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ABSTRACT 
 

Objective: Serial ultrasonographic assessment of the effect of different modes of mechanical ventila-tion on 
diaphragmatic thickness and consequently its effect on weaning of mechanical ventilation, total ventilatory 
days, ICU stay and mortality. 
Patients and methods: This study was carried out on 67 mechanically ventilated adult patients of both 
genders who were admitted to Critical Care Medicine Department in Alexandria main university hospital over 
a period from 1/4/2014 to 30\9\2014. All patients were subjected to complete medical and surgical history 
taking, complete physical examination and daily ultrasonographic assessment of diaphragmatic thickness.  
Results: Diaphragmatic atrophy was detected in 15 patients (78.9%) of patients on CMV, 14 patients (60.9%) 
of patients on assisted MV in comparison to only one patient (4%) of patients on spontaneous MV (P<0.001). 
Patients who developed diaphragmatic atrophy had a mean total ventilatory days 7.23 ± 2.39 days, mean ICU 
stay 9.08 ± 2.91 days, mortality rate 16.7%, primary weaning failure rate 52% and secondary weaning failure 
rate 36% while Patients who did not develop diaphragmatic atrophy had a mean total ventilatory days 4.32 ± 
2.44 days, mean ICU stay 7.59± 2.63 days, mortality rate 8.1%, primary weaning failure rate 5.4% and 
secondary weaning failure rate 5.4%. (P1 < 0.001 P2 = 0.03 P3 = 0.451 P4 <0.001     P5 <0.001 respectively). 
Conclusion: Mechanical ventilation induces diaphragmatic atrophy which is significantly higher with 
controlled and assisted mechanical ventilation modes than spontaneous modes. Ventilator induced 
diaphragmatic atrophy is associated with higher rates of primary and secondary weaning failure, more 
ventilatory days, longer ICU stay. 

  
Key Words: Mechanical Ventilation; Diaphragmatic atrophy; Weaning Failure 
 

 

INTRODUCTION 
 

Respiratory failure is a syndrome in which the 

respiratory system fails to maintain an ad-equate gas 
exchange at rest or during exercise resulting in 
hypoxemia with or without concomitant hypercapnia 
(1). 

      
     Respiratory failure is classified as type 1 
respiratory failure or type 2 respiratory failure. (2) 
Type 1 respiratory failure is defined by a partial 
pressure of oxygen (PaO2) of <60mmHg with a 
normal or low partial pressure of carbon dioxide 
(PaCO2), Type 2 respiratory failure is defined by a 
PaO2  of <60mHg and a PaCO2 of >45mHg. 
Respiratory failure is also classified as acute, acute 
on chronic or chronic (3). 
     Mechanical ventilation (MV) is a method to 
mechanically assist or replace spontaneous 
breathing. MV is indicated when the patient's 
spontaneous ventilation is inadequate to maintain 
life. It is also indicated as prophylaxis for imminent 
collapse of other physiologic functions, or ineffective 
gas exchange in the lungs (4). 
      Common indications of MV are  acute lung injury 
(ALI), apnea with respiratory arrest, acute severe 
asthma requiring intubation, chronic obstructive 
pulmonary disease (COPD), acute respiratory 
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acidosis with partial pressure of carbon dioxide 
(pCO2) > 50 mmHg and potential of hydrogen (PH) < 
7.25, Increased work of breathing, hypoxemia with 
PaO2 < 55 mm Hg with fraction of inspired oxygen 
(FiO2) = 1.0, hypotension including shock and 
neurological diseases such as muscular dystrophy 
and amyotrophic lateral sclerosis (5). 
     Although MV is a life-saving intervention, but 
carries potential complications including 
pneumothorax, airway injury, alveolar damage, and 
ventilator-associated pneumonia (6) Other 
complications include decreased cardiac out-put, and 
oxygen toxicity. One of the primary complications that 
presents in mechanically ventilated patients is ALI/ 
ARDS. ALI/ARDS are recognized as significant 
contributors to patient morbidity and mortality (7)  
Positive pressure ventilation appears to impair 
mucocilary motility in the airway which may lead to 
retention of secretions and pneumonia (8). 
     Studies have suggested that the ventilator is a 
likely cause of the decreased diaphragm force 
generating capacity (dFGC) seen in me-chanically 
ventilated patients. Further, mode of ventilation has 
been associated with dia-phragm atrophy. Animal 
studies suggest that even as little as 18 hours of 
mandatory modes of ventilation lead to diaphragm-
muscle atro-phy and weakness. (9, 10) 
     Modes of Ventilator Support can be classi-fied to 
volume-targeted modes in which a fixed tidal volume 
is delivered with each breath and pressure-targeted 
modes in which the patient triggers the ventilator as 
in pressure support ventilation or the ventilator 
controls the patient’s breathing as in pressure control 
mode (11). 
     Thoracic diaphragm or simply the dia-phragm is a 
sheet of internal skeletal muscle that extends across 
the bottom of the rib cage. The diaphragm separates 
the thoracic cavity from the abdominal cavity.(12) 
The diaphragm is the principal respiratory muscle, 
and its dysfunction predisposes to respiratory 
complications and can prolong the duration of 
mechanical ventilation (13). 
     Modalities that could be used to diagnose 
diaphragmatic dysfunction are chest x-ray, 
Fluoroscopy and Sniff Test, Computed Tomography, 
MRI and Ultrasonography (14-21). 
     The use of ultrasonography has be-come 
increasingly popular in the everyday management of 
critically ill patients. It has been demonstrated to be a 
safe and handy bedside tool that allows rapid 
hemodynamic assessment and visualization of the 
thoracic, abdominal and major vessels structures 
(22).                                                                                                            
     More recently-mode ultrasonography has been 
used in the assessment of dia-phragm kinetics. 
Ultrasounds provide a sim-ple, non-invasive method 
of quantifying dia-phragmatic movement in a variety 
of normal and pathological conditions (22,23). 
      Ultrasonography can assess the characteristics 
of diaphragmatic movement such as amplitude, force 

and velocity of con-traction, special patterns of 
motion and changes in diaphragmatic thickness 
during inspiration.(24) 
     These sonographic diaphragmatic pa-rameters 
can provide valuable information in the assessment 
and follow up of patients with diaphragmatic 
weakness or paralysis, in terms of patient–ventilator 
interactions during con-trolled or assisted modalities 
of mechanical ventilation, and can potentially help to 
under-stand post-operative pulmonary dysfunction or 
weaning failure from mechanical ventila-tion.(24,25) 
This modality is more portable than fluoros-copy and 
it has the benefit of being free of ionizing radiation. 
Ultrasound is also noninvasive. These advantages 
make diaphragmatic ultrasound more attractive 
especially for young adults or mechanically ventilated 
patients. (26) 
  
Figur-1.1a Probe position for B and M mode 
diaphragmatic thickness measurements in the 
zone of apposition with 10–12 MHz probe. 1. b B-
mode sonography of the diaphragm in the zone 
of apposition. A-Echogenic diaphragmatic pleura, B- 
non-echogenic central layer, C-echogenic peritoneal 
layer. Notice the thickness measurement of each 
layer 
 

 
 
 
Diaphragmatic atrophy can be diagnosed on 
ultrasonographic basis as diaphragmatic thickness 
<20 mm (27). 
     However, ultrasonography has few limita-tions. It 
is operator dependent and requires significant 
expertise, as the field of view is often small and may 
suffer from intervening lung or bowel air. These 
organs can obscure diaphragmatic movement, 
making assessment of diaphragm function difficult. 
(28) 
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The aim of the work: 
      To evaluate diaphragmatic thickness using 
ultrasonography in mechanically ventilated patients 
on different modes of ventilation and its change 
overtime. 
 

Patients and Methods 
 

     This study was carried out on 67 adult patients 
of both genders who were admitted to Critical Care 
Medicine Department in Alexandria main university 
hospital over a period of six months starting from 
1/4/2014. 

All haemodynamically stable adult Patients who 
required mechanical ventilation with positive end-
expiratory pressure level ≤ 5 cm H2O were included 
in the study. 

Some patients were excluded for reasons as: 
history of diaphragmatic or neuromuscular disease 
(myasthenia gravis, Guillain-Barre´ syndrome, and 
amyotrophic lateral sclerosis), use of any muscle-
paralyzing agent, use of aminoglycosides and 
corticosteroids, morbid obesity (body mass index > 
40), current thoracotomy, pneumothorax or pneumo-
mediastinum, declined consent, or respiratory rate ≥ 
30 breaths/min. 

Approval of the Medical Ethics Committee of 
Alexandria faculty of Medicine and an informed 
consent from the patient

’
s next of kin was taken 

before conducting the study. 
All patients included in the study were subjected 

after admission to the followings: 

 Complete history taking including medical and 
surgical history. 

 Complete physical examination. 

 Chest ultrasonography using ultrasound unit, 
digital ultrasonic imaging system Model DP3300, 
(SHELZHEN MINDRAY) biomedical electronic 
CO.LTD with macro convex probe 2.5-5 MHZ : 

1. Patients on all modes of ventilation were 
included and trends in changes in diaphragm 
thickness within groups (Controlled modes, 
assisted modes and spontaneous modes) were 
determined. 

2. As a control for generalized muscle wasting in 
the critically ill, we acquired daily 
ultrasonographic images of the quadriceps 
muscle from each subject over the period of the 
study. 

3. Daily ultrasonographic images of the diaphragm 
by placing Probe over one of the lower 
intercostal spaces in the right anterior axillary line 
for the right diaphragm with the probe fixed on 
the chest wall during respiration; the ultrasound 
beam was directed to the hemidiaphragmatic 
domes at an angle of not < 70°. 

4. Diaphragmatic thickness was measured once per 
day as soon as possible after consent granted 
and continued until weaning trial whatever it 

resulted in successful or failed weaning, 
discharge or death, whichever came first. 

5. All measurements were performed during tidal 
breathing at 6–12 mL/kg, excluding smaller or 
deeper breaths. 

6. The whole ultrasound examination was 
accomplished in 5 minutes. 

7. Ultrasonographic diaphragmatic atrophy was 
diagnosed if thickness was < 20 mm. 

 Outcome parameters included : 
1. Successful weaning: defined as a state in 

which a patient was able to maintain his or her 
own breathing for 48 hours without any level of 
ventilator support. 

2. Primary weaning failure: defined as 
Requirement for mechanical ventilation within 48 
hours of self-breathing. 

3. Secondary weaning failure: defined as 
requirement for mechanical ventilation after a 
successful weaning, i.e., respiratory failure 
occurring past the 48 hours of self-breathing. 

4. Total ventilation time: defined as the period 
between the start and end of mechanical 
ventilation. 
 

Statistical analysis of the data 
      Data were fed to the computer and analyzed 
using IBM SPSS software package version 15.0. 
Qualitative data were described using number and 
percent. Quantitative data were described using 
minimum and maximum, mean and standard 
deviation and median. 
      Comparison between different groups regarding 
categorical variables was tested using Chi-square 
test. When more than 20% of the cells have expected 
count less than 5, correction for chi-square was 
conducted using Fisher’s Exact test or Monte Carlo 
correction. 
      The distributions of quantitative variables were 
tested for normality using Kolmogorov-Smirnov test, 
Shapiro-Wilk test and D'Agstino test. If it reveals 
normal data distribution, parametric tests was 
applied. If the data were abnormally distributed, non-
parametric tests were used.

 

     For normally distributed data, comparison 
between two independent population were done 
using independent t-test while more than two 
population were analyzed F-test (ANOVA). For 
abnormally distributed data, comparison between two 
independent populations were done using Mann 
Whitney test while Kruskal Wallis test was used to 
compare between different groups. Significance of 
the obtained results was judged at the 5% level. 
 

Results & Discussions 
 

     This study was conducted on 67 mechanically 
ventilated patients admitted to the Critical Care 
Medicine Department in Alexandria Main University 
Hospital. 
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Table-1. Effect of different modes of mechanical ventilation on diaphragmatic atrophy. 
 

  

Modes 



 p 

Controlled 
(n=19) 

Assisted 
(n=23) 

Spontaneous 
(n=25) 

No. % No. % No. % 

Diaphragmatic atrophy         

 
Diaphragmatic atrophy 

15 78.9 14 60.9 1 4.0 
28.192

*
 <0.001

*
 

No diaphragmatic atrophy 4 21.1 9 39.1 24 96.0 

Sig. bet. groups p1 <0.001
*
, p2 = 0.207, p3 <0.001

*
   


2
: Chi square test 

p1: p value for comparing between Controlled and Spontaneous 
p2: p value for comparing between Assisted and Controlled 
p3: p value for comparing between Assisted and Spontaneous 

*: Statistically significant at p ≤ 0.05 
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     Patients were divided into three main groups;, 
Group I: patients on Controlled mechanical 
ventilation modes, Group II: patients on Assisted 
mechanical ventilation mode and Group III: patients 
on spontaneous mechanical ventilation modes. 
Patients were further divided into two groups; Group 
A: patients with diaphragmatic atrophy and Group B: 
patients without diaphragmatic atrophy. 

Among patients on controlled modes 4 patients 
(21.1%) hadn`t developed diaphragmatic atrophy 
while 15 patients (78.9%) had developed 
diaphragmatic atrophy as shown in table (1) and 
figure (2). 
 
Figure-2.Effect of different modes of mechanical 
ventilation on diaphragmatic atrophy. 

 

Among patients on assisted modes 9 patients 
(39.1%) hadn`t developed diaphragmatic atrophy 
while 14 patients (60.9%) had developed 
diaphragmatic atrophy as shown in table (1) and 
figure (2). 

While patients on spontaneous modes of 
mechanical ventilation 24 patients (96.0%) hadn`t 
developed diaphragmatic atrophy while 1 patient 
(4.0%) had developed diaphragmatic atrophy as 
shown in table (1) and fig (2). 
      Controlled and assisted modes were associated 
with significantly higher rates of diaphragmatic 
atrophy than spontaneous modes while there was no 
significant difference regarding diaphragmatic 
atrophy between controlled and assisted modes as 
shown in table (1) and fig. (2). 
      Regarding total mechanical ventilator days 
among the three groups; it ranged within 5.0 – 13.0 
days with a mean 7.32 ± 2.0 days in controlled 
modes group, ranged within 4.0 – 12.0 days with a 
mean 7.04 ± 2.1 days in assisted modes group while 
ranged from 2.0 – 4.0 days with a mean 2.56 ± 0.77 
days in spontaneous modes groups. There was a 
significant difference between controlled and 
spontaneous modes and between assisted and 
spontaneous modes while there was no significant 
difference between assisted and controlled modes 
groups as shown in table (2) and figure (3). 
      Regarding ICU days among the three groups; it 
ranged from 5.0 – 15.0 days with a mean 9.05 ± 2.95 
days in patients on controlled modes, it ranged within 4.0 
– 14.0 days with a mean 9.43 ± 2.57 days in patients on 
assisted modes and it ranged within 4.0 – 11.0 days with 
a mean 6.32 ± 1.86 days in patients on spontaneous 
modes. There was a significant difference between 
controlled and spontaneous modes and between 
assisted and spontaneous modes while there was no 
significant difference between assisted and controlled 
modes as shown in table (2) and figure (3). 
     Regarding effect of different modes of mechanical 
ventilation on mortality5 patients (26.3%) on 
controlled modes died; 3 patients (13.0%) on 
assisted modes died while no patients (0.0%) on 
spontaneous modes died so there was significant 
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Table-2. Correlation of mode of mechanical ventilation with total ventilatory days and ICU days 

 

Modes 
KW



 p Controlled (C) 

(n=19) 
Assisted     (A) 

(n=23) 
Spontaneous (S) 

(n=25) 

MV days      

Min-Max. 5.0 – 13.0 4.0 – 12.0 2.0 – 4.0 

46.27
*
 <0.001

*
 Mean±SD 7.32 ± 2.0 7.04±2.10 2.56±0.77 

Median 7.0 7.0 2.0 

Sig.bet. groups p1<0.001
*
,p2=0.847,p3<0.001

*
   

ICU days      

Min-Max. 5.0 – 15.0 4.0-14.0 4.0 – 11.0 

18.15
*
 <0.001

*
 Mean±SD 9.05± 2.95 9.43±2.57 6.32±1.86 

Median 9.0 9.0 6.0 

Sig. bet. grps p1<0.001
*
,p2=0.655,p3=0.002

*
   

 


2
: Chi square test 

p1: p value for comparing between Controlled and Spontaneous 
p2: p value for comparing between Assisted and Controlled 
p3: p value for comparing between Assisted and Spontaneous 
*: Statistically significant at p ≤ 0.05 

 

difference between controlled and spontaneous 
modes while there was no significant difference 
between assisted and controlled modes and between 
assisted and spontaneous modes as regard mortality 
as shown in table (3) and figure (4). 
 
Figure-3. Correlation of mode of mechanical 
ventilation with total ventilatory days and ICU 
days. 
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     Among survived patients on controlled modes 
only 2 patients (10.5%) were successfully weaned, 4 
patients (21.1%) suffered from secondary weaning 
failure and 8 patients (42.1%) suffered from primary 
weaning failure as shown in table (3) and figure (4). 
      While survived patients on assisted modes of 
mechanical ventilation 9 patients (39.1%) were 
successfully weaned, 6 patients (26.1%) suffered 
from secondary weaning failure and 5 patients 
(21.7%) suffered from primary weaning failure as 
shown in table (3) and figure (4). 

     And survived patients on spontaneous mode of 22 
patients (88.0%) were successfully weaned, only one 
patient (4.0%) suffered from secondary weaning 
failure and only 2 patients (8.0%) suffered from 
primary weaning failure as shown in table (3) and 
figure (4). 
       There was significant difference between 
controlled and spontaneous modes and between 
assisted and spontaneous modes while there was no 
significant difference between assisted and controlled 
modes as regard weaning from mechanical ventilator 
as shown in table (3) and figure (4). 
 
Figure-4. Association of mode of mechanical 
ventilation with outcome of patients.(SW: 
successful weaning, PWF: primary weaning 
failure, SWF: secondary weaning failure) 
 

0

10

20

30

40

50

60

70

80

90

100

 SW PWF SWF

Died Survived

P
er

ce
n

ta
g

e

A S C

 
 
Regarding diaphragmatic thickness; it ranged 

within 1.84 – 2.57mm with a mean 2.19 ± 0.22mm in 
patients on assisted modes, it ranged within 1.8 – 
2.43mm with a mean 2.18 ± 0.19 in patients on 
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Table-3. Association of mode of mechanical ventilation with outcome of patients 
 

 

Modes 



 

MC
p 

Controlled (C) 
(n=19) 

Assisted (A) 
(n=23) 

Spontane-ous 
(S) 

(n=25) 

No. % No. % No. % 

Outcome         

Died 5 26.3 3 13.0 0 0.0 
7.251

*
 0.016

*
 

Survived 14 73.7 20 87.0 25 100.0 

Sig. bet. Groups p1 = 0.102, p2 = 0.433, p3 = 0.011
*
   

Successful weaning 2 10.5 9 39.1 22 88.0 

23.069
*
 <0.001

*
 Primary weaning failure 8 42.1 5 21.7 2 8.0 

Secondary weaning failure 4 21.1 6 26.1 1 4.0 

Sig. bet. Groups p1 = 0.008
*
, p2 = 0.102, p3 <0.001

*
   

 


2
: Value for Chi square, MC: Monte Carlo test, Sig. bet. Grps was done using Monte Carlo test 

p1: p value for comparing between Controlled and Spontaneous modes. 
p2: p value for comparing between Controlled and Assisted modes. 
p3: p value for comparing between Assisted and Spontaneous modes. 
*: Statistically significant at p ≤0.05 

Table-4. Relation between Modes with Diaphragmatic thickness 
 

 

Modes 

F p Controlled (C) 
(n=19) 

Assisted (A) 
(n=23) 

Spontaneous (S) 
(n=25) 

Diaphragmatic thickness      

Min. – Max. 1.80 – 2.43 1.84 – 2.57 1.90 – 2.96 

13.376
*
 <0.001

*
 Mean ± SD. 2.18 ± 0.19 2.19 ± 0.22 2.49 ± 0.27 

Median 2.18 2.14 2.45 

Sig. bet. groups p1<0.001
*
,p2 = 0.958, p3 <0.001

*
   

 
F: F test (ANOVA), Sig. bet. grps was done using Post Hoc Test (LSD) 
p1: p value for comparing between C and S 
p2: p value for comparing between C and A 
p3: p value for comparing between A and S 
*: Statistically significant at p ≤ 0.05 

 
controlled modes and it ranged within 1.90 – 2.96mm 
with a mean 2.49 ± 0.27mm in patients on 
spontaneous mode. There was a significant difference 
between assisted and spontaneous modes and 
between controlled and spontaneous modes while 
there was no significant difference between assisted 
and controlled modes as shown in tables (4) and 
figure (5). 

 Diaphragmatic thickness of patients on 
controlled mode of mechanical ventilation decrease 
0.094mm/day (3.8%per day), while patients on 
assisted mode of mechanical ventilation decrease 
0.091mm/day (3.6%per day), and while patients on 
spontaneous mode of mechanical ventilation 
increase 0.04mm/day (1.6% per day). 
     Regarding quadriceps thickness; it ranged within 
13.62 – 24.88mm with a mean 18.64 ± 2.46mm in 
patients on assisted modes, it ranged within 16.13 – 

21.82mm with a mean 18.48 ± 1.52 in patients on 
controlled modes and it ranged within 12.30 – 
25.40mm with a mean 17.82 ± 3.09mm in patients on 
spontaneous mode. Quadriceps thickness of patients 
on controlled, assisted and spontaneous modes of 
mechanical ventilation decrease 0.664 mm per day 
(3.44% per day).There wasn`t a significant difference 
as regard quadriceps thickness between three modes 
of mechanical ventilation as shown in table (5) and 
figure (6). 
     Regarding total mechanical ventilator days; it 
ranged within 2.0 – 10.0 days with a mean 4.32 ± 
2.44 days in patients who hadn`t developed 
diaphragmatic atrophy, while it ranged from 4.0 – 
13.0 days with a mean 7.23 ± 2.39 days in patients 
who had developed diaphragmatic atrophy. There 
was a significant difference between the two groups 
as shown in table (4) and figure (5). 



El Morsy A.A et al                                                                                                           Copyright@2015 

928 |© 2015 Global Science Publishing Group, USA                                                Biolife | 2015 | Vol 3 | Issue 4   

 

Figure-5. Comparison between different modes according to Diaphragmatic thickness.    
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Figure-6. Comparison between different modes according to Quadriceps thickness 
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Table-5. Relation between Modes with Quadriceps thickness  .    
 

  

Modes 

F P Controlled 
(C) (n=19) 

Assisted 
(A) (n=23) 

Spontaneous 
(S) (n=25) 

Quadriceps thickness      

Min. – Max. 16.13-21.82 13.62–24.88 12.30 -25.40 

0.709 0.496 Mean ± SD. 18.48 ± 1.52 18.64 ± 2.46 17.82 ± 3.09 

Median 18.21 18.13 17.20 

F: F test (ANOVA) 
 
Table-6. Effect of diaphragmatic atrophy on total mechanical ventilator days and ICU days 
 

 
Diaphragmatic 

 Atrophy (n = 30) 

No 
diaphragmatic 

 atrophy (n = 37) 
Z P 

ICU days     

Min. – Max. 4.0 – 15.0 4.0 – 14.0 

2.159
*
 0.031

*
 Mean ± SD 9.08 ±2.91 7.59± 2.63 

Median 9.0 7.0 

MV days     

Min. – Max. 4.0 – 13.0 2.0 – 10.0 

4.149
*
 <0.001

*
 Mean ± SD 7.23± 2.39 4.32± 2.44 

Median 7.0 3.0 

Z: Z for Mann Whitney test 
*: Statistically significant at p ≤ 0.05 
 
Table-7. Effect of diaphragmatic atrophy on mortality and weaning 
 

 

Diaphragmatic                             
atrophy 
(n = 30) 

No 
diaphragmatic atrophy 

(n = 37) 



 P 

No. % No. % 

Outcome       

Died 5 16.7 3 8.1 
1.154 

FE
p= 0.451 

Survived 25 83.3 34 91.9 

Successful weaning 3 12.0 30 81.1 

34.031
*
 

MC
p <0.001

*
 

Secondary weaning 
failure 

9 36.0 2 5.4 

Primary weaning 
failure 

13 52.0 2 5.4 


2
: Chi square test 

MC: Monte Carlo test 
FE: Fisher Exact test 
*: Statistically significant at p ≤ 0.05 

 

      Regarding ICU days; it ranged within 4.0 – 14.0 
days with a mean 7.59 ± 2.63 days in patients who 
hadn`t developed diaphragmatic atrophy while it 
ranged within 4.0 – 15.0 days with a mean 9.08 ± 2.91 
days in patients who had developed diaphragmatic 
atrophy. There was a significant difference between 
the two groups as shown in table (4) and figure (5). 

 

     Among patients who had developed 
diaphragmatic atrophy 5 patients (16.7%) died while 
among patients who hadn`t developed diaphragmatic 
atrophy 3 patients (8.1%) died. there wasn`t a 
significant difference as regard mortality between the 
two groups as shown in table (5) and figure (6). 
     Patients who had developed diaphragmatic 
atrophy and survived only 3 patients (12.0%) were 
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successfully weaned, 9 patients (36.0%) suffered 
from secondary weaning failure and 13 patients ( 
52.0%) suffered from primary weaning failure while 
among patients who hadn`t developed diaphragmatic 
atrophy and survived 30 patients (81.1%) were 
successfully weaned, only 2 patients (5.4%) suffered 
from secondary weaning failure   and only 2 patients 
(5.4%) suffered from primary weaning failure so there 
was a significant difference between the two groups 
as regard weaning from mechanical ventilation as 
shown in table (5) and figure (6). 

 
Figure-5. Relation between Diaphragmatic 
atrophy with ICU and MV days                 
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Figure-6. Effect of diaphragmatic atrophy on 
mortality and weaning 
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Discussion 
 

      The current study was a prospective 
observational study conducted on 67 mechanically 
ventilated patients admitted to the Critical Care 

Medicine Department in Alexandria Main University 
Hospital in the period from 1\4\2014 to 30\9\2014. 
     Diaphragmatic and quadriceps thickness was 
measured daily in all mechanically ventilated patients 
using ultrasonography; results were recorded and 
correlated to mode of mechanical ventilation used. . 
     The current study used B-mode ultrasonography to 
evaluate diaphragm thickness in critically ill patients 
on MV in the ICU. The proposed multicenter study will 
focus on using diaphragm thickness, as determined 
by ultrasonography, as a predictor of weaning failure. 
This data will allow us to potentially identify at risk 
patients and allow caregivers to develop interventions 
that may effectively decrease the risk of poor weaning 
outcomes by mitigating this treatable mechanism of 
weaning failure. 
     In the present study we had three groups of 
critically ill patients according to mode of mechanical 
ventilation. Group I: patients on controlled mechanical 
ventilation mode (n=19), Group II: patients on 
assisted mechanical ventilation mode (n=23) and 
Group III: patients on spontaneous mechanical 
ventilation mode (n=25). 
     VIDD has been studied extensively over the past 
25 years. In 1988 Knisely et al,

 (29)
 postulated that 

controlled MV predisposes diaphragm myofibers to 
atrophy in infants and neonates that were provided 
long-term ventilator assistance. Although provocative, 
this investigation did not provide direct evidence that 
controlled MV induces diaphragmatic atrophy. In 1994 
Le Bourdelles et al,

(30)
 revealed that 48 hours of 

controlled MV (i.e., full ventilator support of breathing) 
resulted in significant loss of diaphragmatic mass and 
a large reduction in maximal diaphragmatic specific 
force production. This original account was quickly 
supported by another study depicting the influence of 
prolonged controlled mandatory MV on in-vivo 
diaphragmatic function in healthy baboons

 (31)
. This 

primate study concluded that prolonged controlled 
mandatory MV results in significant impairment of 
diaphragmatic contractile performance as indicated by 
a decrease in both maximal transdiaphragmatic 
pressure and diaphragmatic endurance 

(31)
. Following 

these early investigations, scientific interest in the 
effects of MV on diaphragmatic structure and function 
grew rapidly, and numerous animal studies published 
in 2002–2003 consistently concluded that controlled 
mandatory MV results in the rapid development of 
both diaphragmatic atrophy and contractile 
dysfunction.

 (32-34).
 

     While animal studies consistently indicated that 
controlled mandatory MV induces VIDD, the question 
of whether controlled mandatory MV produces VIDD 
in humans remained unknown until a milestone study 
published in 2008 revealed that controlled mandatory 
MV results in rapid diaphragmatic atrophy in humans 
(16)

. These findings have now been confirmed by other 
groups, and together, these studies clearly 
demonstrate that controlled mandatory MV results in 
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the rapid development of both diaphragmatic atrophy 
and contractile dysfunction in humans 

(9,35)
. 

     Ventilator-induced diaphragm dysfunction (VIDD) 
define as mechanical ventilation that cause 
diaphragmatic atrophy (diaphragmatic thickness <20 
mm) and contractile dysfunction or diaphragmatic 
vertical excursion <10 mm or paradoxical movements

 

(27,36)
. 

      In this study, the age of the studied patients 
ranged within 36.0 – 92.0 years. The mean was 65.88 
± 10.59 years. 39 patients were males (58.2%) and 
28 patients were females (41.8%). There were no 
significant differences between the three groups 
regarding age, sex distribution, past medical history 
and smoking history, as shown in the study by Andrea 
J.Boon et al

 (37)
, who showed that the diaphragmatic 

thickness and contractility not affected with age, 
gender, past medical history and smoking history 
when ultrasound applied on 150 normal breathing 
persons. 
     In the current study, the ultrasonographic 
recording of the right hemidiaphragmatic thickness 
was found to be easier than the left side. Indeed, 
increased respiratory effort can result in greater chest 
wall movement and cause the ribs and lung to 
obscure the images in patients with dyspnea. Ewan 
C. Goligher et al

 (38)
. showed that Ultrasound 

measurements of right hemidiaphragm thickness are 
feasible and highly reproducible when Five observers 
measured diaphragm thickness (T di) and thickening 
(TFdi)in 96 mechanically ventilated patients and Right 
hemidiaphragm thickness was obtained on 95 % of 
attempts; left hemidiaphragm measurements could 
not be obtained consistently. Scott et al

 (39)
 showed a 

28% failure rate in attempting an ultrasonographic 
scan of the right hemidiaphragm. This was attributed 
to inclusion of larger tidal volumes in deep inspirations 
requiring more excursions. 
     Visualization of the left hemidiaphragm is 
recognized as more difficult due to the smaller 
window of the spleen as compared with the liver 
window. The position of the probe could not be readily 
adjusted as the spleen window is small. 
     In our study total ventilation days ranged within 5.0 
– 13.0 days with a mean 7.32 ± 2.0days in controlled 
modes group, ranged within 4.0 – 12.0days with a 
mean 7.04 ± 2.10days in assisted modes group, while 
ranged from 2.0 – 4.0 days with a mean 2.56 ± 
0.77days in spontaneous modes groups. There was a 
significant difference between assisted and 
spontaneous modes and between controlled and 
spontaneous modes while there was no significant 
difference between assisted and controlled modes. 
     Haitsma et al

 (40)
, concluded in his study that 

diaphragmatic dysfunction occurs in patients, 
especially when ventilated with controlled modes of 
ventilation that minimize diaphragm activity resulting 
in difficulties in weaning patients and prolonging time 
on the ventilator. 

     In current study patients there is Significant 
difference between the three groups regarding 
weaning from mechanical ventilation 63.2% of 
patients (12 patients) on controlled mechanical 
ventilation modes and 47.8% of patients (11 patients) 
on assisted mechanical ventilation modes suffered 
primary and secondary weaning failure while 88.0% of 
patients (22 patients) were successfully weaned from 
spontaneous mechanical ventilation. 
     Similarly in the pilot study which carried out by 
Francis et al, 

(41)
 on twenty critically ill patient who 

required MV for at least 72 hours to assess 
diaphragmatic thickness and its changes over time as 
a function of mode of mechanical ventilation, they 
postulated that unloading of the respiratory muscles 
and reduction in diaphragm activity occurs during 
controlled mechanical ventilation may lead to atrophy, 
diminished force generating capacity and 
consequently difficulties in weaning. 
     Also Yang L, et al,

 (42)
 concluded in their study that 

even short-term (2–4 days) imposition of CMV leads 
to major remodeling of the diaphragm. Such changes 
could contribute to the difficulties encountered in 
discontinuing ventilatory support in many patients, 
particularly after more prolonged periods of 
mechanical ventilation. 
     While the study by Brochard et al

 (43)
, involving 456 

randomized patients  showed that spontaneous mode 
of mechanical ventilation has less weaning failure rate 
than controlled and intermittent modes and has also 
shorter duration of weaning. 
     In this study diaphragmatic thickness; it ranged 
within 1.84 – 2.57mm with a mean 2.19 ± 0.22mm in 
patients on assisted modes, it ranged within 1.8 – 
2.43mm with a mean 2.18 ± 0.19 in patients on 
controlled modes and it ranged within 1.90 – 2.96mm 
with a mean 2.49 ± 0.27mm in patients on 
spontaneous mode. There was a significant difference 
between assisted and spontaneous modes and 
between controlled and spontaneous modes while 
there was no significant difference between assisted 
and controlled modes. 
     In current study diaphragmatic thickness of 
patients on assisted mode of mechanical ventilation 
decrease 0.091mm/day (3.6%per day), while patients 
on controlled mode of mechanical ventilation 
decrease 0.094mm/day (3.8%per day), and while 
patients on spontaneous mode of mechanical 
ventilation increase 0.04mm/day (1.6%per day).In 
agreement of the study of by Colin Anthony Francis et 
al

 (41)
, mean increase in diaphragm thickness  mean 

increase of 0.04±0.03mm per day (1.5±1.4% per day) 
in all 8 patients on PS ventilation. While 4 patients 
ventilated on assisted, controlled modes showed a 
mean decrease of 0.1±0.1mm per day (4.7±5.7% per 
day). 
     In current study quadriceps thickness of patients 
on assisted, controlled and spontaneous modes of 
mechanical ventilation decrease 0.664 mm per day 
(3.44% per day). In agreement of the study of by 
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Francis et al
 (41)

, mean decline in quadriceps thickness 
for  all patients in his study is 2.0±2.7% per day. 
     Francis et al

 (41)
, showed that the rate of increase 

in diaphragm thickness in patients on pressure 
support was 1.5±1.4% per day, which was 1/3rdthe 
rate of decline seen in the patient ventilated on 
assisted, controlled modes (4.7±5.7% per day). These 
results suggest that recovery from the effects of 
ventilator-associated diaphragm atrophy will require 
more time than what was necessary for the atrophy to 
occur. Since diaphragm atrophy is associated with 
weakness, this relatively slow recovery may prolong 
weaning time of patients ventilated on mandatory 
modes of ventilation for prolonged periods. 
     Francis et al

 (41)
, Gerovasili et al

 (44)
 showed that 

the quadriceps muscles of the patients in this study 
showed a mean rate of decline of 2% per day. In 
contrast, there was a mean decline in diaphragm 
thickness of 4.7% per day in patients supported on 
assisted, controlled modes of ventilation. These 
findings suggest that the rapid decline in muscle 
thickness in critically ill patients who require assisted, 
controlled modes of ventilation may be limited to the 
diaphragm. 
     In current study, Regarding effect of different 
modes of mechanical ventilation on diaphragmatic 
atrophy there was a significant difference between 
assisted and spontaneous modes and between 
controlled and spontaneous modes while there was 
no significant difference between assisted and 
controlled modes, as Among patients on assisted 
modes 9 patients(39.1%) hadn`t developed 
diaphragmatic atrophy while 14 patients(60.9%) had 
developed diaphragmatic atrophy while, Among 
patients on controlled modes 4 patients(21.1%) 
hadn`t developed diaphragmatic atrophy while 15 
patients(78.9%) had developed diaphragmatic 
atrophy, and among patients on spontaneous modes 
of mechanical ventilation 24 patients(96.0%) patients 
hadn`t developed diaphragmatic atrophy while one 
patients(4.0%) of patients had developed 
diaphragmatic atrophy. In agreement with our study 
Rita Galeiras Vázquez et al

 (45)
, showed that patients 

with spinal cord injury who need MV support, 
Diaphragmatic atrophy occurs early after only 18 
hours of inactivity, VIDD has been linked to 
diaphragmatic inactivity caused by controlled and 
assisted ventilation, while spontaneous modes 
attenuate VIDD. 
     Sassoon et al 

(46)
 concluded in their study on 30 

sedated mechanically ventilated rabbits that 
diaphragmatic contractility did not decrease with 
continuous positive airway pressure but decreased to 
63% after 1 day of CMV and to 49% after 3 days of 
CMV. After 3 days of CMV, significant myofibril 
damage occurred in the diaphragm. 
     Jaber et al

 (9)
, Powers et al.

 (36)
, who showed that 

full support MV results in the rapid activation of 
proteases in diaphragm myofibres which is associated 
with diaphragm atrophy in both humans and animals. 

     In the study of Jung et al,
 (47)

 Two groups of six 
anesthetized piglets were ventilated during a 72 hours 
period. Piglets in the CMV group were ventilated 
without spontaneous ventilation, and piglets in the 
ASV group were ventilated with spontaneous breaths. 
After 72 h of ventilation, transdiaphragmatic pressure 
decreased by 30% of its baseline value in the CMV 
group, whereas it did not decrease in the ASV group. 
Although CMV was associated with an atrophy of the 
diaphragm (evaluated by mean cross-sectional area 
of both the slow and fast myosin chains), atrophy was 
not detected in the ASV group. Consistently with our 
results they concluded that maintaining diaphragmatic 
contractile activity by using the spontaneous mode 
may protect the diaphragm against the deleterious 
effect of prolonged controlled mandatory ventilation. 
     Same results were obtained by Levine et al,

 (48)
 

who concluded that combination of 18 to 69 hours of 
complete diaphragmatic inactivity and controlled 
mandatory ventilation results in marked atrophy of 
human diaphragm myofibers 
     In the study of Shanely RA, et al

 (34)
; adult female 

Sprague-Dawley rats who were tracheostomized and 
mechanically ventilated developed diaphragmatic 
contractile dysfunction and atrophy after 18 hours of 
CMV. 
    Consistently with our results; Hudson et al,

 (10)
 

concluded in their study that both high level pressure 
support (assisted mechanical ventilation) ventilation 
and controlled mechanical ventilation induce 
diaphragmatic dysfunction and atrophy. 
     In concordance with to our findings; Forty-two 
adult Sprague-Dawley rats had intraperitoneal 
anesthesia and were randomly assigned to the control 
group or to receive 6 or 18 hours of CMV or PSV. In-
vitro proteolysis and protein synthesis were measured 
on the costal region of the diaphragm. From that 
Futier et al, 

(49)
, could conclude that PSV is efficient at 

reducing mechanical ventilation-induced proteolysis 
and inhibition of protein synthesis without 
modifications in the level of oxidative injury compared 
with CMV. PSV could be an interesting alternative to 
limit ventilator-induced diaphragmatic dysfunction. 
     Sassoon et al

 (46)
 assessed in-vitro diaphragmatic 

isometric and isotonic contractile function in sedated 
rabbits which were randomized equally into control 
animals, those with 3 days of assisted ventilation, and 
those with controlled ventilation; they concluded that 
assist-control mechanical ventilation attenuates 
ventilator-induced diaphragmatic dysfunction which is 
non-concordant with our results, it may be because of 
the difference between both studies in ventilatory 
days; which ranged from 2.0 to 13.0 days with a mean 
6.93 ± 3.15 days. 
     The mechanisms of VIDD have not been fully 
elucidated. Muscle atrophy, oxidative stress, and 
structural injury have been documented after CMV 
(31)

. Muscle proteolysis is a highly regulated process 
accomplished by at least three different proteolytic 
systems: the ubiquitin-proteosome pathway, the 
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calcium-dependent system, and the lysosomal 
system. All three proteolytic systems have been 
shown to be implicated in the increased 
diaphragmatic proteolysis observed after CMV, as 
indicated by changes in the gene expression profile of 
several proteolytic enzymes.

 (46)
 

     MV-induced oxidative stress is also an important 
contributor to both MV-induced proteolysis and 
contractile dysfunction. Indeed, Shanely and 
colleagues 

(34)
 have shown that MV is associated with 

a rapid onset of protein oxidation in diaphragm fibers. 
This is significant because oxidative stress has been 
shown to promote disuse muscle atrophy

 (50)
 and has 

been directly linked to activation of the ubiquitin-
proteasome system of proteolysis.

 (51)
 The precise 

contribution of each factor to the development of 
VIDD and their kinetic of apparition has yet to be 
defined. 
     Our results revealed that only 3 patients (12.0%) of 
those who developed diaphragmatic atrophy were 
successfully weaned in comparison to 22 patients 
(88.0%) suffered from primary and secondary 
weaning failure. While 30 patients (81.1%) of those 
who did not develop diaphragmatic atrophy were 
successfully weaned, in comparison to only 4 patients 
(10.8%) suffered from primary and secondary 
weaning failure   which represents a significant 
difference between the two groups. 
     In agreement of our study Jubran et al.

(52) 
  showed 

that the decrease in diaphragmatic contractility 
observed during controlled ventilation contributes to 
failure to wean from the ventilator, 
     The study of Won Young Kim, et al.

(53)
 who found 

that the diaphragmatic dysfunction group showed 
higher rates than non- diaphragmatic dysfunction 
group as regard primary (83% versus 59% 
respectively) and secondary (50% versus 22% 
respectively)weaning failure. 
     Consistently with our findings; Petrof, et al,

 (9)
 

concluded in their study that diaphragmatic 
dysfunction is common in mechanically ventilated 
patients and is a likely cause of weaning failure. 
      Won Young Kim, et al

 (53)
 studied prevalence of 

ultrasonographically diagnosed diaphragmatic 
dysfunction in Eighty-eight consecutive patients in the 
medical intensive care unit who required mechanical 
ventilation over 48 hours and found that patients with 
ventilator induced diaphragmatic dysfunction had 
longer weaning time and higher rates of primary and 
secondary weaning failure which is concordant to our 
results. 
     Similarly to our study`s results, Supinski, et al,

 (54)
 

measured diaphragmatic strength in adult ICU 
patients who required mechanical ventilation in the 
University of Kentucky MICU for more than 24 hours 
and found that diaphragmatic weakness was 
associated with poor patient outcomes, including a 
significantly longer duration required for weaning from 
mechanical ventilation 

Against our study, Laghi  et al .
(18) 

  measured 
twitch transdiaphragmatic pressure using phrenic 
nerve stimulation in 11 weaning failure and 8 weaning 
success patients relieved that, weaning failure was 
not accompanied by low-frequency fatigue of the 
diaphragm, although many weaning failure patients 
displayed diaphragmatic weakness. 

As regard the total mechanical ventilation duration 
has been found to be shorter in the non- 
diaphragmatic atrophy group than in the 
diaphragmatic atrophy group (with mean 4.32±2.44 
vs. 7.23 ± 2.39). This has been compared to the study 
Won Young Kim, et al.

(53) 
 where it was also increased 

by mean 8.45 (4.54 - 17) in the non- diaphragmatic 
atrophy group versus 24 (15.58 - 35.4) in the 
diaphragmatic atrophy group which was also found to 
be of statistical significance. And in agreement of our 
study Supinski et al

 (118) 
  and Greet Hermans et al 

(35) 
  

showed that patients with diaphragmatic weakness 
had a markedly worse prognosis when diaphragmatic 
force measured by transdiaphragmatic pressure 
measurements during bilateral magnetic stimulation of 
the phrenic nerves. This consisted not only of a more 
prolonged need for ventilator support. 

In the study of Won Young Kim, et al.
(53)

 it was 
found that patients with diaphragmatic dysfunction 
had longer ventilatory time than other patients without 
diaphragmatic dysfunction which is concordant to our 
findings. 

This may explained by Pedro A Mendez et al
 (55) 

   
who showed that disuse atrophy is the result of 
complex mechanisms, including altered protein 
turnover and disturbed redox signaling. The result of 
these ICU-acquired complications is longer duration 
of MV, prolonged ICU and hospital stay, and poorer 
functional status at hospital discharge. 

In the current study, it had been found that the 
median for the ICU stay was 7 days in the non-
diaphragmatic atrophy group in comparison to 9 days 
in the diaphragmatic atrophy group which was of 
statistical significance. In agreement with our current 
study, Won Young Kim, et al 

(53) 
found longer days of 

ICU stay in the diaphragmatic dysfunction group, than 
in non- diaphragmatic dysfunction group. 

In the above mentioned study of Supinski G, et 
al,

(54)
 it was found that diaphragmatic weakness was 

associated with poor patient outcomes, including a 
significantly increased hospital stay and transfer to 
Long term acute care hospitals which is similar to our 
results. 

As regard the hospital mortality there was no 
statistical difference between the two groups, in the 
study of Won Young Kim, et al.

 (53) 
there was also any 

statistical difference in the study as regard the 
mortality. 

Against our results; Supinski G, et al,
 (54)

 found in 
his above mentioned study that VIDD is associated 
with poor patient outcomes, including a significantly 
increased mortality. 
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Conclusion 
 
 MV induces diaphragmatic atrophy which is 

significantly higher with Controlled and assisted 
mechanical ventilation modes in comparison to 
spontaneous modes. 

 Controlled and assisted mechanical ventilation 
modes are associated with higher rates of primary 
and secondary weaning failure in comparison to 
spontaneous modes. 

 Controlled and assisted mechanical ventilation 
modes are associated with more ventilatory days 
and longer hospital stay in comparison to 
spontaneous modes. 

 Progressive diaphragmatic atrophy, detected by 
B-mode Ultrasonography, is associated with high 
sensitivity, specificity, positive and negative 
predictive values to determine weaning failure in 
addition to association with prolonged duration of 
mechanical ventilation as well as prolonged ICU 
stay, for patients on different mode of mechanical 
ventilation. 
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