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Techniques to measure respiratory 
muscle function
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DIFFICULT WEANING



Polkey & Moxham. 

Chest 2001; 119:926-939.

RESPIRATORY MUSCLE STRENGTH ASSESSMENT:

MAGNETIC PHRENIC NERVE STIMULATION



Hermans et al. Crit. Care 2010; 14: R127

Diaphragm weakness in ventilated patients:

60-80% of patients at the start of weaning*

* Dres et al.  AJRCCM 2017

TRANSDIAPHRAGMATIC TWITCH PRESSURE IN MECHANICALLY VENTILATED PATIENTS 



Dres et al. Ann. of Int. Care 2018; 8:53.

Ptr: airway (trachea) opening pressure during phrenic nerve stimulation





McCool et al. Disorders of the Diaphragm. Clinics in Chest Medicine 2018, 39(2):345-360
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Only low risk of bias studies  All studies considered Based on direct comparative studies   

Results  

Poddighe D, Van Hollebeke M et al. Crit Care. 2024





Diaphragm 
thickness 

• High frequency linear 
transducer, B-mode

• Right hemidiaphragm 

• 9th IC space between anterior 
and mid-axillary line

• Zone of apposition

• Measurement at end-expiratory 
lung volume



Diaphragm thickening fraction (tidal)

• High frequency linear transducer, M-mode

• Only in spontaneously breathing patients









Schreiber et al. Crit. Care Clin. 2018 

CONCEPTIONAL MODEL OF RESPIRATORY MUSCLE PROTECTIVE MECHANICAL VENTILATION



Thickening fraction 15-30% = 
shortest duration of mechanical 
ventilation in comparison with lower 
or higher thickening fraction values

TFdi < 10% = Overassist

TFdi > 40% = Underassist

Goligher et al. AJRCCM 2018



Goligher et al. AJRCCM 2015; 192: 1080

10%

44%

44%

Diaphragm thickness in mechanically ventilated patients

UNDER-ASSISTANCE

OVER-ASSISTANCE







Respiratory surface EMG during respiratory muscle loading 

Poddighe D et al. ACC 2025



VENTILATORY PUMP CAPACITY 
ASSESSMENT

• PULMONARY FUNCTION (FVC)

• STRENGTH (PImax, PEmax)
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De Troyer et al. Thorax 1980, 35: 603- 610.



Assessment of pulmonary function



Assessment of pulmonary function
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ASSESSMENT OF RESPIRATORY 
MUSCLE STRENGTH

Bissett et al. Aust. Crit. Care 2018 

• Presence of inspiratory muscle weakness ?
• Guidance for inspiratory muscle loading !
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guill
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Marini et al. J. Crit. Care  1: 32-38, 1986.
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expiratory valve
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Assessment of respiratory muscle strength



Occlusion: 25s

Maximal Inspiratory Pressure 

Peak pressure
during 

PS 

PS 24 cmH2O
TV 350ml

Pi/Pimax: 
24/30 (80%)

30 cmH2O

UNSUSTAINABLE!
Even with Ti/Ttot 0.2 TTI 

would be 0.16

guill
Ellipse 



Vassilakopoulos et al. Am J Respir Crit Care Med. 1998; 158:378-385.

FATIGUE

NO FATIGUE



• Assessment of respiratory muscle function encompassed:
• body plethysmography

• maximum inspiratory pressure (MIP)

• diaphragm ultrasound

• transdiaphragmatic pressure recordings following cervical magnetic stimulation of the phrenic 
nerves (twPdi) and a maximum sniff manoeuvre (Sniff Pdi).

• Only MIP reflected the extent of hypercapnia across all three stages.

• MIP values below −48 cmH2O predicted nocturnal hypercapnia (area 
under the curve = 0.733, p = 0.052).

PImax: clinical 
relevance



Green and Laroche, Resp Med,1990, 1373 - 1387.



• Patients severely affected by COPD presenting MIP ≤ 55 and/or MEP ≤ 80 
cmH2O are at increased risk of mortality. 

• MIP and MEP substantially improve the mortality risk assessment when 
combined with FEV1, V ̇O2peak and 6MWD in patients with COPD.

PImax: clinical 
relevance



Take Home Messages

• Respiratory muscle dysfunction can be cause and consequence of respiratory failure. 

• It is often reversible and should be diagnosed and treated.

• Evaluating respiratory muscle function is valuable for diagnosing, phenotyping, 
setting up and assessing treatment efficacy in patients with ARF and CRF.

• EMG and MUS play an increasingly important role alongside established invasive 
and noninvasive pressure assessment techniques.

• While MUS is already frequently applied in clinical practice, EMG remains currently 
underused.

• Both are useful tools for quantifying respiratory muscle effort and can be useful for 
titrating ventilatory support, optimising muscle stimulation during training 
interventions and guiding treatment decisions.



THANK YOU FOR YOUR ATTENTION!

If you have any questions please 
share your thoughts and ideas!

daniel.langer@kuleuven.be


	Slide 1: L'évaluation en réanimation 
	Slide 2
	Slide 3
	Slide 4: Techniques to measure respiratory muscle function
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20: Diaphragm thickness 
	Slide 21: Diaphragm thickening fraction (tidal)
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31: VENTILATORY PUMP CAPACITY  ASSESSMENT
	Slide 32
	Slide 33
	Slide 34
	Slide 35: ASSESSMENT OF RESPIRATORY MUSCLE STRENGTH
	Slide 36
	Slide 37
	Slide 38
	Slide 39: Assessment of respiratory muscle strength
	Slide 40
	Slide 41
	Slide 42: PImax: clinical relevance
	Slide 43
	Slide 44
	Slide 45: Take Home Messages
	Slide 46: THANK YOU FOR YOUR ATTENTION!



