Action 
Plan
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Questions?
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