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Introduction:
Ventilator Induced Diaphragmatic Dysfunction is known to be a contributor to weaning failure. Some data 
suggest that assisted ventilation might protect from diaphragmatic thinning. Aims of this study are to evaluate, 
by ultrasound (US), the change in diaphragm thickness and thickening in patients undergoing controlled and 
assisted mechanical ventilation (MV) and clinical factors associated with this change. 
Methods:
We enrolled patients who underwent either controlled MV (CMV) for 48 cumulative hours or 48 hours of 
pressure support (PSV) if ventilation was expected to last for at least 5 days. Patients < 18 years old, with 
neuromuscular diseases, phrenic nerve injury, abdominal vacuum dressing system and poor acoustic window 
were excluded. Diaphragm thickness and thickening were measured with US as described by Goligher [1] and 
clinical data were collected every 48 hours until ICU discharge. 
Results:
We enrolled 44 patients, 13 were excluded because they had less than 4 measurements and 2 for low quality 
images, leaving 29 patients for analysis. As expected, during CMV diaphragm thickening was almost absent and 
significantly lower than during PSV (p<0,001). Diaphragm thickness did not reduce significantly during CMV 
(p=0,201), but during PSV significantly increased (p<0,048) (Fig 1, where “day 0” represents the first day of PSV). 
During CMV, in 10/21 patients diaphragm thickness showed a ≥10% reduction. They had a significantly higher 

fraction of days spent in CMV (p=0,005) and longer neuromuscular blocking drugs (NBDs) infusion (p=0,043). 
During PSV, 17/26 patients showed an increase in diaphragm thickness ≥10%. Duration of hospital stay was 

significantly lower for these patients (p 0,048). Differences between the two groups are reported in Tab 1. 
Conclusion:
Longer time spent in CMV and with NBDs infusion seems associated with a decrease in diaphragm thickness. 
Assisted ventilation promotes an increase in diaphragm thickness, associated with a reduction in the length of 
hospitalization. 

Table 1 : 

≥10% increase in diaphragm 

thickness (n=17) 
<10% increase in diaphragm 
thickness (n=9) 

P 
value 

Age, mean (SD) 59 (10) 59 (13) 0,973 
SOFA score at baseline, median 
(IQR) 

7 (6-9) 9 (6-10) 0,181 



Tidal Volume, ml/kg mean (SD) 7 (2) 7 (2) 0,977 
Pressure Support, cmH2O 
median (IQR) 

8 (7-9) 8 (7-10) 0,598 

PEEP, cmH2O mean (SD) 8 (2) 10 (2) 0,04 
Days in hospital for survivors, 
median (IQR) 

36 (24-44) 62 (45-81) 0,048 

ICU outcome, n death (%) 1 (6) 3 (33) 0,116 
Tab 1. Characteristics of patient subgroups according to increase in diaphragm thickness during PSV

Image 1 : 

 
Fig 1. Changes in diaphragm thickness over time. Day “0” is the first day of PSV; days before “0” are days of 

CMV, days after “0” are days of PSV. Dashed line represents 10% cut-off value selected a priori to define 
clinically relevant increases in diaphragm thickness. *: p value < 0,05 versus day 0.


