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Diaphragm dysfunction: causes and consequences

Diaphragm dysfunction

Mechanical Ventilation

Disuse
Excessive unloading

If the story was simple…

In the ICU

ventilation-induced
diaphragm dysfunction
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Case – VM - 18-69h Control – VM - 2-3h

atrophy induced by
diaphragm disuse
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Diaphragm dysfunction

Mechanical Ventilation

Disuse
excessive unloading

But the story is not simple…
In the ICU

Sepsis
inflammatory pathway

?

Diaphragm dysfunction: causes and consequences
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No diaphragm dysfunction

diaphragm dysfunction

63% of patients had diaphragm dysfunction on admission
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Diaphragm dysfunction: causes and consequences

Diaphragm and Psoas volumes assessed with CT scan

↘ diaphragm volume but not psoas volume in septic patients



Diaphragm dysfunction

Mechanical Ventilation

Disuse
excessive unloading

The story is actually complicated…
In the ICU

Sepsis
inflammatory pathway

Diaphragm dysfunction: causes and consequences



Diaphragm biopsies in healthy and COPD patients

load-induced injury ?

diaphragm injury increases 
with loading

n=6 n=5 n=11 n=7
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191 patients under MV

↘ Thickness (Atrophy)
n=78 (41%)

⇆ Thickness
n=66 (35%)

↗ Thickness
n=47 (24%)

As expected Load induced injury ?
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The story is much more complicated...

Diaphragm dysfunction: causes and consequences

Dres, Goligher, Heunks and Brochard ICM 2017VIDD ICU-DD?



Diaphragm dysfunction: at the time of weaning

Diaphragm dysfunction

> 60% of the patients



Prediction
Weaning from mechanical ventilationMitigate, improve 

Critical illness associated diaphragm weakness

Diaphragm dysfunction: at the time of weaning



Diaphragm dysfunction: at the time of weaning

44% of weaning success!

…should not discourage weaning



Diaphragm dysfunction: curative strategies

inspiratory muscle training: effect on the duration of weaning

• « control » group is not well defined
• IMT requires patient cooperation
• IMT is not specific of diaphragm dysfunction
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left hemi-diaphragm

right hemi-diaphragm

left hemi-diaphragm

49 yo male with high spinal cord injury
Assessment 8 months after removal of left phrenic nerve stimulator

right hemi-diaphragm



Diaphragm dysfunction: curative strategies

Transvenous

Percutaneous

Per-operative

Surgical approaches
permanent

Mini-invasive approaches
Easily removable

High spinal cord injuries
Central hypoventilation

Post operative
ICU

Diaphragm/phrenic nerves pacing
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Transvenous approach

Left subclavier vein

Temporary phrenic nerves pacing



Trials 2019
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Preliminary findings of the Rescue-2 trial
transvenous diaphragm stimulation versus protocolized weaning

Rescue-3 is ongoing (>200 patients)



Diaphragm dysfunction: preventive strategies

Spontaneous breathing
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